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Preface

Information processing is quickly converting itself into the base of our society, industry,
science, and cducation. It is nowadays perhaps the most rapidly growing, most dynamic
and influencing arca of scientific research and technological development, actively
penctrating in all other research ficlds and in virtually all areas of human activity.

Responding to the growing demand on timely information on the recent advances in
computing science and related areas, we have selected for publication in this volume 43
papcrs by 96 authors from China, France, Ireland, Mexico, Spain, USA, and Venczuela,
which present the latest developments in a wide variety of areas related to information

processing and computing. The papers presented in this volume fall into three large
thematic catcgorics:

Artificial Intelligence, including such topics as pattern recognition and image processing,
natural language processing, and gcoprocessing;

Computing Science, including such topics as programming languages. scientific
computation, networking and distributed systems, and modeling and simulation;

Computer Engineering, including such topics as digital signal processing and digital
system design.

The selection of papers for publication in this volume was bascd on rigorous reviewing by
an international team of experts in computing science and computing engineering.

This volume is the result of the work of many people. The editorial effort resulting in this
volume was supported by the ACM (Association for Computing Machinery) and CyT
Americas (Science and Technology of the Americas Foundation), whose active help we
deeply appreciate. We would like to thank the reviewers for their hard work of selecting
the best papers and helping the authors to bring them to perfection. Finally, and most
importantly, we thank the authors for their great effort in laboriously obtaining and
carefully describing the scientific results presented in this volume and patiently making all
the changes requested by our demanding reviewers.

October 2004 Dr. Jesis Figueroa Nazuno
Dr. Alexander Gelbukh Khan

Dr. Cornelio Yanez Marquez

Dr. Oscar Camacho Nieto
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Optimization Heuristics to Solve Bipartition Graphs

V. Landassuri-Moreno & J. Figueroa-Nazuno

Centro de Investigacién en Computacién
Instituto Politécnico Nacional
Meéxico DF, Col. Lindavista, C.P. 07738
vickmlm@hotmail.com,jfn@cic.ipn.mx

Abstrgct. This paper makes an analysis and a comparison between three
heutist.lcs,. which give approximations to solution in polynomial time for
Optimization prot?lems like the graph bipartition problem. The heuristics uses
are: Extreme Optimization (EO) searching in solution space the variable with
poorest value for a random update to optimize the problem, Extreme
Optimization Distributed (EOD) that is a generalized version of EO searching
in a neighborhood and Extreme Optimization Distributed with Small World
(EODsw) that searches the variables with poorest value in a neighborhood
applying Small World. For the analysis we used Geometric, Random and Small
World graphs. The obtained results show us that EOD and EODsw are very
similar in their behavior and are better than EO, but EODsw result more

competitive than EOD for some classes of problems. Key Words: Optimization,
correlation, Small World.

1 Introduction

The Bak-Sneppen model [1] is based over species, it associates one value, which is
knows as “fitness” taking values between 0 and 1; it is called value of adaptability;
the species with the smallest value (poorest degree of adaptation), is selected for a
random update, with the purpose of improving its adaptability. Change species
adaptation values affects at his neighbors. The adaptability of the neighbors could be
modify selecting another random value, warrant work only in the space of solutions;
after sufficient number of iterations the system reaches a highly correlated state
known as criticality self — organized. The Extreme optimization (EO) is based over
the Bak-Sneppen model, only that here, the element with the smallest value, is
selected for a random update without any explicative improve for it.

The Extreme Optimization Distributed model (EOD) searches the element with the
poorest adaptation inside a locality, then, performs a random update. The Bak-
Sneppen model takes the element with the poorest adaptation from a global set,
nevertheless EOD takes the element from a locality or a neighborhood.

The Small World (SW) it is a kind of EOD because is based in a neighborhood. “Y9u
are only ever six degrees of separation away form anybody else on the planet”, Soc1§l
networks model six ‘degrees of separation’ (1990) [2], explains that anypody are six
persons of separation at most. Small Worlds is a generalized version of t}}ls model.
This paper is organized as follows. In section 2 we describe the techniques and the
implementation of the used algorithms. In section 3 we present the Graph Bipartition
Problem. In section 4 we show the result of the computer simulation of heuristics
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2.4 Extreme Optimization Distributed with Small World

There are three fundamental aspects in the study of the network, which have the
property to be large and sparse, according James Case [3]:

al] vertices v of the number of edges incidents on v.
ﬁg ?L::a:vcer:ag;ekog:rall connected pairs of difTerent vertices, of the length L of the
ting path.

i:;’?ﬁzlgzgzzgcy ngwith which three connected vertices are completely cqnnected.

Extreme optimization distributed with Small W(_)rld (EODsw) works in the same
way EOD with neighborhood, the structural properties of the graphs measures for_lts
characteristically length of path L, average over all vertexes. Moreover grou.pmg
coefficient C defined like: suppose that a vertices v has k, neighbors; then can exist at

most k,(k, —1)/2 edges between them (this occur when all neighbors of v are

connected with all) C denotes the fraction of cdges allowed, existence. L is the typical
separation measure between two vertex in the graph (one property global), while C is
the measure typically grouping from neighborhood (one local property). The regular
networks have a big C but small L while the random networks have a big L but small
C. There are some networks between this class that have small L and big C. One
network with this property improves performance to search because it can find better
local optima because high grouping C, but at the same time have a relation with all
the system, to compare between this minimum, due to small L. The small world
networks used here have a lot of vertex with scarce connection, but not the sufficient
to disconnect the graph. Specific is required where guarantees that the random
graph are connected. Exist scarce connection, facilities the implementation in
distributed ambient, because the number of message interchange are small O(k).

3 The Graph Bipartition Problem

The problem of graph bipartition is a problem that we can to solve with EQ. The
Graph Bipartition Problem (GBP) is: there is a graph of N vertices, where N is even,
have to separate the vertices in two sets of cardinality N/2, such that the number of
edges that connect both sets “cut size” m, is small.

To approximate this problem for a solution using EO, we associate each vertex V;
one variable X; can take two values 0, 1, indicated belong to one of two sets. The

adaptation function of each variable x, is defined as follows:

__ &
/ g +b, )

Were g, is the number. of “good” edges that connect ‘i’ with others vertices inside the
same set, and b; is the number of “bad” edges that connect ‘i’ with vertices through
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partition. For nodes not connected, we associate oncf =1. In order to optimize the
problem, we can minimize the cut size of the graph.

4 Results of Computer Simulation

We used different type of graphs to prove the heuristics, like this: random graphs,
geometric graphs and small world graphs, varying in each one the vertexes and
probability or ratio with tow vertexes are connccled; the implementation of small
world graphs can be found in Ref [8].
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Fig. 1. Geometrics graphs (Number monochromatic edges & number vertex) with 4000 vertex
and probability of 0.1
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Fig. 2. Random graphs (Number monochromatic edges & number vertex) with 4000 vertex and
probability of 0.001



194 V. Landassuri-Moreno & J. Figueroa-Nazno

10
25 l D s v
24 T
- EO
EQD o

H 23 —— EODsw
4
®© -
g 22t
g A
o P 4
£ 21 v h A_A,
g NVVJ ""UV‘M A f \ i
€ 2f A va o e ]
‘E \’ ’\[f‘ 258 \.,'\‘J‘ \na !?‘ L l\ 2 o j“‘;'\_\f o,‘| H A [’ .‘.. i
Z 19} AR " T

18} xx .

17 1 1 1 1 1 1

04 05 06 07 08B 09 1
Probabiity

Fig. 3. Small World graph (Number monochromatic edges & Probability) with 2000 vertex

1 v~—

09t
o8y
o7t
06
=1
(&3
05t
D4}

03t

02}

0.1 = A Baiondh A.“‘J A d ‘l" Ak An‘n!.‘ A A
10 10 10 10 10°
Probabildy

POt

Fig. 4. Small World graph (CL & Probability) with 2000 vertex

In the graphics, it can be observed that EOD and EODsw are very similar, even in fig.
3 EODsw is better that EOD because it will work over SW graph. We can conclude
for this part that EOD is better that EO and EODsw is belter that EOD over one SW

graph; then in normal conditions EOD and EODsw are similar. Now analysis the
Bipartition Graph problem:
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Table 1. Comparisons between EO, EOD and EODsw. We can see that the values between two
distributions are similar, sometimes EODsw is better that EOD sometimes not, but if we follow
the behavior of each algorithm with 500, 1000, 1500... we can distinguish how are varying
before 3000 vertex

Geometrics Graphs with 3000 vertex

Prob/ Distribution 0.001 Distribution 0.01
Radio
EO EOD EODsw | EO EOD EODsw

0.5 I 0.9975 | 09985 | 0.985 0.85 0.83
0.6 i 0.997 0.098 0.985 0.845 0.835
0.7 ! 0.9984 ] 0998 0.985 0.84 0.825
0.8 I 09977 | 0.999 0.086 0.849 0.82
0.9 i 0.999 0.9975 | 0.985 0.839 0.83
1.0 | 0.9984 | 0.999 0.085 0.85 0.83
1 1 0.9985 | 0.9975 10986 0.845 0.83
1.2 I 0.9975 09975 10986 0.845 0.83
13 I 0.9965 | 09974 | 0.986 0.8455 | 0.825
14 0.999 0.99755 | 0.999 0.987 0.84 0.83
15 0.88 0.999 0.999 0.88 0.83 0.84
1.6 I 0.9992 | 0.9974 1 0.985 0.845 0.825

As you can see, for this analysis we use a Geometric graph for the computer
simulation varying the distributions of the vertex and the probability or ratio with tow
vertexes are connected, next some representatives figures from Table 1.
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In fig. 5 EO don’t follow the others, EOD and EODsw varying but they maintain a

similar behavior.
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This figure are very similar to fig. 5, OE remains on top of the graphic while EOD
and EODsw maintain their behavior and decreases continuously. Some times EOD is
better than EODsw and sometimes EODsw is better.

Next our last figure, his behavior is similar to the other figures; the figures from Table
1 that we don’t graphics have a similar behavior like presente here.
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5 Conclusions

In this work we reviewed three algorithms; first we implemented them and made a-
comparison to find the best. Then we talk about the Bipartition Graphs Problem and
see that sometimes EODsw is better and sometimes EOD is better. Concluding
EODsw and EOD are similar to solve the Bipartition Graph Problem, we can apply

the specific algorithm for our necessities like in the figure 7) a) 1300 vertex EOD is
better that EODsw.

We want to do this comparative to determine that if we apply EODsw we went to
obtains better results that EOD and EQ, but we didn’t, the results obtained tell us that
both algorithms in general are better that EQ, and not only in bipartition problem. If
we have a SW graph, we can take advantage from EODsw, but if we are in bipartition
problem we can’t. To bipartition problem the used graph is not important, hence is not
important the graph’s distributions, because when we apply the algorithm and move
the vertex to another positions in the graph, we change the topology, the only thing

that import us is the connection of the vertex to another vertex, it does not matter if
exist a neighborhood in the graph.

In the future works, the same problem it can be solve for three, four, five, et cetera
partitions, to try to find if EODsw is better to the other, maybe it can be possible

because if we have more partitions we would translate the neighborhood to the
partitions.
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Algorithm to Compute the Depth of a Basin using
8-Connected Skeleton

G. Guzman, R. Menchaca, M. Moreno, M. Torres and R. Quintero

Geoprocessing Laboratory (GEOLAB)
Centre for Computing Resecarch (CIC)
Mexico City, Mexico
{iguzmanl, rmen, marcomoreno, miorres, quintero} @ cic.ipn.mx

Abstract. In this paper, we present a method to compute the depth of a basin
using its 8-connected skeleton. The proposed algorithm consists of two stages:
First, the preprocessing stage, which is based on transforming the source image
into a binary format. The second stage is denominated quantifying that is used
to find the skeleton and its vanables to determine the depth of the basin.
Although in most cases the algorithm provides good results, we found several
pathological situations. However, these cases can be solved by mcans of a
crossing point fusion in conjunction with morphological opening algorithms.
Our approach uses as input geo- image that contains only information about the
studicd basin. Moreover, the image contains the entire trajectory of the basin.
This algorithm can be used in diverse arcas of Geocomputation; similarly, by
making some modifications in the parameters to obtain the features. In addition,
the algorithm can be applied to other problems related to the identification and
quantification of cartographic objects.

Keywords: Image Processing, Skeleton, Mathematical Morphology, Geo-
Image.

1 Introduction

Previous works [1-3], propose algorithms to extract specific information of high
resolution raster images, for instance; highways, rivers, populations, among others.
Usually, these algorithms (automatic or semiautomatic) are used to process geo-
images. In addition, the output image only contains the pixels that compose the
desired objects, decnominated raster to vector algorithms. These works avoid a manual
digitalization of the data. Nevertheless, in Geocomputation it is frequently required to
know quantitative information about the geographic data set, hence, having data in
raster or vector format is commonly not enough.

The determination of the depth of a basin is a typical example in hydrology,
geomorphology and cartography; because from this datum other parameters can be
obtained, e.g. flood risk, bifurcation ratio [9), water ﬂm:v. etc.- -

We develop an algorithm to determine, the depth oI. a basin, fol_lo.wmg the mcll'_lod
formulated by Horton [4). The advantages of our technique are a minimum computing
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cost and the final result is the same that obtained using the Horton method. Up-to-date

i i i te this.
there is not an automatic method or algorithm to compu _ _
The paper is organized as follows: in section 2 the mathematical foundations of the

algorithm are sketched out, section 3 explains in dctail. the pl:oposcd a!gont.hm, in
section 4 we present the obtained results, and finally in section 5 we outline the
conclusions and future work of the present method.

2  Mathematical Background

In this section, we present some important concepts of digital geometry. Let
p=(x,y) and g =(u,v) be points of Z 2 The following metrics are commonly used:

d, =|x-ul+]y-

d, =’”""‘(‘"”Hy_‘1)

dy = mdx(x-u|.|y-—vi.|x-u+y-v[)
d, = mdx(x-ul.[y—ﬂ,h-u-y+v])

(1)

Each one of those metrics d,,k € {4,6L,6R,8}. lead to a none reflective symmetric
relation N, defined by (p,q)e N, < d,(p.g)=1. The structure (Z’,N,) usually is
named k—connected graph. We say that points p,q are k-neighbors if (p,q)e N,,and

N, (p) denotes all k — neighbors of p. In this paper, we use a 8-connectivity, that is,
k=8.

A subset Rg Z? is k—connccted if for any p,q € R, exists at least one sequence
of points in R,p=a,a,,..,a,=q, where g and g, are k-neighbors for
i=1, .., n-1. Let § the 8-connected skeleton of a region R, and p any point that
satisfies the condition p € S, we have:

1.1If N,(p)=l, P is aterminal point, TP.
2.1f N.(p)= 2, p isaninternal point, IP.
3.1t Ny(p)23, p isacross point, CP.
4.1t Ny(p)=3, p isastricturiad, TE.

3 Proposed Algorithm

As we slated previously, the developed method

: . consists of two stages: one for
preprocessing and another for quantification. The

main purpose of the preprocessing
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stage is. to take a color (RGB values) or gray level image and generate as output a
binary image using this convention: an intensity of I is assigned to object pixels;
whereas an intensity of 0 is used for none object pixels. In the quantification stage, we
compute two variables to determine the depth of the basin, the number of terminal
points and the number of crossing points. Both stages are shown in Figure 1.

PREPROCESSING

Raster
image

Color lo gray level
TD| [t T onamg, [[y| iveshorang

0031? of QUANTIFICATION

basin

Crun IOT ars i i ;
| BT (K] S || skotewrieston

Fig. 1. Preprocessing and quantification stages

1. Color to gray level conversion. If the pixels are in RGB format, we apply a
conversion using Equation 2 for each pixel of the original image.

299* R+587¢G+114*B

gray—level= -~ —-— 1000 (2)

Where R, G, B are the red, green and blue components respectively of a pixel p in
an image.

We use a conversion, based on the YIQ model because the loss of descriptive
information is minimal in this case. Figure 2 shows an example using this formula.

2. Filtering. To decrease the probable noise containcd in the digital image, we apply
a smoothing algorithm, for example, the median filter with a mask of 3 x 3 pixels.
It is not required to remove all noise in the contour of the basin (watershed), since
the performance of the skeletonization algorithm is not affected by the presence of
structural noise and this algorithm guarantees removing any possible parasite
branches. Also, some other technique of smoothing can be used, such as ordering

or average filter [8].
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¢ /\.9.% R '---'.>£‘

S NG I S e N T 1

e 2 R TN A o 2 R B DAL Y
(a) (b)

Fig. 2. (a) Input color image. (b) Gray level image generated using YIQ model

3. Thresholding. The purpose of this part is to accurately identify all object regions in
the image. We can use one of different techniques, which generally are based on
the Otsu method [6]. The sclected algorithm [7) makes use of probability
techniques, which allow us to choose a suitable threshold for the thresholding
algorithm. The binary image that we obtained at the output of the preprocessing

stage is used as input for the quantification.

4. Skelctonization. This process gencrates the 8-connccted skeleton of the source
image. To do this, we use the thinning algorithm developed by Diaz [5]. This
method removes all contour pixels without breaking the connectivity of the region.
This algorithm is based on two conditions: terminal point rule and an own set of
templates that decides if a pixel can be or not removed from the image. Basically,

this algorithm consists of the next steps:

— Let R be a region, compute the contour of this region using the next criterion: a
pixel p e R is a contour pixel if at Icast one & "-neighbor g, where g ¢ R, exists.
It is very important to use dual metric; otherwise parasites braches or ruptures in
the connectivity may exist in the final skcleton. As we nced an 8-conncected
skeleton the dual metric used is 4-connected.

- Using the template shown on Figure 3, each contour pixel is examined to
determine if it can be removed or not. If the pixel and its neighbors don’t match
any of the templates we proceed to eliminate it.

— If no pixel was removed in the previous siep, the region is the desired skeleton,
otherwise, return to first step.
1 0 a X 0 X
A=|0 p b A={1 p 1
e d c X 0 X
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e 0 1 X 1 X

A=|ld p 0 A,=|0 p O
¢ b a X 1 X
(¢ d e 0 f 0

A=|lb p 0 A,=|i p g
a 0 1] 0 A O
(a b ]

-0 5« mibeetdnes
1 0 e

Fig. 3. Templates set to generate 8-connected algorithm

5. Crossing points fusion. Due to basin topology, it is possible to find cases in which
the skeleton algorithm breaks a single cross point into two cross points. This
problem can be easily solved using the crossing points fusion algorithm [10].

.\-
_/ \
\ \ ’
(b)
" ‘.I
..i". - L 4
-'.- 4 ]
j | X ~
‘ ’,
(c) (d)

Fig. 4. Description of crossing points fusion. (a) Original image. (b) Initial skeleton (c)
Amplified region of the skeleton showing the two crossing points generated by the algorithm.
(d) Result of fusion algorithm

Consider the objects presented in the Figure 4(a), its corresponding skeleton that
is shown in Figure 4(b), and an amplified section of the image that is shown in
Figure 4(c). It is possible to appreciate that we obtain two cross point instead of
one. This pathological casc can be corrected using this criterion: if two cross points
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(CP) are scparated be at most i(O.S)W pixels', applying the Euclidean distance,

these points and arcs of the image are joined in one cross point. The result appcars
in Figure 4(d).

Terminal and cross points counting. Here, we proceed to count the two variables

that allow us calculate the depth of a basin. The algorithm mz'lkcs a top — down
analysis and proceeds to classify object pixel according to Equation 3.

TP ={pe S| Ny(p)=1}

. 3)
CP={peS|N,(p)23}

Where TP denotes a terminal point, and CP a cross point. An arc is a k-connected
scquence of pixels delimited by two terminal points. Finally, the steps involved in our
algorithm are:

a.

Find the starting terminal point: First, associate the binary image to a Digital
Elevation Model map for each basin pixel. Second, find the longest arc in the
image, the length of the arc is the number of pixels contained in it. For the largest
arc, the initial point is the terminal point of this arc with higher altitude; the other
terminal point is the end terminal point.

If NCP (number of cross points) is zero, then finish, the depth of the basin is 1.

Review each arc contained in the skeleton, starting with the arc at the terminal
point to which it belongs.

Assign a weight of 1 to all terminal points (7P), except to the end terminal point.

Find the weight for each cross point using the next rule: In a basin, all cross
points are denominated bifurcations. These bifurcations define the intersection of
two or more rivers. First, we have to infer the directions of the rivers. It is
calculated as follows. If a river acts as sink of the water flow the arc that
represents that river is considered as an outgoing arc. On the other hand, if a river
dclivers water flow to a bifurcation, the corresponding arc is considered as an

incoming arc. Then we use altitude values of the arcs to determine if an arc is an
incoming or an outgoing arc.

In a bifurcation, if all the weights of the incoming arcs are equal, the weight of
the outgoing arc is the arithmetic sum of these weights, otherwise, the greatest
weight is the value assigned to the outgoing arc. This condition is resumed in
Equation 4.

Process the remaining arcs, until reaching the cnd terminal point, the weight of
this point is the desired depth.

! W denates the width in pixels of the object.
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\v(p):{ w(a)+1, if w(a,)=w(a,)=..=w(a,) } @)

Greatest(w(a,),w(a,),...,w(a,)) otherwise

This algorithm does not require demonstration due the fact that we use the technique
proposed by Horton [4]).

4 Tests and Results

In this scction, we show the results obtained by applying our algorithm. The
application was tested with a bank of 100 raster images. In about 97% of all processed

images the results have been satisfactory. Figure 5(a) shows the original image and
5(b) the processed image.

Surning tesrnrsl poni

(a) (b)
Fig. 5. Algorithm result. (a) Source image (b) Output image

4.1 Pathological cases

We identified at least two pathological cases, which can produce erroneous results.
The first case is when two independent rivers touch in a bifurcation; see Figure 6. The
cross point fusion processes the skeleton and proceeds to make a fusion as we
mentioned before. However in this case, it is not necessary to carry out this fusion that
represents clear algorithm disadvantage. We are working on the algorithm
improvement to solve this case by another (semantic-based approach).
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The second case is when the parasite branches are i;:r;sc;n:::ll;cxt:e ZOIJE:L cl:l::;'c:::
i i i th 3x3- :
' ing a morphological operation (opening Wi ‘
l;?gar;plg;\gious‘y aprivcr rarcly takes this form, but is useful to show the pathologic

Ccasc.

(@) (®) 5

Fig. 6. Pathological casc. (a) Source image. (b) 8-connected skeleton. (c) Output of cross point
fusion

< ““‘.‘ # N
(G (9))
\\

~

(a) (b) (c)

Fig. 7. Sccond pathological case. (a) Original image. (b) 8-connccted skclclor? without apply.ing
morphological operator. (¢) 8-connected skelelon in an original image with morphological
operation

5 Conclusions

In this paper, we have presented an algorithm that correctly determines the depth of a
basin. The main advantages of the presented algorithm are:

* Ductois low complexity it can be applied to real-time process
* ltuses only two variables to determine the depth of a basin.

¢ Use DEM allows us to take into consideration the elevation characteristics as
well as flow direction of the basin.

However, one pathological case (section 4.1) remains unsolved in our approach.
We believe that it can be solved by adding another technique based on semantic

analysis of “river’s independence™. Our future rescarch will be concerned with this
approach.
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Abstract. In this anticle we proposc a simple high gain observer for extracting
the unknown paramcters of the DufTing's oscillator. It is shown that this system
is obscrvable and identifiable algebraically, with respect to a well-chosen
output. Hence, an extended diffcrential parameterization of the output and its
time derivatives can be obtained. Based on these facts, we evaluate the obtained
parameterization in a finite number of times to build a set of algebraic
cquations, and then, the parametric model is obtained by an inverse matrix.
Although, the time derivatives output are not available, we overcome this
difficulty by using an practical High-Gain Obscrver.

Keywords. Mechanical Oscillator, Chaos Reconstruction and High-Gain
Observers.

1 Introduction

An interesting problem in chaos theory and its applications is the reconstruction
of the unknown variables and parameters of a chaotic system. This problem is
important because any experimental dynamical system posses only a few variables or
parameters that can be measured (see [Parlitz e al., 1994] and [Abarbanel, 1996} ). In
some cases, it is necessary to estimate or reconstruct the unavailable quantities in
order to completely determine the system’s state and to achieve a good
synchronization or to predict the system’s behavior.

Roughly speaking, there are two approaches for reconstructing a chaotic attractor.
The first relies on control theory; like the procedure based on system inversion (see
[U. Feldmann e al., 1996], [H. Huijberts et. Al, 2000] and [M.S. Suarez et. al.,2003];
and, traditional identification schemas and state observer design (see [G. Cheng,
1995], [A. S. Poznyak ef al., 1999],[1. Chavez M. ef al., 2002) and ,[I. Chavez M. et
al., 2002]). The second approach is based on time series from a particular chaotic
system, which are used in the so-called time delay reconstruction of a phase space
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(see [Parlitz et al., 1994], [K.T. Alligood er al., 1997], [1. Makoto et al., 1997], [T.
Sauer et al., 1991], [T. Stojanovski ef al., 1997] and [F. Takens, 1981]).

In this communication, we deal with the reconstruction of the Duffing’s System
(DMO) by means of measurements of the position state, which is considered as the
system output. The on-line identification procedure is based on algebraic properties
that the DMO satisfies ([R. Martinez et al., 2001] and [I. Chavez M e al., 2002]).
Those properties allow finding a differential parameterization of the output and its
time derivatives. Then, we evaluate the obtained parameterization in a discrete set of
time to form a set of linear equations, where the parameters of the DMO are the
variables of the obtained linear equations. And finally, we recover the unknown
parameter by solving a set of linear equations. We should mention that time
evaluation of the differential parameterization requires the unavailable output time
derivatives. Such difficulty is overcome by using a high-gain observer (HGO). An
HGO does not require an accurate model, and the error can be as small as desired (see
[Dabroom and Khalil, 1999]), where the error is the difference between the original
system measured signal and the signal estimated by the observer.

The rest of this work is organized as follows. Section 1 gives a brief description
of the DMO. Section 2 is devoted to studying some important algebraic properties of
the differential equations of the DMO. Also, in Section 2 we present an identification
procedure by means of the previously introduced algebraic properties assuming that
the time derivatives of the selected output are available. Finally, in the same Section,
we present an HGO for computing the unavailable time derivatives of the output.
Section 3 contains the results of the simulations while Section 4 is devoted to giving
some conclusions. Finally, in the Appendix we provide a proof of Propositions 1 and

2,

2 Duffing’s Mechanical Oscillator

Consider the traditional DMO, described by:

X=v (l)
v==pyv-p,x’ - p,x+ Acos(wt);

where X measures the oscillator position, A is the amplitude of the forcing function,
W is the forcing frequency, p, is the damping coefTicient, and p, and p, are fixed
constants related to a non-linear stiffness function. When the parameters values are in
a neighborhood of {p, =04,p,=-1.Lp,=1,4A=2.1,w= 1.8}, this system
has a chaotic behavior (see [Nayfeh & Mook, 1979], [Alligood et al., 1997)).
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Recovering the Set of Parameters

We first establish the main problem to solve: We desire to recover the unknown
parameters {p,, Pas pJ,A} from the measured output or available positionx. To

solve it, we first discuss two important and useful definitions which will allow us to
transform the original system into a set of differential parameterizations of the output.
The differential parameterization of the output is obtained based on its successive
output time derivatives; where the order of the time derivative of the output is a

function of the number of parameters that we want to identify!. Finally, evaluating
the parameterization in a finite number of times, it is possible to recover the unknown
parameters by means of the inverse of a matrix.

Some Algebraic Properties

We say that a system is algebraically observable if there exists a suitable output
provided that all the system variables can be differentially parameterized solely in
terms of the output. Moreover, if we can express the parameter vector as a parametric
function of the output and a finite number of its time derivatives, we say that the
system is identifiable with respect to this output.

Now, let us consider again the DMO and define the output y = x . Evidently, we
have:

v=JY, (2)
v =—vp, —yp, =y p, + Acos(wt).

If we continue to differentiate the output with respect to time, we obtain:

Y ==3p, = yp, =y’ P, + Acos(w),

Yy =-yp, - 3p, =3y’ yp, — wAsin(¥r),

Y =—y®p, 9, + 3y —6yp® o, — w Acos(wr),

YO ==y, = yVp, —(-18ypy =3y’ y? =65")p; + w Asin(w).

After some manipulations, the last set of equations may be rewritten as:
MQy)Q = F(w,1) 3)

Where ( stands for the vector of parameters defined as:

S B . 3 l 5 . Y
' In this case is necessary to obtain from y” to y‘ ) because we want to estimate four
unknown parameters.
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r LA Pz.ﬁ;] ®
Y ’&[‘]1’%"]3"]4]"[/4’/1’ 4’4
M (y) is the matrix of the output y and its time derivatives, defined by:
A i
MO S D o) | ®)

2.0

(8)] G]s)n‘d’_l}’y "'6}.’3

—y® iy

F(w,t) is the independent vector of the variable y whose components are

given as:

; (6)
F(w,t) = [—cos(wt), wsin(wt), w? cos(wt),~-w’ sm(wt)]

Therefore, vector () is algebraically identifiable with respect to the

variable y(). The relation (3) is referred as the extended differential

parameterization. .

Next, let us consider the following assumptions:

Al: The solution y(t) and its time derivatives exhibit a chaotic behavior for the
system (1),

A2: The time derivatives of the selected output are always available.

Now, we mention an important proposition that allows us to compute the
unknown parameter vector.

Proposition 1: Let us consider system (1) with its respective extended differential

parameterization (3), under assumptions Al and A2. Then, the inverse of matrix (5)
exists almost for any time.

Proof: (Refer to Appendix).
Notice that, substituting the vector values Q into relation (4), we can recover the

set of unknown parameters {p,, P2 p,,A}. Finally, in next section, we propose a
practical numerical differentiator to estimate the time derivatives of the variable y.

A simple HGO

In order to obtain the time derivatives of the oulput Y, we suggest the following

scheme to estimate the time derivatives. Let us define vector Y'=[y...y*) and let us
propose the following filter given by:

Y=A?+HCQ—?) (7)
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Where, matrix A defined the well-known Brunovsky form [Dabroom & Khalil, 1999]
and

8
H' = [“—'“—:] .C=[0...0] 0
€ £ 3

€ is a small positive parameter and the positive constants a, are selected such that
the polynomial defined as:

p(s)=s* +a,s® +..+a,, €

is Hurwitz (see [Dabroom & Khalil, 1999] for more details).
The following proposition allows us to compute the error§ =Y — Y.

Proposition 2: Consider the system (7) under assumptions Al. Then, the HGO
proposed in (8) is able to recover Y with bounded error

[l Bre /A" (10)

Where A" is given by

A’ =min {Rc[roors(p(s))l}, (1)

B is a positive constant which depends on the initial conditions §(0) and

n=maxy ()

Notice that, we substitute the estimated time derivative Pm instead of

y® k= {l,...,S} into expression (5).

Numerical Simulations

We first test the efficiency of the HGO by computer simulations. The experiments
were implemented by using the 4th-order Runge-Kutta algorithm. The computation
was performed with a precision of 8 decimal digit numbers, from ¢ =0 seconds to
t =10 seconds. To obtain a good performance, the step size in the numerical method

was set to 0.000/. The DMO parameter values were set as p, =0.3; p, =-1.2;
p; =1, A=1.8, w=1.9. The initial conditions were set as y(0) =1 and y(0) =-1.

The poiynomial was chosen to be p(s)= (s"’ +2w,s +cjo,,2 ) , with £ =0.707
andw, =0.9. The gain of the HGO was selected ase = 0.005.
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For this particular simulation after ¢=0.25 seconds the derivative estimation

errors were around: ’ ;
E, =0./x/0% E, =0.3x10°, & =09x10°, §, =0.25x107, & = 0.1x10".

Consequently, we obtain a very good estimation of non available derivatives.
Finally, we probe the effectiveness of the described identification method by

numerical simulations. The initial conditions and the physical parameters were taken

as in the previous experiment.
Figures | and 2 show the estimation of the parameter A, p; and p; and p;,

respectively.
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Fig. 2. Identification of parameters p; and p;

3 Conclusions

Based on the algebraic differential approach for the identification problem of the
traditionally Duffing's oscillator that has been treated in this paper. The fact that the
syslem is algebraically observable and algebraically identifiable, with respect to a
specified variable, allowed us to describe the original system by means of a
differential parameterization of the output and its respective time derivatives. This
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differential parameterization has all the necessary information to recover the
parametric model of the DMO. Then, we proceeded to evaluate the differential
parameterization in a finite number of times in order to form a set of algebraic
equ_ations, where the unknown parameters of the DMO were obtained by computing
an inverse matrix. The lack of the output’s time derivatives required in the set of
algebraic equations was overcome by the design of an HGO, where the observation
errors can be as small as needed by tuning a specific parameter accordingly to
Proposition 2.

The obtained identification solution was illustrated in a numerical simulation,
where the HGO recovers the output’s time derivatives, and then, the corresponding
unknown parameters can be revealed.

Acknowledgements : This research was supported by the Coordinacién de
Posgrado e Investigacién (CGPI-1PN), under research Grant 20040877

Appendix
Proof of Proposition 1:

We first suppose that the set of functions {y(r), (), y(1), y‘”(!)} is linearly
dependent in a time interval I where y(f) shows a chaotic behavior according to
Al. This implies the existence of a set of constants ¢,,C;,Cy,andC,, different from
zero such that:

(1) +c, 90 + ¢y +¢,y? (1) =0

Notice that if ¢, =0 then the last second order differential equation turns into a

first order differential equation, therefore, y(f) is a monotonic decreasing or
monotonic increasing function (see p. 332 of [Alligood er al., 1997)) This case is not
possible, because y(1) has a chaotic behavior. Also, by the Poincaré-Bendixon
theorem (see p. 337 of [Alligood et al., 1997]) it is well-known that a second order
differential equation that does not depend on time cannot exhibit a chaotic behavior.

Thus, ﬁ)(t),y(t),y((),ym (t)}is linearly independent in a time interval [ .

Proof of Proposition 2:

Evidently, vector Y can be written as:

Y =AY +35,. (=
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With 87 = P.0...y®] Subtracting (12) from (7), we obtain the following
differential equation of the error:

=[4-HCE +5,. (13)

Notice that the characteristic polynomial of A = A—HC'is given byp(s 8),

which is also Hurtwitz. That is, the proposed H assigns the eigenvalues of A at] €

times the roots of p(s) (9). Hence, the error € satisfies
(14)

e()=e"C") (0)+I Ay (s)Ms |.

Since A is exponentially stable and the signal ym is bounded, we also have the

following inequality:

g <Pec g + e (- e X o e A as

Where the positives constants B, A ;0] are previously defined in Proposition 2.
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Abstract. A novel control force is presented to stabilize the inverted pendulum
moun!ed on a cart. The control force is based on proposing a partial feedback
lincarization, in conjunction with Lyapunov's sccond method. This simple, but
cfficient strategy guarantees that the closed-loop system is locally asymptoti-
cally stable around the unstable equilibrium point. Additionally, the controller
has a very large attraction domain and it is robust with respect to damping .

Keywords: Classical Mechanics; Nonlinear Systems, Lyapunov's second
method;

1 Introduction

The study of the simple inverted pendulum cart system has been one of the most inter-
esting problems in classical mechanics and modern control theory. The device consists
of a pole whose pivot point is mounted on a cart. The pendulum is free to rotate about
its pivot point. The cart can move horizontally perpendicular to the axis's pendulum
and is actuated by a horizontal force. The mechanical problem is to bring the pendu-
lum from large initial pendulum deviation to the upper unstable equilibrium position
by moving the cart on the horizontal plane. This system has attracted the attention of
many researchers, as seen by a growing list of articles (for example, see [1], [2]), (3],
(4, [5], [6] and [7]). The interest is due to the fact that, the device is non-feedback
linearizable by means of dynamics state feedback (see (8]), and hence, it is not li-
nearizable by means of dynamic state feedback control either. This obstacle makes it
especially difficult to perform some controlled maneuvers; for instance, there is no
continuous force which globally stabilizes the upright equilibrium of the pendulum
with zero displacement of the cart [9]. Nevertheless, the problem can be solved pro-
ducing at least one discontinuity in the acceleration cart. However, it is well-known
how to construct a linear locally stabilizing controller [10] but, the linear based con-
trols design presents the inconvenience of having a very small domain of attraction.
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nt a control force to locally asymptotically stabilize the in-

In this article, we prese dsyn _
uilibrium point' , for a very large

verted pendulum cart system around its unstable eq

attraction domain.
Also. intuitively the proposed control force allows us to transfer the pendulum from

the stable equilibrium point to the unstable equilibrium .points, -which are the lower
and the upper resting angular position, respectively. ThIS. task is done by means of
switching a suitable parameter. The system stability is demonstrated by using
Lyapunov's second method. . .

This paper is organized as follows. Section | introduces the normalized non-l,ncar
model of mechanical device. Next, a partial feedback linearization of the non-linear
equations is obtained. Section 2 presents a non-linear controller for the stabilization of
the device, and some computer simulation results depicting the performance of the

closed-loop system are presented. Finally, Section 3 gives the conclusions.

'8¢
'
I

Fig. 1. The inverted pendulum cart system

2 The Inverted Pendulum Cart System

Consider the traditional inverted pendulum mounted on a cart (see Figure 1). The
nonlinear model of the system, which can be obtained from either the Newton or the
Euler-Lagrage equations, see more detail ( Lozano and Fantoni ) is given by

mLcosO % +ml’0 — gmLsin® =0
(M+m)c+ Lmcos08 —mLO*sin® = f

where X is the cart displacement, O is the angle that the pendulum forms with the
vertical, fis the force applied to the cart, acting as the control input. M and

' Which is the upper angular position with zero displacement of the cart
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m stand for the cart mass and the pendulum mass concentrated in the bob, L is the
length of the pendulum.

To s}l)mphfy the algebraic manipulation in the forthcoming developments, we normal-
ize the above equations by introducing the following scaling transformations,

g=x/L, u=f[ (mg), dc =drfg/L , & =M|m

This normalization leads to the simpler system,

cosO §+6 —sin® =0
(1+8)j +cos08 —02sind =u,

wherg, Wit}.l an abuse of notation “.” stands for differentiation with respect to
Fhe dn.nensmnless time T . Then, a convenient partial feedback linearization
input is proposed as follow (see Spong),

u = cos0 sin® —6 2sind + v@inze +8 )
which produces the feedback equivalent system:

6 =sind —cosOv, (1)

G=v

Notice that for the new input v=0 and 6[0,21:] the aforementioned system has
two equilibrium points one is an unstable equilibrium point 0.6.4.9)=(0.0.0,0) and the
other is a stable equilibrium point 6,9' ,q,q)= (x,0,0,0). The issue is to stabilize the

system around its unstable equilibrium point, i.e., we wish to bring the pendulum to its
upper position and the cart displacement to zero simultaneously.

3 A Practical control law

Traditionally, the problem of designing a stabilizable input conErol I.aw for’syslem (D
is based on the well known Lyapunov method. Roughly speaking, it consists of pro-
posing a positive definite function (or Lyapunov function) PFOVide‘_j that, its time de-
rivative along the trajectories of system (1) be at least semi-definite. The very hard
problem is how to find the Lyapunov Junction. We relax the problem by setting off a
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semi-definite instead of a positive definite function, and then the asymptotic stability
is assured by a simple linearization of the closed loop-system.
Let us first introduce the following auxiliary variable:

£ (x)=sinB +k,8 +k 0 + Q(pq-l- kdc}):ose +oqg (2)

Where X is the vector state defined as x = E,é ,q,(}]' .The design parameters k,, ; k‘,

and o are positive constants that will be selected later.

Next, let us introduce the following semi-definite function,

()=257C) ?

The time derivative of V() along the trajectories of the system (1) is then given, by
V(x)=¢ ()Q)+av)

where

Q(x)=k, sind + (k, +cosb ~k, sin® Y +, cosb — &, sin6g )j @

proposing Vv provided that

Q(x)+av=-Kk (x)

Clearly, we have.

v=- (K5 G+ Q) ~

Comment: The differential equations set formed when by system (1) and the feedback
force v given in (5), is referred to as the non-linear closed-loop system.

Surprisingly, the proposed control law v turned out to be able to asymptotically stabi-
lize the system (1) around the unstable equilibrium point x =0, for a large attraction
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domain?. D < R*. Where the control parameters {K;, Kp, K d,a} are selected such

that the linearization of the closed-loop system around of x = 0 is Hurwitz, as we will
show in the following proposition, which summarizes the previous discussion as:

Proposition: The nonlinear closed-loop system is locally asymptotically exponentially
stable to a desired equilibrium point x =0 if the design parameters K;,k,.k, and

a are chosen so that the following polinomial in the complex variable s is Hurwitz:

o KK (6)
p(s) =s* -+-(Ki——]-}r3-(I+JL"+£<i)s2 —(KHMM-& "}s- L
a a a a a a

Proof:

The Jacobian linearization of the closed-loop system (see (1) and (5)) around the
desired equilibrium point x =0, is given by: X = Ax, where

0 ! 0
k,+K(Q+k,) 1+k,K +K, KK, @+K)K ~k

PG Sl ke O S i D
0 0 0 1
k,+K(+K,) -1-K,K,-K, k, —@+k,)K, -k,
L a o a a

-

computing the characteristic polynomial of matrix 4, we have the expression (6).
Hence, selecting the design parameters such that -p (s ) is Hurwitz, we guarantee that

the closed-loop system be at least locally asymptotically exponentially stable.

Note that if the parameters K; k pand k, are positive, it is nccessary that « be nega-

tive

Remark: Eventually, we will try to rigorously make the estimation of the attraction
domain D by means of Lyapunov functions in conjunction with La Salles's Theorem.

It is worth mentioning that an efficient estimation of the set D is a difficult problem. It
turns out to be a very demanding process in terms of computational resources, because
it involves an optimization problem. In other cases, it is necessary to solve a partial

2where D= x(O)e R‘/Iim x@ =0

e
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differential equation (see {13] and the references included in this paper). For this
reason, we believe that the detection of D is beyond the scope of this work.

o(t)[rad] q(h

15 15
q 10
0 — 5
0
J | \/’_
1.5 : — 5 , . —
0 4 8 12 tme(s) 0 4 8 12 time[s]

Fig. 2. Parameter a

4 Numerical Simulations

Simulations were carried out to evaluate the efficiency of the proposed feedback con-
troller for three experiments. The experiments were implemented in Mathematica by

means of a traditionally Runge-Kutta algorithm; the step size of the method was cho-
sen 1o be equal to 0.001.

In the first experiment, we used the proposed controller (5), when it was applied to the
nonlinear model (1). The design parameters were as

K, = lO,kp =0.499,k, =1.272 and ® =-0.1 and the initial conditions were
setas 0(0)=1.45,0 0)=0.2 ,q(0)=10.5 and ¢(0)=0. Figures 2 and 3 show the

closed loop responses of the feedback equivalent system.

In the second experiment, we considered the design parameters and the initial condi-
tions as before, but introduced a dissipative force in the unactuated direction, i.e. we

add the damping -Y8 into the first differential equation of the model (1), with
Y =0.3 Figures 4 and 5 show the robustness of the proposed nonlinear control when
damping is considered in the numerical simulations. Notice that it is not generally true

that damping makes a feedback-stabilized equilibrium asymptotically stable. That is to
say, damping in the unactuated direction 8 —direction ends 10 enhance stability

while damping in the actuacted direction y —direction tends to destabilize (see
[14] and [15)).

Finally, we considered a swinging task to bring the pendulum from the lower resting
position x(0)= (z,0,0,0) to the upper resting position x(!) =0. To accomplish it, we
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first used the input v to produce an instability in order to pull over the pendulum

from the downward angular position. Then, when the pendulum was on the upper
angular position, input v was switched to make that unstable equilibrium point be-

came a asymptotically stable point. The switch in v was carried out by changing

parameter @ this was done taking o =-0.1when 0 € E—n 2, % 2] and a =-0.1 in
other cases. The other design parameters were set as before.

o(t) [rad) t
15 1 20 at)
15}t
10 }
0 Ve N

5 .
0 e,
0 1 sec 5t \/

1.5 ; ‘
0 4 8 12 time(s] 0 4 8 12 time[s)
Fig. 3. Closed-loop responces when damping is considered o
o(t) [rad) q(t)
3¢ 0
2t
1 2
° M
4}
-1
0 4 8 12 time[s] 0 4 8 12 lime(s]

Fig. 4. The transfer from lower resting to upper resting positions

5 Conclusions

We have presented a practical nonlinear control for the inverted perdulum cart sys-
tem. The goal of the proposed controller is to change the unstable equilibrium point
into a locally asymptotically stable equilibrium point. The advantages of the presented
controller is that it has a very large attraction domain, as we showed in the numerical
simulations. It is robust with respect to dissipative forces. Also, the controller allows
us to establish a simple strategy to bring the pendulum from the downward resting
Position towards the upward resting position, by means of a simple change of sign of
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differential equation (see [13] and the references included in this paper). For this
reason, we believe that the detection of D is beyond the scope of this work.

q(t)
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"5 4 8 12 omefs] ® 9 p 8 12 timels]

Fig. 2. Paramcter a

4 Numerical Simulations

Simulations were carried out to evaluate the efficiency of the proposed feedback con-
troller for three experiments. The experiments were implemented in Mathematica by
means of a traditionally Runge-Kulta algorithm; the step size of the method was cho-

sen to be equal to 0.001.

In the first experiment, we used the proposed controller (5), when it was applied to the
nonlinear model (1). The design parameters were as

K, =10.k,=0.499,k, =1.272 and @ =-0.1 and the initial conditions were
setas 0 (0)=1.45 ,0(0)=0.2 ,q(0)=0.5 and ¢(0)= 0. Figures 2 and 3 show the

closed loop responses of the feedback equivalent system.

In the second experiment, we considered the design parameters and the initial condi-
tions as before, but introduced a dissipative force in the unactuated direction, i.e. we

add the damping -1 into the first differential equation of the model (1), with

=0.3 ..
v . .F igures 4 and 5 show the robustness of the proposed nonlinear control when
damping Is considered in the numerical simulations. Notice that it is not generally true
that damping makes a feedback-stabilized equilibrium asymptotically stable. That is to

say, damping in the unactuated direction © — direction tends to enhance stability
while damping in the actuacted direction y—direction tends to destabilize (see
14] and [15)).

Fin«'.ﬂ_ly. we considered a swinging task to bring the pendulum from the lower resting
position x(0)= (x,0,0,0) to the upper resting position x({) =0. To accomplish it, we
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first used the input v to produce an instability in order to pull over the pendulum

from the downward angular position. Then, when the pendulum was on the upper
angular position, input v was switched to make that unstable equilibrium point be-

came a asympiotically stable point. The switch in v was carried out by changing

parameter & this was done taking o = -0.1when 0 ¢ Fr2r2]and a=-0.1 in
other cases. The other design parameters were set as before.
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Fig. 3. Closcd-loop responces when damping is considered a
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Fig. 4. The transfer from lower resting to upper resting positions

S Conclusions

We have presented a practical nonlinear control for the inverted perdulum cart sys-
tem. The goal of the proposed controller is to change the unstable equilibrium point
into a locally asymptotically stable equilibrium point. The advantages of the presented
controller is that it has a very large attraction domain, as we showed in the numerical
simulations. It is robust with respect to dissipative forces. Also, the controller allows
Us to establish a simple strategy to bring the pendulum from the downward resting
Position towards the upward resting position, by means of a simple change of sign of
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the suitable parameter a as we showed in the third experiment. It is quite intcrt?stir!g
to mention that the swing up motion is caused by producing an u.nstable behavior in
the lower angular position that brings the pendulum out of.lhat r.cgton..and ti}en, when
it is in the upper half, the sign of a is shifted to stabilize it assimptotically in the top
resting position. Finally, the closed-loop stability system was shown by means of a
simple linearization of it. Even when the domain of attraction of fhe closed-loop equa-
tions has not been computed in this brief article, we assert that th|§ _controller prod_uces
a large computable domain of attraction, in comparison with tradlthnally t?ased linear
control approaches whose basin attraction are very small, as mentioned in [12] and

(16).
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Abstract. A simplc way 1o determine the parameters of Rossler’s system based
on a suitable output (y-variable) is presented in this paper. The fact that the
nonlincar system is observable and algebraically identifiable. with respect to the
sclected output, allows us 1o propose. in a first stage, a high-gain obscrver to
estimatc the output's time derivatives. And then, based on these facts two
suitable schemes to recover the parameters are presented.

Keywords. Chaos; Parameter identification , States reconstruction and
Genetic Algorithms.

1 Introduction

Reconstruction of chaotic attractors, from one or more available variables, is an
interesting and challenging problem, which has attracted the attention of many
researchers because of its theoretical and practical importance (see [Baker et al.,
2001], [Broomhead & King, 1986}, [(Gibson et al., 1992}, [Poznyak et al., 1999],
[Lainscsek & Gorodnitsky, 1996] and [Crutchfield & McNamara, 1987]). The
objective is to find an inverse of mathematical or empirical models; that is, extract,
from a partial knowledge of these models, the underlying dynamics ([Parlitz, 1995}).
This problem is important: first, experimentally, in general it is not possible to
measure or observe the complete state of a given system, or in some cases only a few
physical parameters are available (see [Stojanovski et al., 1996]); second, it allows us
to verify the accuracy of some empirically derived models (see [Lainscsek &
Gorodnitsky, 1996]); and third, to verify how secure a communication system is when
the encoding system is chaotic (see [Stojanovski et al., 1996), {Parlitz er al.,1994] and
[Kocarev et al., 1992]). Roughly speaking, the problem has been solved in two ways.
The first approach has been, so far, dominated by the delay embedding methodology
founded on the delay reconstruction of states known from non-linear time series
analysis (for general background on this fascinating area, the reader is referred to the
easily readable books [Alligood et al., 1997] and [Hand & Berthold, 2002]). Also, we
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recommend reading the papers ([Sauer er al.,1991]. [Takens, 1981]. [Tokuda et al.,
2002]. [Stojanovski ef al.. 1996], [Parlitz er al.. 1994]. [Broomhead & King, 1986]
and [Hand & Berthold, 2002] ). The other approach is based on control theoretical
ideas. such as inverse system design and system identification, as devices to recover
parameters and unknown or difficult-to-measure states ([Feldmann et al., 1996],
[Poznyak er al., 1999], [Poznyak et al., 1998] , [Cheng & Dong, 1995] and [Suarez e/
al., 2003)).

In this paper, we deal with the problem of recovering Rossler's parameters by means
of the knowledge of an available output (which is the y — variable of the well-known

Rossler's model ). The on-line identification approach is based on the algebraic
properties of observability and identifiability that Rossler's model satisfies. Those
properties allow us to find a differential parameterization of the output and a finite
number of its time derivatives. This parameterization is used in two identification
approaches: in the first we use a traditionally least-square method which is solved by
an ad-hoc genetic algorithm (GA). In the second approach, we assume that a specific
parameter is given, then an algebraic on-line parametric identification can be
formulated. Although the two approaches require the non-available output's time
derivatives (from 1* to 3 ) this inconvenient is overcome by using a practical high-
gain observer (HGO), which works, as known, like an approximate differentiatior
(see [Parlitz, 1995]). The HGO is not based on the Luenberger observers, since it
does not require an accurate model.

The remainder of this paper is organized as follows. Section 2 is devoted to studying
some important algebraic properties of the Rdssler’s system. In Section 3, we
introduce a simple HGO for estimating the time output derivatives; next, we develop
two identification procedures based on the previously introduced algebraic properties.
In the observer design and in the two identification schemes, we present computer
simulation results depicting their performance. Section 4 is dedicated to giving the
conclusions. Finally, in the Appendix we give a brief survey of GA and also present
proofs of Propositions | and 2.

2 Rossler's System Properties

We consider the popular nonlinear Rdssler's System (RS) , which is described by

t=-(y+2z) (1)
y=x+ay
t=b+:(x-c)

It is well known that in a large neighborhood of {a=b =0.2.c=5} this system

presents a chaotic behavior and is considered for exhibiting the simplest possible
strange attractor ( [Strogatz, 1994]). Originally, the RS, which is credited to Otto
Rossler, arose from work in chemical kinetics ([R6ssler, 1976)).

The fundamentals of this work are based on the algebraic properties of observability
and identifiability that the RS satisfies (see [Martinez & Diop, 2004] and [Martinez &
Mendoza, 2003]). The definitions of these are as follow.
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Definition I: Let us consider an undetermined system of ordinary differential
equations

G(, X, X, P)=0, (2)

" . ) .
where  x7 ={x,...x,}e R" is a state vector and P = {prop}eR is a

constant parameter vector. Suppose that there exists a smooth, local and one to one
correspondence between solution X @ of system (2) and an arbitrary function

y(@ = h@. XQ)e R.then . state x, is said to be algebraically observable with respect
to y(!) , if it satisfies the following algebraic relationship.

=) 3)
- S ("' """ y L0 ym <5 with coefficients in R
8 ey} P)

where f,.g, and h are smooth maps, y(k) is the k* derivative of y and |, m are
integers. Variable y is the output. If x, is observable for every i=|\,......n, then we
say that the system is completely observable

Definition 2: Consider again system (2) under the same conditions of Definition 1.
If we can find a smooth mapW : R’ = R’ such that

0=w(,y,.y()Pr) (4)

then, the parameter vector P is said to be algebraically identifiable with respect (o
the selected oniput

Next, we verify that RS satisfies the previous definitions when the output is
selected as y. Evidently, this system is found to be algebraically observable with

respect to the defined output. To see it, variables x andz can be expressed in the
following

x=y-ay ; z=-y+ap-y ()

From |z we can obtain y®

Y9 = b+ G s y)i—ay =)o -5 ©

Therefore, system (1) is identifiable with respect to the output y because the last
differential parameterization can be rewritten as,

0=W.5 5,92, P) with P=[a,b,c] (7)
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3 States Estimation and Parameters Identification

Since RS is obscrvable and identifiable, then a HGO is proposed to estimate the time
derivatives. from the 1* to the 3", of the output. Morcover, it is possible to implement
an identification scheme to recover the unknown vector P see [Martinez & Diop,
2004)). So, this section is devoted to solving both problems. Firstly, a HGO is
proposed to tackle the time derivatives estimation problem. Then, using the observer's
estimation of the derivatives, an identification process can be carried out. Finally, we
suggest two alternatives for identitying vector P i) a traditionally lcast-square
method and. i) an algebraic on-line approach.
Before establishing the estimation and identification problems, the necessary

assumptions are presented.,

Al The states of the nonlincar system (1) oscillate around zero. A2 The set of

variablesV = {'(!,, )..,y(')(rJl )}are available t, € 3=, .ty Ay ). with a sampling
time t selected such that

T=t,, -1, j=4§2..n-1} (8)
Notice that A2 will be relaxed by means of an HGO, that is, we estimate with high

accuracy the set V. Finally, we mention that although the RS identification has been

considered by other authors such as [Baker er al, 1996]) and [Lainscsck &
Gorodnitsky, 1996), they did not use the differential algebraic approach as we did.

3.1 A simple HGO

Bascd on the previous worksof (sce [Dabroom & Khalil, 1999]) and, Bonilla we
propose the following HGO.

Let us define vector V' [y ¥ ji.yw]and let us propose the following filter given
by:

¥ = AV + HC - V) o
Where, A is the well-known Brunovsky form
aQ a, a, a (0
H'=|— 2+ L 2 Cc=[l 0 00
2 s s slepooq

¢ is a small positive parameter and the positive constants a, are selccted such that
the polynomial defined as:

p(s)=s' +a,s’ +a,s? +a,s+a,, (an

is Hurwitz (see [Dabroom & Khalil, 1999] for more details).
The following proposition allows us to compute the erroré =Y — Y.

Proposition 1: Consider the system (1) under assumptions Al. Then, the HGO
propused in (9) is able to recover Y with bounded error
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ElsBre/a’ %)
Where N is given by

A" = minRefroors(p(s )], (13)

B is a positive constant which depends on the initial conditions &(Q). and

aa s ym(’j- Proof: The proof is in the Appendix.

Notice that constants € and A* are design parameters which can be chosen in order
to minimize the error of observation.

3.1.1 Numerical Simulations The efficicncy of the HGO had been tested by computer
simulations. The experiments were implemented by using the 4"-order Runge-Kutta
algorithm. The computation was performed with a precision of 8decimal digit
numbers, from ¢ = 0sccond to ¢ =10scconds. To obtain a good performance, the step
size in the numerical method was set to 0.0005. The RS parameter values were set as

a=025,b=02and ¢=42, and the initial conditions were set as
x(O):-I.)’(O):lnnd 2(0)=0. The polynomial was chosen to

be p(s)= G’ +2£;m,s+m,,2) , With § =0.0707 and o, =0.9 The gain of the HGO
was selected as € =0.005.,

Figure | shows the error cvolution of each output's time derivatives. As can be
seen a very good eslimation of y“’.k = ﬂ.2.3}is oblained.

3.2 Parameters Identification Based on Least-Squares

Under assumptions Al and A2 a common quadratic function for estimating vector P
from the differential relation (6) is presented as:

sE)=min 3 GV¢,0 p)-59¢,) s with 1, €3 14
L 0

where, symbol "}m(,. p) denotes the parametric estimator of the 3" time
derivative of y given by

79, p)= -5+ €0~ 50+ YORD- £0y0- £, ) £ 50O-50 U9

with P"'[Po»Pan]e R’
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Notice that if we try to compute the critical points of relation (14), we need to
solve three highly difficult nonlinear parametric equations with respect 1o parameters
4. b.c}. That is, obtaining analytically Rissler’s parameter values is not possible if
solely output yis available. Nevertheless, it is feasible to obtain an algebraic
expression for parameters a,band ¢ as long as the Rdssler’s states x, yand = can
be measured [G.L. Baker et al. .1996 ). To overcome these ditficulties, we instead
use a common GA to compute vector p which minimizes expression (). This method

is ad-hoc, because, we avoid the necessity of computing derivatives with respect to
parameters and of finding the roots of the nonlinear parametric function, and we avoid
the possibility of falling into a local minimum (sce {Golberg, 1989], [Mitchel, 1998]
and [Back er al., 2000)). Finally, we recommend reading a brief description of the
GA given in the Appendix in order to understand and to interpret the following
numcrical simulations.

3.2.1 GA Numerical Simulations To evaluate the cfficiency of the proposed
identifier method based on GA, a second computer simulation was carricd out
Basically, we estimate numerically vector p such that expression (14) is minimized
by means of a GA . The sampling time was sclected 1 = 0.1, the number of samples
was set to N =25, the cost was selected a =107° The samples were taken in the
time interval from 6.5 to 9 scconds. Components of veclor p= [p,.p,'p,] were

scarched for in a region centred on B = [0,0,0] with radius 7.

Figurc 2 shows the process of error minimization. It can be seen that the crror tends to
zero when the generation number increases. Therefore, the actual and estimated
parameters are very close, as shown in Table 1.

Generation A B c (16)
1 0.1789 0.0221 2.6051
3 0.1952 03112 4.3115
10 0.2108 0.1624 3.989
32 0.2389 0.2005 4.1167
100 0.2498 0.1999 4.2010

Table 1.Best individual of some generations

3.3 Identification by solving algebraic linear equations

In this scction we relax the identification problem a little in order to obtain an casier
solution. Assuming that parameter a is known and the set V is available, it is
possiblc to obtain a straightforward solution bascd on simple lincar algebra.

Consider again the differential parameterization (6). This produces, after further
time evaluation, the following system of lincar cquation for the missing parameters,
b and c.
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I R ey

where o, Oand ®, () are defined as:

0,6)= 56)- a6 )+ ¥6) (18)
@1 = YO} 56)- -0, 6Y56)- 26)

The linear equation (17) allows us to recover the unknown parameters, b and ¢, after
some time 1, >0, that is to say, at =/, +1 ,t >0, for which the matrix in () is
invertible. As we mention in the following proposition:

Proposition 2: Under assumptions Al the matrix (17) becomes invertible for almost
t, >0and t >0. Proof (Refer to Appendix).

Another possibility to estimate the missing parameters can be done assuming that
4™ derivative is available. Now, computing the time derivative of equation (6), this
yiclds:

¥ -a+j-G-ay+ yXi-ay)- (G -ay+ yXy-ay-c)=0 (19

Evidently, from equations (6) and (19) we can obtain directly the parameters b and ¢,
respectively.

3.3.1 Numerical Simulations We illustrate the cffectiveness of the previously
described identification method by using inverse matrix. The initial conditions and the
physical parameters were taken as indicated in the previous experiment, except for an
abrupt change in the Réssler’s parameter values b and ¢, from 0.2 to 0.35 and 4.2 to0
3.5 when 1t 25, respectively.

Figure 3 shows the estimation of parameters band € based on inverse matrix. As a
result, the identification process is quite robust with respect to abrupt parameter
variations.

4 Conclusions

The differential algebraic approach allowed us to solve the identification problem for
the well-known Rossler’s attractor. In this instance, we exploited the algebraic
propertics of observability and identifiability that Russler’s model fulfils, with respect
to a very particular available state which is the y- variable. Therefore, we could

obtain a differcntial parameterization of the output and its time derivatives. Based on
these facts, an HGO was used for estimating the output's time derivatives, and then,
two identification approaches were designed based on the previously
paramcterization.
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The identification approaches were tested by means of numerical experiments. In
the first one, a traditionally least-square method was used and solved by a suitable
GA. as shown in Table 1; in the second one, the missing parameters were computed
in a straightforward way as an inverse matrix. The performance of the inverse matrix

was validated in the presence of an abrupt variation in the missing paramelers, as
shown in figures 2 and 3.
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S Appendix

A Brief Look at GA (we recommend reading [Bender & Orzag, 1999])
We introduce a traditional GA to minimize expression (14):

(i) Individuals in the GA are vectors (in R ) of the form

q, = E’o,: 1915292, ] (20)

It is understood that the GA is a real-coded one (as opposed to a binary-coded
onc).

(ii) Every population consists of 500 individuals.
(iii) The best individual, g, (evidently ranked 1), in gencration PJ is passcd on 10

generation P“ , » with no change.

(iv) Several steps are involved in the creation of generation P, . They are as
follows: i ) selcction; /i) crossover; ifi) mutation.

i ) The upper half of P) passes on to population P.m while the lower half is
discarded. Note that P« holds just the best250 individuals in P,

if) To accomplish crossover couples, parcnts arc gencrated as follows: each
individual in P ;.1 is assigned a probability which is calculated lincarly according to
its ranking. Sclection of individuals is madec by generating random numbers
in [0,]](5ay @, ) and comparing them to the accumulated probability ,Ap(g, ), of

cach individual. Individual g, is selccted 1o be part of P'js1 when @, < Ap(q, ) In

a first round a member of each couple is selected while in a second round the other
member is selected. The crossover algorithm used in this GA is a slight modification
of the flut crossover (or arithmetic crossover) opcerator. An  “oftspring”
h= [hu,hl,hz, is generated as

h =Bg,, +(1+BN..- (20)

from “parents”
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ql = Elo.vql,n‘h.ll (g2 = Bo.zquz"h,z] (22)

where g, is a better individual than g, (i.e g, makes the error function smaller

than g, does)and B is a random number choscn uniformly from the interval [0.5, 1].
This interval is used in order to weigh as more “influential” the information carried by

the best of the parents. This process is repeated until a set P, with 250 “"offspring"
is completed. A new population is then created: P ;l = P;"ﬂ U P;ﬂ ;
(iit) The mutation algorithm consists of randomly changing a component of 15% of

the individuals of P;’,l . Changes are made within the vicinities specified below. This

is the final step in creating generation P,

(v) The cost of each individual was computed via S(N.‘r) where N is the

number of samples and T is a sampling time. The algorithm stops when the best
individual tags a “cost™ named  , where @ is fixed as small as needed.

(vi) Components of vector g = [go,ql ,qz] were searched in a previously defined
“box™,; this means.

4,9, =s¢,.:i={.23} (23)

where g, is the selected centre and €, is the radius which can be chosen as large as
necded.

Proof of Proposition 1:

Evidently, vector ¥ can be written as:

P=AY+5,.; (24)

withd”, = D.0.0,y] Subiracting (24) from (9), we obtain the following
difTerential equation of the error:

E=[1-HCE +5,. (25)

Notice that the characteristic polynomial of A = A — HC is given by p(.\' e). wich
is also Hurtwitz. That is, the proposecd H assigns the cigenvalues of 4 atl € times
the roots of p(s‘) (11). Hence, the error € satisfies

' (26)
e@)=e""")e(0)+ Ie"(""')ﬁ,, (s)ds

y
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Since A is exponentially stable and the signal yo) is bounded, we also have the

following inequality:

" ¥ & - 27
E <Pe'tE +[3ns(—e" )k - PBne A . D

where the positives constants B ,A",M are previously defined in proposition 1.

Proof of Proposition 2:

Let A(r,,'r) be the determinate of matrix (17) which is given by

A(r, R 2 )= -, (!, K . )+ o, (t, ) From the definition of variable ®, O given in (18)
and taking into account system (17), we obtain after some simple algebra, the

following:

AQ,t)=-2(, +1)+ z(t,). (28)

Since the variable z(t) oscillates around zero, we must have
—z(!, +t)+ z(l,):tO for almost £, >0and T >0. As the matter of fact

—z(!, +‘t)+z(t;)=0 only in a finite set of time. T =§,,t1, ...... L

Therefore, matrix (17) is invertible for almost £, >0 and T > 0.
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Abstract. Over the last decades several techniques for lossless data com-
pression have been  proposed (such as RLE[!), Huffman Coding|2].
Arithmetic Coding(3], LZ[4). BWT{5). and PPM[6]). They all assume or
construct a modcl of the source which generates the message and the com-
pression ratio depends strongly on how accurately the source adhcres
to the premises. In this paper we propose a new method for eflicient loss-
less data compression in which the original message generated by a non-
crgodic source is transformed into another in which its bchaves as if it
were generated by an ergodic one. This is achieved by identifying a sct of
groups which display ergodicity when looked upon as independent sym-
bols. The identification of such groups represents an NP Problem|[7][8)(9])
and we, therefore, define a set of Advanced Search Operators which, when
combined with a Non Traditional Genetic Algorithm, allow us to find a set
of non corrclated groups of symbols to achieve the desired transformation
and achicve maximum compression.

Keywords. Data Compression, RLE. Huffman, LZ, BWT, PPM, ergodic,
NP Problem, Search, Genetic Algorithm.

1 Introduction

RLE is a simple data compression technique restricted to messages with strings of re-
peated symbols called “runs”. When there is no “runs” RLE easily give us negative
compression. More sophisticated techniques such as Huffman Coding and its parent
the Arithmetic Coding are based on the Shannon Information Theory [10] that pre-
sents a study for ergodic sources where entropy represents the theoretical limit for
data compression. The best coding of Huffman technique is achieved when the aver-
age length of codes reaches the entropy assuming that the receptor knows the diction-
ary. However, when we consider the structure of the dictionary as an additional
header the “best coding" may give us a negative compression. Besides, Huffman
Codes does not give us an acceplable compression in case of equiprobable symbols
and is unable to compress bits streams.
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Adaptive Dictionary techniques such as LZ build a dictionary with groups of. adja-
cents symbols, in consequence, they assume that source is ergodic and the maximum
compression ratio is restricted 1o messages with these characteristics.

PPM techniques calculate the conditional probability of next symbol based on k
previous symbols. That implies to correlate the current symbol with the k symbols
which precede it.

In our model we transform a message from a non-ergodic source to other which
can be view as it were gencrated by an ergodic source consequently can be optimally
coded with some technique that assumes a ergodic source and so we achieve maxi-
mum compression.

We intend to correlate as is possible the symbols in a group at the same time we in-
tend 1o uncorrelated the groups one each other. That groups of symbols have been
called metasymbols and they are discussed in section 2.

Since we do not define a priori the number of groups, ncither the number of sym-
bols that compose cach onc and symbols are not necessarily adjacent we have a NP
problem([11]. To find metasymbols we have proposed to use:

1. A Non Traditional Genetic Algorithm. The fitness measure not only represents a
theoretical limit of compression (as entropy does) but also it considers in an intrin-
sic way the size of the dictionary (contrary to the entropy). Fitness measure repre-
sents the number of bits used to fully encode a message (header plus encoded mes-
sage), in conscquence when the fitness is less than the original size of the message
we have a positive compression.

2. A set of Advanced Operators for Metasymbol Scarching (AOMS).

Both of them are discussed in sections 3 and 4.

2 Mctasymbols

To facilitate the description of metasymbol we should conceive a message as an array
of symbols indexed from 0 to L-1 where L is the length or number of symbols that
constitute the message. Before describing a metasymbol is necessary to explain two
kind of groups which appear when we find groups of symbols.

2.1 Master Groups and Slave Groups

For simplicity we can think that a metasymbol is a pattern in the message, a group is
an instance of that pattern, a master group is the first instance we found in the mes-
sage (from lefi to rigth) and a slave group is a repeated group that previously has ap-
peared as master.

Groups are written as a set of symbols s, where subindex z means the position in
the original message, superindex i is a number of group and superindex j indicates a
relative index into the group.

Here are some examples:

Master group:

{ qu‘o. ylﬁ.l' ZJO,J }
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Slave groups: ‘o .
{ Xg s B & B2
{ xs ;6 Yo K Zu”}
(X2 Yy, 25}
Metasymbol:

{ X0, ¥Y1. 2z}

IJ}

The difference between a master group and a metasymbol is that a metasymbol is a
pattern without absolute indices referenced to the message. In a master group the
subindices reference the position of the symbol in the original message, whereas, the

subindices in a metasymbol represents the offset from the first symbol to any other
into the metasymbol, that is why the first subindex always is 0.

Superindices j allows to compare groups to know whether a groups is slave of a
master, i.e., all the superindices j of the two groups must match one to one.

The necessary number of metasymbols to codify a message is denoted by |[M],
where M = {a,B,x.5.¢,...) . In what follows we use Greek letters to represent meta-
symbols. By definition, a metasymbol is considered different from another one if:
¢ The constituent symbols differ from those of any other metasymbol.

Example: a=ayb,c,

B=agef,

¢ They differ in the subindices of the symbols that compose them.
Example:

a=a,3,3,

e They differ in the number of symbols that constitute the metasymbol, called in
what follows, length of the metasymbol.
Example:
a= noblc2
B=agbycydy
length(a )=3

length(f) =4

3.Non Traditional Genectich Algorithm: Vasconcelos Genetic
Algorithm

The Vasconcelos Genetic Algorithm [12] use anular crossover. A variant of Vascon-
celos has been proposed using PMX [13] proposed by Goldberg. Vasconcelos Ge-

netic Algorithm is identified essentially because use a crossover between the best and
the worst individuals in a population.
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3.1 Coding of the genome

The genome is built as a permutation of the indices of the message using wcight bi-
nary coding. For a message with length L we need logs(L) bits for cach index and
L*log.(L.) bits for the entire genome.

The groups in the genome are sclf-delimited because the indices of symbols which
belongs to the same group appear ordered of ascending way (from leAt to right) and if
appear an index less than its predecessor means a change of group.

We show an example for the message XoY1A223X4Ys BoZrXsyeCroz1y where we have
identified four metasymbols summarized in table 2 including the master and slaves
groups associated to cach metasymbol. The corresponding genome is:

1010 1000 1001 1011 01100100 0101 0§11 0010 0000 0001 0011

Where is possible to identily the groups:

Gl: 10

G2: 89,11

G3: 6

G4: 457

GS: 2

Gé6: 0,13

Comparing G2, G4 and G6 we know that G6 is a master group and its slaves are
groups G2 and G4.

Groups G1, G3 and GS are master groups because there is no repctition of them.

Table 1. Mcuasymbols, Master Groups and Slaves Groups for the message
Xoy|A:Z]K4)’1“.Z1tl)'q(:mlj|

Metasymbol Master Groups Slave Groups

o=Xo, Y10 23 Xa W sl T x{:, ysz"", 27‘1’)
Xs v Yo o7

B""Ao A;U‘U

X By Be

8-Co Cio"

3.2 Mutation

Note that change a bit from 0 to | or from 1 to 0 in the genome can produce an index
out of range or duplicated, this is the reason to usc other kind of mutation.
Alternatively, we propose to permute two indices, so, we will never have indices out
of range or duplicated and is no necessary to repair. Mutation is made with probability
Pmut.

3.3 Crossover

Similarly to the mutation, annular crossover can producc indices out of range or du-
plicated, then crossover is implemented using PMX. Crossover is made with probabil-
ity Pcross.
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4 Advanced Opcrators for Metasymbol Scarching

We define a set of operators which allows to manipulate a message in order to find
metasymbols.

Definition. € is a empty symbols used to indicate absence of symbol.

Arr(msg). Take a message and associate consecutive indices starting with 0 y end-
ing with L-1.

|Arr(msg)|. The number of symbols difTerent of € contained in Arr(msg) .

Jar(sy . Calculate the frequency of symbol s, in the array Arr.

Fou( ). Calculate the distribution of frequencies of symbols contained in an object
such as a matrix, an array, acolumn of a matrix, ctc., and is represented by a sct of
pair (s, fs)).

Roulette(Fyu,( )). Given a distribution of frequencies of symbols s, sclect any s; us-
ing proportional selection.

TH( ). Return a random number between 1 and L inclusive which will act as.a
threshold for the minimum number of repetitions of a group.

Pos(sy. Is an array of indicces where symbol s; appears in the array Arr.

Pos(sys. The k-th element of Pos(s)).

Right(Arr.ny. An array of size L which first n, symbols are the last n, symbols of
Arr and the rest is completed with empty symbols €. The subindices starts with 0 and
finish with L -1. Each symbol has associated a pair of superindices (ng ,i) with
i=0,1,2,..., L-1.

Vsigousun = Right(Arr,n,) where ny = L-pos(s )k

SMsi={ Vsiouuin, k=0,1,2,....1si)-1}

Sel(Cj*, 5% . Because SMs, can be view as a matrix it means to get from
SMs, the column Cj that conlains the symbol s; with the highest frequency, minimum j
and that has not been selected previously. s,* means all the instances of symbol s,
contained in column Cj. Pcol is the probability of selecting any other column and
symbol which do not comply with the restrictions previously described.

Is;*| The number of instances of symbol s; contained in column Cj

Elim(SMsi 5,4 03..en)= SMsi replacing se, with a empty symbol € ," and whenever
Se1™ dont be the j-th clement of VK in SM,

Elim(Arr s,;,). )= Arr replacing s with € Y

Elim(Arr p,.u))= SMareplacing Spoysi) i with s,.“j where k=0,1,2,...1(s))-1

Restrict(SMy sj.e;...) =( Vi of SM, such that ¢; belongs to V, )

AddColumn(Cj*). Each time we apply Sel(Cj*, s,%awm We get a column and its
number of column j which are stored in an array of columns.

EmptyArr( ). Reset the array of columns Cj°.

MatrixofMasterAndSlaves( ). ARer apply several times Sel(Cj®, 5,%) . We gel an
array of columns that is possible to order under j in ascendant order and join them to
construct a matrix. That matrix contains master and slaves groups as rows.

GetMasterAndSlaves(MairixofMasterAndSlaves ). Given a matrix with groups is
possible 1o identify the master group comparing the first subindex of all of them. The
group which have the minimum subindex is the master group.
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GetMetasymbol( ). Given a master group is possible to get a metasymbol in the
next way:
Master group: -
(50, sa¥'s s2%.c.ci5a™ )
Mectasymbol:
lsﬂ' sjll s;l'v--vs;al

Once defined the operators we can describe the Algorithm for searching mctasym-
bols in a compact way.

1. Arrfmsg).

2. EmptyArr().

3. £ A"{ )

4. DELIM= Roulette(F 4 ( ).
5. Pos(DELIM).

6. SMsi

7. th=TH()

8. AddColumn(()

9. fori=0tolL-1 doFey

10. Sel(Cj®. 5, )smp -

/1. if'5,* <Thgostep 17

12. AddColumn(Cj*).

13. Elim(SMsis,* ),

14. Elim(Arr 5,%)

15. SM.=Resirici(SM., Sere1.. o) =( Vi of SMa such that ¢; belongs to Vi)

16. repeat step9to 14

17. MatrixofMasterAndSlaves( ).

18. GetMasterAndSlaves(MatrixofdMasterAndSlaves ).

19. GetMetasymbol( ).

20. Repeat step 2 to step 19 while [Arr(msg)| >0

This Algorithm has been summarized in a Operator Called CatastroficMutation( )
used in the Genetic Algorithm. CatastroficMutation is made with probability Pcat.

In the next example we illustrate how is possible to find metasymbols from the
message xyAzxyBazxyCz.

Given the message msg ="xyAzxyBzxyCz"
L=12

ATT=XoY1A1Z;XaYsBoZ1X3YsC 10211

F ={(x,3).(y.3).(A,1)(2.3),(B,1).(C, 1))}
Pos(x) ={0.4,8)

Vxo= Right(Arr,12)

Vx= Right(Arr,8)

Vxs= Right(Arr,4,)

e 00 _ 0l 02 03 _ 04 05y O
SMsi={ {xo~ %" A7 2 x>y B 2% xg™ yo ™ Co™"° 2" ),

10 1.0 1.2 1) 14 K] 16 ; ;
(xe'* ys"' Be'? 27" %y Cio'® 2! € £ €M M),
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10 21
Yo Clou Z“D E"‘ EI.S £ 1.6 € 1.7 £ 13 £ 1.9 £ 1.10 € L }

{xs
)
Let Th=3
AddColumn(0)
Fermt3)e Fermt(r3), Fem (A DB, (CD), Fes =l Feml(x2)),
Fes= (23 Fes={(B)(CDY, Fe=4(z,2)}, Foar={(x, D)}, Foy=l(y. Dy Fepo=UC 1D,
Feu={(z,1))

SEI(C}T‘. S,‘)y.,,m-a retums Cj‘=|, Si.=Y|_5_9

AddColumn(1).

Elim(SMsi s,‘ N

SMSi'_"{ {XO,O ?.: Az:,'z 0 X4 85 B 270_7 xiﬂ,l &0,9 C‘oo_lﬂ 2”0,“ }'
{x‘ B'zz"’x & C l'leu el,o E:1.10 EI'“ ,.
‘x yllcou ue e's ¢! cl? e '’ g 110 s""]

}

Elim(Arr 5,%). Atr= Xo€,A22;3X4€5B21X1€5C 021
SM,=Restrict(SM,; S c3...a0)
SMisi={ lxo°'° ylo.n A,M z,” x4 Eso's B 2,%7 % &% C, 0" ;%" ],
lx4"° ysl.l By'? 2" x,* &' Cio'® z.."’ e'd gl? ghio gn ),
[x'z.o y'u Cmu z“u gt g!S s gl g8 19 g o Et.ll,
}
F('O={(xs3)}1 F('fz“)"'3)’| F‘('}"{(AJ)-(BJ)t (C,l},. FI'J -{(zv3)'! Ff'l"(x|2)lo
Fes={), FeestBILCD), Fe={(z2)}, Fo=tx D) Fo=l), Fo=l(GD),
Fen=l(z,1)}

Scl(Cj®, 5;*)smu*™%  retumns  Cj*=3,s5°=y151
AddColumn(3).
Elim(SAfsis,* ),

SMSi=I !xoo.o ylo.l Azo.z Z, 0) & B 37 0.7 x'o.l &0.’ Cloﬂ,lo Elll:l.ll "
!,QL ¥s 1.1 B 12 271.1 x Eq C 17 £ 13 € 19 € .10 € LI }‘
{X'IO 2.1 C 22 IJE e e El.’ sl,l 81.9 eI.l(i el.ll 1

)
Elim(Arr 5,%). ArT= Xo€,A€;X4E3s Bo€1Xs€C 10€ 1)

SJ"’!.j:Re FfﬂCf(SAI\l Selel,. fr)

| 0 0 0, 06 7 08 09 0,1 F

SMsi={ {x° ¥ A2 2 xM e B &% x7 & Cio ® &y,
{X 10 ll B 12 2 IJ Xs l4 l,l Cwl.b £“I.'.' £ 13 EI,G € 1,10 £ 1.1 le
[xlzo yil C 22 2,)8!4 EI.S sI.o el.? El" tl,’ £

110

€ L ,

)

MatrixofMasterAndSlaves( ).
0,0 0,1 03
%0 Y 3 P

= 1.0 1.1 |

Cols x4 s 25
20 2,1 23

Xg Yo j*
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Get\MasterAndSlaves(MatrixofdasterAndSlaves ).
Master group: TR yIU,l z;u ’

Slave groups: 1'%y 2" )
txs™° yoo' zi*’)
GetMetasymbol( ).
{Xo Y1 2}

In a similar way we can find the metasymbols {Ao), {Bo} and {Co}.

5 Experiments

Several experiments have been tested to probe the efficiency of the algorithm, hecre
we show the result of a experiment with the message

POQOQQQQQQQQRRRRRRRRRRSSSSSSSSSSTTTTTTITTTUUUUUUUUUUV
VVVVVVVVVWWWWWWWWWWXXXXXXXXXXYYYYYYYYYYZZZ772Z
7.7.77.a2aaa22a2abbbbbbbbbbecccccccccddddddddddecceeceeee MTMMTIggeeeepeee

....................

0000PPPPPPPPPPYYYYYYYYqqrTTrITTITrSSSSSSSSSSULTTTTITIUUUUUUUUUUVYVVYVVVVVWIVWY
WWWWWWWXXXXXXXXXXYYYYYYYYYYZ222222222"

than can be compressed successfully with RLE whercas Huffman Technique provides
negative compression (-1.44 %).

Our method find just one metasymbol o, where

o= { A B CrDioLaF Gl otk 1ol 110M120N1100140P156Q160R 170S 180 T100U200 V 210

! . . . PR
W 220 X230 Y 200 00itzenDrnuCanudiont 00l 3108320033013 40l 350K 6003 70M 380M3000400P 4108 420 430540l
sl VarmWannXenYsou?s10)

that is repeated 10 times. Now, the message encoded with metasymbols looks like
aaauuaaaada. and we can compress up to 84.28 % using Hullman Coding and in-
cluding the dictionary. A full description about the implementation of this method can
be found in [ 14].

6 Conclusions

‘The sclecting n‘l' the busic symbols (called metasymbols) in a message is important
?)ccuusg dclcrm_mc.\ the maximum compression ratio we can achicve. We showed that
is possible to llpd metasymbols and apply a entropy coder to the new message to gel
hetler compression ratios.
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Advanced Search Operators combined with Vasconcelos Genetic Algorithm have
been used successfully to find patterns in an approach the to associated NP problem.
Because we don not define a priori the number of metasymbols. neither the number of
symbols which constitute them, we think in a kind of unsupervised clustering which
can be of interest in data mining.
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Abstract. Service-Oricnted Architecture (SOA) development paradigm has
cmerged to improve the critical issues of creating, modifying and extending. so-
lutions for enterprise application integration, process automation and automated
cxchange of information between organizations. Web services technology fol-
lows the SOA'’s principles for developing and deploying applications. Besides,
Web services are emerging as the platlorm for service-oriented architecture
(SOA). for both intra- and inter-enterprise communication. In this work, a busi-
ness processes inlegration and monitoring system has been developed to auto-
mate, integrate and monitor many of the enterprise business processes described
as Web services without recurring to large investments in software development
and deployment. The contribution of this work consists in a service-oriented ar-
chitecture that follows the SOA’s principles of improving economical benefits
of business collaborations. Our scrvice-oriented architecture is based on a lay-
ered design that meet crucial design aspects like abstraction, scalability and in-
teroperability.

Keywords: BPLEL4WS, Business Process Integration, Service-Oriented Archi-
tecture, Web Services.

1 Introduction

Recently, the Service-Oriented Architecture (SOA) development paradigm has
emerged to focus on radically improving the efficiencies of creating, modifying and
extending solutions for enterprise application integration and process automation
between organizations. SOA redefines the concept of an application from being an
opaque procedural implementation mechanism to that of an orchestrated sequence of
messaging, routing and processing of events. Web services are becoming the dominant
technology for developing and deploying applications following the SOA’s principles
so that the platform and language independent interfaces of web services allow the
integration of heterogenous systems. Also, a growing number of commercial enter-
prises are redefining their business processes under this technology.

Therefore, business process management based on the SOA paradigm facilitates the
design, analysis, optimization of business processes. It achieves this by separating
process logic from the applications that run them, managing the relationships among
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process participants, integrating internal and external process resources, and monitor-
ing process performance. Having this into account. we have developed a system
named BPIMS-WS (Business Processes Integration and Monitoring System based on
Web Services) to enable the integration, composition and monitoring of the processes
developed by the business partaers involved. Furthermore, BPIMS-WS offers addi-
tional functionality for the dynamic integration of enterprises, discovery and invoca-
tion of business processes accessible as Web services.

The rest of this paper is structured as follows. In the next section we provide the main
characteristics of BPIMS-WS. In the following sections we present the architecture
proposed and discuss its design principles. Next, we describe a case of study for dc-
scribing the functionality of BPIMS-WS. Then we review the related work in this arca

and emphasize the contributions of our work.

2 BPIMS-WS

BPIMS-WS contains a UDDI [1] node where commercial enterprises, services and
products are registered. For the classification of business processes, products and
services in the repository, BPIMS-WS uses broadly accepted ontologics like NAICS
[2]). UNSPSC [3] and RoscttaNet [4]. Ina similar way to the functionality provided by
a UDDI [1] node, Web scervices can be registered, published and discovered in
BPIMS-WS. This UDDI node is the main componcent of our service-oriented archi-
tecture. As Web services proliferate inside the enterprise, there is a nced to advertise.
discover and reuse services, and UDDI is the standards-based mechanism for doing
this. Additionally. BPIMS-WS ¢nable the composition of Web services. These types
of Web services arc created, instantiated and executed dynamically in a BPEL4WS
[5] engine. Also, BPIMS-WS compriscs enterprise intra-workflow and inter-workflow
Web services. Enterprise intra-workflow Web services are structured orchestrations of
composite Web services that describe the internal activities developed as the intended
behavior of an enterprise. We have considered the design of Enterprise intra-work{low
Wb services so that they can be created and instantiated in the third layer of our ser-
vice-oriented architecture and executed by a WS-CDL [6] engine. Enterprise inter-
workilow Web services describe the orchestration of the long-running conversation
behavior of enterprise intra-workilows. In a similar way, Enterprisc inter-workllow
Web services have been considered so that they can be created, instantiated and exe-
cuted in the fourth layer.

The BPIMS-WS service-oriented architecture has a layered design following three
SOA's principles: (1) Integration, (2) Composition, and (3) Monitoring. The business
processes integration is offered in the first layer of BPIMS-WS architecture. The crea-
tion of new Web services through the composition of existing business processcs
described as Web services is offered in the second layer of BPIMS-WS architecture.
The monitoring business processes is provided starting from second layer. In the fol-
lowing sections, we describe with more detail the functionality ol each layer of our
service-oriented architecture proposed.
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According to the emphasis on automation, BPIMS-WS can be accessed in (wo modes
of interaction, e¢ither as a proxy server or as an Intemnct portal. In the first npKe,
BPIMS-WS can interoperate with other systems or software agents. L!kc a proxy,
BPIMS-WS receives XMl.-encoded requests that are completed with business partner
binding information, and then forwarded to the corresponding enterprisc worktlows.
Eventually the responses to the requests are received back from the business partners

worktlows and then replicd to the requesters. In the second mode. BPIMS-WS AcInS
an Internet portal that provides to the users a range of options among the Web services
available through the brokering system. In this mode, BPIMS-WS presents to the
users diverse GUIs 1o get access to the Web services provided. The Internet portal is
executed on a Tomcat application server.

3 BPIMS-WS Architecture

The BPIMS-WS service-oriented architecture has a layered design. The basic func-
tionality of BPIMS-WS is situated in the bottom layer, while the more complex func-
tionality is situated in the upper layer. Like in other layered architectures, the purpose
of cach layer is to provide the access to the Web services required by the upper layers,
hiding the details of how the Web services are implemented. The layers are abstracted
in such a way that each enterprise workflow or software agent communicates with any
counterpart of the upper layers. In this context. each layer has a delined function as
explained in that follows. Fig. 1 shows the gencral architecture of BPIMS-WS.,

In Fig.1 each layer has a well-defined function, as it is briclly described next.

3.1. Web Service Layer

The business processes integration is provided in this layer. For doing this, we have
developed an integration brokering service that allows to publish and discover Web
services (o make business processes integration. For the discovery of Web services,
the integrating brokering service uses the UDDI node. A set of simple Web services
are contained in the integration brokering service. The set of simple Web services
consults the information stored in the UDDI node using an ODBC/JDBC compliant
database. The simple Web services consist of the following basic operations:

1) Web Services Registry comprises operations intended to store information in the
UDDI node about: (i) potential businesses partners (businessName, description, dis-
coveryURL, contactName, phone and e-mail), (ii) products (productCode), and (iii)
services (serviceName, description, accessSOAP, accessWSDL and serviceCode),
Examples of these Web services are save_Business, save_Services and save_Products.
2) Web Services Search consists of operations deemed 10 search for product techni-
cal information. Examples of these Web services are: get_Quantity, get_Price,
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GENERAL ARCHITECTURE
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Fig. | General Architecture of BPIMS-WS

3) Web Services Meta-Information includes operations intended to retrieve both
services information and BPIMS-WS meta-information. Examples of these Web ser-
vices are  get_BusinessOntology,  get_ServicesOntology,  get_ProductsOntology,
get_SenicesList, get_RegisteredBusiness, find_Product, find_Scervice, find_Business
and get_PasswordRecovery |7].
The structure and behavior of this layer can be understood with the following
example. Assume that a client is willing to find the technical information available
about her preferred product. First, the client must select the type of the product she
wants from a range of options oflered through the Internet portal (Step 1 in Fig 2).
Then, BPIMS-WS obtains the request and formulates a query to the UDDI node. The
result to the query is a list of all the suppliers that have the requested product in their
stocks (Step 2 in Fig 2). Then, for cach one of these suppliers, BPIMS-WS formulates
another query to the UDDI node to retrieve the corresponding URLL that contains the
Wb service specification corresponding to RosettaNet's PIP 2AS (Query Technical
Information). Once located the URL. BPIMS-WS builds requests for the invocation of
the associated Web services 1o the enterprises found. Then, BPIMS-WS sends those
requests (o the enterprises and to obtain later on the responses (Step 3 in Fig 2). Next
BPIMS-WS extracts the required information and builds a XML, document. This
XMI. document is presented in HTML using the Extensible Stylesheet Language
(XSL.) (Step 4 in Fig 2). The answer contains information concerning to the product
(according to the invoked Web service) and the electronic address (discoveryURL) of
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the enterprise that oflers that product. By means of using simple Web services. a client
can get the price, the delivery time or the quantity available in stock of any registered
enterprise in the UDDI node. Additionally, BPIMS-WS can also work bascd on more
claborated searching criteria |8]. In summary, software agents and applications can get
access 1o all the Web services that have been registered. The Web service layer of the
architccture of BPIMS-WS is shown in Fig. 2.

@ Fingd @

situable
i Integration candidale
Request a @ Brokering entlerpise
Service
s 9 Sends
service -
i & the resuns Dinamic
- e Invokar Invohe
i [ ] web
E service
[ ]
-
=

Setofl Simple
Web Services

Fig. 2 Architecture of BPIMS-WS in the Web Services layer

3.2. Composite Web Services Layer

The support for composite Web services is provided in this layer. A composite Web
scervice is the orchestration of several simple Web services. Composite Web services
can be created at both design and execution time. The architecture of BPIMS-WS in
the composite web services layer is shown in Fig 3.

— integrationBrokering
Request E Sarvice ]
3 i O| Sends
S| serwce | QA e TR Dinamic
I & Invoker
'E Q
< E
@ Set of Simple
b= Web Services
cafte {
@ BPEL
docurnent
BPELAWS Engine

Fig. 3 Architecture of BPIMS-WS in the Composite Web services Layer

For the exccution of a composite Web service is firstly necessary to locate a suit-
able template from the BPEL4WS repository that describes the intended commercial
activitics [9). In this schema. the templates are completely determined since commer-
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cial partners are known before hand. Next. BPIMS-WS rctricve from a databasc the
location of the BPELIWS workflow template that uses the commercial activity (Step
2 in Fig 3). Once the template is located, BPIMS-WS uses the WSDL document and
all related configuration files in order to instantiate them. BPIMS-WS obtains the
templates that can be used to find the suppliers that ofler the products required by the
commercial collaboration. A query to a database containing the WSDL documents
provided by BPIMS-WS can retricve the appropriate Web services to obtain a number
of picces of commercial information like price, delivery time, quantity, and purchase
access point of the products (Step 3 in Fig 3). These services, based on UNSPSC and
RosettaNet ontologies, are get_PriceandDeliveryTime, get_ProviderQuantity, and
get_ProviderURLBuy, respectively. The related WSDL documents are then analyzed,
and all the relevant information is retricved and used to complete the templates.

The instantiated templates are allocated in a BPEL4WS enginc for exccution (Step
4 in Fig 3). To communicate with the running workflow, BPIMS-WS builds SOAP
messages containing the information provided by the client. Here, the client sends to
the running workflow, the information necessary to run the workflow such as product
code and the required quantity in a SOAP message. The worktlow verifies the con-
straints and pre-conditions and then it is executed. (Step 5 in Fig 3). Whenever the
work!low has been successfully terminated, it sends back to the client the list of sup-
pliers satistying the conditions (Step 6 in Fig 3). Then, the workllow is de-allocated
from the workflow engine. After the client selects the suppliers, a BPWL4WS tem-
plate for placing a purchase order is now retrieved from the repository, completed and
exccuted as described belore. By enacting this workflow, the purchase orders are sent
to the supplicrs and the corresponding answers from cach supplier are eventually re-
ceived.

A wide varicty of other composite Web services involving some optimization cri-
teria have also been developed and tested like minimum delivery time, distributed
purchase, etc.

3.J3. Enterprise intra-workflow Web service layer

This layer comprises a repository of WS-CDL documents [6] containing a sct of
cnlerprise intra-workflow Web services. A WS-CDL document represents an enter-
prise intra-workilow. An enterprise intra-work flow defines the behavioral aspects and
the dependency relationships among the diverse entities that constitute the enterprise.
An entity can be a billing department or a marketing department. The enterprise intra-
workflow Web services are orchestrations of composite Web services. This orchestra-
tion is bused on the WS-CDL model. In order to orchestrate the interaction of two or
more enterprise workilows, a similar approach to the one described in the Composite
Web service layer is followed in this layer that consists on the instantiation of gencric
process descriptions obtained from the WS-CDL repository and their further exccu-
tion in the WS-CDL engine,

3.4 Enterprise inter-workflow Web service layer
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This layer comprises a repository of inter-workflows descriptions and a set of enter-
prisc inter-worktlow Web services. An inter-workflow of an enterprise federation
defines the policies and commercial ideologies along some governmental regulations
dictated on the enterprises that constitute the federation. A federation can be a group
of diverse enterprises that synergistically collaborate in pursuing common or comple-
mentary goals. The enterprise inter-workflow Web services integrates enterprise intra-
workflow Web services oriented 1o the satisfaction of socicty needs such as to reduce
the consumption of non-renewable natural resources or to increase food production
given a limited budget.

In the next section, we describe how business processes descriptions can be monitored

at execution time. This is onc of the more relevant aspects of BPIMS-WS in relation
to the deployment of business process.

4 Process Activity Monitoring in BPIMS-WS

BPIMS-WS offers facilitics for monitoring Web services. This facility is oflered in
all the layers of the architecture. For the monitoring process, it is necessary to listen 1o
the requestresponse SOAP messaging of Web service-based business collaboration,
SOAP messaging identifies the participants and their communications during the long-
running interactions involved in the colluboration. For this end, BPIMS-W'S intereepls
all SOAP messages to generate a UML sequence diagram from the information about
the participants and the order in which the messages are exchanged. For the monitor-
ing of activitis, a set of Java classes has been developed to represent a UML diagram
in a SVG (Scalable Vector Graphics) representation that can be visualized in an SVG
cnabled Internet browser. The exchange of SOAP messages during some kinds of
business collaboration may be developed very quickly. Therefore, to avoid reducing
the performance of the Web services execution, the dynamic generation of UML dia-
grams uses a buffered mechanism to deal with the fast pacing production of SOAP
messages.

To illustrate the functionality of BPIMS-WS, we describe a scenario that integrates
several products and services suppliers that it has already been implemented in
BPIMS-WS. The right hand side of cach one of the screenshots of Fig. 4 shows the
UML sequence diagram of the business processes.

S Casc of study: A Supply Chain Management

The case of study describes how BPIMS-WS facilitates the discovery of Web ser-
vices that are oflered by some enterprises that sell electronic components. Suppose the
following scenario:

1. The enterprises scll on-line electronic components products. The enterprise has
registered their products and their business processes as Web services in BPIMS-W'S,

2. A potential clicnt (enterprisc) needs to request a purchasing order by using Web
services.

In this scenario. how an cnterprise can integrate their business processes to locate
and invoke the Web services available in BPIMS-WS to buy some products?



262 Giner Alor Herndnde= y José O. Olmedo Aguirre

BPIMS-WS offers two modalities of interaction, cithcr as a proxy server or as an
Internet portal. We will show the integration process in the Internet portal mode.
Some screenshots of the internet portal mode are shown in Fig 4.
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Fig. 4 Screenshots of BPIMS-WS in Intemet portal mode

In the Internet portal mode. there is an option in the main menu called “Buy”. In
this option, BPIMS-WS deploys a graphic interface where the clients can make the
scarch of some product registered. Then, the client can select the purchasing criteria,
Suppose that the client has selected the “Show all providers™ criteria. Once selected,
BPIMS-WS consults the UDDI node to find all the product suppliers [10]. This query
returns a list of all the suppliers that have that product. Next, BPIMS-WS retricves
from the UDDI node the URL where the RosettaNet's PIP 3A2 (Request Price and
Availability) is described as a Web service for each one of these suppliers (upper-left
picture in Fig. 4). Then, BPIMS-WS makes an invocation to cach one of these Web
services and obtains the corresponding answers. A list of results is obtained as an
HTML document [11]. At this point, a list of enterprises may appear as the product
supplicrs. Afler the client selects an enterprise from this list, BPIMS-WS formulates a
query Lo the UDDI node to find the URL where the PIP 3A1 (Request Quote) is de-
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scribed [10] (upper-right picture in Fig. 4). Next, BPIMS-WS invokes the Web ser-
vice and obtains the corresponding response. Similarly, the response is shown as an
HTML document [11). Here, the client should select the quantity of products that she
wants to buy according 1o the product availability in stock. Once selected the number
of products to buy, BPIMS-WS makes a query to the UDDI node to locate the URL
where the PIP 3A4 (Request Purchase Order) is located and analyzes the Web service
specification (lower-left picture in Fig. 4). At this point, BPIMS-WS deploys a
graphic interface of the Web service specification. so that the client can visualize the
activities involved in the purchasing order process. The client is asked to provide the
information required to make the invocation of the Web service. Upon completion,
BPIMS-WS invokes the Web service. Finally, BPIMS-WS shows the HTML docu-
ments containing the answer (lower-right picture in Fig. 4).

6 Related Works

A diffcrent approach to the onc addressed in this paper is proposed in [12]. A P2P-
based orchestration model to support the composition of multi-enterprise Web service
is used. Instead in BPIM-WS, a layered architecture to provide support for discover-
ing. creating, composing and deploying Web services was adopted in the P2P model.
Our approach follows a client-server model, delegating the task of coordinating ¢le-
mentary aclivities to a BPEL4WS engine. Besides, monitoring of’ Web service is a
unique fcature of our approach. A methodology for business process choreography is
proposcd in [13]. The methodology focuses on two types of business processes (con-
tract and executable) and provides an interface protocol to represent interoperability
patterns between them. Procedures 10 incorporate existing workflows and generate
collaborative processes are defined. BPML (14]), BPEL4WS and ¢bXML [15] are
used to define logical and internal processes. This work concerns to level three of our
architecture. In comparison, our approach uses WS-CDL for describing any type of
Web Service participant regardless of the supporting platform or programming model
used by the implementation of the hosting environment.

7 Future Work and Conclusions

So far the design and implementation of the first two layers of BPIMS-WS is al-
most complete. As future work, we can mention the design and implementation of the
WS-CDL engine. It is necessary for developing and deploying enterprise intra-
workflow Web services. In enterprise inter-workflow layer, we need to define mecha-
nisms to describe the set of internal behaviors of an enterprise federation. These
mechanisms should be able to identify the relationships and interactions among the
participants involved. It becomes necessary the design and development of an XML.-
based language and model that provides these features, along with .its inference and
exccution engine. With this, we will design and develop the set of enterprise inter-
workflow Web services corresponding to this level. .

In this work, we have proposed a layered architccture for the brokering of business

processes for B2B e-commerce. The proposed architecture is based on four layers,
where the basic functions are situated at the bottom layer where as the complex func-
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tions are situated at the upper layer. Furthermore, we define the functionality of each
layer in the architecture. Also, the architecture follows design principles as interop-
crability, intcgration, abstraction and scalability, Finally, we developed a system
named BPIMS-WS where the concepts and ideas of the architecture are described.
BPIMS-WS provides access by means of an Intemnet portal where a user can appreci-
ate the benefits of intermediation, integration and monitoring in e-commerce B2B.
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Abstract. In the present work, we propose a collaborative-application 1o the
National Cenicr of Disaster Prevention in Mexico (CENAPRED). which is fo-
cused on helping in the decision making process and the tasks for preventing
natural disasters, related to **Laguna Verde" nuclear plant. This application co-
ordinates the activities of External Plan of Radiological Emergency (PERE)
that has been generated for this purpose. In addition, the application is based on
a Geographical Information System (GIS) into a collaborative architecture to
support the interaction from several cntities, which work with special training
groups in a virtual reality environment. The architecture consists of a collabora-
tion model and it gencrates a schema of components 1o find out the independ-
ence and standardization of the sysiem so that it can be implemented in any
GIS-platform. Morcover, we present the architecture to convert non-
collaborative sysiems into collaborative ones, without changing the original
structure of the application.

Keywords: Collaborative work, Geographical Information System, Collabora-
tive Architecture, Component-based Collaboration.

1 Introduction

Nowadays, Geographical Information Systems (GISs) are powerful and uscful tools
as mecans of information, visualization and research or as decision making applica-
tions. Recently, intelligent spatial analysis is the main need presented in the Geocom-
putation trends. Spatial data have an important role in this situation; many times, the
information is extended at different places. The problem is greater, because the spatial
data present different formats and specifications such as scale, projection, spatial
reference, representation type, thematic, DBMS type, and date. For these reasons, the
heterogeneity of the spatial data formats complicates the spatial analysis.

Other problem related to the heterogeneity in GIS is the collaboration process. This
collaboration cannol be accomplished due to several GIS-platforms are totally de-
Pendents for any commercial software or environment. Up-to-date, this problem is a
barrier 10 the users that attempl o integrate spatial dala and to make spatial analysis in
2 collaborative way for GIS-Government.
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ally, the systems and architectures of collaborative work represent important tools to
coordinate group activitics. With the mixture of these technologies, it is possible to
solve problems related to interoperability and heterogeneity of the spatial applications.

Up-to-date, the appearance of global nciworks such as Internct and Intrancts im-
prove organizational process to allow a better performance of the applications. Re-
cently, some solutions or collaborative tools (independent of the GIS-architecture), are
very limited. These solutions attempt to solve particular problems, some examples are
shown in [3][4][6]{9][10][1}]. Other works related to the research intcgrate workflow
solutions and collaborative tools finding group consensus, but it is not a global solu-
tion for the participation of multiple users.

In this work, we present an archilecture to solve a particular case of study, accord-
ing to the subjcct domain specified. Probably, this architecture can be general for any
GIS that provides collaboration, cooperation services to multiple users. The case of
study of this work is focused on implementing a GIS to support simulation, training
and execution processes related to prevention disaster plans (PERE). These plans
describe the actions that the specialists must perform in the case of radiological emer-
gency is presented; they consider several actions to guide such as population evacua-
tion, emergency routes, communication and infrastructure available, ctc.

PERE is applicd to “Laguna Verde™ nuclear plant in Mexico. Therefore, the main
goal of this work is to provide a solution for this scope and also delines a standard
collaboration-architecture to any GIS.

The rest of the paper is organized as follows. In Scction 2 we present the case of
study. Section 3 describes the problem solution to the case of study and also the prob-
lems that represent to implement collaborative aspects. A general architecture for any
GIS to provide collaboration capabilitics is shown in Section 4. Our conclusions,
future works and possible applications are sketched out in Section 5.

2 Case of Study

Nowadays, the activities involved with the External Plan of Radiological Emergency
(PERE) [7) are made-up with several ¢fTorts of different Mexican Government Institu-
tions (they are denominated as task-forces) such as: Army (SEDENA), Interior Minis-
try (SEGOB), and Navy (SEMAR) among others. Recently, these tasks are performed
using a great number of human and economical resources when training exercises and
practices on ficld arc carried out. Although certain procedures have been developed
and defined in PERE, the actions are very difficult to realize, because the proccedures
consume very much time and they are complicated. Therefore, it is necessary to count
on a computational application that allows helping the process of decision making and
optimizing the used resources.

At the moment, exercises of PERE with a degree of acceptable trustworthiness are
made periodjcally. Nevertheless, there are not statistical records that allow comparing
the results and progressing obtained at each one of the exercises. For instance, when
the training exercise is finalized is not created a digital cartographic registry that de-
scribes the trajectory of the task-forces (TF) involved, as well as the parameters or
variables used in that training exercise.



General Collaboration Architecture to Work with Geographical Information Systems 267

On the other hand, the dispersion information of radiological pollution agents used
during the training is generated in independent program called RASCAL. Therefore, it
Is necessary to integrate these data by means of a central application so that it can
facilitate the manipulation of the information and link it with the spatial data to modify
the conditions during the training exercises.

Up-to-date, PERE does not count on simulations that allow observing the dis-
placement of the TF. Also, the procedures are performed by the human experience and
the operations arc executed in a manual way to solve any task of the training cxercise.
Additionally, there are not tools that offer a support to provide alterative solutions to
obtain maps for evacuation routes and other needs to the users.

The information uscd in PERE, it is visualized in two dimensions and analogical
maps. For this reason, other aspects cannot be contemplated and distinguished. For
instance, the topography of the land is an important point of view to carry out the
work of each TF.

According to this, it is necessary to find out pedagogical and technological strate-
gies that act with new informatics means together creating an environment of learning
with reality. It will allow the interaction of several TF simultancously in a same virtual
scenario. It is important to consider the possibility that a single TF can execute a simu-
lation without the operation of the other TF.

In this proposal, we present the SIGES-PERE application to aid in some tasks re-
lated to the Extemal Plan of Radiological Emergency of Laguna Verde Nuclear Plant.
The solution is oriented towards the development of a GIS, which will be able to make
three fundamental tasks: Simulation, Traiming and Execution modcs.

The Simulation mode is the automatic generation of disaster scenarios, with charac-
teristics generated randomly from a spatial database of risk situations. Also, the sys-
tem when working in this mode, will take the correct actions to solve the contingency
based on the corresponding procedures manual.

The Training mode as in the Simulation mode generates disaster scenarios. Never-
theless, the decisions will be taken by different entities involved in the decision mak-
ing process. In this way, these entities will practice the previously studicd procedures
when interacting with the SIGES-PERE,

The Execution mode will serve to provide pursuit to the situation in the context of a
real emcrgency. In this opcration mode, the disaster scenario will be defined by the
user administrator. The decisions will be taken by the commanders of the TF.

In all cases, the information will be visualized in graphical way (spatial data). Dy-
namic data will appear in real-time over the cartographic information. These data will
represent relevant information related to the situation of the scenario such as location
of the TF in ficld, conditions of the population, state of the shelters, and so on.

3 Problem Solution

In this Scction we present the solution applicd for the problem described in Section 2.
Such solution is presented in two parts; first the modeling of the case of study and the
architecture proposed to implement the model.
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3.1 Operation Modes

SIGES-PERE involves the use of a cartographic base in a digital format; these formats
will be raster and vector, which will be uscd to locate the spatial position (geographic
reterence) of all the elements involved in PERE.

Therefore, it is necessary 1o generate the set of rules that must be followed when
exccuting PERE. These rules will allow knowing the behavior of all the opcrations
that will be carricd out into the application. In addition, we have to deline the
conditions that take part in the analysis, such as: climatologic properties,
infrastructure, density of population, land use, among others. It implics that the set of
rules of PERE and the conditions of the environment will be stored in a knowledge-
base.

The raised solution is based on three operation modes, which are described as
followed.

3.1.1 Simulation mode

In this operation mode random scenarios of disaster will be generated and the system
automatically will make the decisions that consider advisable. The scenarios will be
generated according to the group of conditions that could be presented. By using the
knowledge-base, the catalogue of scenarios defines the values for the variables of risk
conditions. The decisions will be carried out considering the procedures defined in the

knowledge-base. Next, the gencral processes that compose this operation mode are
described in Fig. 1.
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Fig. 1. Processes of the simulation mode into SIGES-PERE

3.1.2 Training mode

In this opcration mode the scenarios of disaster will be gencrated in automatic way,
like in the simulation mode. But, in this modc the decisions are taken by the TF. In
sense, simulation training exercises of PERE will be able to be made. Nevertheless,
the decisions of the operation (activity) to follow could be modificd by each TF in a
manual way, according to the presented/displayed situation. In addition, the conditions
of the scenario could be modified in the moment of executing the maneuvers, which
allows providing pursuit to the risk event. This mode will be possible to observe the
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displacement and location of the TF, as well as the state of the infrastructure and the
displacement and/or location of the population (see Fig. 2).
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3.1.3 Execution mode

This operation mode will be used to provide pursuit to the situation in the context of a
real emergency. Since the conditions, decisions and pursuit are made-up by cach unit
of the TF. These clements generate in the system the real scenario of the disaster and
it will be performed with basc in the field readings (see Fig. 3).
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3.2 Architecture of SIGES-PERE

The architecture of SIGES-PERE is composed by eight fundamental tiers. This
application will be installed within the Pimary Emergency Control Center (ECC). On
this application, each TF will count on an independent terminal in which they will be
able 10 execute the SIGES-PERE application to interact with the rest of TF, by means
of a Local Area Network (LAN). These tiers are grouped in two categories: the
category of storage and the functional one.

The category of storage is composed by the knowledge-basc and the spatial
database. The knowledge-base is used 1o store a catalogue of accidents, which will be
defined by the institutions that take part in the prevention of any disaster.
Additionally, this knowledge-base will store the environmental conditions that can
appear, as well as the set of rules that describe PERE. The spatial database will store
the geographic and attributive data of the arca, helping in the interaction of the
scenarios by means of the development of a base-map.

In the functional category arc grouped the modules of Simulation, Training,
Execution and Spatial Analysis. Here, it is possible 1o find all the processes that
belong to the data manipulation of a virtual scenario, as well as the digital
cartography.

Similarly, it contains an administration mechanism of input and output processes
denominated GIS Engine, which will be in charge of handling the requests performed
from each cntity. The communication system sends and reccives the data trough a
communication protocol. The retrieval process of spatial data is performed by
ArcIMS, which will be used as a user interface for every TF. In Fig. 4, we depict the

architecture of the SIGES-PERE application.
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Moreover, in Fig. 4 we appreciate that every TF makes a request to the system by
mcans of ArciMS. This component sends to GIS Enginc the request to access to the
spatial database and to retrieve the scenario with the basc-map. According to the
situation, that has been proposed by the administrator, the scenario is retrieved to the
TF and it can operate in any operation mode, which is considered by the administrator
when he has determined the training exercise. All the processes are computed by the
GIS Engine and the spatial analysis depends on every siluation. The values of
parameters and conditions arc cstablished by the knowledge-base according to the
scenario proposed to the practice.

3.3 Collaborative Aspects

In the model presented above there are not modeled any collaborative aspect nor im-
plemented. Nevertheless, it is intuitive that there must be collaborative entities due to
the TF are working together in a network environment.

It is necessary to count on a set of elements that allows realizing the collaboration,
between users and TF resources, in a natural and intuitive way. Also, such ¢lements
must be independents of the TF as well as the operation models of the system. On the
other hand, an important technical requirement is that such elements to be also inde-
pendcents of the application to use them directly in other applications.

There are some works made about resolve such problems [1][2]. However, they do
not provide a general architecture to collaboration (i.e.. it is necessary to implement
one for each case of study). Morcover, in these works are not provided interoperabil-
ity between diflerent collaborative applications. Applications that are not necessarily
GIS ones. For example, it is not possible to make a GIS interoperates with a Collabo-
rative Virtual World (CVW). Then, we propose an architecture to build collaborutive
applications that fulfill the constraints outlined above.

4 Architecture of Collaboration-GIS based on Components

As we mentioned on the last section, we propose an architecture for implementing
collaboration services into a GIS. We have established several goals to achieve this

collaboration:
e To allow performing the collaboration in an intuitive and natural way among

difTerent users and entities that form the TF.

e Independent architecture from the task of TF and the operation modes related
to SIGES-PERE.

e Independent architecture from the application to be able to use in other ap-

plications. N
e To provide interoperability aspects to the architecture between diflerent types

of applications, which are not necessarily GIS.

4.1 Collaboration Model

The collaboration model is composed of threc main features:
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e Task-Forces (TF). They are defincd as the different existing users that inter-
act with the GIS. Each one of them defines the actions, which can take with
other TF inside the SIGES-PERE.

e Collaborative Geographical Information System. It is dcfined as any GIS
being added; it is composed by a collaboration interface.

e Resources. They are defined as the elements of interaction with TF. They
can be static or dynamic features of interaction according to the action that
represent. These resources are used (o access the meaning of other clements
like vehicles, shelters, etc.

In our proposed model there are interacting groups of uscrs belonging to different
TF. and groups of resource services. We will denote F to the group of all existing TF
inside the SIGES-PERE and will denote R to the group of all resources. The capabili-
ties of work and collaboration of any user and the way that they interact is defined by
the TF. In other words, when a TF is defincd inside SIGES-PERE, its functions must
be specified according to the type of TF. Morecover, at this point the set of possible
interactions among TF is defincd.

Each one of TF partially describes the form that it will intcract with others TF de-
fining a set of collaborative interfaces, which provide access to the services.

To establish all possible intcractions between the clements of the GIS, we have
considerced the proposal that is described in [2). We use a directed graph that is shown

in equation (1).
G=(V,E)wherc V= FUR andEcCc FURxF (1)

Each edge on G dcfines a particular collaboration; this allows a user to collaborate
in a particular way depending on the role of its counterpart. In other words, it has
access to a set of different collaboration actions.

For instance, if a CENAPRED user needs to collaborate with a SEDENA user, it is
necessary to send a collaboration request 10 the SEDENA user, which allows both
users to exchange their collaboration actions; this collaboration is shown in Fig. 5.
Probably, the CENAPRED uscr can ask information related to the localization of
certain group of soldiers, and SEDENA uscr responds according to the information of
the SIGES-PERE.

By using this schema, it is possible that SIGES-PERE defines diffcrent types of
collaboration among diverse TF. Al the same time, it is indispensable to intcgrate
several types of TF, and each one can define the interaction mechanism with other

features of SIGES-PERE.
4.2. Architecture of Collaboration

In this section, we describe the proposed architecture for implementing the schema
of collaboration in the SIGES-PERE application. The architecture is based on the
Body-Soul model, which is described in [5]. This model presents a flexible architec-
ture oriented towards to implementing collaboration schemas of different elements

into the systems.
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Fig. 5. Collaboration between TF and resources

Therefore, the architecture is composed of three main features as they are described
as follows:

1. Input/Output Information Component (IOIC). This component is installed
over any instances of SIGES-PERE. Its function is to handle and allow that the
generated data can be standardized to be distributed for the collaboration inter-
face.

2. Collaboration Interface. The interface is in charge of maintaining a repository
of references to gencrate objccts that represent the TF. In addition, it adminis-
trates the collaboration and maintains the state of the collaborating features.

3. Distributed Objects (TF). These objcects represent to the TF, They maintain the
reference to the collaboration interface and altow defining collaboration cntities.

As we can observe in Fig. 6, a TF object is generated per each TF, which dircetly
interacts with a reference located on the collaboration interface. It administrates the
references of all the TF defined. The collaboration relationships between the TF are
performed by mcans of the collaboration interface, it is not necessary lo consult the

SIGES-PERE to obuin the information requested. it is made-up through the 10IC,

then it will return the information requested to the collaboration interface to handle

and distribute it to the TF that are collaborating with it.

BT TR I

g2 re—e® oo
| SR

47O

N

interface of
Collabot ation
M.ddieware

Fig. 6. Collaboration architecture for SIGES-PLRE

The architecture provides interconnectivity services for the users. The system pro-
vides services of any collaboration type such as collaboration tools (forums, boards,
etc), decision making systems, work{lows, smart functions, and so on.
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Our proposal consists of an architecture that has a component-based scthm Al-
though we applicd this architecture to the SIGES-PERE, it is possible to use it for any
GIS and also for any information system. The development of architecture compo-
nents has been made integrating aspects of free soflware using tools and open source,
which are viable option to provide us the opportunity of reducing the cost of the solu-
tion.

The SIGES-PERE has been implemented in C++. The collaborative model has
been developed in Java and RMI (described in [8]). We made the integration using
JNI. but future versions we will usc C++/CORBA to implement the collaboration
modules.

4.3, Preliminary Results

The purpose of this work is to translate a common GIS-application into a collaborative
one. By applying this architecture, we have converted the GIS-application, which is
called SIGES-PERE into an embedded-collaborative system. This application solves
the problematic outlined in Section 2, and it integrates the collaborative aspecls men-
tioned in Section 3,

SIGES-PERE is a GIS, which contains common functions such as: Spatial Visuali-
zation Operations (Pan, Zoom In, Zoom Out), Spatial Overlapping Operations, 2D
and 3D Representation Operations, Virtual Flights and an efTicient user-friendly inter-
face to the clients. In Fig. 7 is shown the main window of SIGES-PERE.
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Fig. 7. Main window of SIGES-PERE

_ The collaboration model is applied over the system: this provides a collaboration
mlcrt‘z.scc for users of distinct TF. The implementation is still in the test phase; how-
ever, it allows users to collaborate with a restricted number of tools. As we menl'ioncd
one of the goals of the architecture is to maintain the independence of the applicalion:

Due 1o this, it is necessary to implement the collaboration i .
" ! oration interf: ca
provided by SIGES-PERE, erface for cach service
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In the implementation, we are using distributed objects to make collaboration. The
distributed objects are implemented in Java, using the Java RMI platform. In future
versions, we will use C++/CORBA, because all components that we use to make spa-
tial analysis arc developed in this language. So, the current version uses JNI 1o com-
municate Java with the application wrote in C++,

Morcover, we have made interoperability tests between SIGES-PERE and a Col-
laborative Virtual World defined in [1]. As a result, users can interact within the vir-
tual world exchanging messages and resources.

5 Conclusions and future work

This work presents a solution to help in the tasks of the PERE, as well as the training
of the TF that are in charge of executing these activities in field. The system allows
integrating dispersed data within a collaborative GIS-environment in which all the TF
can use the data when they need. Also, the TF can interact with each other to optimize
resources and avoid duplicate tasks.

Morcover, we present an architecture to convert non-collaborative systems into col-
laborative ones, without changing the original structure of the application. This is
madc by adding components to provide the collaborative behavior to the 10 system.

With this approach, it is possible to develop the collaborative system independently
of the particular system. An advantage of this; is the possibility of changing the col-
laboration policies without modifying the system ones. Just, it is necessary to change
the roles that each user plays in the collaborative environment. Another feature of the
architecture is to provide the mechanism to define the collaboration policies. It is
made in a formal way by means of a directed graph in which all roles and collabora-
tions are defined. With such definition, it is possiblc to assign permissions and restric-
tions to specific roles independently of other ones, and without the use strict schemas
as user levels or hicrarchies.

On the other hand, with the architecture introduced, it is possible to intcroperate
with other applications using the same architecture. It is performed by means of the
implementation of distributed objects that provide us access to the resources in cach
collaboration system, and that can be accessed by any other distributed object that
knows its interface (defined by the architecture). In this line, a future work is related to
integrate the architecture a feature of service-discovery. It can improve the intcropera-
bility between collaborative systems, due to by means of this service-discovery, it is
not necessary to know neither the precise interface nor the type of application to inter-
operate with it.

Another work is to define security schemas that allow users being sure about the
conlidentiality, integrity, service availability, access control and no-repudiation, be-
cause some TF will be far from the conflict zone. For example, one of the TF is the
Federal Government represented by the President and its cabinet. So, the security
system is very important.

In future works, we have considered to perform some changes in the implementa-
tion to migrate the collaboration modules from Java RMI to C++/CORBA. With this

change, we can guarantee a multi-platform focus.
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Abstract. This paper shows a modcl of a P2P network to facilitate collaborative
activitics, which takes advantage of features of a particular social collaborative
nciwork —small-world, clustering, community structure, assortative mixing.
prefercential attachment and small groups—. We present a description of this
model based on collaborative groups and limited flooding. Our simulation
results show that our model improves scalability and performance of flooding
bascd scarches (scarch results in O(1) hops), message cost, support for node
instability, keyword scarches, load balancing (number of replicas proportional
to demand) in comparison with 2P networks that use DHT or tlooding.

1 Introduction

In recent yecars, many studics have becn aimed at finding the properties of social
nctworks, which is a set or group of people, known as the actors, linked together or
joined by some pattern of interaction [1]. These efforts arose not only from the
interest inherent in patterns of human interaction, but also from the structure of the
resulling nctwork. These studies have focused on a number of properties that scem
mainly to affcct their performance. Among these properties, perhaps those most
widely studied are degree distribution [2, 4], the “small world” effect [5-7], clustering
[5), community structure [8-10], resilience to the deletion of network nodes [2, 11,
12] and navigability or search ability of nctworks [13, 14].

Along with other authors [2, 3], we claim that these properties have a great impact
on the way that these social networks operate and ofler valuable information about the
way in which information travels and is rouled through the network. Then, this
information can be used in the design of networks of computers created by groups of
people who work together in order to improve both the performance of the
applications and the efficient use of resources.

The model we propose provides the basic mechanisms for modular P2P
applications for affiliation collaborative groups of people geographically dispersed,
enabling activitics such as reading, discussion, writing and modification of’ documents
and diffusion of awarcness information, events, news, to be carried out in a
distributed way. It is currently being implemented in Java with JXTA [15].

We can define a collaborative social network (CSN) as a social network in which
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the actors are people collaborating in some activity and the links joining them
together denote their collaboration. Affiliation CSN, are a type of social network
having certain natural topologic properties that make them quite well structured.

This paper is organizcd as follows: in Section 2 we describe some of the features of
affiliation CSN that have been exploited in the design of our P2P model. In Scction 3
we present an analys'is of costs generated by searches in P2P networks using DHT,
flooding and collaborative groups and how replication helps to improve the
performance and availability of resources. In Section 4 we explain our P2P model as
well as the mechanisms for peer communication and management. Sections 5 and 6
details our simulation environment and results. In Section 7 we present some
applications focused on collaboration, and Section 8 presents our conclusions.

2 Collaborative Social Networks Features

Community Structure: [8-10] is the property of many social networks for forming
communities through the union of pcople in groups. Grouping occurs for many
reasons — shared interest, working for the same company, geographical proximity, etc.
In many social networks it is possible for people of a similar type to be drawn
together and then to divide up naturally into groups, so that the density of links within
the group is greater than the density of the links among them (9).

Assortative Mixing: A social network is said to show assortative mixing [12] if in
that network the people wishing to associate with others all have somecthing in
common.

Preferential Attachment: In the majority of social nctworks, the addition of new
nodes occurs by preferential attachment [8], in such a way that the new nodes are
connected to other nodes by preference; to nodes with a greater degree, for example,
or to those that are most popular.

Clustering: is the probability of two pecople mecting if they sharec one or more
mutual acquaintances. For example, in collaborative groups, people tend to introduce
their colluborators to others belonging to other groups, thus fomenting new
collaboration and thereby increasing the clustering coefficicent [8].

Alliliation Networks: an afliliation network [16] is a network in which the actors
are joined together by common membership of groups of some kind. Some studies
show groups of academics, actors and busincss people as affiliation networks.

Degree Distribution: In real social networks the degree distribution follows a
power law [13], which indicates a heterogencous topology in which the majority of
nodes have a small degree and a small fraction of highly connected nodes.

Small World: CSN form “Small Worlds™. Typically, participants are scparated by
short paths [13] of known intermediates. Clearly, news of important findings can
circulate more quickly in a network where nodes are more closely connected.

3 Analysis of cost search and replication

As was shm?'c.d in the previous section, in CSN communities emerge. The effect is
that the probability that objects of interest in a community are within the scope (inside
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the limits) of that community is very high. In economic terms, we could say that a
search without considering communities is more costly, in terms of load (number of
messages and peers), and the benefit, chance of and response time to finding an
object, may be lower than a search inside a community, where more benclit is
obtained at lower cost. Another argument giving additional support to CSN is the fact
that people collaborating tend to usc the same resources (sharing) during the time
span of the collaboration, which is long term.

Let us imagine a P2P computer network used by a collaborative group. Let us
supposc that a peer X creates an object 4. If all peers, including X, were always
connecled, the probability that any other peer Y would find the object A is P(4)=1,
given that we arc assuming that A is always available (or X always connected, which
is equivalent). But P2P nciworks, in gencral, are very instable due to continued node
arrivals and departures. Given that peers tend to be end-user machines rather than
dedicated servers, there is no guarantee that the peers will not be disconnected from
the network at random. This generates low availability of resources and a great
overload due to searches for these resources [17]. Thus, the probability of finding the
object A decreases with the instability of peers. Now let us suppose we replicate that
object A on another random peer. In that case, the availability of A is higher, as the
probability of finding the object A or a replica is also higher. Thus, replication helps
to cope with peer departures and failures and then to improve resource availability.
However it also has a cost [18].

In next section there is an analysis for the cost implied in searching and replicating
objects in P2P nctworks. We have analyzed two search strategics: those that use
flooding algorithms (unstructured) and those that use DHT (structured). The two
scarch strategics arc studied with and without object replication, and using a
structured P2P network bascd on the CSN topology. The cost tigure is defined as a

function of the amount data exchanged in messages during the search and the transfer
of the target object.

3.1 Search without replication

The cost C, of a search without replication is defined by the cost ¢ of query
messages, routing messages and the transfer of the requested object.

Let us initially assume a P2P network without failures (all nodes connected), where
the objcct of interest is located at only one peer (no replication) which is, in the worst
case, located at the far end of the flooding region. The total cost of a qucry is the sum
of all messages generated to find the object, and the actual transfer of the object. This
cost depends on the number of messages each peer sends to their neighbors (k). and
on the scope of the search in the number of hops (TTL), which is related to the
diameter of the network (¢).

We use four types of different messages generated by a Gnutella type query (GNet)
[19] over a random network: the query message m, the message retumed by the peer
where the object is located m’, the message requesting the transfer of an object m*’
and the message containing the object o,. Therefore:

Cy=Nuc(m) + Nu-c(m’) +Ngu-c(m”) + c(0) (1
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N., corresponds to the number of messages of type m generated during the search. We
can see that the number of messages and the number of potential responses increases
exponentially with each hop.

Structured P2P networks that use Distributed Hash tables provide an important cost
reduction in the search and location of objects. The search cost, related to the number
of messages, in most DHT is N, ~ logi(N), where N is the number of nodes, and & the
order of the search tree, usually k=2.

Number of messages Na | Diameter Topology
Unstructured search R . OGNet Random
= k-1 d
(gnutella) No=k Z‘... ( )
Structured search (DHT) N_=log,N OonT K-degree tree
Social nctwork based (CSN) | B OE:‘ ik = i3 Ocsn Social network
e (clusters)

The total cost of a query C, (cquation 1) continues to be valid, with a different
value of N,.: the search is more directed, and a much lower number of peers are
traversed. After the object is located, the request and transfer process occurs as
previously, and therefore the rest of the cost function does not change as in(1).

In CSN, given the properties of CSN (Section 2), we can assume the cxistence of
groups with small diameter. Given that these groups are made up of pcople with
common interests, and since the information relevant to a group can usually be found
within their group, our hypothesis is that when searching for an object it is highly
probable that the object will be found within the group interested in this object. In

terms of the diameter of search (scope): @ << Onur << Geiner

Therefore, the search cost will be dramatically reduced from the diameter ¢ of the
global random network to the diameter of a smaller cluster structured by social links.

3.2 Search with replication

Replication has two notable effects: increasing resilience to node failures, and
reducing the scope of scarch. Replication also has an overhead cost, but the influence
on the cost for cach query is small because the cost of replication must be split among
all transfers of a given object. This factor is r/p(0). where r is the number of replicas

in the P2P network, and p(o) the popularity of the object o, or the number of requests
in a given period. Therefore:

= Noe(m)+ N_c(m')+ N _.c(m") + (1 + —)c(o) @)
plo)

Replication strategies vary in time, number and location of replicas[20]. In
Gnutella network replicas may be located randomly, in DHT they are located in
precise locations dictated by the DHT graph, roughly at the same average distance. In
CSN. replicas are located close to the demand: at one hop in terms of interest for most
queries since it is based on the social network topology.

In the following analysis of resilience to node failures, we consider that there may
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be multiple copies of each data object at distinct peers, but for gencrality we do not
take into account the location of replicas.

The existence of r replicas in a P2P network with peers connected with probability
p. increases the chance of a successful query: finding at least one copy of an objcct. If
P, is the probability of finding at least one replica during a search, then,
Pr = l—(]- P:')'-

If the P2P nctwork is fault-tolerant: it has multiple routes to reach peers with
replicas, then p, only depends on the probability of disconnection of the peer holding
arcplica, i.e.: a=/.

In P2P networks with scarch bascd on minimum spanning trees, 8 mcssage
between two nodes depends on all previous nodes on the search tree (a=¢) where ¢ is
the diameter of the network. This value of P, depends on the complete path to cach

replica which, in the worst case, it has ¢ peers. Therefore the total cost C of a
successful query with r replicas is given by:

-1 ~ where(a=lor¢) (3)
Y —-pry

Compared to the cost without replication (r=/), as r increases, C, increases only
very little (at least for popular objects), but as P, has a potential growth with r
towards 1, C(¢) decreases: with more replicas, the object tends to be found in one
single query.

As onc may readily observe, increasing in the number of replicas also increasces the

probability of reaching an objcct (accessibility), but it also increases the storage cost
with an increasing number of replicas.

3.3 Discussion

While the search cost in DHT algorithms is in the order of the diamcter ¢ of the
network, scarch with flooding algorithms on topologies with & neighbors grows in the
order of k*. The usc of a CSN topology instead of a typical random network is
always beneficial, since the object of interest can almost always be found in the
proximity and within the same community, with a much smaller diameter. It can be
located in fewer hops, thus enabling flooding-based search algorithms can generate
much less traftic.

Replication helps to reduce the impact of node disconnection as shown by the term
(1 - P2 )’ from equation (3), but it also introduces a new cost with the number of

replicas  in the nctwork. There is a storage cost when the overall storage space is
limited, which has not yet been considered. There is also a transfer cost to create each
replica, and the location of the replicas may help to reduce the search cost.

Random replication does not guarantee that a replica is close to (few hops away)
from peers who may need it. On-path replication, where an object can be replicated at
every peer on the path of a successful query: from the peer with an object to the
requesting peer. The disadvantage in this strategy is that the object transfer degrades
have to go through several peers instead of a direct connection,
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The cost of both replication strategies is significantly rcdchd if the P2P network
used a CSN topology, since using any replication strategy replicas can be loc?lcfi very
close to peers with most potential demand. Replication and search can be limited 10
members of a small community in which the object is located, without the necessity
of diffusing the object throughout the entire nctwork. This is because lh_csg group
members have the greatest interest in the object, since it was generated within t-hc|r
interest group. The maintenance of the CSN topology has an ovcr.h%'ad cost, but given
that this topology cvolves very slowly, we assume the cost is negligible. .

Then, combination of replication mechanisms with a CSN topology can assist in
appreciably reducing search costs in the network when compared .\\iith costs generated
by traditional P2P nctworks, in addition to increasing the probability of access to the
required resources. This affects both the performance of the applications and the
efficient use of resources. As a result, the scarch cost is dramatically reduced going
from the diameter of the global network to the diamcter of a smaller cluster, and
replicas are more effective since they are located close to the demand.

4 P2P model for CSN

This scclion describes our collaborative P2P model. First, we define the
components that panicipate in the model.

Let a collaborative P2P network, which helps the collaborative work between
people who might be geographically separated.

A servent (server and client) is a computer connected to the collaborative network.
Every servent holds a list of known groups (Groupld List) and a list of group
members identified by their Serventld. These lists may be incomplete, and they are
kept consistent using an epidemic consistency algorithm [21] (the details are beyond
the scope of this paper). Servents provide interfuces by means of which people can
exchange messages, share information, carry out scarches, compare data, and
generally pursue the collaborative work.

A servent X is a neighbor of ¥ when X is direcily connected to Y by a logical
connection using this model, provided that X and ¥ belong to the same group. This
logical connection is created if X and Y are direct collaborators.

A group is a sub-nctwork of the network formed by the servents associated to
people who share interest in common topics. New servents joining a group must
follow the same rulcs of behavior as in real life; that is, by affiliation or invitation of
servenis to a given group, Thus the network topology would be similar to the
lop_ological structure of the real collaborative social networks (Section 2). Our model
assigns a unique Groupld to every group.

A member is a servent belonging to a given group. All the servents must, by
default, be members of at least one group. Disconnccted servents will continue (o be
members unless they explicitly withdraw.

Based on the properties set out in Section 2, our model has three fundamental

mcc.hanolsms for carrying oul cooperation functions: 1) conncction and join, 2)
replication, and 3) scarch,
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4.1 Connection and join mechanism

In many cooperation networks, users connect and disconnect from the network
scveral times a day. It is therefore easy to see that a cooperation network must have
mcchanisms that manage the connection and disconncction of nodes from the
network. First connection to a group is a special case, since then the new node must
obtain membcership information from the group. From the foregoing and for
simplicity, we distinguish two types of connection: joining and connection.

4.1.1 Joining

In order for the topology generated by our model to maintain the same properties
as those of a real CSN, e.g. Clustering and small-world, the servents must have means
of connccting to groups that arc similar to those used in real life (afTiliation network).
Therefore when a new servent joins a group, it will be by invitation or by application
from the new servent 1o the group. For a servent to be connected to the network for
the first time, the person must cither establish contact with an existing group or create
a new group. The servent provides a suitable interface to carry out both operations.

When a servent creates a8 new group, he must generate a unique Groupld that
identifics the group throughout the CSN. The servent must have a Serventld that
identifies him, adding to the Serventld list of the group and sending a message to a
number of servents of the other groups using an epidemic dissemination algorithm, to
notify them of his existence. They will feed in tum the initiating servenr with
information about the existing groups in the whole network.

If a servent wishes (o join lo one or more existing groups, he must first receive
authorization from any member of that group and receive the potentially incomplete
group’s Serventld list. Once the person has chosen the interest group to which he
wishes to be connected, the servent must send a message to any member of that group
to apply to such group. If a member accepts the application to join, the Serventld of
the new servent is addced to the Serventld list of each member of the group, using an
epidemic algorithm to sprcad the new Serventld. Once a servent becomes a member
of one or more groups in the CSN, he can communlcau. with other members of the
group/s and share information.

If someonc no longer wishes 1o belong to a group, he must send a message with his
Scrventld, via the servent, to other (a few ncighbors + epidemic propagation)
members of the group or groups to which he belongs in order to cancel membership.
The other servents must delcte the Serventld from the group's Serventld list.

4.1.2 Connection

This operation is used for any further connection afler joining a group and after
having been disconnected for some time. When a servent is connecting he must send a
message to all his neighbors (eventually by epidemic propagation, it will be known by
all the members of the group) informing them that a connection has taken place. Once
the neighbors have received the message. they must all update their local Serventld
list. The.connecling servent will update his own Serventld list by sending a request to
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any neighbor.

In order to know about potential object changes that may have occurred while he
was disconnected, the connecting servent must launch a search operation (Section 4.3)
for events that might have taken place during his absence.

When a servent is instructed to disconnect from the CSN, he immediately informs
all (a few neighbors + epidemic propagation) connected members that he is about to
leave the network, in order to keep the Serventld list up-to-date. In case of connection
failure, if a servent sending a message receives no reply from another servent, the
sender will assume that some fault has occurred in the connection with the recipient,
and will then proceed to update his Serventld list, indicating that a servenr is not
connected, or informing other members of the change in the Serventld list by
epidemic propagation. In this way the list will eventually be up-to-date.

4.2 Replication Mechanism

Given that groups in CSN are made up of people with common interests, and since
the information relevant to that group can usually be found within it, we claim that
when searching for an object occurs, it is highly probable that the object could be
founded within the group interested in this object, in few hops (small-world). Object
replication will improve object availability (p2p networks are very dynamic), increase
system resilicnce even during directed attacks to high degree servents, and it will
improve the performance of scarch operations without overloading the network.
Replication could be carried out solcly for the members of the group where the object
originates, not necessarily for servents outside the interest group or even the entire
nctwork. This is because these group members will have the greatest interest in the
object, since it was generated within their group (assortative mixing).

We have seen that the frequency with which objects of interest for a particular
group are created and modified is in fact low, and the greater part of communication
consists of the exchange of idecas via e-mail or chat which do not need to be
replicated. This has been confirmed by the analysis of one year event log for the
activity performed by a collaborative group of people using BSCW, an application for
collaborative work support. It shows that the number of reading events is several
magnitude orders higher than the number of writing or modification events [22].

We now present a way of managing replication in our model: When a member
creates a new object or modifies one already existing, he must notify that to the group.
Immediately after, the servent initiates the mechanism 1o replicate the object to his
ncighbors in order 1o reduce the number of replicated objects circulating through the
network before arriving at their destinations. For example, let G={A4.B.C.D.E.F}
where A,B...F are servenis belonging to group G, and B.C.D are the neighbors of
servent A. When servent A creates a new object or when he modifics an object already
existing in the network, the given object is replicated only to their neighbors B, C and
D, since they have higher need of that object than any other servent, given that B, C
and D directly collaborute with 4. This proximity replication criteria guarantees that
the immediate collaborators will have a replica of the object of interest (assortative
mixing). Given that the number of replicas is directly related to the servent degree,
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high degree servents will have more replicas, making the network resistant to failures
or directed attacks, and balancing load especially for highly connccted servents.

In the longer term, considering that servents have a limited storage capacity, they
will have to apply a replacement policy to make room for new objects of higher
interest, but thcy will still keep meta-information on altcrnative locations of the
object, which is roughly equivalent to having the object (one additional hop; the
replication mechanism helps servents learn the content or at least the location of
objects of interest).

Initial simulation results confirm that the number of replicas of an objcct grows
quickly with the number of related search opcrations, and with the degree (number of
neighbors) of the originating node which is correlated with popularity.

4.3 Searching Mechanism

With the aim of reducing to a minimum the number of search messages circulating
in the network, our search mechanism makes use of both the CSN capacity for
forming small-world communities and the replication mechanism.

We have already mentioned that, because of the proposed replication mechanism,
the cost of flooding based searches is drastically reduced.

Our model use two types of flooding search — local and external.

Local Search. Search undertaken by a servent, to bring his information up to date
or looking for an object within the group. A local search can be made for three
reasons: 1) When a new servent joins a group and needs to know about all the objects
shared by the group. So when a new servenr receives a message on concluding the
initial connection process (Scction 3.1), he should ask other servents for the objects
shared by the group. 2) When a servent has reconnected after having been
disconnected for a certain time; the servent must then seek to update information
generated in his group during his absence. He will carry out a local search for new or
modificd objects. And 3) when a servent belonging to a group needs a particular
object, he will carry out a local scarch for that object by sending a query 1o his
neighbors. The members receiving the query message will send information about the
object to the requesting servent if they have the target object.

Extermnal Search. Scarch carried out outside the group to which the servent
initiating the search belongs. This situation may arise when a servens needs an object
that is not available from any of the group members, and must therefore look for it in
other groups. The user must explicitly undertake this kind of search when he or she
wishes to search for an object throughout the entire CSN.

To make flooding scarch more efficicnt, servents have information (Groupld)
about each existing group within the network. The servent initiating the search can
locate at least one servent from each group and direct the search towards them.

Given our proposal that a number of the servents have object replicas of interest to
the group, the probability of locating the desired object will be quite high, and search
messages may go directly 10 those servents who arec most likely in possession of the
object. In terms of external searches, our mechanism difTers from flooding algorithms
in the number of servents involved: we sclect at least one servent per group while
flooding would contact all nodes up to a maximum number of hops (TTL).
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Both in local and external scarch, objects would be downloaded via a direct
connection between the servent possessing the object and the servent requesling it.
Since the object is replicated, it can be donc in parallcl from various servenis in order
to make download process fault tolerant, faster and more efTicicnt.

As may be easily appreciated, our search strategy is thus less costly ~O(!) (objects
located in a single hop in most cases) than classical flooding ~O(N) and can be more

flexible than DHT, typically ~O¢log N).

5 Evaluation

The analysis described in Section 3 provides some insight into the potential
benefits of our model. But in order to test the validity of our proposal and to cvaluate
the effects of features described in Section 2, we developed a simulation infrastructure
implementing our model. We simulate our model using the j-sim simulator [23].

We implement the search and replication mechanisms on the top of collaborative
networks. The topologies of these networks are based on a Newman's algorithm [9).
Using this algorithm we have generated nctworks with properties such as: clustering,
community structure and small-world. Different randomly generated topologies are
formed by interest-bascd groups of 10, 50 and 100 servents, where cach node
represents a person, and each link models a personal relationship in the collaborative
social network, which corresponds to a link in our P2P network.

For cach topology we run 1,000 differently seeded simulations, consisting of N
requests (one for each servent) for a single object created on a random servent.

In cach simulation cycle, we randomly designate a servent to be the object
initiating a search, among those without a replica: at the end of the simulation, every
servent will have done just onc search and will hold one replica.

Since that search cost is directly related with the scarch scope, the goal of our
experiments is to measure the cost introduced by our model by measuring the long
path necessary to find an object and the load gencrated by queries.

Our simulation results, see Figurc |, reveal that the greatest long-path length to
reach a replica is very small (less than 3, order of O(/)). It is also possible to see that
approximatcly after that 50% of servents have executed a query, and have got a
replica; the long-path to reach a replica is almost 1. This result is comparable with
results for DHT based P2P networks. Based on other studies [24], the characteristic
diamcter in Gnutella is smaller than 12 hops and over 95% of the nodes are at most 7
hops away from one another. In our case, the diameter is smaller than 6 for each
cluster of 500 servents and almost 90% of the servents are at most 5 hops away.
Nevertheless, with less than 3 hops a query can always be resolved and on average 1.2
hops to big groups (4 in Gnutclla). Thercfore we obtain lower scarch cost and better
performance. In addition, popular objects (high number of scarches) are easier to find
(more replicas) than non-popular objects (low number of searches).

Figure 2 shows both the number of generated messages until the moment the first
answer 1o a query is received (inferior scope), and the amount of messages generated
by qucries until the TTL expires (supcrior scope). We achieve low load using a
TTL=5, but we could reduce it without significant effect to the hit scarch using
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TTL=3. This value docs not change substantially with the size of a cluster, as it
depends on the small-world property of the cluster.

Figure 3 shows the amount of participating servents until the first answer to the
query is obtaincd, and the number of participating servents until the TTL expires. As
can be seen, the amount of participating servents decreases with time given that as
time passes more copies will exist in the cluster and therefore objccts will be located
faster (when an object is found. the query does not propagate beyond that peer), thus
limiting both the amount of messages generated and the number of participating
servents. Rcplication helps to reduce the scarch cost. A typical scarch in Gnutella can
cover up to 1000 servents (more than 2 orders of magnitude).
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Our experimental results show that there always exisls a servens that can resolve a
query, i.e. scarch always is successful at locating objects. The minimum average
number of servents that respond to a query is 3.5 at the beginning of our simulations,
when there are only few object replicas (on the order of the average servent degrece).
The top number of servents answering a query is obtained in the middle of the
expcriment: roughly 50% of the nodes can give an answer 10 a query after 50% of the
nodes have obtained a copy of an object. In 99% of the cases there is more than one
servent (o respond to a query. Nevertheless, servents rarely need all of the results of a
search. By reducing the scope of secarch. we can greatly reduce the amount of
messages that need to be sent and improve the scalability.
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Figure 4 shows that in the last queries fewer servenis respond to the query; this is
the result of servents with a replica not propagating the query beyond. In Figures 3
and 4 we can see that replication helps to improve scalability given l!mt lhg more
replicas having the cluster, the lower number of participaling servents will participate
to resolve the query. As can be seen in Figure 1, in a cluster with up to IQO servents, it
is always possible to obtain a qucry responsc with TTL=3. With this vaIuF. the
number of involved servents and the amount of messages would decrease drastically.
These values do not change significantly for other topologies with a similar or larger
number of nodes (tested up to SO0 peers), as they depend on the small-world property.

6 Related work

Previous work carried out on collaboration networks [25, 26] has been centred on
trying 1o improve network performance, leaving aside the relevant fact that computer
networks give support to social nctworks with distinctive statistical properties. Unlike
previous work, the main idea of our proposal is based on the properties belonging to
collaborative social networks.

lamnitchi [27] put forward ideas about making use of the small-world property and
clustering in scientific social networks. In [27], some mechanisms arc proposed to
facilitate searching, but without suggesting any particular model.

Other [27.28] related work concentrates on identifying clusters of interest to
improve the performance of search process so that queries can be steered to peers that
are more likely to have an answer. Unlike these works, we do not identify clusters,
given that clusters are formed by users through explicit affiliation with groups.
Cluster identification algorithms could assign a user node to a cluster with only a
subset of files of interest. Letting the user sclect which groups wants to join
guarantees he will be a member of communities of his interest, and have the relevant
documents close to hand.

7 Conclusions

A great deal of research work seeks to develop better methods of locating data in
P2P networks. These efforts are aimed at improving scalability, greater reliability
under dynamic conditions, more efficient searching, and improved performance. The
main problem with these systems, however, is that they ignore the fact that computer
networks, such as P2P, are made up of people who in turn form social networks with
statistical propertics which affect the way these networks function.

In this work, we present a proposal for a new P2P model for collaboration
nciworks using the social network topology, and exploiting the inherent
characteristics of such networks: small-world, clustering, community structure,
assortative mixing, preferential attachment and small and stable groups.

‘ We also s:how how the combination of interest-based replication mechanisms with
CSN propertics can assist in appreciably reducing message overload in the network,

f:ompar‘cd with overload gencrated by searching in traditional P2P systems, thus
improving performance.
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We argue that our model use simple search stralegy capable of dramatically
decrcasing the search cost (search results in O(/) hops) compared 1o a traditional P2P
application on the same context. The simulation results show that our model is
scalable and has good performance comparable with those that use DHT.

Although this work is focuscd on collaborative networks, we belicve that many of
the ideas set out in this paper can also be applicd to other types of P2P nciworks.

The model presenied here is an initial approach to making use of CSN topological
properties, and as such we are aware that there is still room for improvement. Al
present, we are engaged in the implementation of a prolotype that will enable us to
asscss improvemenits in possible extensions of the model.
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Abstract. In this paper we present an approach for facilitating development of
web-based information systems based on the MVC (Model-View-Controller)
design pattem. Our approach consists in the automation of two components:
View and Controller. For automating the view we propose the use of style
shects, which apply a consistent visual design to the pages that integrate a web-
site. For automating the controller we propose a markup language (WSML) for
specifying the structure and navigation features of web sites, as well as a code
generator for automatic coding based on an algorithm using code templates that
generates fully functional HTML code by parsing WSML documents. We illus-
trate our approach with an information system for evaluating basic education,
This approach is very useful for building web-based information systems in
new domains saving time and cffort in the development phase.

1 Introduction

Our information-based society has created a large demand for the development of
web-based information systems. Currently, expert programmers perform development
once the design is written. However, the development phase may require re-recoding
in the following scenarios: because of unsatisfied customers who request changes in
the User Interface (UI), because usability testing (usually performed before finishing
coding) might require changes in the Ul, and because adding functionality after de-
ployed applications might affect part of the coded UI. These scenarios illustrate the
fact that a mechanism for coding automatically from a Ul document could dramati-
cally reduce time and effort spent in the web-based application development process.
In the past, few research efforts have been undertaken in this area. For instance,
WebML provides a markup language for specifying complex web sites at the concep-
tual level [1, 2], but it is a general modeling language missing specific primitives of
data-entry applications. Current frameworks such as Wizard allow developers to spec-
ify web-based data entry applications based on XML documents in order to produce
fully functional skeletons for the web pages [3). and VoiceBuilder allow developers to
specify speech applications from either a GUI or web-based application stored in a
high-level language in order to automate coding of speech applications {4). Other
tools such as GARP allow developers to generate web reports automatically from a
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database schema [S]. and the Ninf Portal toolkit facilitate the development of Grid
portals by automatically generating the portal front-end from an XML document [6].
Despite of the recent work on the rapid prototyping of web-based applications, we
must continue developing either automatic or semi-automatic methods for facilitating
development of web-based information systems.

In this research we present preliminary investigations towards rapid prototyping
web-based systems, based on two markup languages and a code generator. In the re-
mainder of this paper, we first describe the architecture of our approach, WISBuilder
(Web-based Information Systems Builder) in scction 2. We then describe our markup
languages for specifying web content (WSML and WAML) in section 3. In section 4
we describe the code gencrator. In section 5 we describe a case study using our pro-
posed approach. Finally, in section 6 we provide conclusions and future dircctions.

2 Architecture of WISBuilder

There are three types of tasks involved in the development of Web-based information
systems using the MVC (Model-View-Controller) design pattern: 1) the structural
design of a web site, 2) the web-site visual design, and 3) the development of web
applications corresponding to the business-logic. A major problem in the design of
web sites is that the MVC tasks are highly dependent among them. In figure | we
illustrate the architecture of WISBuilder, in which we proposes a separation of tasks.
In this architecture a web designer specifies web content through a GUI (Graphical
User Interface), stored in XML documents (WSML and WAML). Such documents are
given as input to the code generator, which uses code templates and style sheets in
order to generate fully functional HTML code. Due to the fact that the style sheets as
well as the code templates might be generated through any development environment,
the tasks of the MVC can be developed in parallel.

(Gu)

Fig. 1. The architecture of W1SBuilder.

The goals of this architecture are threefold: 1) establish a clear separation of tasks for
making them independent without loosing join collaboration, 2) build web-based
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information systems with a semi-automatic approach, and 3) make the development
and maintenance tasks easier. We attempt to apply the MVC design pattern to this
architecture through the use of two markup languages: WSML which specifics the
structure of a web site, and WAML which specifics web applications. The controller
is automated through the usc of the WSML markup language and code templates. The
WAML language is used for embedding applications into the web sitc and also uscs
code templates. The view is automated through the use of style sheets (stored in a
repository) in order to provide a consistent view for the entire web-site. In this way,
our approach attempt to facilitatc development of web-based information systems.

3 The Markup Languages

Wc propose two markup languages in order to specify web content in a more declara-
tive language and independent of visual presentation, the resulting documents are
given as input to the code generator for generating fully functional code.

3.1 Web Site Modeling Language (WSML)

WSML (Web Site Modeling Language) is an XML language for modeling and design-
ing web sites, which describes the elements contained into a web site. Usually, a web-
site is integrated by a set of web pages, which are compounded of ¢lements and navi-
gation features. In the same way, a web-site in WSML is corapounded of multiple web
pages arranged into sections according 1o its contents. Each seclion contains at least
one web page, and every page contains different kind of elements like forms, text,
links to other pages, etc. The navigation among pages is the feature that allows a web
page to access other pages, possibly involving a pre-processing such as a database
query. Thus, WSML allows the spccification of elements in a structured way, as well
as the specification of navigation clements.

It is important to remark that this language allows the design of web sites without
taking care about the appearance of web pages and elements inside pages, in such a
way that the modeling of the site is independent of its visual style, which suggests a
separate design. Another important feature of this language consists in separating the
development of web applications from the modeling of the site; in other words, the
user can develop applications independently of the web site design. Then, the code
generator can embed automatically those applications into their corresponding places.
However, the developed applications must be stored in a specific dircctory, so that the
code generator can find them. The web applications embedded into the web pages can
be created automatically using WAML (Web Application Modeling Language), a
proposed markup language for describing web applications using code templates that
can be written in various kinds of code (applets or scripts).
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Fig. 1. An example of a web site in the design phase.

In figure | we show a web site with three sections: 1) the Root section which is the
main section of a web-site, 2) the Tools section which represent the business logic,
and 3) the Users section uscd for user authentication. Every section contains diflerent
pages with different content, which can be visible or invisible to the users. A visible
page is available to the users; an invisible page can only be accessed when a process
(like a form) is triggered. The pages marked with a lock are hidden to unlogged users;
those pages arc only available when a user has started a session. A page containing a
form must invocate its corresponding page that contains the application; those pages
which receive the requests, must import applications from a dircctory of applications.
Such applications can be written in several kinds of code such as scripts, Java scripts,
applets and WAML applications. The arrows linking sections refer to navigability,
e.g. the section that points another can access the visible pages in that section.

In WSML, a web site is specificd with an element called website, the root clement
(see the following XML document). The root element is divided in section clements,
which have a unique name and might specify several web pages. The pages of a web
site are represented as webpage clements, which require the definition of the following
altributes: name referring to the name of the web page, and private referring that this
page is only available for logged users. There are two clements used for controlling
the navigation: navList which define a set of links to external or internal pages, and
navControl which is used to link the internal sections into the site. Finally, a web page
might contain many diflerent elements like text paragraphs, imported files and photos,
forms, web applications, and links to other pages, among others. These elements arc
considered in WSML and further details can be found in the appendixes A and B.
Finally, consider the following XML document as a representation of figure 1.
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<webgite name«*SEPE">
<gection name=‘*‘ROOT’'>

<navControl section="ROOT"/>

<navControl section="Tools"/>

<navControl gection-"Users*/»

<webpage name=*index® title="Principal page.®">
<text>Welcome to the SEPE Web aite...</text>

</webpages>

<webpage name="aboutUs" title=’’'More about us.’’»

<text>We are an institute ...</text>
</webpages
<gection/>

<gection namee’’Tools’'’'>
<navControl section="ROOT"/>
<navControl sections"Tools*/>
<webpage name=*"PEC’'* privates"yes®>
<text>The PEC is a national program for...</text>
<applmport namee‘‘’PecApp’’ type='‘JavaScript’‘/>
</webpage>
<webpage name="PRONAP® private«"yes®>
<applmport names’‘PronapApp‘'’ types='‘Applet‘’/>
<text>PRONAP (Programa Escuelas de Calidad)c</text>
</webpages
<webpage name="Media® private«"yes">
<text>This is the multimedia handler tool for.

<applmport name=‘‘MediaApp’’ type=‘‘Applet’'/»
</webpages
<section/>

..</texts>

<section name=‘'’'Users’’'>
<navControl section="ROOT"/>
<navControl sections"Tools"/»
<webpage name="startUserSession">
<text style="bold">
To start a user session £ill the form and click "Send".
</text>
<form action="idUser.php">
<input types"text® name="username” label="User name:"/>
<input type="password* names«"password® label«"Password:"/>
<submit label="Send®*/>
</form>
<text>Have a nice dayl</text>
</webpage>
<webpage name«®changePassword®>
<text>
In this section you can change your password.
</text>
<text style="bold">Please fill the form below.</text>
<form action="chPass.php">
<input type="name®" name="name® label="Your user name:"/>
<input type="password" name="pass" label="Your password:"/»
<input type="password®" name="newpass®
label="Write a new password:"/>»
<submit labels="submit®/>
</form>
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</webpage>
<webpage name="idUser” visible="no®>
<applmport names="identifyUserApp” type=‘‘'WAML’’ />

</webpage>
<webpage name=®"chPass” visible="no">
<capplmport name="changePassApp” type=‘'WAML'‘ />

</webpage>
<section/>
</webgite>

3.2 Web Application Markup Language (WADML)

WAML (Web Application Mark-up Language) is a markup language that specifies
applications used for rapid protolyping web pages. Such applications are embedded
into WSML through the element app/mport. A WAML file defines web applications
that can be translated to completely functional applications implemented in different
kinds of code; for instance, JSP, PHP, or ASP. The current stalus of WAML considers
three applications: database querics, database reports, and user sessions; and might be
extended by frequently used applications. The following fragment of XML document
is an example of an application to change password. This application receives the
values “name”, “pass” and “newpass” as variables; sent from the element app/mport

“changePassApp” (look at the previous XML document).

<application type-"php" name="changePassApp”>
<sqlDo dbname="SEPE" usr="general® pass="general”>

<cquery>»
update into users set password-$newpass

where name=$name and passwords$pass

</query>
<Onsuccess>
<msg>The password was changed |</msg>

</onsuccess>

<ONerror>»
<msg>The account doesn’t exists or password is wrong.</msg>

</onerrors>
</8qlDo>
</application>

4 The Code Generator

The code generation algorithm, called WAC (Wcb Application Coder), reccives
WSML documents and produces HTML web pages in a structure of dircctorics, estab-
lished by the web site design. This algorithm performs three main steps: the first step
translates WSML elements for cach web page defined in the site into HTML elements.
For translating elements a set of code templates are used, which take the values of
attributes and clements in order to generate fully functional HTML code. The second
step consists in applying style to each web page; in other words, the instructions con-
tained in cach web page are graphically organized following the style sheet used.
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Finally, in the third step the gencrated web pages are stored into a set of directorics
according the web site design.

Following the WAC algorithm (sec figure 4.2), two inputs are necded: 1) the
WSML document (well-formed and valid) and 2) the style sheet to apply. First, the
root clement of the WSML document is taken, as well as its attribute name. Then, a
directory with that value is created. if a webpage element is found, then it is translated
into HTML code using the code templates stored in the templates directory. 1f an
applmport clement is found, a file with the web application is loaded from the scripts
repository in order 1o add it to the gencrated web page. Then, the style sheet is loaded
and uscd to apply the desired visual style to the pages of the web site.
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Fig. 4.1. Web page awtomatically generated from the clement startUserSession.

The style sheet basically parses the elements contained in each page and generates
HTML code. Finally, cach page in the site is stored into its corresponding directory
inside of the root dircctory; where each directory corresponds to a section in the site.
Figure 4.1 shows the web page automatically gencrated using the following algorithm.

algorithm WAC(WSML document, String siyle)
input: a WSML document and an existing style sheet.
output: a sct of web pages in HTML code and possibly embedding other kinds of code.

roat <- root clement of the document

sitename <- value of the atinbute nume in the root element
create a directory called swwename

switch to the recently created directory

for cach section clement in roar do
sechionNume <- value of the attribute nume in the current element

arcate a directory with the name specified by sectronNume

set the recently created directory as the current directory
for each nuvlast ot navControl element in ot do

creatcNavList(curtent navlist of nav(onirvl clement)

end

for cach webpuye clement in rwt do
createPage(current webpuge clement)

end
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end
function createPage( WSML wehpage)
nante <- value of the attnbute nume of the webpuye clement
exiemion <-the stnng “himl”
for each element \n webpage do
transform Element(clement)
end
for each applmport element in wehpage de
impmAppllwlon(upplm;mﬂ)
end
load the snylevheef from the templates repository specified by the syle attribule
copy the instructions of the wehpage clement in the siylehicet
pue <= the document obtained from the previous stcp
save the cantent of puge. in the current directory, with its name and exiension

end

function createNavLisi(WSML navl:lement)
elemAume <- the namne of the clement nuvllement
it clemNume « ‘navList” then
transfornElement(navElement)

clse
nen €S <- value of the attnbute secrion of navklement

papedrray <-all the visible web pages defined in the section nar(’y
for cach foundpuge in pagesArruy do
Jplink <- create arelative link to foundpage
linksArruy <- append fplink
end
replace the nartlement with the clements in linksArray
end
end

function transformElement(WSML element)
find a code lemplate for element in the teinplates repository
if found then
apply the code template to element
else
keep element unmodificd

end

end

function importApplication(WSML miruction)
imAppType <- value of the atiribute 1ype of the inviruction clement
mAppNume <= value of the atinbute nume of the ustruction clement
if imApplype = “Script” then
open the file called imAppNume from scripts reposilory
replace mviruction with the content of the opened file
extension <- the scripts language 1ype of the imported application
end
il imAppType = “WAML" then
rumu-:!e <- |hg root element of the file called imAppNume
In scripts repository
generateScnptsCode(wamlFile)
r:plzcc the wnstruction element with the code obtained in the previous step
en
il imAppType = “Applet” then
replace instruction with an Applet invocation of the application called
imAppName contained in the scripts reposilory
end
end

function generateScriptsCode( WAML wamlapp)
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applwnuaje <- value of the atribute fype of the wamlupp clement
select just the code templates for the language applanguaye in the scripts repository
for cach applnviruciion element in wumlupp do
find a code lemplate for upplnviruction in the seripts repository
if found then
apply the code template to transform this clement
else print an emror message
end
end
end
end
Fig. 4.2. The codc generation algorithm WAC (Web Application Coder).

5 Case Study: A System for Evaluating Basic Education

Our approach has been tested with a web-based information system for evaluating
basic education. In this system we implement two evaluation models: PEC and
PRONAP (7, 8]. These modcls arc part of the national reform of education in order to
improve issues that currently limit the performance in basic education. This system
includes threc subsystems: optical reading, multimedia, and evaluation. The optical
reading sub-system facilitates the data-entry from surveys applied to students, lectur-
crs, and family parents; this is accomplished using the software Remark Ollice OMR
and a scanner with an automatic document feeder. The multimedia sub-system facili-
tates the transcription of data collected from two devices: audio-recorder and video-
recorder. The evaluation sub-systcm facilitate the analysis, generation, and manage-
ment of structured and unstructured information of the evaluation models PEC and
PRONAP; we usc ontologics for the qualitative evaluation and causal relations for the
quantitative evaluation. The three subsystems must provide or retrieve contents from
an integrated web-site. Thus, using our approach, such subsystems must specify their
applications/content using the markup languages WSML and WAML, these sub-
systems do not have to worry about visual presentation; besides, they might save pro-
gramming cffort through using WSML and automatically generate code, or they might
embed applications/scripts through the use.of WAML. Our preliminary investigations
suggest the following advantages: consistent visual view, less time and effort spent in
programming, less costs in the devclopment face, and less expertise required for de-
signing web sites. We implemented this system using XSLT, JDOM, and Java [9].

6 Conclusions and Future Work

In this paper we have presented an approach for facilitating development of web-
based information systems through markup languages and automatic code generation.
For such purpose, we described a tool called WISBuilder based on the MVC pattern
design in an attempt to automate the development of two components: view and con-
troller. The view is a reusable XSL file that can be implemented in any development
environment, with such file we apply a consistent view for the entire web site. The
controller is specified through the use of two markup languages, and is intended to use
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a GUI environment for casy and fast development. Through the separation of these
two components (view and controller), a web-based infom'.lution system can be devel-
oped in parallel in order to save time and separate tcchm.cz.ﬂ. expertise, The markup
languages WSML and WAML were very useful for specifying web conlc-nls. Such
intermediate languages ofler several advantages, for instance, web contents in a more
declarative language. several kinds of code can be gencrated, and .dynamlc contents
for adaptive navigation. The WAC algorithm was uscful for automating the process of
generating fully functional HTML code given the markup languagqs and codc tem-
plates. Therefore, our approach facilitates the development of the view through reus-
ability and consistent application of style sheets, and the controller lhr-ou_gh autom:.llic
code generation. In this regard, WISBuilder can be very uscful for building web sites
in new domains with a significant reduction in programming cflort. The goals of
WISBuilder are twofold: 1) to serve as a testbed for performing rescarch in the area of
web-based information systems, and 2) to save time and effort spent in the web devel-
opment process so that more services might be automated in the world.

As an immediate work we plan to create a Graphical User Interfuce (GUI) tool for
designing web sites based on the murkup languages WSML and WAML, in such a
way that WISBuilder might become into a CASE tool for sofiware engincers. Also, we
plan to perform more experiments in other domains. After such work, our approach
could be extended into a more robust framework in order to include: adaptive naviga-
tion [10], validation of data-cntry, and automatic testing of thc gencrated web sites.
Finally, we plan to offer WISBuilder frecly available for educational and rescarch
purposes under request.
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Appendix A: DTD of the WSML Markup Language

<?xm]l versione®l.,0® encoding="iso0-8859-1"7>

€]~ CECEEEEEEEFEEeNARSPSSTTERAT eSS ERERAREERAREnS

<l-- BElements for specifying contents of & web site

(! -- S ASSrSrESTNEESES SN RPN SsEEaE RS NEESEEEERRSERER

< !ELEMENT
<|ATTLIST
<!ELEMENT
<!ATTLIST
<! ELEMENT

o>
==
-->
webgite
website
section
section
webpage

(section+) >

name CDATA #REQUIRED>
(webpage+) >

name NMTOKEN "ROOT">»
{{navControl | navList)r,

(text | form |

| appIrmport | attachXml | publish)*)>

<!ATTLIST

>

< | ELEMENT
<|ATTLIST
.p.,

<! ELEMENT
<!ATTLIST
< |ELEMENT
<IATTLIST
< ELEMENT
< |ATTLIST
<!ELEMENT
<|ATTLIST
< | ELEMENT
<!ATTLIST

>

<! ELEMENT
<l ATTLIST
< !ELEMENT
<IATTLIST
<!ELEMENT
<!ATTLIST
< |ELEMENT
<!ATTLIST

>
< |ELEMENT
<!IATTLIST

webpage
name NMTOKEN "index"®
section NMTOKEN "ROOT"
title CDATA ®REQUIRED
private (yes | no) "no"
visible (yes | no) "yes*

text (BPCDATA | link)e>
text style (title | p | heading | bold | italics

link EMPTY>

link label CDATA SREQUIRED to CDATA #REQUIRED>
naviist (link)e>

navList title CDATA WREQUIRED id ID #REQUIRED>
navControl EMPTY>

navControl section NMTOKEN SREQUIRED>

form {(input)+, submit, rescet?)»

form action NMTOXKEN #REQUIRED>

input EMPTY>

input

link | {nclude

| big | small)

type (button | checkbox | file | image | hidden | password |
radio | text) WREQUIRED

name NMTOKEN ®REQUIRED
label CDATA **

maxlength NMTOKEN *20°"

submit EMPTY>

submit label CDATA "submit®>
regset EMPTY>

reset label CDATA "reset®>
attachXml EMPTY>»

attachXml path CDATA #REQUIRED stylesheet CDATA SREQUIRED>

include EMPTY>
include

path CDATA RREQUIRED
type (text | image | file | xml) WREQUIRED

publish EMPTY>

publish
P1leTypes NMTOKENS #REQUIRED
dir CDATA WREQUIRED

orderby (name | ext | size) *name®
style (table | list) *lige*
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>
<1 ELEMENT applmport EMPTY>
<!ATTLIST applmpore
name CDATA SREQUIRED
type (Script | JS | Applet | WAML) WREQUIRED
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Appendix B: DTD of the WAML Markup Language

<?xm] version="1.0" enceding="isc-99859-1"2>

€ - P sepnpegepnpepepepeer R P P BT L L L L L s
<t=-- Elements for spucifying applications embedded into WSEML -=>
(!-- .‘n\-n---------.------.--—ﬂﬂn---b-----..--ﬁ.-----ﬂ------- -—

<'ELEMENT ofpplication (param*, (msg | sqlDo | sqlReport | startSession))>

<!ATTLIST appiication
type (jzp | php) #REQUIRED
name NMTOKEN PRECUIRED
>
<'ELEMENT sqlDo ((query, (onerror? | onsuccess?)*)+)>
<'ATTLIST sqlDo
dbname NMTCKEN ORECUIRED
server NMTCKEN "127.C.0.1"
usr NMTOKEN SRECUIRED
pass KNMTCKEN PRECUIRED
driver (cdbc | rmysql | oracle) "odbc®™
>
<'ELEMENT sqlReport ((query, (onerror? | onsuccess?)®)¢)>
<'ATTLIST sqlRepart
dbnare NMTOKEN PREQUIRED
server NMTCKEN "127.0.0.1"
usr NMTOREN MREGUIRED
pass NMTCKEN SREQUIRED
driver (oadbc | mysql | oracle) "odbc"
>
<'ELEMFNT startSession (lrequiredField)+,errorMsg)>
<'ATTLIST startSession
dbnore KMTCKEN SREQUIRED
tablenaxme NMTCKEN #REQUIRED
>
<'FLEMENT requircdField EMPTY>
<'ATTLIST requiredField name NMTOKEN $REQUIRED variable CDATA #REQUIRED>
<!ELEMENT query (DPCDATA) >
<!'ELEMENT oncrror (msg | sqlDo | sqlReport | (query, (onerror? | onsuc-
Ceas?] ) >
<rEL?H£HT onsuccess (msg | sqlDo | sqlReport | (query, (onerror? | onsuc-
CeLntl®)}®>
<!'ELEMENT msq {(IPCDATA) >
CHELEMENT errorMsg (WFCDATA) >
< ELEMENT param EMPTY>
<!ATTLIST param names NMTOKENS JREQUIRED>
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Abstract. In this paper is presented a distributed algorithm based on Ant Sys-
tem concepls. called Combinatorial Ant System, to solve dynamic combinato-
rial oplimization problems. Our approach consists of mapping the solution
spice of thc dynamic combinatorial optimization problem in the space where
the ants will walk, and dcfining the transition probability and the pheromone
update formula of the Ant System according to the objective function of the op-
timization problem. We test our approach on a tcleccommunication problem.

1 Introduction

Real Ants are capable of finding the shortest path from a food source to their nest
without using visual cues by exploiting pheromone information [1]. While walking,
ants deposit pheromone trails on the ground and follow pheromone previously depos-
ited by other ants. The above behavior of real ants has inspired the Ants System (AS),
an algorithm in which a set of antificial ants cooperate to the solution of a problem by
exchanging information via pheromone deposited on a graph. Dorigo [2] proposed the
first AS in his Ph.D. thesis. AS has been applied to the traveling salesman problem
and quadratic assignment problem, among others combinatorial optimization problems
[1-9]. On the other hand, difterent groups have been working on various extended
versions of the AS paradigm (Ant-Q, ¢tc.) [1, §, 6].

In the AS applied to the Traveling Salesman Problem (TSP), a set of cooperating
agents, called ants, cooperate to find good solutions to TSP’s using an indirect form of
communication through pheromone trails that they deposit on the edges of the TSP
graph while building solutions. Informally, each ant constructs a TSP solution in an
constructive way: it adds new cilies 1o a partial solution by cxploiting information
gained from both past experience and a greedy heuristic. Memory takes the form of
pheromone trails deposited by ants on TSP edges, while heuristic information is sim-
ply given by the edge’s weights. There are two reasons 10 us¢ the AS on the TSP: a)
The TSP graph represents the solution space of this problem; b) The AS transition
function has goals similar to the TSP objective function.

That is not the case for other combinatorial optimization problems. We have pro-
posed a distributed algorithm based on AS concepts, called lhr.. Ct?mhinatorinl Ant
System (CAS), to solve static discrete-state combinatorial optimization problems [8,
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9]. The main novel idea introduced by our model is the definition of a gencral proce-
dure to solve Combinatorial Optimization Problems using AS. In our approach, the
graph that describes the solution space of the Combinatorial Optimization Problem is
mapped on the AS graph, and the transition function and the pheromonc update for-
mula of the AS are built according 1o the objective function of the Combinatorial
Optimization Problem. In this paper we test the CAS on dynamic combinatorial opti-
mization problems, that is, problems changing over time. Particularly, we study a
telecommunication problem. This paper is organized as follows: Scction 2 presents the
AS and the CAS. Scction 3 summarizes the experiments. Finally, conclusions of this
work are presented in Section 4.

2 Theoretical Aspects
2.1 The Routing Problem like a Dynamic Combinatorial Optimization Problem

A dynamic combinatorial optimization problem is a problem changing over time. That
is, it is a distributed time-varying problem which is a current challenger in the combi-
natorial optimization domain. The dynamic problem that we are going to study is the
routing in telecommunication networks. Routing is a mechanism that allows informa-
tion transmitted over a network to be routed from a source to a destination through a
sequence of intermediate switching/buffering stations or nodes. Routing is nccessary
because in real system not all nodes are directly connected. The problem to be solved
by any routing system is to direct traffic from sources to destinations maximizing
network performances (e.g., rate of call rejection, throughput, etc.). In real nctworks
traffic, the conditions and the structure of the network are constantly changing, for this
reason are necessary dynamic routing algorithms.

2.2 Ant Systems

In general, the behavior of Ant Colonies is impressing to perform their objective of
survival. It is derived from a process of Collective Behavior. This process is based on
the ant communication capacitics, which define the inter-relations between them.
These inter-relations permit the transmission of information that cach ant is process-
ing. The communication among agents (ants) is made through a trace, called phero-
mone. Thus, an ant leaves a certain quantity of pheromone trail when it moves. In
addition, the probability that an ant follows a path depends on the number of ants
having taken the path (a large quantity of phcromone in a path means a large probabil-
ity that it will be visited).

AS is the progenitor of all research efforts with ant algorithms and it was first ap-
plicd to the TSP problem [2, 4]. Algorithms inspired by AS have manifested as heuris-
tic methods that permit resolving combinatorial optimization problems. These algo-
rithms mainly rely on their versatility, robustness and operations based on populations.
The procedure is based on the search of agents called "ants”, that is, agents with very



A New Swarm Intelligence Approach for Routing Algorithms 307

simple capabilities that try to simulate the behavior of the ants.

AS utilizes a graph representation (AS graph) where cach edge (r, s) has a desirabil-
ity measure Ys, called pheromone, which is updated at run time by artificial ants. In-
formally, the AS works as follows. Each ant generates a complete tour by choosing the
nodes according to a probabilistic state transition rule; ants prefer to move to nodes
that are connccted by short edges, which have a high pheromone presence. Once all
ants have completed their tours, a global pheromone updating rule is applicd: a frac-
tion of the phcromone evaporates on all edges, and then each ant deposits an amount
of pheromone on edges which belong to its tour in proportion to how short this tour
was. Then, we continue with a new iteration of the process.

The state transition rule used by ant system is given by the equation (1), which
gives the probability with which ant & in city » chooses to move to the city s while
building its 7* tour (transition probability from node r to node s for the ¥” ant) [1-5]:

b.oFh.F sest
PaO= 2 @I AT S, ()

0 Otherwise

Where y,(t) is the phcromone at iteration ¢, 1, is the inverse of the distance be-
tween city r and city s (d(r,s)), Ju(r) is the set of nodes that remain to be visited by ant
k positioned on node r and, B and a are two adjustable parameters which determine
the relative importance of trail intensity (Y,) versus visibility (1 4). In AS, the global
updating rule is implcmented as follows. Once all ants have built their tours, phero-
mone (that is, the trail intensity) is updated on all edges according to the equation [1-

5]
Yul)=(=pN =D+ Ay A() (2)

k=)
Where p is a cocfTicient such that (1 — p) represents the trail evaporation in one
iteration (tour), m is the number of ants, and AY*(t) is the quantity per unit of length
of trail substance laid on edge (r, s) by the k™ ant in that iteration:

Ay k @ - %,‘ 0 If edge(r,s) € tour completed by ant k
; 0

Otherwise

Where L,(1) is the length of the tour performed by ant k at iteration 1. Pheromone
updating is intended to allocate a greater amount of pheromone to shorter tours. The

general algorithm is summarized as follows:
Place the m ants randomly on the nodes of the AS graph



308 Jose L. Aguilar

Repeat until system convergence
2.1.Fori=l,n
2.1.1.Forj=1.m
2.1.1.1. Choose the node s to move to, according
to the transition probability (equation 1)
2.1.1.2. Move the ant m to the node s
2.2 Update the pheromone using the pheromone update
formula (equation 2)

2.3 The Combinatorial Ant System

There are two reasons for using AS on the TSP. First, the TSP graph can be dircctly
mapped on the AS graph. Secondly, the transition function has similar goals to the
TSP. This is not the case for other combinatorial optimization problems. In 8, 9), we
have proposed a distributed algorithm bascd on AS concepts, called the CAS, to solve
Combinatorial Optimization Problems. In our approach, we nced to define:

e  The graph that describes the solution space of the Combinatorial Optimization
Problem (COP graph). The solution space is defined by a graph where the nodes
represent partial possible solutions to the problem, and the edges the relationship
between the partial solutions. This graph will be used to define the AS graph (this
is the graph where the ants will walk).

e  The transition function and the pheromone update formula of the CAS, which are
built according to the objective function of the Combinatorial Optimization Prob-
lem.

In this way, we can solve any Combinatorial Optimization Problem. Each ant
builds a solution walking through the AS graph using a transition rulc and a phcro-
mone update formula defined according to the objective function of the Combinatorial
Optimization Problem. The main steps of CAS are:

e Build the AS graph.

e Define the transition function and pheromone update formula of the CAS.

e Exccute the classical AS procedure (or one of the improved versions).

Building the AS graph

The first step is to build the COP graph, then we define the AS graph with the same
structure of the COP graph. The AS graph has two weight matrices: the first one is
defined according to the COP graph and registers the relationship between the cle-
ments of the solution space (COP matrix). The second one registers the pheromone
trail accumulated on cach edge (phcromone matrix). This weight matrix is calcu-
lated/updated according to the pheromone update formula. When the incoming edge
weights of the pheromone matrix for a given node become high, this node has a high
probability to be visited. On the other hand, if an edge between two nodes of the COP



A New Swarm Intelligence Approach for Routing Algorithms 309

matrix is low then it means that ideally if onc of these nodes belongs to the final solu-
tion then the other one must belong too. If the edge is equal to infinite then it means
that the nodes are incompatible (they can't be at the same time in a final solution).

We define a data structure 10 store the solution that every ant £ is building. This data
structure is a vector (A*) with a length equal to the length of the solution (number of

nodes that an ant must visit). For a given ant, the vector keeps each node of the AS
graph that it visits,

Defining the transition function and the pheromone update formula
The state transition rule and the pheromone update formula are built using the objec-

tive function of the combinatorial optimization problem. The transition function be-
tween nodes is given by:

T 0.CF ()T "’“/ .

Cfsa2)?

Where Cf,'_,,(:) is the cost of the partial solution that is being built by the ant &
when it crosses the edge (r, s) if it is in the position 7, z-/ is the current length of the
partial solution (current length of A*), and, a and B are two adjustablc paramecters that
control the relative weight of trail intensity (¥.(t)) and the cost function. In the CAS,
the transition probability is as follows: an ant positioned on node r choose the node s
to move according to a probability P,,‘, @ » which is calculated according to the equa-
tion given by:

Tf(T n(’)-cf:—)s (:)) If Jk
PO = 24 SOLNT) B

wct!

0 Otherwise

When B=0 we exploit previous solutions (only trail intensity is used) and when
a=0 we explore the solution space (a stochaslic greedy algorithm is obtained). A
tradeofT between quality of partial solutions and trail intensity is nccessary. The
pheromone updating rule is defined by the equation (2), where the quantity per unit of
length of trail substance laid on edge (r, s) by the k" ant in that iteration (AY,'(1)) is
calculated according to the following formula:

I/ ... Ifedge(r,s)has been crossed by ant k
Cr (1)

Avs, ()= ,
0 Otherwise
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Where C; () is the value of the cost function (objective function) of the solution
proposed by ant k at iteration . The general procedure of our approach is summarized

as follows:

1. Generation of the AS graph.
2. Definition of the state transition rule and the pheromone update formula, ac-

cording to the Combinatorial Optimization Problem.

3. Repcat until system convergence
3.1. Place the m ants on different nodes of the AS graph.

3.2. Fori=l,n
3.2.1Forj=1,m

3.2.1.1. Choose the node s to move to, according to the
transition probability (¢quation 3).
3.2.1.2. Move the ant m to the node s.
3.3 Update the pheromone using the phcromone update
formula (cquations 2 and 4).

3 Experiments
3.1 Routing Problem Resolution using the CAS

We can use our approach for point to point or point to multipoint requests. In the case
of N nodes, N ants are launched to look for the best path to the destination. For a
multipoint request with m destinations, N.m ants are launched. The source node keeps
in memory all paths that have been found by ants. Then, it chooses the best one. Fi-
nally, the path is reserved and a connection is eventually set up (in the casc of a muiti-
point request, it is spanning trecs found by ants to the multiple destination nodes
which are compared).

Building the AS graph

For this case we usc the pheromone matrix of our AS graph like the routing table of
cach node of the network. Remember that this matrix is where the pheromone trail is
deposited. Particularly, each node i has k; neighbors, is characterized by a capacity C;,
a spare S,, and by a routing table R,=[r', 4(1)}u.n.1- Each row of the routing table corre-
sponds 1o a neighbor node and each column 1o a destination node. The information of
Fach row of the node i is stored in the respective place of the pheromone matrix (p-c.,
in the position i, j if k, neighbor = j). The value r, 4(1) is used as a probability. That is,
the probability that a given ant, where the destinatior is node d, be routed from node i
to ncighbor node n. We use the COP matrix of our AS graph to describe the network
structure. If there are link or node failures, then the COP graph is modified to show
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that. In addition, in cach arc of the COP graph is stored the estimation of the trip times
from the current node i to its neighbor node j, denoted Ii={};.», 0%..,], where p,., is
the average estimated trip times from node i to node j, and 6:',.3-,' is its associated vari-
ance. T allows maintcnance a local idea of the global network’s status at node i. Fi-
nally, we definc a cost function for cvery node, called C(t), that is the cost associated
with this link. It is a dynamic variable that depends on the link’s load, and is calculated
attime rusing T,

Defining the transition function and the pheromone update formula
In our model (equation 3), C} (1) is the cost of k™ ant’s route, Ay, '(t) is the amount of

pheromone deposited by ant k if edge (i, s) belongs to the k™ ant's route (it is used to
update the routing table R; in each node), and Pi;‘ (t) is the probability that ant k

chooscs to hop from node i to node j. Ant k updates its route cost each time it trav-
erscs a link C} (1) =C; (/) + C,(1). An ant collects the experience queues and traffic

load, which allows it to define information about the state of the network. Once it has
rcached its destination node d, ant k goes all the way back to its source node through
all the nodes visited during the forward path, and updates the routing tables (phero-
mone concentration) and the set of estimations of trip times of the nodes that belong to
its path (COP graph) as follows:

e The times elapsed of the path i<>d (T;..¢) in the current k™ ant's route is uscd to
update the means and variance values of 7. T,..q gives an idea about the goodness
of the followed route because it is proportional to its length from a point of view
and from a traflic congestion point of view.

e The routing table R; is changed by incrementing the probability r..1.41) associated
with the neighbor node i-1 that belongs to the k™ ant's route and the destination
node d, and decreasing the probabilities £, 4(1) associated with other neighbor
nodces n, where n 2 i-1, for the same destination (like a pheromone trail). The val-
ues stored in T, are used to score the trip times so that they can be transformed in
a reinforcement signal r= fi(I7), re [0,1]. r is used by the current nodc i as a posi-
tive reinforcement for the node i-1:

Prg(i+1) = Pig o) (1-r)+e

And the probabilities r' 4(t) for destination d of other neighboring nodes n receive a

negative reinforcement

Paa(t1) = Pog(t) (1-7) for n #i-1

Finally, C,(t) is updated using T too
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C(t+1)= PiryT i
3.2 Result Analysis

We have tested our algorithm on a set of model networks among which is US
NSFNET-T1 (composed by 14 nodes and 21 bidirectional links, with a bandwidth of
1.5 Mbits and propagation delay with range from 4 to 20 ms). A number of diffcrent
traffic patterns, both in term of spatial and temporal characteristics, have been consid-
ercd. The network performance is expressed in throughput (dclivered bits/s) and de-
livered time from source to destination. We compare our algorithm with the AnINET
approach and the Shortest Path First algorithm (SPF) [1, 7]. Due to the space, we
present part of the result, see [9] for the rest of experiments. Figures | and 2 show
some results regarding throughput and packet delay for a Poisson temporal and ran-
dom spatial distribution of traffic (this is the traflic pattern uscd) on NSFNET. These
results are exemplar of the behavior of our algorithms, results obtained on other traflic
pattern ant network topology combinations are qualitatively equivalent (sce [9] for
more delails).

Thro‘ughnul (10“bivsec) CAS -—--
15 AnNET —
= SPF——
12
9
6 » Simulac.
200 400 600 800 1000 Time (scc)

Fig 1. Throughput comparison between the algorithms

Packet Delay (sec)
0.06

0.05

0.04

0.03 200 400 600 800 Time (scc)
Fig 2. Packet delay comparison between the algorithms

The throughput of our approach is at least as good as that AmNET and the packet
delays are much better than that of the others. Particularly, at the beginning our ap-
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proach has not the best performance because it has leamt the current network situa-
tion, elc. Afler, it can optimize the route to be chosen in an impressing way.

4 Conclusions

In this work we have presented the versatile of the CAS to solve dynamic combinato-
rial optimization problems. Our system is suited for both static discrete-state and dy-
namic combinaltorial optimization problems. This versatility has been exemplified by
the possibility of using the same model to solve diftferent combinatorial optimization
problems (static and dynamic) of various sizes. Qur approuach can be applicd to any
combinatorial optimization problems by dctining an appropriate graph representation
of the solution space of the problem considered, the dynamic procedure to update that
represcntation, and an objective function that guides our heuristic to build feasible
solutions. In our approach, the dynamic environment of the combinatorial optimiza-
tion problem is defined through the COP matrix (it form part of the space where the
ants will walk (AS graph)). Ants walk through this space according to a set of prob-
abilities updated by a state transition and a pheromone update rule defined according
1o the objective function of the combinatorial optimization problem considered.

We have tested our approach on a dynamic optimization problem (the routing prob-
lem). The results show that our approach obtains good performances, but we must
improve the execution time of a given iteration and reduce the number of iterations. In
general, CAS allows making an exhaustive searched. in this way it can obtain betler
performances than previous heuristic routing algorithms. Furthermore, we will de-
velop a parallel version of our approach, we will test our approach over other dynamic
combinatorial optimization problems. In addition, for the routing problem, we will test
with a general packet-switching network avoiding the "symmetric path costs”, and we
will develop a network failure management system based on this approach.
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Abstract. We describe the dependence of web services on the pre and post
conditions that trigger their use in on-line B2B and B2C transactions. We build
a model that highlights these dependencies probabilistically and illustrate the
use of the model with an example. We place this model in the context of the
development of the nascent Semantic Web. Our result is that, once many web
services arc chained together, this dependence on different and increasingly
complex triggers will produce a decay in the number of successful uses of the
web service. This result lays a general theoretical foundation for a game-
theoretic examination of web service interaction. We conclude the paper with a
program for further work in this arca.

1 Introduction

Web Scrvices are usually modeled using process flow descriptions. In this paper we
model a rudimentary web service as a series of games, a series of sub games and a
series of equilibria. We recognize from the outset that the concept of a subgame-
perfect equilibrium is an inherently incomputable one and we are at pains to make the
distinction between a backwardly induced equilibrium such as we might find in a
game of complete information, and the cquilibrium be define inside a game of
incomplete information. In this paper, we introduce the concept of sub game
perfection, and then model a simple web service, buying a book, as depending on pre-
and post- conditions, described below. We then genceralize this example using the
tools of game thcory. We take the viewpoint that in order to understand the
effectiveness of web services in general, it is necessary to understand the dependency
of the web service on its various pre- and post- conditions, whatever they may be. Qur
lever is the introduction of the concept of subgame perfect Nash equilibria to the
literature on web service modeling. To our knowledge, this has not been attempted

before.

1.1 What are Web Services?

Complexity of integrating heterogencous software components can be achicved by
means of web services. They provide standard protocols for discovering, invoking,
describing and composing services. Current web service technology, based on SOAP,
WSDL and UDDI, has a very basic and non-automated interiction model. A web
service provider publishes information in an UDDI registry and offers a programmatic
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access that potential customers can bind to. For this, interaction via XML based
messages on a transport protocol with a web service prowdcr. proyldcs the t_]csnrcd
functionality. The dynamic binding to the consumed Web services is done using the
information from the web service registry. In this process, no real automation is
achieved, and the human actor is involved in the loop. ‘

Composition of simple services in complex ones represents a ni.llurf.ll cvoll'mon of
the technology. Mainly in e-Busincss scennrios._ the standardization ‘cﬂons . to
integrate them into business processes have evolved into many proposals, from which
BPEL4WS [ 1] seem to be ahcad up to now.

However, the ultimate goal is to have an automation process of the aforcmc_ntioncd
tasks required for a web service. For this, the new paradigm of Sc'manuc Web
Services comes into the arena. To bring web services to its full potential semantics
must be used in order to describe web services full capabilities. The Semantic Web
and its key enabling technology, ontologics (2] provide a means to do so. They
interweave human understanding of symbols with their machine-—processability,
allowing declaration and description of services. The combination of Semantic Web
and Wceb Scrvices should enable users to locate, select, employ, compose, and
monitor Web-based services automatically [3].

There are two main initiatives to describe Semantic Web Services. OWL-S is an
upper-ontology for declaring and describing services by employing a basic set of
classes and properties. It is composed of three parts, each one describing one aspect
of the service: the Service Profile defines what the Service does, the Service Model
how it works and the Service Grounding how to access it.

The Web Services Modeling Framework [4) describes a full-fledged framework for
describing Semantic Web Services with relies in the principles of looscly-decoupling
and strong mediation, plus four main elements, namely: ontologies, goal repositories,
web service description and mediators. For the purpose of this paper, we will stress
the fact that both approaches count on the notion of pre-conditions and post-
conditions when describing actual web services. In a nutshell, preconditions are
conditions over the input and post-conditions are conditions over the output. These
concepts will be further developed in the following sections.

Why is this approach useful? There are many ways of modeling web services, and
few of them incorporate both a process view of the service and a probability-based
description of that service process. We believe this approach is both novel and uselul
in dctermining the optimal service description. We provide both a general
specification and a specific example of the modeling methodology below.

1.2 What is Subgame Perfection?

First some definitions, then an example.

Definition 1 The normal form representation of an n-player game specifies the
players’ strategies S,,...,S, and their payoff functions u,,...,u,. We denote this
gamt’ byG = (lgl,.--usn;ulgn--’"").
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In addition to the normal form representation of the game, which we will usc
bricfly at the end of the paper, there is the extensive form representation of the game,
which we will use for the majority of the paper. Here the set of all legal paths through
the space of positions is laid out in a tree. The informational constraints imposed on
the players’ choices are represented by grouping various “nodes' of the trce into
information scts; the interpretation being that whenever any node in an information
sct occurs a player must choose a move without knowing which particular node
within the information sct has occurred.

Definition 2 The extensive form representation of a game specifies
l. the players in the game,
2. when each player has her move,
3. what each player can do each one of their opportunitics to move, and
4. the payoff received by each player for each combination of moves that could
be chosen by the players.

It is important to define all our concepts precisely, because we will be manipulating
them in slightly unorthodox ways later on. Thus, a Nash Equilibrium is detined in
terms of the normal form game as the following:

Definition 3 /n the normal form gamey =(S,,...,S,:9,,....8,) the sirategies

(s, ,....s;)arc a Nash Equilibrium {f, for each player i, S: is player i's best
response to the strategies specified for the n-1 other players.

Definition 4 A subgame is an extensive form game that
I. begins at a decision node | and is a singleton information set, but not the

game's first decision node,

2. includes all the decision and terminal nodes following n in the game tree, but
no nodes that do not follow n, and

3. does not cut any information selts.

In many textbook examples, in games that assume fully rational players with
unbounded computational skills, perfect knowledge of the opponent’s skills, with well
defined preferences over uncountable sets of lotteries, perfect knowledge of the
preferences of the others' preferences, rationality and common knowledge, then the
procedure for solving extensive form games is to compute the Nash Equilibrium by
backwards induction. We will not do so here. Many textbook in game theory (See (S,
pp.12-13) for examples) assume a continuum ol unbounded integers, for example the
reals, R, as the ficld onto which all mappings take place. There is no room inside
functioning web service architectures for uncountable infinities. For an excellent
summary of the seminal contributions to the emerging arca ol explicitly computable
games, see [6], especially pages 89--97.

The procedure for constructing a subgame perfect Nash equilibrium is as follows.
First, identify all the subgames that contain terminal nodes in the original game tree,
Then replace each such subgame with the payoffs from one of its Nash cquilibria.
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Now think of the initial nodes in these subgames as the terminal nodes in a truncated
version of the original game. Working backwards through the tree in this way yields a
subgame perfect Nash equilibrium because the player’s strategies constitute a Nash
cquilibrium in every subgame.

(0.1 (3.2) (-1.3) (1.5
Fig. 1. Subgame Perfection with incomplete information

1.3 An Example

Consider the extensive form game shown in figure 1 above. This game has two
subgames: onc starts after player 1 plays £; the second onc is the game itself, which
can see from Figure 2 below.

0.1) (3.2) (-1.3) (1.5)

Fig. 2. The Subgames in Reliel

\}’F compute the subgame perfect equilibria as follows. We first compute a Nash
equilibrium of the subgame, then fixing the equilibrium actions as they are (in this
subg:oxmc'). and taking the equilibrium payoffs in this subgame as the payoffs for
entering in the subgame, we compute a Nash equilibrium in the remaining game.

As we can see from figurc 3 below, the subgame has only one Nash equilibrium, as T
dominates B: Player | plays 7 and player 2 plays R, yiclding the payofY vector (3, 2).



Sub-Game Perfection in Semantic Web Services 3/9

(3.2) (2.6)
Fig. 3. Final PayofT to the Subgame Perfect Nash Equilibrium

Subgame perfection generalizes the notion of Nash equilibria to general dynamic
games via the following definition:

Definition 5 A Nash equilibrium is said to be subgame perfect iff it is a Nash
equilibrium in every subgame of the game. What is a subgame? In any given game,
there may be some smaller games embedded: we call cach such embedded game a
subgame. Now we are ready to begin our model.

2 The Model

We begin with the description of the general pre—and post-condition schema for web
services. Our model takes the *players’ of the game to be the pre and post conditions
of the semantically enabled web services themselves. That is, they are predicates
without which the service cannot function, and returns an annotated null value ¢ for

any query sent to it. It will be clear from figure 3 that there is no way to compute the
Nash equilibrium without resorting to the usc of subgame perfect equilibria first. This
is as a result of the inherent incomputability of the subgame schema, which we
mentioned above. It should be noted that there are algorithms for computing
sequential equilibria on recursively defined games, and that these equilibria will yield
a subgame perfect equilibrium [7]. We do not use this formulation because we feel a
more general treatment of the concept is less restrictive and, more importantly, more
specific from the viewpoint of semantic web services. We begin with the description
of the post condition.

2.1 Post Conditions

Post-conditions in WSMF describe what a web scrvice returns in response to its input.
OWL-S defines effects, as the results of the successful execution of the service

as described by the OWL-s coalition at hup:/www.daml.org/services/owl-s/1.0/.
These definitions are quite similar in nature: they define conditions that hold affer the
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correct exccution of the service. Hence we define post-conditions as conditions that
hold after the execution of the Web Service. Similar to pre-conditions, our dcfinition
is not limited to state-ol-the-world post-conditions (changes in the state of the world),
but it also includes knowledge post-conditions, i.c. knowledge that is made available
to the requester after the service exccution. In the example of the service presented
before, the post-conditions are the list of books in the given country from the given
location. Imagine that this service is not a free service, and that the credit card of the
requester is charged by a given amount. Then, the charge of the credit card would be a
post-condition as well. Pre-conditions and post-conditions fully described the
conditions that must be true before requesting the service and the ones that are true

afier its execution.

2.2 Post Condition Subgame

The idea. The model takes querics sent to the web service as the ‘players’ of the
game. The web service can handle n€ (1,...,N] queries in a given time frame

te(l,...,T). The ‘stratcgics’ of the game are simply complete plans of the system,
completely deterministic and specificd exactly. The payoffs to the queries are their
passage through the web service, i.c. completion C, or non--completion, NC, after
which the post condition retumns a value of 0 at time f 10 the post conditions via a
feedback process Y which is completely specified and  depends  on

Ye=(l —G)Y:'.:- +a(8:,") , where 0<a <I.

The model assumes that there are discrete queries of the form (x. y) sent o the web
service. and that these queries represent the search for a good—in our cxample, a
book. These queries are then processed by the pre-conditions, checked individually
and then collectively, and then sent to the service for turther processing. Assuming
the product is in stock. shipping charges are met, etc, the query is sent on, and fulfills
the post condition, returning a payof¥ of cither 1 or 0.

Assumption | There is a closed metric space X and M(X) is the probability
distribution on X, where X specifies some field G , and at any stage of the process,

there is a query x. y over O which assigns some value & 1o the post condition,

where & € (0,1).

Assumption 2 The eventual payoff to the post condition from the game Y s 5 : Jor

some & € (0,1). defined above, which is the set of all feasible divisions of this post
condition.

. It means that the post condition, once satisfied by the result returned by query x at
time l.] will return a value of | (A receipt of success) if the service has worked
properly.
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Assumption 3 Each query (x, y) is risk-neutral as regards security. and the future is
discounted exponentially.

It can be seen that D, the sct of all feasible divisions of the post-condition's
successful or unsuccessful return is

D=(x,y)e[0,1) |x+y<] (1.1)

and the subgame perfect equilibrium will be as follows: query laccepts (x. y) with

24

Thus, at any query time 1 = 2n — 2k where & is a non-ncgative integer, the post
condition returns a value of 1. And, of course, rejects with

_ 8 2k-
x<8(l 77

1.3
1+8 the)

Query y will form a subgame perfect equilibrium around x by definition 4—that
the decision node 1} was a singleton information set—) only considers the situation
at the present and previous decision nodes, and not the future nodes. Thus we have

query 2 offering
R 2ke2 2k
1-8 ,8(l+8 ) (14)
1+8 1+d8

[, 80+8%") 80148
(x"’y"’)"[' 1+8 " 148

where the subgame perfect equilibrium can be found by backwards induction or
solution of the state variable, d .

Proof Equation 1.4 follows naturally from 8, pp. 111-112, §2] which also includes a
proof of incomputable strategies in repeated games.

Consider figure 4 below. Here we see the service description for our example.
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2.3 Pre Conditions

Pre-conditions in WSMF describe what a web service expects for enabling it to
provide its scrvice. OWL-S (hutp://www.daml.org/services/owl-s/1.0/) bases its
definition of Web Service functionality in concepts coming from the planning
community, adapting the definition of a pre-condition to the Web Services domain. In
OWL-S, pre-conditions arc defined as logical conditions that must be satisfied before
requesting the service. These conditions are referred to the state of the world, in
contrast with inputs, that arc regarded as knowledge pre-conditions. It can be seen that
all these definitions reflect a similar concept: conditions that must hold in order to
apply an action (similarly, to request a scrvice). Pre-conditions act as pre-requisites to
usc a service or action, that is, they must hold prior to the use of the service or action.
Following this line, we define pre-conditions as conditions that must hold previous to
the request of the Web Service for enabling it to provide its declared service. As an
example, consider a Web Service that provides a list of the books in a given country,
from a given location. The pre-conditions of this service are the location and the
country. Now imagine this Web Service provides its service only to registered users
that paid their monthly subscription rate. In this case, an additional pre-condition
would be that the requester has paid the rate.

2.4 Pre Condition Subgame

Let @ be the collection of first stage strategics (g, .....a,) and B be the collection of

second stage slralcgics(pwmp.).'l'hcn B(a)=(Bda)-ﬁ;(u)-----ﬁ,(a)) indicates

the choices made by the sccond stage of the web service after returning a positive
check on pre-condition @ . Again, the expected payoft is a sum over the finite space,

X, and recording the ‘moves’ of (at,f3 ) is E[3, |a,B 28,[(1-,.':1_,.[3],\?’0; €eaj,

and similarly for ﬁy . This being given, two of the conditions of the subgame must be
generated to satisfy definitions 3 and 4.

Vxe X,E[6,|a,p 28,[a,,a_,,pllVa, ea (1.5)

and

Vye X.E|5,|a,B,@) | VB, eB (1.6)

Condition (1.5) states that every first-stage query will select a best response if that is
possible. Condition (1.6) requires that for any realizationQt in the first stage,
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B (c) be a Nash equilibrium of the ensuing second-stage game. For any q ea ., let

a be the set of Nash equilibria of the sccond-stage game defined afier O is realized.

Thus, B(a) € NC(a)iff (1.6) holds for B(a).

As an example, consider Figure 5. Here we re-enter our example, looking at our
‘buy book’ example from a different view, reformulating the problem of pre- and
post- condition selection in terms of probabilistically defined recursive strategies as
discussed in [8]. We have two pre-conditions that must be satisfied betore the web
service can be initiated. These are: that the prospective customer must have a valid
ISBN number and they must have a valid credit card number. Call the probability that
the ‘ISBN" is valid @ and the corresponding probability that the credit card is

valid B . Now sce the process reformulated as a sequential decision making problem:

even if both pre-conditions arc being checked in parallel, it is useful to see onc's
dependency on the other for the initiation of the web service. Now, because of the
open—world assumption of most web services, and the incomplete nature of most
information sources. a useful way to solve this problem is to search for the subgame
equilibrium within the system, in this example the only channel through which the
web service will be initiated--- the payofT C, highlighted in red. Only when both pre-
conditions are satisficd (i.c. when the extensive form tree structure is at | at the
decision node, and all other positive probabilitics are summed over A{(X)) will the
web service be invoked. It only remains to computc the overall cquilibrium. From
(1.5) and (1.6) above, we can sce that the overall equilibrium for the pre-conditions

will be found at p"(&,) although the discquilibrium dynamics of a real time

functioning system may kcep the strict equilibrium set of querics far from this
equilibrium. Nevertheless, given our game as constructed, there is an overall ideal
solution point, where pre-and post-conditions are at their subgame-perfect cquilibria
and the feedback mechanism defined above returns a value of 1.

2.5 Implications

The implications of our model for construction of Semantic Web Services could be
widely grouped in three main arcas.

Execution performance In business processes where the flow of exccution reverts
into a big workload and fault tolerance problem for the hardware and software
systems involved. Our model could be a best-of-brecd solution to assign dynamically
resources to the web services with a lower probability of being executed. In our
further work section, we look 10 a use case study for just such an eventuality.

Business intelligence performance In order to avoid the trap of producing huge
inconsistent designs or not balanced architectures in modern ¢-Commerce systems,
our model provides & formal and consistent metrics to evaluate the whole
performance of the processes and the execution flow in terms of business intelligence.
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Graphs and.hcurislics depending on our model could enhance the re-engincering and
come out with a better solution in terms of cost-effectiveness and cfficiency.

Non-l’unctior.lal information A detailed description of the service based on metadata
Of on semantic annotation could be inferred from our model. The Quality of Service
(QOS) or policy, as described in [9) could add some information about the
performance of the system. Also pay-per-use techniques, such as currently applied in

rcal-world e-Business applications can lcarn from the estimated use provided by our
modcl.

Am.o.ngs.t othcrs future directions of the model would allow a further analysis of the
scalability in high-computing grids or overlay nctworks.

3 Conclusion and Related Work

This paper has given a new way to characterize web service description as a series of
probabilistic dependencies upon several pre- and post- conditions. In our admittedly
rudimentary example the web service itself is purposely left a mystery, a “black box'
around which we highlight the ancillary but crucial role of pre- and post conditions in
invoking and feeding back to the web service the queries that trigger it. We recognize
the fact that, as conceived, this model is uncomputable and therefore of little practical
usc the web service developer. However, a simple restriction of this more gencerul
schema by defining a recursive game would be enough to allow the compultation of
the subgame perfect equilibrium in a sequential game. As stated above, this model
fails only in its generality, not in the execution of the pre- and post- condition schema
outlined above. We feel that this amounts to a suggestive failure, and one on which
further work can and will be built.

3.1 Related Work

Scveral approaches investigated the issuc of using pre- and post-conditions in the
software engineering area. Preconditions, post-conditions and invariants are usually
identificd during the software development process, especially during the analysis and
design phases. The UML specification [10] defines the Object Constraint Language
(OCL) [11] that allows a designer to specify constraints of this kind on a particular
object or method. Recent trends in the Semantic Web Services area such as the Web
Service Modeling Ontology (WSMO) [12] use pre-conditions and post-conditions at
the capability level of the web service. Finally, reference implementations such as the
Web Services Execution Environment (WSMX) [13] pretend to integrate them in
their future conceptual model and used them in runtime, as part of their exccution
model.
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3.2 Future Work

¢ web service and connects it to another and then another in a
one increases the probability that one failed pre-condition
ices to fail. Future work will concentrate on three

When one introduces on

supply chain. for example,

will cause the entire chain of serv
aspects of this problem.
1. What is the specific rate of decay of this chaining of wcb services?

2. A use-case study based on the Adaptive Services Grid (ASG) project. ASG
provides the integration of ils sub-projects in the context of an open
platform, including tool development by small and medium  sized
enterprises. Based on semantic specifications of requested services by
service customers, ASG discovers appropriate services, composes complex
processes and — if required — generates software to create new application
services on demand. A case study examining just how long these integrated
chains of software services can be will compare the predicted rate of decay
to the actual rate observed throughout the project.

3. A tool to simulate the development of complex intcgration processes based
upon the similarity (or lack thereof) of pre- and post- condition

architectlures.

Other future work will concentrate on refining several sub-classes of gamc-theoretic
models like the rudimentary one above for use in the description of semantic web
services in specific cases. The web service itself, modeled as a black box in this
paper, can be recast as a sequential decision process, albeit a very com plex one. This
paper is a small step in that direction.
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Abstract. There are techniques such as the Singular-Spectrum Analysis (SSA)
which jointly with Principal Component Analysis (PCA). help us to analyze the
underlying structures of a time series and condense them for their study. Using
such information with the Multidimensional Scaling (MDS), we can find a
representation that allows localing hidden regularitics and thus classify the
analyzed data. In this paper we present the study of lime series of diverse nature
using the three abovementioned techniques and show how they group in a
bidimensional plane according to similar pallerns within their components
disregarding the dynamics of the series.

1 Introduction

Finding similarity among signals in a time scrics databasc has drawn plenty of
attention in the data mining area in view of the fact that it is a very useful ool for
analysis and knowledge extraction of phenomena [1]. A main aspecct in similarity
scarch is to definc a set of relevant characteristics and find a metric or scheme (o
classify the data in accordance with defined crileria, i.c. the time series classification.
The time series classification problem is still open because no specific scheme suits
all possible required criteria nor takes in account all the essential paramelers, thus for
particular necds new classification proposals must be developed. Traditionally, for the
classification of time serics, two approaches arc laken, the first onc is 1o classify
according to scalar parameters of the data [2], the second is to classify according to
the time scries’ morphology using a transformation [3]) or lower dimensionality
representation of the data [4.5). Here we propose a scheme that altempts to uncover
hidden relations among time scries classifying them according to the underlying
structures rather than the external waveform. The paper layout is as follows: in
section 2 we review the analysis techniques, SSA and PCA. in section 3 the
visualization and classification technique, MDS. Finally in section 4 we discuss the

experimental results.

2 Analysis of the Time Series

2.1 Singular-Spectrum Analysis
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Singular Spectrum Analysis (SSA) is a technique for time scries analysis that
incorporates clements of scveral disciplines such as mullivariate statistics,
multivariate geometry, dynamical systems and signal processing. It aims at a
decomposition of the data into a sum of a small number of interpretable components
such as trends, oscillatory patterns and random constituents [6]. The basic algorithm
of the SSA technique consists of four steps. Given a time series F=(fo. /i. ... . fa.1) of
length N and L an integer called “window length”

1. Construct the trajectory matrix X of the time series as follows:

set K = L+N+1 and define the L-lagged vectors X,= (.« fjor2) 1 = 1.2,...K

X = (X0 ,-2)r e = [ Xppern X ) (1)

2. Obtain the Singular Value Decomposition (SVD) of the matrix X via cigenvalues
and cigenvectors of the matrix S =XX". We thus obtain a representation of X as a
sum of rank-one biorthogonal matrices X, (/ = 1, ..., ), where d is the number of

nonzero singular values of X
3. Split the sct of indices / = {1, ..., d} into several groups /,,...,/, and sum the

matrices Xi whitin each group. The result of the stcp is the representation

” 2
X= ZX,' where X,' = Zx, ( )

1] ’CII

4. Average over the diagonals i+j=const of the matrices X, . This gives us a

decomposition of the original series F into a sum of series

m 3)
So=2 N n=0,., NI (
k=)

where for each & the series f,,(“ is the result of diagonal averaging of the matrix X, .

2.2 Principal Component Analysis

Related to the time series decomposition with the SSA technique, is the Principal
Component Analysis (PCA). Once the serics has been separated in different
component series, PCA is employed as a complementary tool. The PCA consists in
the scarch of lincally independent components which provide the maximum variance
of the data set and arc not correlated [7). PCA is gencerally used to condense the
amount of data and to extract important features from it. Colebrook applied a form of
SSA to biological oceanography and noted the duality with the principal component
analysis [8].

The procedure to compute the principal components is as follows: let X be a nxp
matrix whose rows rcpresent cases and its columns variables, in addition, X must be



Classification of Time Series Based on their Inner Structures 333

mean-centered. Let a be the yet to be determined projection weights column vector,

which will result in the greatest variance when X is projected into a. The variance
along a is defined as:

62 =(Xa)" (Xa)=a"X " Xa=a"Va (4)

s = YTV ; . " " y .
where 1= X X is the covariance matrix. The projected data variance, o 2 is expressed

as a function of ¥ and a. ’

. . 2 . ] . .
To maximize o, wec nced to apply a normalization restriction over a vectors

whichisa'a= 1.
Conscgucnlly. the optimization problem can be rewritten as the maximization of
the quantity:

u=a'Va-Aa’a-1) (5)

where A is a Lagrange multiplier. Differentiating with respect to a, we have:

Z=2Va—21a=o 6)

which is reduced to its eigenvalues form as:
(¥-Aa=0 )

Thercfore, the first principal component is the eigenvector associated with the
largest eigenvalue in the covariance matrix ¥, The second principal component is the
cigenvector associated with the second largest cigenvalue of ¥, and so on.

3 Multidimensional Scaling

Multidimensional Scaling (MDS) is a mcthod that represents similarity metrics
between pair of objects as distances between points in a lower dimensional space.
This representation allows the expert observe and explore the data structure and find
hidden regularities not easily distinguished in the aw numerical data [9).

MDS takes as input a proximity matrix A € M, .. Each element 5, of A represents
the proximities between the parameters where 8, = (6 - ¢)’ being ¢ the
aforcmentioned parameters. ' .

The algorithm begins with a random matrix X€M,_., where m is the desired
number of dimensions and n is the number of variables. Each value x, represents the

coordinates of the variable F, in the s-th dimension. '
Parting from such matrix, the distance among any two variablcs, { and / , can be

calculated using the Minkowsky gencral distance equation:

- p (8)
d-‘f =[Z(1’" —Xﬂ)p]

1=l
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Thus, a distance matrix D € M,,, can be obtained from X.
The MDS solution must be such that there is a maximum correspondence between

the initial proximities matrix A and the distance matrix D, which is accomplished
iteratively modifying X according to:

x = BX ®
2n
where the elements bij of B arc calculated using the following criteria:
-25, (10)

b= L ifi=
Y 8” ' J

& 11
bu=zz 33'“' if i=j o

by=0ifd,=0 (12)

Then a monotonous increasing relation 8, < &y = dy < di is assumed. To
determine the precision, a function that relates distances with similarity A9;) is

construcled:

f:8,—d, (13)
SO, Fa+bd,

where a and b are constants o establish.
Therefore, we can apply the S-Stress precision measure, defined as:

N T (14)

S - Streess = II: Y —(; -)——--

To complete MDS process, if a desired precision is not met, X is modificd
according to (15) and start over until the required S-Stress value is achicved.

4 Experimental Results

For the results we present, the experimental data set consists of 30 time series of
diverse dynamics as shown in Table 1, the reference nominal classification is
according to Sprott {10} and Figueroa [11]. All the time series have a length of 1000
data samplecs.

The methodology is as follows: the series were decomposed using SSA and then de
data was used to obtain the principal components using PCA. The matrix of the first
five principal components was fed to the MDS algorithm to obtain the time series
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representation in a bidimensional plane according to their structure. Only five
components were used since nearly 90% of the variance is contained in those
componcnls as we can observe in Table 2.

In Figure 1 we show the final clustering of the series and the three main groups that
were identified and the dynamic of the time scries that are part of the cluster. In the
figure we can appreciate that despite having difTerent dynamics, scveral signals can
belong to a group since they share similar inner structures, the local interactions of
those basic structures are what make the time series behave in a particular way.

Table 1. Experimental data sel

Time Series Dynaniics Time Series Dynamics
Sine periodic Dow Jones complex
Vand_crp_ol peniodic Kobe complex
Qperiodic2 quasiperiodic ECG complex
Qperiodic3 quasiperiodic EEG complex
Mackey-Glass chaotic ASClI complex
Logistic chaotic El nino complex
Lorcnz chaotic HIV DNA complex
Rossler chaotic Human DNA complex
Ikeda chaotic Lovaina complex
Henon chaotic Plasma complex
Canlor chaotic Primes complex
Tent chaotic SP500 complex
Al complex Star complex
DI complex Brownian motion random
Lascr complex White Noise random

For illustrative purposes, in Figure 2 we show the same plane, but now showing the
waveforms of the time serics. Here we can observe how the elements of the principal
clusters are related by the intricacy of the time series. In the leftmost cluster there are
very intricated, noisc-like time serics, at the right extreme there are somewhat smooth
waveforms and in the middle top are time series that are nol as intricate or as regular,
i.c. a blend of the first two clusters. From this results we can also speculate that a
discrete and qualitative classifications such as "chaotic”, "complex" and "random" are
not always the best suited as the dynamics of the phenomena can form a continuous

space if we use a quantitative approach.
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Fig. 1. Clustering of the series in the MDS planc
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Fig. 2. Waveforms of the experimental data set in the MDS plane
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Table 2. Variance percentage of the first five principal components

Time Scrics sebar PCI %eVar PC2 teVar PC3 SaVar PC4 SeVar PCS

Sine B3.158 11.842 0 0 0
Vandcrpol 59.752 38.884 0.698 0.609 0.028
Qpenodic2 88.116 11.608 0.247 0.021 0.005
Qpeniodic3 33.545 31.809 19.528 13.291 1.156
MackeyGlass 29777 27.577 16.732 12074 3.14
Logistic 16.341 15.725 10.029 9.394 6.667
Lorenz 89.332 10.031 0.604 0.031 0.002
Rossler 67.399 31.077 1.113 0.316 0.068
lkeda 8.037 8.03 1.72 7.589 6.976
Henon 16.398 14.592 10519 6.5 6.448
Cantor 6.404 6.375 5.757 5619 5.343
Tent 80.689 2.263 2.23 1.758 1.745
Al 43.903 35.677 6.724 6.425 2.145
D1 65.134 12.674 11.936 4.46 2.148
Laser 38.393 34912 5.853 5.391 3.606
Dowjones 96.723 2.114 0.431 0.227 0.149
Kobe 23.285 22457 11.749 10.45 6.366
Ecg 93.729 6.047 0.21 0012 0.002
Ecg 26.944 24.338 18.28 5.54] 3.208
Ascii 7.435 7.297 6.284 6.069 6.047
El nifo 87.321 5.593 299 1.8 0.908
HIV DNA 6.452 6.332 6.077 5.49] 5.297
HumanDNA 99.848 0.094 0.023 0.01 0.006
Lovaina 52.332 38.383 8.265 0.835 0.125
Plasma 18.074 17.677 7.626 6.517 5.984
Primos 7.343 6.482 6.359 6.107 5.526
SpS00 7.407 7.353 6.588 6.528 5.906
Star 56.218 31.681 1.665 1.143 1.07
Brownian m. 94.099 3.936 0.723 0.348 0.247
Whitenoise 6.449 6.178 6.044 5.309 5.296

5 Conclusions

We have analyzed a sel of several time series with diverse dynamics by means of two
complementary analysis  techniques, SSA and PCA and employed the
multidimensional scaling for the process of clustering and visualization of the
obtained data.

As we can see in the results, the time series did not form clusters based on their
dynamic bchavior. Instead, the grouping was based in the similarity of basic
structures that are common to the serics. This means that phenomena with difTerent
dynamics can sharc similar internal patterns although the local interactions of patterns
lead to diverse behavior

It is also worth of notice that the three main clusters that were identified are
conformed by time series of comparable intricacy, one group was formed from very

in_tricalc data another from somewhat smooth waveforms and a third one of a merge
of the previous.
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Thus, the proposed scheme can be useful to classify data of diverse nature with
hidden patterns, disregarding the outward appearance of the time series.
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Abstract. The goal of this research is to analyze how a new evolutionary algorithm based on
Markov graphical model sclection of promising solutions finds the optimum for some kind of
functions. Probabilistic models have been used for the optimization of deceptive functions, for
example. PBIL, MIMIC, BOA, UMDA, BMDA, FDA, EBNA etc. However, all mentioned
algorithms arc restricted in the complexity of the models used in the search. The algorithm
presented in this paper, termed UEMMA (Unrestricted Evolutionary Markov Model Algo-
rithm) was tested with the known deceptive functions. Compared with the results of the others
authors the performance of this algonithm in gencral is not worse and in soine cases is belter.,
especially when the functions are more complex.

1 Introduction

Scarching for and using a stochastic structure of the space of solutions has been an
active line of rescarch within the ficld of genetic and evolutionary computation.
Whereas in genetic algorithms there are crossover and mutation algorithms, in Estima-
tion of Distribution Algorithms (EDA) they have been replaced by learning and sam-
pling of a probability distribution. This new approach for optimization emerged be-
causc the genetic algorithm paradigma needed the choice of suitable values for the
parameters, and this was converted into a ncw optimization problem as was shown by
Grefenstette [8]. This reason, together with the fact that the prediction of the move-
ment of the population in the scarch space is extemely difficult, has motivated the
birth of a new type of algorithm, EDA. The estimation of the joint distribution associ-
ated with the database containing the individuals of the population constitutes the
bottleneck of this new heuristic [9].The previous work began with PBIL (Population
Based Incremental Learning) by Baluja [1] and later improved by Baluja und Caruana
[2] where a single probability vector of binary independent variables is updated mov-
ing to the best vectors of the population, and a memory used as the information from
the previous iterations is preserved. In MIMIC, a framework by De Bonnet, Isabell
and Viola [4] the dependencies form a chain and the Kullback-Leibler divergence is

' Supported by PROMEPUAAGS-PTC-02-01
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used as measure of the fitting of the chain to the population of promising solutions.
Baluja and Davies [3] uses optimal dependency trees and the Kullback-Leibler diver-
gence is minimized. One of the most general approaches is the onc proposcd by Pe-
likan. Goldberg and Cantu-Paz, known as BOA [13]. This algorithm uscs a net where
each node can have k successors, allowing variables to be conditionally dependent on

sets of variables. The UMDA by Muhlenbein and Pass [11] uses the same type of
distribution as does PHIL algorithm, and the main difTerence is that a memory is used
in PHIL and in UMDA the collcction of vectors is used instcad. The BMDA by Pe-
likan and Miuhlenbein [14] covers second order interactions just as the case of
MIMIC. however, the structure used in BMDA is more general than the one in
MIMIC. Finally the FDA by Mohlenbein, Mahnig and Rodriguez [12] a factorization
of the distribution is given a priory depending of the problem. The estimation of
Bayesian Network Algorithm (EBNA) looks for the Bayesian Network whose  struc-
wre has the maximum posterior likelihood, and whose parameier can be computed

directly from the data set (7).

2 Algorithms Description

This paper presents an evolutionary stochastic algorithm that uscs as a searching
distribution an unrestricted structure in the class of graphic Markov Modcls (UMMA)

as is proposed by Diaz and Ponce de Leén [5]), defined as follows:

choose an initial population

determine the fitness of each individual

perform selection of individuals to be reproduced
repeat

perform crossover

perform muation

determine the fitness of cach individual

perform selection of individuals to be reproduced

until some stopping criterion applies

The learning model is represented by an hypergraph and is encoded using vectors
of binary variables. The graphical model selection algorithm obtains a model that best
fit the population of promising solutions using an algorithm for discrete Markov
model selection using the convex fitting index (CFI) based in an information measure
of divergence, the Kullack-Leibler, and a penalty criteria to accomplish simplicity of
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the graph [5]. This indc_x was proposed because of its bhest performance compared
with other two indexes, in a simulated empirical study [Diaz, Ponce de Ledn. 2002].

The population generation uses the Gibbs-Sampler for a Graphic Markov Model de-
fined in Diaz and Ponce de Ledn, 2003 [6).

The UEMMA is defined as follows:

Gencrate a collection of n random vectors
Evaluate the objective function
if the termination condition is not satisfied continues
repeat
order by value
sclect nt from the best vectors
sclect and estimate the distribution (UMMA)
generate a new population with the Gibbs-Sampler
Evaluate the objective function

until some stopping criterion applics

The UEMMA gencrates a collection of random binary vectors in the first siep, sec-
ond step, evaluate the objective function, third step, if the termination condition is not
satisficd continues, fourth step, order the vectors and fifth step, selects the t percent of
the best evaluated vectors. Sixth step, select the structure of the Graphic Markov
Model that best accomplish the convex fitting index CFI and estimates the distribution
with the UMMA algorithm and seventh step, generates a new population using the
Gibbs-Sampler for a Graphic Markov Model [6], eight step, evaluate the objective
function and night step, if the termination condition is not satisticd go 1o the fourth
step and repeat.

3 Function Text
3.1 OneMax Problem

This is a well-known simple lincar problem used to test the convergence velocity and
the scalability. It can be defined as maximizing the function:
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Fomemas (X) = X" 21 X; (1)
Where x; is a binary variable for every i. This function has the global optimum at
(1.1,1....1).
3.2 Plateau Problem

This problem was proposed in Mihlenbein and Schlierkamp-Voosen [10]. The indi-
viduals of this function consists of a n-dimensional vector, such that n=mx3 (the genes
are divided into groups of three) The function is dcfined as:

Frea()= 2. 8(s,) 2)

i)

Where
g(s,) = g(X32, XprrX3i ) = il X502 =1, X351 =1, X5 =1

And zero in other case.  This function has the global optimum at (1,1,1...,1).

3.3 FC; Problem

This function has been proposed in Muhlenbein et al. (1999) [12] and is composed by
deceptive descomposable functions as follows:

(3.0 for x = (0,0,0,0,1) 3)
2.0 for x =(0,0,0,1,1)

1.0 for x =(0,0,1,1,1)

35 forx=(L1L,1L1,1)

4.0 for x =(0,0,0,0,0)

0.0 otherwise

F,“r(X)= 4

Foi= ) Fomi (s,) @

/=l
Where 5, = (x,,_“x,,_,,x,l_,,x,j_,,x,,) and n=5m.
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3.4 FC,Problem

This function has been proposed in Muhlenbein et al. (1999) [12] and is composed by
deceptive descomposable functions as follows:

0.595 for x =(0,0,0)
0.200 for x =(0,0,1)
0.595 forx =(0,1,0)
0.100 forx=(0,1,1)
1.000 for x=(1,0,0)
0.050 forx=(1,0,1)
0.090 forx=(1,1,0)
10.150 forx=(1,1,1)

(S)

F cupam (X)= 4

FA sixy= 4F cbam (x,,%,,%,) if x, =x, and x, = x, (6)
0 otherwise

Fedx)= ) F*aami (s) ()
J=1

Where 5, = (X;,_45Xs,-35Xs,-25X5;-1»X5,) and n=5m.

3 Experiment, results and discussion

The experiments designed consisted in fixing values of the parameters of the genetic
algorithm as follows: for the percent of the best fitted bedividuals in the population t
to generate the population t + 1 the value is 70, for the probability of selecting indi-
viduals at random for mutation the value is .1 , for the weighting coefficient in the
CFI fitting index the values is .7. With the combination of factors defined, and 70
percent of the population selected for the new population in the exploration of th.c
searching space, runs of the UEMMA for cach type of function were performed as is
shown in Table No. I .
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Table 1. Expcrimental Results

Problem OncMax OneMax Platcau Plateau  Fe, Feqp Fce Fc,
Variables 10 10 9 9 10 10 10 10
Mcan number 9 4 5 2 24 18 12 9

of Generations

Time 60.2 47.9 85 45 193.5 116.85 84.05 82.36
secs

Size of Popu- 100 300 100 300 100 300 100 300
lation

% of Selection 70 70 70 70 70 70 70 70

The preliminary experience with this algorithm shows, as firts sight that growing
the size of the population dimishes the mean number of generations to obtain the op-
timum. The oplimum was obtained in all functions. The One Max function is, of
course, the easiest 1o optimize, and the Fc, is the most difficult. The time of perform-
ance is proportional to the number of generations.

4 Conclusions and recommendations

As conclusion, the performance of tha algorithm UEMMA in these functions is like as
reported in the literature [12]. In general the algorithm has a good performance but
more experiments must be done with other functions and problems of different sizes.
A comparative study with other algorithms could give new ideas, especially about the
treatment of bigger problems.

As a recomendation it will be usefull to design a bigger experiment calibrating to-
gether the parameters of the model selection algorithm and of the optimization algo-

rithm in order 1o obtain new ideas of the relation between these two sets of parame-
ters.
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Abstract. We study the problem of constructing local absorbing boundary con-
ditions (ABCs) for the numerical simulation of n-dimensional lincar acoustic
and c¢lcctromagnelic waves in unbounded domains. Employing the technique of
dimensional splitting, we reduce the construction of the ABCs for the original
n-D equation to sccking for an ABC for the one-dimensional wave problem,
Then, applying the Laplace transform in time as well as using spline interpola-
tion for the initial data, we obtain an infinite family of functions that approxi-
mate the far-ficld solution with higher and higher accuracy. These functions arc
uscd as ABCs. Duc to the property of compactness of supports of the splines,
the boundary conditions appear 1o be local both in time and in space, which is
extremely important for their numerical implementation. Yet, these ABCs arc
uncritical to the shape of the antificial boundary and therefore usable for simu-
lating a vast number of practical wave problems in domains of drastically com-
plex geometries. The resulting boundary value problems are well-posed in the
scnse of existence, uniqueness and stability of solution. Results of the numeri-
cal experiments confirm the theoretical study.

1 Introduction

Numerical solution to differential problems in unbounded domains requires introduc-
ing a finite computational domain enclosed by an artificial boundary. Indeed, all the
matrices and vectors employed to compute the solution must be of finite sizes, and
therefore the necessity in truncation of the original domain is dictated by the evident
limitations on the computer memory. Hence, it is required 1o impose adequate bound-
ary conditions for simulating the solution at the boundary points. The adequacy of the
boundary conditions implies that 1) the resulting boundary value problem (BVP) must
be well-posed in the sense of existence, uniqueness, and stability of solution, and 2)
the error between the solutions to the original Cauchy problem and the resulting BVP
should be as small as possible in the domain of interest. Boundary conditions satisfy-
ing the aforesaid requirements are often called artificial boundary conditions (ABCs)
[17).

A special class of ABCs is known as one-way, or absorbing, or non-reflecting
boundary conditions (NRBCs) 3, 16]. These boundary conditions appear when study-
ing various wave phenomena in such fields of scientific computing as geophysics (1,
4, 8], theory of elasticity [5, 10, 13], computational fluid dynamics (3, 4, 15], and
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others. NRBCs are derived in such a manner that permit waves propagating outwarg
the computational domain only, while no propagation towards the interior is allowed,

For the last three decades there have been developed a whole series of differen
methods for the construction of NRBCs [2, 4, S, 8, 10, 11, 13-15] (see also [17)),
However, all of them lead to boundary conditions that suffer from some or other djs.
advantages. For example, many methods provide BCs that can be used with a planar
(i.e.. rectangular) artificial boundary only; others lead 1o NRBCs that are non-loca|
either in time or in space, or even both, and hence these BCs are unrealisable from the
computational standpoint; third group of methods is oriented to solving a particular
class of equations, and therefore fails when applying to problems of other types.

In this paper we present an advanced mecthodology for the construction of non-
reflecting boundary conditions. The key idea consisls in the employment of the tech-
niques of operator factorisation and dimensional splitting {12]. Unlike all other
NRBCs, ours are geometrically universal and besides appear local both in time and in
space. These properties allow to use the approach when numerically solving a wide
spectrum of practical wave problems in domains of extremely complex geometries [7].
In addition, the constructed boundary conditions are more accurate than many others,

e.g., those derived in [4].

2 Problem Formulation

Consider the n-dimensional wave equation
ou "
Aun?—a Au=f, (x,t)eR x (0,40) (1
subject to the initial condition

ul:.o-g(x)' %':—l =0 . (2)

Here u =u(x,t) is the function to be sought, a = a(x,t)z 0 is the wave velocity, A
is the Laplacian in x, and f = f(x,r) denotes the sources. Let the computational
domain be an open region Q c R" with a piecewise smooth boundary I'. We assume
a = const outside Q , as well as supp f < Q. In order to solve problem (1)-(2) nu-
merically, it is required to construct a differential operator B for the boundary condi-
tion 1'3u|“r =0; upon this, the operator B must be derived in such a manner that

waves propagating from Q leave the domain without reflections to the inside, that is
the boundary condition must be non-reflecting.
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3 Construction of the ABCs

We shall construct the boundary operator B in two steps. At the first step we employ
the method of dimensional splitting [12]: we choose some i from the range [l,...,n],

freeze the coordinates {x, }:-; ot and consider equation (1) on I' with respect to x,

only, i.e.

2 2
A"E?_a — =0, (x,/))ex(0,+x), {"‘};-u-: are fixed . 3)

At the second step, in order to satisfy the requirement of no reflection of the boundary
condition, we factorise the operator 4, onto the incoming and outgoing compo-

nents— A, = A’ A7 —and rewrite equation (3) the form

A,'A,'u=(§+a£—J(i—ai)u=0 : (4)

1

It is important to emphasise that we decoupled the incoming and outgoing waves in
the original, physical space R", without involving any additional techniques like
Fourier transform [4] or others. Therefore, we avoided imposing undesired restrictions
on the shape of the boundary I', and hence, on the applicability of the subsequent

NRBC:s too.
The derivation of the boundary operator is now obvious: if the incoming wave at

the point x, (all the other x,’s are fixed) is represented by the positive component
A’ , then we prohibit it defining 4 = E (here E is the identity operator) and obtain

B,u';rA,'A,'u=EA‘uz(—a--a—a-]u=0 : (5)

o ox

otherwise, if the incoming wave corresponds to A4, it holds B =0,+add, .

In fact, the construction of the one-dimensional NRBC is complete, and now we
can derive the general n-D absorbing boundary condition. However, before doing this
let us construct a family of 1D non-reflecting boundary conditions basing on the origi-
nal BC (5). This family will be derived in such a way that its members will be ap-
proximate solutions to equation (5) specially adapted to finite difference implementa-
tion. So, involving the technique used in [6], we apply to (5) the Laplace transforfn in
time and then approximate the initial condition g from (2) by a family of splines.

Next, assuming the image of u to be bounded in x, in the dual space, we apply the
inverse Laplace transform and thus come to an infinite family of approximate solu-
tions to equation (5) in the physical space [7):
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‘o AR 7 (0]
u[°]=u“+z:a"—5- y T, =hy—h, W =§g, ke{O}UN. (6)

Here m21 is the spline order. Consequently, the general n-dimensional absorbing
boundary condition has the form

['“'](x)— [|(x)+zap i Zs" ou lsl(x)

p=l ' 12l l

, xert, (7)

where s, = 5, (x) is the sign function having the value +1 if the incoming wave at the

point x e " in the direction x, is given by the operator 4", and -1 otherwise (see

formula (5)). For the errors produced by solutions (7) on the boundary we have the
estimates

sl pel : j=li=lasj

. IS"["" SOBFEES GO0 o ] | ®

f“"Jl(l) » A G)

where §, = max I and &, = max

P

. The following proposition holds.

e

Proposition 1. For every m 21 the corresponding wave boundary value problem is
well-posed in the sense of existence, uniqueness, and stability of solution.

We shall omit a formal proof of this statement, and only mention that it can be done
by means of functional analysis and the theory of generalised functions. For further
studies on well-posedness of the resulting BVPs the interested reader may refer to [7].

Let us make two important remarks. First of them concems the use of splines when
approximating the initial data g in the Laplace-transformed equation (5). Specifi-
cally, it is essential that we employed compactly supported basis functions rather than
some infinitely supported ones [15]. Due to this we again avoided restrictions on the

shape of the boundary I', and so derived a family of geometrically universal NRBCs;
in addition, these BCs are local and adapted to numerical implementation in time.

Another remark relates to the factorisation of the operator 4, in (4) and the subse-
quent prohibition of the incoming wave at the boundary point. Namely, it can easily be
observed that having defined 4 =E (or A4 =E ) we, properly speaking, disre-
garded the second order of the temporal derivative of the wave equation and thus
reduced it from two to one. Therefore, the resulting boundary conditions (7) serve
only in case of zero initial condition 3,u|_, = h(x), as defined in (2). However, to
generalise these NRBCs one may perform a preliminary change of variable (with
respect to the function u) and to transfer 4 # 0 to the right-hand side of equation (1).

This will allow to subsequently take into account the presence of the non-zero initial
data and hence to construct a more general version of the operator 8 [7).
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4 Numerical Results

We tested the developed method having performed several experiments on functional-
ity and efficiency of the constructed NRBCs. For clearness of presentation of the re-
sults we considered the case n=2.

First of all we compared our boundary conditions with those derived in the classical
paper by Engquist and Majda [4]. For this we solved the original Cauchy problem (1)-
(2) and a few boundary value problems with various boundary conditions. Specifi-
cally, we tested the lowest-order BC (7) corresponding to m=1 and the first two
NRBCs from [4] analysed by the authors in detail. The artificial boundary was sup-

posed to be the straight line ['={x,=0} , the domain of interest was
Q=(-6.6)x(0,6) , and we chose g(x)=sin’n (x +0.5)sin’n (x,-0.5) ,
suppg c [-0.5,0.5]x[0.5,1.5], a=1, Ax, = Ax, = 5t =0.05. To discretise the equa-

tion in Q we used the standard second-order “wave” finite difference scheme [9,
p. 228), while on the lateral boundary we imposed the zero Neumann boundary condi-
tion. At each time moment on I' we computed maximum of the reflected wave related
to maximum of the incident wave.

In Fig. 1 there are two wave profiles corresponding to the solutions to the infinite-
domain problem and the BVP with BC (7). It can be seen that the second profile is
similar to the first one, with a small reflection as well. Expressed numerically, Table |
summarises L,-norms of the relative error for different angles of wave incidence. One

may observe that there are considerable benefits in the precision of solution, espe-
cially for large values of 0 , under substantial geometrical flexibility of our NRBCs.

Table 1. Planar artificial boundary: relative error (in %) for differcnt angles of wave incidence

Angle (0) BC (7) 1* E-M 2™ E-M
0° 2.55 6.06 2.10
10° 2.50 6.07 2.18
20° 2.56 6.33 2.40
30° 3.55 7.91 3.14
40° 5.65 10.76 4.22
50° 6.50 15.40 6.11
60° 7.28 21.99 9.54
70° 7.53 30.36 16.14

To try the method on complex geometries, we considered the domain Q shown in
Fig. 2 (top) and repeated the experiments computing the relative error between ampli-
tudes of the reflected and incident waves. As in the case of planar artificial boundary,
there was a weak reflection from I', and the error did not exceed 2.5% for 8 =0° and

7.9% for 6 = 70°. At the bottom of Fig. 2 we show the numerical solutionat 7 =0.33
as well.
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Fig. 1. Planar artificial boundary: solutions to the original Cauchy problem (top) and
the resulting BVP (bottom) at T =2.0
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Fig. 2. Experiments with complex geometries: the domain of interest (top) and
the BVP solution at 7' =0.33 (bottom)
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5

Conclusions

We have developed an advanced methodology for the cons.!ruction of non-reflecting
boundary conditions for numerical solution to the n-dimensional wave equation. The
derived NRBCs lead to well-posed boundary value problems, provide essential gains
in the accuracy of solution, and possess substantial geometrical flexibility in compari-
son with other ABCs. Numerical results confirmed the functionality and efficiency of
the approach. We expect the methodology admits generalisations to otl}cr types of
differential problems bound with the question of absorbing boundary conditions.
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Abstract. In this paper, we propose a new class of multichannel filters, the vector
median M-type K-ncarest neighbor (VMMKNNF) filter 1o achieve three objectives:
noisc suppression. chromaticity retention, and cdge and detail preservation. The de-
sign of VMMKNNF filter is mainly based on the combined RM-cstimator with dif-
ferent influcnce functions. Also, we improve the performance of the proposed filter
by using an adaplive non paramelric approach in its filtering scheme. The new filter
is called adaptive multichanncl non parametric VMMKNNF (AMN-VMMKNNEF)
filter. Simulation results illustrate that the VMMKNNF and AMN-VMMKNNF fil-
ters can successfully satisfy to these three objectives, and also demonstrate that their
performance surpasses other existing filtering techniques. Finally, we also present
the real-time implementation of proposed filters on the DSP TMS320C6711 demon-
strating that they potentially provide a rcal-time solution 1o quality video transmis-

sion.

1 Introduction

In the last decade, many useful techniques of multichannel signal processing based on
vector processing were investigated due to the inherent correlation existing between the
image channels compared against the traditional component-wise approaches {1, 2]. The
most common processing problems are the noise filtering and image enhancement, since
these ones are essential functions of any image processing system, regardless of whether
the processed image is utilized for visual interpretation or automatic analysis.

Different filtering techniques have been proposed for color imaging. Particularly,
nonlinear filters applied to color images have been designed to preserve edges and fine
details, and remove an impulsive noise {3-5]. A number of different vector processing
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filters based on order statistics (OS) have been introduced recently in color image analysis
and restoration {1-5]. ) .

In this paper, we introduce the Vector Median M-Typc K-Ncaresl Neighbor filter
(VMMKNNF). This filter provides fine detail preservation er.nplo.ymg th.c KNI.Q algorithm
[5] and the combined RM-estimator [6-7] to obtain the sufficient |-mpulswc noise suppres-
sion for each color channel. The combined RM-estimator is described as redescending M-
estimator with different influence functions [5, 8] combined with the median R-estimator
[5. 8] to provide better noise suppression. To improve the restoration performance of
VMMKNNEF we use an adaptive non parametric approach determining the functional form
of density probability of noise from data into the sliding filtering window [4]. This filter is
called adaptive multichannel non parametric VMMKNNF (AMN-VMMKNNF). Simula-
tion results have demonstrated that the proposed filters consistently outperform other color
image filters by balancing the tradeofT between noise suppression and detail preservation.
The implementation of the filters was realized on the Texas Instruments DSP
TMS320C6711 [9] to demonstrate that they can provide a real-time solution to quality
video transmission.

2 RM-Estimators

The R-estimators form a class of nonparametric robust estimators based on rank calcula-
tions [5, 8). The median estimator is the best estimator when any a priori information

about data Y, distribution shape and its moments is unavailable 5, 8}:

1
- 2(Y(,z)+ Y‘._z)), for even n 1)
}'(,,,,) for odd n

where Y{,) is the element with rank j in the sample of size n.

Huber proposed the M-estimators as a generalization of maximum likelihood estimators
(MLE) (5, 8, 10]. The standard technique for M-estimate calculation consists of using of

Newton's iterative method introducing the influence function y(X,0 )= ;) p(X.0) and the

function wlu)= {q; @)u, u=0 as (5, 8, 10]:
e u=
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iw[}; -gys,} ZW(Y MED{Y, })

le) T

iw[}; e“'"')/s] 21[,,19*(1' MED{Y h)

el lal

(2)

where 0'"'is the M-estimate of the sample location parameter 8 on a step ¢ and S, is a
scale estimate; Y, is a data sample, ¢ is the normalized influence function  :
w()=1g(¥) and Y, is the primary data sample. Usually ¢ = MED{Y, } is the median
of primary data and § = MED{: _9“"';}: MAIX}’H) is the median of the absolute deviations

from the median. It is evident that eq. (2) represents the arithmetic average of
i‘” ,-MEeD{, )y which is evaluated on the interval r.r] (7).
Il

Another way to derive the function y(Y) is to cut the outliers off the primary sample.

This leads to the so-called lowered M-estimates. Hampel proved in (8] that the skipped

median is the most robust lowered M-estimate. Below we also use the simple cut (skipped
mean) influence function [5-8, 11].

To enhance the robust properties of M-estimators by using the rank estimate consists of
the procedure similar to the median average instead of arithmetic one. The proposed esti-
mator is called combined RM-estimator (Median M-type estimator) [7]):

0“\m =MED {7, -0")i=1,..,N} 3)

where Y, is a data sample; ¥ is the normalized influence function y : y(¥)= W (Y):
initial estimate is ' = MED{, }: and ¥,, is the primary data sample.

3 Proposcd Multichannel RM-Filters

To increase the quality of filtration via the preservation of the edges and small-size details
in the image consists of the use of K elements of the sample whose values are closest to

the central pixel value of a sliding filter window. This leads to the widely known KNN (X-
nearest neighbor pixels) image-filtering algorithm [5].

The proposed VMMKNNF employs the KNN algorithm [5]. The Vector KNN filter
(VKNNF) is written below as 1}
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G = 3w Gl @

KNN
K‘. mal

where y_ are the noisy image vectors in sliding filter window, which includes m=1,...,N
(N is odd) vectors Y, ¥35ec0r Yy located at spatial coordinates in the filter window, and
v () is the influence  functiop that is defined as

1 if y, are K, samples whose valucs afc o . For improving the robustness of
w(».)={" 10 the valuc of the central sample Yev.i)2 o
0, otherwise
the VKNNF we proposed to use the iterative RM-estimator (3). So, the Vector Median M-
type K-Nearest Neighbor filter (VMMKNNF) can be wrilten as:

G\Sﬂs.m - MED%M} (S)

where g is a set of K, values of vectors J, which are weighted by value in accor-

dance with the used influence function i(y,) to the estimate obtained at previous step
gl-1) . in a sliding filter window; y,, are the noisy image vectors in sliding filter win-
dow, which include vectors ¥, Y;,.-., Yy located at spatial coordinates (j, j) in the filter
window; foﬂmm = Yinen2 is the initial estimate; g is the index of the current iteration;

K is the number of the nearest neighbor vectors calculated in such a form (7, 12]:

K = [k’nh +a-D, (V(Num)]s K (6)

where @ controls the detail preservation; X, is the minimal number of the neighbors for
noise removal; K, is the maximal number of the neighbors for edge restriction and
detail smoothing; and D, (y(“m)is the impulsive detector (7, 12, 13]:

MED U xeipiz = Y
D.G(N-l)[!}{ {}‘ Y y |ﬂ+[l —-M—Al)—-] (7)

MAD 2 MED{),}

where MED{y_} is the median of data set in sliding window, and MAD is the median of
absolute deviations from median in the same window [5, 7].

Numerical simulations show that, when K, >7 and X_>350, the VMMKNNF filter
may be replaced with 3x3 median filter and 5x5 median filter, respectively. The algorithm

i () _ - . . . .
finishes when g3 =@{1) . From simulations we found that the iterations con-
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verge after one or two iterations.

To improve the impulsive noise suppression and detail preservation performances of
VMMKNNF we have introduced the AMN-VMMKNNF that is based on adaptive non
parametric approach and determines the functional form of density probability of noise
from data into the sliding filtering window [4]. So, AMN-VMMKNNF is presented by
combining the adaptive multichannel non parametric and the VMMKNNF according with
the reference [4].

The proposed AMN-VMMKNNF can be written as:

5 o] HMKQG=p) b).

2(Y) amnvavxan = !

T SRR h)

Ic)

C))

VMMKNN

where X, values represent the VMMKNNF providing the reference vector accord-

ing with [4], y is the current noisy observation to be estimated from given set Yy, ¥,

are the noisy vector measurements, #, is the smooth parameter:

h = n-p’“(iuy} - y'nh) 9)

J=l

where Y, EN for Yy /9 j=12--N, ﬂ}’ ) - y’lt. is the absolute distance (L, metric)

between two vectors, p is a parameter to be determined between 0.5> p>0, M s the
dimensionality of the measurement space (M=3 for color images), and the function
K(y)= cxp(—- Iyl) is the kernel function in the case of impulsive noise [4].

4 Simulation Results

We evaluate the VMMKNNF and AMN-VMMKNNF and compare their performances
with other color filtering techniques proposed in the literature [1-5]. The criteria uscd to
compare the restoration performance of various filters were the peak signal-to-noise ratio
(PSNR) for evaluation of noise suppression, the mean absolute error (MAE) for quantifi-
cation of edges and detail preservation, the mean chromaticity error (MCRE) for ev_alua-
tion of chromaticity retention, and the normalized color difference (NCD) for quantifica-

tion of the perceptual error [1-5]:
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255
PSNR =10- Iog{%‘%} ,dB (10)

1 M N
MAE=—=3 3 [, .|, ()

i2) J=l

M N 7 . ‘h M N h .
where MSE = ZZH},‘J "d'-lﬂ:,, is the mean square error, M,N are the image

e
MN fel jol
dimensions, y, , is the vector value of pixel (i, j), of the filtered image, d ., is the cor-

responding pixel in the original noise free image, and | v lr , I . I are the L,- and L,-
[ Iy
vector norm, respectively,

M N ) 2
ZZHP‘J _p'.ln;1

MCRE = =22
MN

where p, , and P, are the intersection points of y,, and d,, with Maxwell triangle
plan, respectively,

(12)

I
NCD =5 (13)
E.
i=1 ;u ’”“L’

Where AE,, . = Eu_) +(u) + (A,,-)‘]’ is the color error, AL, Au’, and Av' are the

g:f;'crcnce I.l:i the .L . U ,and v components, respectively, between the two color vectors
nder considera . ¥y : e I i
tion, and lE.. ul- " [L Y+ @)+ (v-)]’ is the norm or magnitude of

the ;nc:rruptcd original image pixel vector inthe L'u"v' space.

To determine the restoration properties and compare the qualitative characteristics of
vardlo;; color. ﬁllFrs. .lhc 3x3 VMMKNNEF with simple, Hampil's three pant rcdcsc::;ding,
fmﬂ drew’s sine influence functions, the 3x3 AMN-VMMKNNF filter with simple
;nﬁucncc ﬁlxpcllon, and thc 3-x3 vector median (VMF), 3x3 a-trimmed mean (a-TMF),
windii:c(r:,avlgc]g vector directional (GVDF), 3x3 adaptive GVDF (AGVDF), 5x5 double

(GVDF_DW), 3x3 multiple non-parametric (MAMNFE), 3x3 adaptive
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multichannel non parametric (AMNF), and 3x3 adaptive multichannel non parametric
vector median (AMN-VMF) filters were simulated. The presented filters were computed
and used according with their references [1-5) to compare them with the proposed filter-
ing approach. The reason of these filters choosing to compare with the proposed ones is
that their performances have been compared with various known color filters and their
advantages have been demonstrated,

The 320x320 color test (24 bits per pixel with 16,777,216 colors) widely used images
“Lena” and “Peppers™ were corrupted by impulsive noise with 20% of spike occurrence in
each a channel. Table 1 presents the comparative restoration results for the mentioned
images applying the criteria mentioned above. We found from Table | that the restoration
performance can be analyzing in two cases.

In the first case, when we employ the proposed VMMKNNF and the comparative
VMF, a-TMF, GVDF, AGVDF, GVDF_DW filters that use the vector approach in their
filtering scheme. One can see from the Table 1 that the PSNR performance of the
VMMKNNF filters are changed in favor of the proposed filtering scheme in comparison
with cases when other filters are used from 0.56dB (test image “Lena™) to about 1.36dB
(test image “Peppers”). The MAE performance is changed in favor of the proposed filter
from 0.09 value (test image “Lena™) and 0.15 value (test image “Peppers”). In the casc of
use the MCRE and NCD color criteria, the VMMKNNF filters have almost the same per-
formances that the comparative filters but in some cases the performances of VMMKNNF
filters are better.

In the second case, when we use the AMN-VMMKNNF filter and the comparative
MAMNFE, AMNF, and AMN-VMF filters that employ the adaptive multichannel non
parametric approach. Table | shows that the PSNR, MAE, MCRE, and NCD performances
of the AMN-VMMKNNF filters are changed in favor of the proposed filtering scheme in
comparison with cases when other filters are used. So, all calculated values of restoration
criteria have shown better performances of the presented AMN-VMMKNNF filter.

Analyzing these two cases one can obscrve from Table | that the restoration perform-
ance of VMMKNNF and AMN-VMMKNNF are often better in comparison when other
filters are used.

Figure 1 exhibits the processed images for test image “Peppers” explaining the impul-
sive noise suppression and detail preservation. From Figure 1 one can sce that the pro-
posed VMMKNNF and AMN-VMMKNNF appear to have a better subjective quality in
comparison with MAMNFE and AMN-VMF.
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Table 1. Comparative restoration results for color images corrupted by 20% impulsive noise

Algorith Lena Peppers
Lk PSNR T MAE | MCRE | NCD_| PSNR_| MAE_| MCRE | NCD
VMF 5115 11073 | 0035 | 0038 | 1992 | 1137 | 0055 | 0043
@ TMF 3086 | 1497 | 0046 | 0049 | 1968 | 16.76 | 0084 | 0.067 |
GVDF 3067 1118 | 0038 | 0040 | 1865 | 1291 | 0061 | 0049 |
AGVDF 3201 1 1118 | 0028 | 0036 | 2057 | 1093 | 0.058 | 0.044
GVDF DW 3359 1 1009 | 0028 | 0039 | 2050 | 1160 | 0.049 | 0.047
MAMNEE 3367 1 965 | 0027 | 0035 | 2139 | 13.61 | 0067 | 0058
AMNF 2036 1 1651 | 0047 | 0053 | 1921 | 1849 | 0086 | 0073
AMN-VMF 2114 | 963 ] 0027 | 0035 | 2293 | 1041 | 0052 | 0.044
"MN': M’”l’KNNF 2461 | 905 | 0026 | 0032 | 2348 | 968 | 0050 | 0.041
Simple
VMMKNNF Simple | 23,05 | 1000 | 0033 | 0034 | 21.86 | 1079 | 0058 | 0042
VMM;’:\’:’F An- | 5507 | 1001 | 0033 | 0035 | 2188 | 1086 | 0058 | 0044
VMMK’:CTF Ham- | 5305 | 1004 | 0033 | 0035 | 2193 | 1078 | 0057 | 0.043

1
[
L

d)
Fig. 1. Subjective visual qualities of restored color image “Peppers”, (a) Original test image “Peppers”,
(b) Input noisy image (corrupted by 20% impulsive noise in cach a channel), (c¢) MAMNEFE filtering
image, (d) AMN-VMF filtering image, (¢) Proposed VMMKNNF filtered image (Simple), and (f)
Proposed AMN-VMMKNNF filtered image (Simple)

The va'lues of parameters for AMN-VMMKNNF and VMMKNNF filters and influ-
ence functions were found during numerous simulations. The optimal values of the pa-
rameters of the proposed filters were: a=0.6 and K, =5. The parameters of the influ-
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ence functions were: r<81 for Andrews sine, and a=10, <90 and =300 for Hampel three

art redescending. Therefore, there can be existed some variations of about 5% of PSNR,
MAE, MCRE, and NCD performances with the use of other parameter values which are
different ones than before presented. Finally, in this paper we have standardized these
paramelers as the constants to realize the implementation of the proposed algorithms for
real-time processing [7, 12].

The runtime analysis of various filters was realized using the Texas Instruments DSP
TMS320C6711. This DSP has a performance of up to 900 MFLOPS at a clock rate of 150
MHz [9]). The filtering algorithms were implemented in C language using the
BORLANDC 3.1 for ali routines, data structure processing and low level 1/0 operations.
Then, we compiled and executed these programs in the DSP TMS320C6711 applying the
Code Composer Studio 2.0 [9].

According to the restoration performance results obtained in the Table 1 their process-
ing time values are depicted in the Table 2. The processing time in seconds includes the
time of acquisition, processing, and storing of data. Analyzing the Table 2 we found the
following results: the processing time of proposed VMMKNNF with different influence
functions has values about 0.3s or less and these times are less than for other filters with
exception of VMF, a-TMF, and AMNF. The processing time values of AMN-
VMMKNNF are larger than for any another filter, but as it has been proven such a filter

presents the better performance.

Table 2. Processing time for different filiers on color images degraded by 20% impulsive noise

Algorithm Processing Time

Lena Peppers

VMF 0.039 0039

a-TMF . 0.087 0.087
GVDF 0.564 0.559
AGVDF 0.620 0.620
GVDF DW 0.721 0.720
MAMNFE 0832 0432
AMNF 0.095 0.095
AMN-VMF 0.648 0.648
AMN-VMMKNNEF Simple 3.687 3643
VMMRKNNEF Simple 0.296 0 296
VMMKNNF Andrew 0.199 0261
VMMKNNF Hampel 0.199 0.231

We can also conclude that the proposed VMMKNNF can process up to S images of
320x320 pixels per second depending on the influence function applied. The processing
time performance of VMMKNNF depends on the image to process and do not almost vary
for different noise level. These values depend on the complex calculation of influence

functions and parameters of the proposed filters.
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We also applied the proposed filters to process video -signals. Since most video se.
quences have high correlation between consecutive frames, it is clear that the 3-D filtering
can be more efficient than the 2-D filtering in terms on PSNR [7]. However, the 3-D fj)-
tering requires relatively large amount of computatior.is at.1d prf)ccssing time [7;|. In some
applications such as computer vision systems or medical imaging the consecutive frames
of a video sequence have no any correlation. For these reasons we only investigated 2-D
image filtering in the case of the video sequences. It has been processed the QCIF (Quar-
ter Common Intermediate Format) video color sequences *“Miss America™ and “Flowers”
to demonstrate that the proposed methods potentially can provide a real-time filtering
solution. This picture format uses 176x144 (24 bits per pixel with 16,777,216 colors)
luminance pixels per frame. The test video color sequences were contaminated by impul-
sive noise with 20% of spike occurrence in each a channel. The restoration performance
(PSNR. MAE., MCRE, and NCD) for one frame of the mentioned sequences are presented
in Table 3. Table 4 presents minimum and maximum processing time of the filters in the
case of use of 150 and 120 frames of vidco sequences “Miss America” and “Flowers™,
respectively. Figure 2 illustrates the filtered frame showing subjective visual criterion for
the sequence “Flowers” according to the Table 3.

Tabhle 3. Comparative restoration results for the first frame of the different video sequences cor-
rupted by 20% impulsive noisc

Algorihm Miss America Flowers
PSNR MAE | MCRE NCD PSNR MAEL MCRE NCD
VMF 2008 9 99 0065 0 046 1594 24 38 0 065 0072
a-TMF 19 48 1740 0097 0097 1632 27 68 0068 0.067
GVDF 1761 14 09 0083 0.069 1595 2424 0063 0 060
AGVDF 2072 993 0068 0052 1642 23 88 0 065 0058
GVDF DW 20 K2 9 96 0 062 0049 16 38 2397 0 054 0061
MAMNIE 21 Kl 1318 0077 0.073 16 89 25 82 0.056 0 064
AMNI 1% 99 19 25 0092 0107 15 80 30 04 0.068 0073
AMN-VMF 2410 892 0.061 0047 17 40 21 16 0053 0058

AMN-VMMKNNF
Sunple 25.05 7.92 0.055 0.042 17.68 2240 0.054 0.056

VMMKNNFE Simple | 21 98 9.58 0.067 0048 16 88 2348 0 067 0.057

VMMKNNF An-
drew 2215 9.53 0.064 0.050 16.84 23.51 0065 0058

VMMKNNF Ham-
pel

2218 947 0063 0050 16 B2 23 56 0.065 0059

Applying the same criteria that were used in the Table 1, the Table 3 demonstrates that
the better restoration performances were obtained by VMMKNNF and AMN-
VMMKNNF (sce Figure 2). The Table 3 only presents the restoration performance for the
first frame of the video sequences, because for all other frames we obtained similar results
demonstrating the better performances of proposed filters in comparison with other ones.
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One can see from the Table 4 that the processing times of proposed AMN-VMMKNNF
technique have larger values in comparison with other filters usage. Therefore, the pro-
poscd VMMKNNEF can process from 7 up to 16 frames per second employing any influ-
ence function. It is clearly that in case of an image that has 3 or 4 times less than 320x320
pixels the proposed VMMKNNGF filtering technique can preserve the edges and small-size

details, and remove impulsive noise better than other filters practically with standard film
velocity for computer vision applications.

Table 4. Minimum and maximum processing time in the case of the different filters for all frames of
the video color scquences

Processing Time

Algorithm Flowers Miss America

Min Max Min Max
VMF 00153 | 00153 00153 00153
a-TMF 00213 | 0.0213 | 00213 | 0.0213
GVDF 02026 | 02189 | 01869 | 02187
AGVDF 02263 | 02426 | 02106 | 02424
GVDF DW 0.7092 | 07591 07208 (07574
MAMNFE 03219 | 03219 | 03219 | 03219
AMNF 00371 | 0.0371 00371 | 00371
AMN-VMF 02506 | 02506 | 02506 | 0.2506
AMN-VMMKNNF Simple 14426 | 1 4503 13417 | 14454
VMMKNNF Simple 01218 | 0.1266 0.1109 01251
VMMAKNNFE Andrew 0.0765 | 00837 | DORYE | 01213
VMMKNNF Hampel 0.0595 00702 0917 0 09K3
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Fig. 2. Subjective visual qualities of restored color frame of video s:qucnce_“Floucrs". (a) Original test
frame “Flowers™, (b) Input noisy frame (corrupted by 20% impulsive noisc 1n cn_ch a ch;mm:l), (c)
MAMNFE filtcring frame. (d) AMN-VMF filicring frame, (¢) Proposed VMMKNNF filiered frame (Sim-
Ple), and (f) Proposed AMN-VMMKNNGF filtered frame (Simple)
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Finally, the simulation results show two important f:ﬁtcrja to choose the multichanne|
RM-filter type: restoration performance and processing time. We propose to use the
VMMKNNF when it is necessary to realize on-line processing, for example for video
color sequences, because such the filters have the mini'mum proccssing time. In this case,
the Hampel influence function into the VMMKNNF is more convenient _for application
because it provides less processing times in the proposed filtering technique. For other
applications where the processing time does not important we reco_mmcnd the use of
AMN-VMMEKNNF due that it provides the better performance in noise suppression and
detail performance in comparison with other filters.

5. Conclusions

The designed VMMKNNF and AMN-VMMKNNF are able to remove impulsive noise
and preserve the edges and details in the color imaging. These filters use the RM-estimator
with different influence functions, which is applicable to color image processing. The
proposed AMN-VMMKNNF use an adaptive non parametric approach to provide better
impulsive noise suppression.

The proposed filters have demonstrated better quality of image processing in visual
and analytical sense in comparison with different known color imaging algorithms.

The proposed VMMKNNF filters potentially provide a real-time solution to quality
video transmission. The processing time can be reduced if we utilize a DSP with better
performance than that used here, for example the TMS320C8X Multiprocessor DSP.
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Abstract. A new wavclet transform algorithm based on a modificd lifting scheme
is presented. The algorithm uses the wavelet filters derived from a gencralized
lifting scheme at the decomposition stage. The proposed generalized framework
for the lifting scheme permits to obtain casily different wavelet filter coefTicicnts
in the case of the (~N, N) lifting. The restoration stage of the lifting scheme was
modificd in a standard wavclet transform fashion to obtain good rate/distortion
performance. The algorithm performs decomposition/restoration on the first level
whercas at the next level classic wavelet filters are used. For this purpose, the
restoration high-pass wavelct filter was derived from the gencralized lifting
scheme The obtained restoration high-pass and low-pass wavelet filters operate
as a known classic wavelet [ilters using data upsampling. The low-pass filter for
the restoration stage uses the same coclficients of the lifting decomposition
predictor. The proposed transform possesses the perfect restoration of the
processed data when the quantification is not used and possesses a good energy
compacltation. The designed algorithm was tested on different test images and the
obtained results arc comparable with the JPEG2000 9/7 wavclet filtering. The
proposed algorithm performs better on the images having high encrgy of the low-
scale details.

Keywords: image processing, wavclets, lifling scheme, lossy data compression

1 Introduction

In the past decade, the wavelet transform has become a popular, powerful tool for
different image and signal processing applications such as noise cancellation, data
compression, feature dctection, etc. Meanwhile, the aspects of fast wavelet
decomposition/reconstruction implementation and high rate data compression now
continue to be under consideration.

The first algorithm of the fast discrete wavelet transform (DWT) was proposed by
S.G.Mallat [1]). This algorithm is based on the fundamental work of Vetterli [2] on
signal/image decomposition by 1-D quadrature-mirror filters (QMF), and orthogonal
wavelet functions. The next breakthrough concerning a fast DWT algorithm
implementation was made by W.Sweldens [3] who first proposed the lifting scheme.



374 Olcksiy Pogrebnyak. ei al.

The lifting scheme is known to perform well in lossless data compressigp
Unfortunately, it has worse rate/distortion characteristics than the classic wavelets anq fo;
this reason is not employed for lossy data compression. In this paper, we try to overcome
such lifting scheme inefficiency.

We present a DWT algorithm, which is based on the proposed generalized liftin
scheme framework. According to this framework, different wavelet filters can be easily
obtained. With the proposed method, varying some coeflicients, one can obtain the
wavelet filter of a different order and frequency response to adjust the wavelet
decomposition properties. This way, the decompositions can be optimized to achieve a
minimum of the entropy in the wavelet domain.

2 Lifting Scheme Generalization

The lifting scheme is widely used in the wavelet based image analysis. Its main
advantages are: the reduced number of calculations; less memory requirements; the
possibility of the operation with integer numbers. The lifting scheme consists of the
following basic operations: splitting, prediction and update.

Splitting is sometimes referred to as the lazy wavelet. This operation splits the original

signal {r} into odd and even samples:
) =Xy dp =X @
Prediction, or the dual lifting. This operation at the level Kk calculates the wavelet
cocfTicients, or the details {1’ ¢ )g}as the error in predicting {1(“")}1‘,0,“ %(""')}

N2
d,(‘) =d,“")+ zp's(x-t) , Q)

I+ ]
Jn-NI2

where {p} are coefficients of the wavelet-based high-pass FIR filter and N is the
prediction filter order.

Update, or the primal lifting. This operation combines %(H)} and {1(‘)}. and
r;fxn}sists of low-pass FIR filtering to obtain a coarse approximation of the original signal

NI2
s,(") = s,o‘") + Zujd,(:;') ’ ()
J=-N12
where {u} are coefficients of the wavelet-based low-pass FIR filter and N is the
prediction filter order.

Sometimes, the normalization factors can be applied to the wavelet details and

afprqxl;mations to produce the transformed data values more similar to the classic DWT
algorithm,
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The inverse transform is straightforward: first, the signs of FIR filter coefficients {U}

and {p} are switched; the inverse update followed by inverse prediction is calculated.
Finally, the odd and even data samples are merged.

A fresh look at the lifting scheme first was done in [4], where the FIR filters that
participate in the prediction and update operation are described in the domain of Z-

transform. According to this approach, the transfer function of the prediction FIR filter
can be formulated as follows [5]

HP(:)= l+p0(*+z'l)w- ):J,G'3 +z'3)1-...+ Py l(ﬁ" +z'ﬁ'l) 4)
2-

The Hp (Z) must has zeroat @ =0, i.e,, at z=1. It can be easily found [4] that this
condition is satisfied when

-

N

—-1
|
=——. 5
ZPJ 2 (5)
When the condition (5) is satisfied, H,(1)=2 and H,(0)=1 that means the

prediction filter has gain 2 at © == and unit gain at © = % Thus, if one want to obtain

: : . . 1
the normalized detail coefTicients, the normalization factor must be equal to 3

Following this approach, the transfer function for update filter can be obtained. We
prefer to formulate this transfer function in the terms of H, G) 5):

ENIAS SO S M OYD WU SHNED B

Similarly, 4, (z) must has zeroat o == , i.e., at z = —1. It can be easily found [4] that

this condition is satisfied when
N

=1
1

u =—. (7)
E "4

When the condition (7) is satisfied, H, (D =1 and that means the prediction filter has
gainlatw=0.

An elegant conversion of the formulas (5), (7) in the case of (4,4) lifting scheme was
proposed in [4) to reduce the degree of freedom in the predictor and update coeflicients.
With some modifications, the formulas for the wavelet filters coefTicients are as follows:

128+ a a
* B 8
256 P (8)

Po= =
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64 +b o = b
=356 ' ' 256" 9)
where a and b are the parameters that control the DWT properties. Also, in [4] it wag
found the correspondence between these control parameters and the conventional (nop.
lifted) wavelet filters.

The behavior of the lifting scheme with the respect of a and b values can pe
evaluated easily in the frequency domain using transfer functions (4), (6) with z=¢~/
Figures 1 and 2 represent the magnitude of the frequency responses of high-pass and low.
pass (2,2) and (4,4) filers with a=0, 6=0 and a=16, b=16, respectively. These
figures were obtained with MATHCAD200i software.
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0 1 2 3
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Fig. 1 Frequency response of lifling predictor with N=2and a=0 ( HZh@J ) dotted
line)and N = 4 and a =16 ( Hh{p), solid linc)

By simulations with MATHCAD2000i software, we found that better frequency
response of (4,4) lifting filter can be obtained with the different @ and b parameters. In
particular, when a =20, the transition band of the high-pass filter is the narrowest

However, increasing more the coefficient @ value leads to the appearance of the false
side lobe in the low-frequency band.
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Fig. 2 Frequency response of lifting update filter with N = 2,N=2anda=0,b=0 ( H2I@) ).
dotted linc)and N =4, N =4 and a=16,b=16 ( HI{). solid linc)

The behavior of update filter is more complicated. The frequency response of this low-

pass filter depends not only on b parameter value, but inherently on the a value. This
fact is explained by the nature of the lifting scheme. In practice, the influence of the
coefficient @ value (which is relatively small) can be avoided choosing this value to
produce the predictor with the desired frequency response and then, choosing the
appropriate value of the coefTicient & . For example, if we choose @ =20, the narrowest

transition band in the update filter is obtained with b =9 meanwhile with the greater b

a side lobe appears in the high frequency band.
Using the generalization of the lifting scheme (4)- (7), we found by simulations that the
coefTicients of the lifting filters of an arbitrary order higher than 4 can be found according

to the recursive formulas [5):

128+a a P Pra
Sieme————"5% ————— i = e s Py = vPua= P2 - Py
Po 256 P ="356 P2 puld P = PPy - Pia=Pra~ Py
(10)
64+b -b u Uy
Ug=——, UYYy=—, U =—,U=Uy—u g sesey Uy = ,MN_1=u~_l—u
=256 * 17256 2 a4’ ' ? ¥ d ”“)
(

where the parameters c,d controls the filter characteristics. This way, the wavelet filters
of an arbitrary order can be derived. The formulas (10), (11) are the extension of the
equations (8), (9) and use the same parameters a, b to control the characteristics of the

lifting filters. The parameters a,b control the width of the transition bands and the new
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control parameters c,d control the smoothness of the pass and stop bands to preven; the
appearance of the lateral lobes: with greater values of a,b the values of c,d tend 10 be
greater. The behavior of the coefficient d is of a rapid increasing, and in practice jt has

large value sufficiently high to say that the influence of the terms in H, (:) of the order

higher of 3 may be neglected. Thus, in practice, on can use lifting update filter of th,
order N <=6 without a significant widening of the update filter transition band: (e
width of this transition band, mainly, is determined by the lifting predictor frequency
characteristics. Fig. 3 shows the frequency responses of (10,4) lifting wavelet filters with
a=28,b=8,c=3,d=3.

3 Design of Lifting Scheme Based Algorithm for Lossy Data
Compression

Generally, the performance of lifting scheme in data compression is worse than of the
classic DWT based on subband decomposition, especially in case of lossy compression.
This fact can be explained by the following properties of the lifting wavelets.

limlei))|

mc‘i“"” |

Fig. 3 Frequency responses of (10, 4) lifting filters with a=28,6=8,c=3,d =3

First, the pass band gain of the classic DWT filters frequently is J2 meanwhile _thc
lifting filters have gain | and 2. The normalization of the gain values of lifting

decompositions to 2 permits the use of the same quantization technique and facilitates
the comparison of the data reconstructed by the different algorithms.
Second, the center of the transition band of high-pass lifting predictor filters is always

at -7-;- and the center of the transition band of the low-pass filter is far from the % tending
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to the high frcguencics. Besides, the transition centers of the classic wavelet filters are
optimized to give the aliasing both in high-pass and low-pass filters resulting in better
rate/distortion performance for the majority of the natural images. From the other hand,
the frequency response of the high-pass lifting filters produces lower values of the wavelet
coefTicients and, in some situations, the rate/distortion performance of the lifting scheme
can be better .wher.r the filter characteristics are fit to the spectral characteristics of the
image. Such situations are common in case of the images with high energy of the low-
scale details. For this reason, the lifting filters usually perform better in the rate/distortion
sense at the first level of the wavelet decomposition (when the coefficients a,b,c,d are

adjusted properly) meanwhile the classic wavelet filters perform better at higher levels.
Another way to solve the problem of the fixed at % high-pass filter transition band is

introduce the even powers of z in Eqgs. (4), (6), but such a technique leads to a classic-like

wavelet filter design.
The problem of the gain normalization is easy to resolve by introducing the

normalization factor in the lifting filters:

H!,(:)=%+po(-+z")+p,(*3 +z'3)+...+ Py G;M +z'ﬁ") (12)

H,()=v2+ H,,(;)[uo E:)+ ) uy_ ¥ ) G (13)

po=—22 e p=-2p=p-p
0o =~ y PyE=m————=y Py == Py =Py = P2

s6d2 | ' a2sey2 i et .

Py_
Pg=- :1'1’&-1:5’5&4‘?& (14)

64+b _b u| uH_l
Ug=——— , Uy =——, Uy =—, U SU =Uy,....Uy = MUy gy SUy g —=Ug 15
0="38 =gt T T T NE T UN SN U (15)

The second problem is more complicated. To solve it we propose to employ a hybrid
algorithm that uses classic DWT filters at high levels of the decomposition, and the same
subband coding technique is used at the first level but with the FIR filters derived from
the lifting scheme. To this end, the classic-like wavelet filters need to be found. Onc can
use the inverted predictor (12), (14) for low-pass restoration filtering. At the same time,
the high-pass filter for the reconstruction can be derived multiplying directly the
polynomials (12), (13). For example, in case of (10,4) lifting the transfer functions of a
pair of the reconstruction wavelet filters has the following representation:
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Hlmf—m“ (:):-l—+po(z+z-')+..+p4(39-!-z-g) (16)

V2

H b ()= 2+ H o - pus (2)[‘0('+ z-l)“”(-l . :-’} J2+ 2(pou, + Piuy)

+ uoﬁ(' +:")*(Po"o + piug + Polln Pz"nﬁz "z_z)“’lﬁ(', "2-3) (17)
‘)" (pyup + Py + Pitto + Pauy =+ :“)
'o)*lhun('n +z-u)

The correspondent frequency responses of the filters (16), (17) with
a=230b6=8,c=3,d=3 are shown in Fig. 4.

A g

+ (p up + pouy + P20 + P3t +2
P, -0 10, -

+ (pyuo + P2y +P4"o£’ +2 )"(Pl"M'PA"o +z

4 Experimental Results

The described in the previous section algorithm were tested on a 128x128 artificial image
and a set of 512x512 images (“Lena”, “Baboon"”, “Barbara”, “Boat”, “Peppers” ) shown

in Fig. S.

2 ,
15| i
|H_high_passw)| |
[H_low_pass(w)| ‘_
0.5 '

. ©
Fig. 4 Frequency responses of the derived from lifling scheme restoration wavelet filters (16).(17)
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Fig. 5 Test images: artificial, “Lena”, “Baboon™, “Barbara™
Fig.6 presents the simulation results for the compression of the test images decomposed
on one level by the JPEG2000 9/7 wavelet filters and the proposed algorithm. From the
analysis of the curves presented in this Figure, it follows that the proposed lifting
algorithm performs better than 9/7 wavelets for all test images, especially at high

compression rates.
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Fig. 6 Rate/distortion performance of the proposed algorithm vs. JPEG2000 9/7 DWT for one level
of decomposition
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Fig. 7 and 8 show the resulted rate/distortion depepdcncif:s obtained with the Proposeq
hybrid algorithm and with JPEG2000 9/7 DWT. In simulations for data compression, the
parameters a,b,c,d were varied to obtain the better PSNR y lower entropy per pixel for

each test image. The best results were obtained with a=20+30, b=8+12, ¢=3,4
and d=2+7. The order N also were varied and in all cases the best resulqs were

obtained for N =10. The better value of order N in all cases was N =6 .

It follows from the results presented in the Fig. 7, 8 that the designed algorithm
possesses good energy compaction ability comparing to the JPEG2000 9/7 pwy
performance. For the test images “Lena” and “Mandrill” the proposed algorithm performs
slightly worse. For the artificial test image the proposed algorithm performs significantly
better. For the test image “Barbara” the developed algorithm performs slightly better in
energy compaction than the JPEG2000 9/7 DWT.

The obtained simulation results show that the energy compaction characteristics of the
proposed algorithms depend on the predictor and update filter orders. Generally, for better
data compression the higher orders are required. However, in the simulations, the

predictor filter order was limited to N =10 and the update filter order was limited to N =3
due to the necessity of analytic calculation of the high-pass restoration filter transfer

function for different N and N . These limitations were done because in this paper we

only wished to demonstrate that the proposed method is competitive with the standard
one.
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Fig. 7 Rate/distontion performance of the proposed algorithm vs. JSPEG2000 9/7 DWT
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Fig. 8 Rate/distortion performance of the proposed algorithm vs. JPEG2000 9/7 DWT

Fig. 9 and 10 represent the test image “Barbara™ compressed to 0.15 bpp and then
restored by the proposed and standard methods, respectively. The visual quality of the
both images is almost the same but the proposed algorithm produces less ringing in the
vicinity of the borders of the objects. The quantitative results are 30.06 dB for the
proposed method and 24.61 dB for the standard method.

Fig. 12 and 13 represent the artificial test image compressed to 0.3 bpp and then restored
by the proposed and standard methods, respectively. The visual quality of the image
processed by the proposed algorithm is significantly better: less ringing in the vicinity of
the edges. The quantitative results are 37.15 dB for the proposed method and 35.88 dB for

the standard method.
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Fig. 8 Test image “Barbara™ compressed to Fig. 9 Test image “Barbara™ compressed to
0.15 bpp (normalized entropy value) and 0.15 bpp (normalized entropy value) and
restored using the proposed modified lifting restored using  JPEG2000 9/7 DWT,
algorithm with a=28, b=15, c¢=3, PSNR=24.61dB.

d=2, N=10.N =6: PSNR=30.06 dB.
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Fig. 10 Antificial test image compressed to Fig. 11 Anrtificial test image compressed
0.3 bpp (normalized entropy value) and to 0.3 bpp (normalized entropy value)
restored using the proposed modified lifting and restored using JPEG2000 9/7 DWT,
algorithm with a=4, b=2, ¢=7, PSNR=35.88dB.

d=6, N=10.N =6: PSNR=37.15 dB.
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5 Conclusion

A novel algorithm of DWT based on the developed generalized lifting scheme is
prcsentcd. Thc energy compaction properties of the presented technique are better or
comparable in comparison to the standard JPEG2000 wavelet filters. The rate/distortion
performance qf !h'e proposed algorithm can be enhanced adjusting a set of parameters that
gives the possibility to maximize the compression according to the statistical properties of
the processed data.
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Interpolation with Splines and FFT in Wave Signals
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Abstract. In the digital measurement systems, the sampling frequency is essen-
tial by their influence in the measurement's accuracy. Their effect is decisive
when it is necessary 1o obtain the signal pick values. The methods to improve
the quality of the acquired data are rclated with system operation in real time or
if it is admitted to carry out samples taking and later on the data analysis.

In this paper, the relationship between the sampling frequency and mcasure-
ment's maximum crror is oblained to sinusoidal continuous signals. This rcla-
tionship can be extended for signals where onc or several fundamental har-
monic arc outstanding.

By mcans of an analytic procedure, the mathematical expressions are obtained
and maximum error is determined for he picks values measurement. The data
arc proccssed by means of the Fast Fourier Transform (FFT) and it is also used,
a cubic correction (interpolation of cubic splines).

1 Introduction

At present, the wide use of computerized means in measuring, processing and control
systems requires the analysis of the main factors affecting the quality of the informa-
tion acquired.

The methods used for reducing the effect of a relatively low sampling frequency,
without the need to increase it in the data acquisition system, will depend on whether
the signal samples require processing while being acquired, or if it is permitted to take
some samples, and then process them.

This paper intends to be useful from the academic as well as from the investigating
point of view. Its practical value is based on the following reasons:

1. It enables you to calculate, by means of mathematical expressions, the maximum
error in computerized measurements of a signal harmonics due to the sampling fre-
quency which influences in the total maximum error of measurements. Such error is
also influenced by the sensor's accuracy, which you cannot act upon, and the quantifi-
cation error of the analogical/digital converter. The latter may be reduced to negligible
values with 12- and 16-bit A/D converters.

2. It is possible to choose a sampling frequency that does not represent a heavy burden
for the data acquisition system, that is, just the one that is strictly necessary, since it
can be programmed on an operative system that is not necessarily a real-time one like
Windows or LINUX. This often occurs on using personal computers, which is a ten-
dency for computerized measuring systems in laboratories [5]). This implies an efTi-
cient as well as a rational use of the PC’s central processing unit. At this point, the
main thing is to make little use of the PC's central processing unit; otherwise, it would
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be necessary to use an additional hardware, such as an intelligent data acquisitiopn
board (with its own processor and operative system) or devices for setting up a dis.
tributed system, which makes it more expensive and complex. It is important to prop-
erly plan and program such system, for instance, for every variable to be measured, or
for choosing a correct sampling frequency that is neither low nor extremely high. In
many applications it is useful to “suitably” reduce the sampling frequency in order 1o
acquire, save, and transmit the information and then interpolate in the receiver, The
latter would mean that an equivalent and higher sampling frequency has been used (7).

Shannon’s sampling theorem [1], (9] establishes the minimum angular sampling
frequency (W,) to reconstruct a continuous X(t) signal based on the samples taken in
T time periods, denoting X*(t) as the X(t) digitalized signal.
Considering that:

W, =2r/T

Where:

W,: sampling frequency in radians per second.

T: sampling period in seconds.
For a sinusoidal signal:

X(t) = Asin(wt)

being w the angular frequency of the X(t) signal. If W, is greater than or equal as 2w,
then the X(t) continuous signal in time can be reconstructed on the basis of the sam-

ples taken by a digital device, just as a data acquisition system using an analogi-
cal/digital converter and a PC, as shown in Fig. 1.

"\,,fif i

The boand for the conversion A D
s wswally invude the 1'C,

Signal conditioning and conversion
analogical / digital (A/D),

Fig.1. Diagram for measuring waves
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Fora non-sinusoidal signal. made up of many harmonics, as in the case of an irregular
wave signal, the sampling frequency would have to be higher than or the same as
twice the highest interest frequency in the spectrum of the signal being measured
through its samples, acquired in T periods of time. Being able to reconstruct the con-
tinuous signal through its samples does not guarantee the accuracy of this reconstruc-
tion. Practical criteria related with the types of applications have been used. For in-
stance, for control systems [1] the sampling frequency should be based on the knowl-
edge of its influence on its own operation. Thus it is reasonable to consider that the
highest interest frequency must be closely related to the bandwidth of the closed-loop
control system. Therefore, the choice of such sampling frequency must be based on
the bandwidth or the rising time of the closed-loop control system. It is adequate to
take it betweenl0 and 30 times greater than the bandwidth or choose the sampling
period between 4 and 10 times smaller than the rising time, all of which can be small
in relation with the criteria to be followed in the typical applications of signal process-
ing [8], {10]. A relatively low sampling frequency in control systems is caused by the
fact that its dynamics has low-pass filter characteristics and its typical-time constants
are much greater than the closed-loop response time.

Taking into account the primary processing operations set up to improve the accu-
racy and the destination of the information obtained, there are other practical criteria,
such as considering the peak frequency (F,) of the signal spectrum and taking the
sampling frequency (F;) in accordance with the following relationship:

F, 2 8F, this criterion is recommended for measuring and irregular-wave generation
systems in research labs [2], or for taking the sampling period between one tenth or
one twentieth of the significant-wave period [4].

Here, F, has been used to denote the sampling frequency in Hertz (Hz), equivalent to
cycles per second or samples per second.

All cases have been based on practical criteria guaranteeing a suitable accuracy
depending on the applications, but no mathematical relationships liable to accurately
establish the maximum error that might be produced due to the sampling frequency
has been stated. This is important when it is necessary to calculate the error of a meas-
uring system which is influenced by all the elements involved, from the continuous-
variable sensor up to the analogical/digital converter and the frequency with which the
samples are being taken, as shown in Fig.1.

2 Relationship between Sampling Frequency and Error

In digital measuring systems, apart from the quantification error due to the analogi-
cal/digital conversion, an error occurs due to the sampling frequency. This error can
become extremely serious and should be considered when obtaining the maximum
¢rror presented in the measuring.

lflcxt, it is presented an analysis in which a sinusoidal signal is used as an entry, just
as It might happen for the generation of regular (sinusoidal) waves. or when it can be
Considered that there is a fundamental harmonic in the spectrum of the irregular
Waves. The maximum error of the readings in relation to the sampling frequency when
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using a zero order hold is determined. This is equivalent to the fact that a sample of
the signal keeps its validity right up to the time when the next sample is taken. This
maximum error is given by the following expression [1]:

Enmseate = Max |x(k + 1) - x(K)| (1)

Being:
Emauabs: absolute maximum error of readings.
x(k), x(k+1) : values of the signal in t =kT and t = (k+1)T, respectively.

T: sampling period (time in-between the taking of the samples of the continuous sig-
nal).

k: integer value ( 1,2,3,.....).

From expression (1) it can be interpreted that value X(k) will be the representative
value of the signal until the next sample is taken X(k+l). That is why the
Max[x(k+l)-x(k)| can be considered as the absolute maximum error in real time

(for which there only is information at the moment of the current sampling and at
previous moments) and it is caused by the sampling frequency of the signal when
using a zero order hold.

The maximum error is located symmetrically to the origin of the axis of the coordi-

nates where the highest speed of signal change takes place, as shown in Fig. 2, being
E nawsbs the absolute maximum error.
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Fig. 2. Absolute maximum crror in real time (causal processing) for a sinusoidal signal
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Empabs is the a!;solutc maximum error produced around the peak values in real time
or causal processing. From Fig. 2 it can be stated that:

X(k+ 1)= Asin(2pf T/2) )
X(k)= Asin[2pf(- T/2)] (3)
Hence:
Eemuste - |Asin(2pf T/2)- Asin[2pf(- T/2)]
Emeats = |2Asin(2pf T/2)|
Emeste = 2A [sin(p {T)| (4
Being: T= I/Fs

F, : sampling frequency. On taking F, = nf, where f is the signal frequency and n an
integer greater or equal to two, it is obtained that:

Emauts = 2Asin(p/n) (5)
The maximum relative error, regarding the peak-to-peak value of the signal, ex-
pressed in % will be:

_ 2Asin(n 'n)
=4 X100 (6)
Emers = sin(nt/n) x100 (7

Next, an analysis is presented for formulating the expressions of the maximum error
produced around the peak values in causal processing (Empabs)-

The following equation is obtained:
X(k +1) = Asin(2rf 1/4f) = Asin(x/2) = A (8)

X(k)= Asin Rpf(1/4f- ] (9)

X(k)= Asin &pf&——-aj
X (k)= Asin&.(I- 4T
() Smk( ){;'
The sampling period can be written as:
T=L (10)

nf
It is replaced in the previous expression, thus obtaining:

X (k)= Asun[z(l-df;‘?” (i
X (k)= Asin[%—gﬁ] = Acos(gnﬁ) (12)
n

Finally:
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E = A Acoswpg
mpabs > Enﬁ (13)

and the relative maximum error, regarding the peak-to-peak value of the signal, ex.
pressed in % will be:

o]
A- A cosge?pg

= 100
Emers A X (14)

2n
Emprel =0.5[l--<:os(n )]xlOO (15)

In many applications, as in waves analysis, for instance, it is not necessary to make
most calculations in real time. Instead, they are to be made on the basis of data previ-
ously acquired and determine the maximum and minimum values of the signal, which
could be considered as sinusoidal or formed by a main harmonic and other secondary
harmonics of small amplitudes. Therefore, in that case, the maximum error that can
occur in determining such values is presented in Figure 3 and is called Emepaps as the
absolute static maximum error on determining peak values. This is an error in non-
causal processing, since there is a register of previously acquired information, and
then, there is information in previous and subsequent sampling moments for a sam-
pling moment considered as current (k).

X0
fErmpabs
SN LY
P\
! 0 Q \
foobiE N
/ P ¥
: 1.."31.!. t
, 4 2 4 2
‘ / 4 4
\ /
\ /
\ /
\ /
\_/ il

Fig. 3. Absolute static maximum error on delermining peak values (non-causal processing)
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This error occurs when none of the values of the sz “ples taken coincides with the
value of the Flgﬂnl pcak. This error will be the maximum when the arrangement of
the samples is the one presented in Figure 3; both samples being equidistant from the

peak value.

Eammte = |X(k +0.5) - X(k) (16)
Where:
X (k +0.5)= Asin(2xf1/40) (17)
X (k+0.5)= Asin(x/2) = A (18)
X (k)= Asin 2af1/4f -T/2)] (19)
A 2T . & b i I
X (k)= Asin gz.-:rr—“ a’.ﬁ‘ Asin Eo'zn)i Replacing 1 - e ;T,thm, the
expression is:
- Asin B8 1%
X (k)= Asin e, (20)
X&) Alini?z—-%g- Acosﬁg (21)
finally, the expression is obtained as:
Beacae = A - AcosE] 22
e = A Acosm ( )

and the relative maximum error, regarding the pcak-to-pcak value of the signal,
expressed in % will be:

A-Azc:sﬁgxwo (23)

(24)

E-qul-
o
Eapri=0.59 - —1
wonl é colﬁqxloo

.By evaluating expressions (7), (15), and (24), for sampling frequencies, being n
times the frequency of the sinusoidal signal, the results are presented in Table 1.
Table 1. Comparison of relative errors according to the sampling frequency

n Enurrd E-F"’l Ewpnl

(%) %) | %)

2 100 100 50
4 70.7! 50 14.64

38.26 i 14.64 38

10 309 9.54 2.44

20 15.64 2.44 0.61
50 6.27 039 0.098
00 il 0.098 0.024
200 1.57 0.024 0.0061
300 1.04 0.0109 0.0027
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3 Reducing Error Due to a Low Sampling Frequency.

Several methods can be applied in order to recover the continuous signal from the
samples, thus improving the accuracy of their reconstruction without needing to raise
its sampling frequency considerably. There are various methods, such as:

1. For non-causal processing, in the series of sampled values, the method can inter-
polate points that are compatible with the complex vector of such series for which
the FFT method [13] is used. For instance, when the peak values of the waves are
calculated in maritime hydraulics analysis [12].

2. Interpolation with cubic splines [3], [5], [13], for non-causal processing as well,

One order hold or higher, for causal processing, which is frequent in real time

applications (1].

=

3.1 Effect of Interpolation using the FFT Method.

The analysis of the effect of the interpolation of points in the temporary series is car-
ried out. These points are compatible with their complex vector in the domain of the
frequency. With this method, points are added to a waves register, thus obtaining an
effect close to the one that would occur provided it had been sampled at a higher fre-
quency. The number of points to be added can be chosen, calling it filling factor (Fg)
and defining it as follows:

. NPFS

NPOS
Where:
NPFS: number of points of the filled series; NPOS: number of points of the origi-
nal series. Fr: It must be base power 2 in order to apply Fourier transform algorithm.
Fig. 4 shows part of the water level graph against time for the wave signal. It
shows the original series sampled at 3 Hz and the series filled with factor F,= 8.

. [ ] . c. . . . : i
-2 -f r". . A I o v
.’ l '.\, .'o .

= .

0.1 Time (5) s:t

® Points of the original * Points of the interpolated series
Fig. 4. Example of interpolation with FFT
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The original series has been reconstructed with the application of this method, thus
counteracting the distortion caused by a low sampling frequency to a great extent. It
can be noticed that adding points between the sampled values has made up the signal
peaks. Such points RCCP the compatibility with the complex vector of the original
series (in this case, 7 points are added between every two samples).

The waves statistical values are calculated with the interpolated series and the
mean and variance of the relative errors are found in respect to the signal sampled at
48 Hz. The summary is shown in Table 2.

It was given the name of interpolated series 1 to those in which 2, 4, 8 and 16 fill-
ing factors (F) were used for signals sampled with 24, 12, 6 and 3 Hz respectively.
For the four signals, the total number of points of the interpolated signals amounted to
4096, which means that the original series sampled at 24 Hz had 2048 points and that
the interpolation has only added an intermediate point (between two samples). With
this, the series cannot be remade properly. For this signal, the interpolation did not
cause a reduction of errors. Errors decrease 4.4, 2.3 and 1.4 times for signals sampled
at 12, 6 and 3 Hz, respectively.

Table 2. Summary of the mean and variance of relative errors in %

24 Hz 12 Hz 6 Hz 3 Hz
Original :
Sacice 0.48+0.08 1.6411.52 2612363 31£902
(F,=2) (F,=4) (F,=8) (F, = 16)
Interpolated 0.4810.08 037%0.13 1.16+052 228249
Series | There is not It improve 4.4 imes | It impraove 2.3 umes | It improve 1.4 umes
improvement
(Fr=4) (F,=8) (F,=16) (F, =32)
Interpolated 0.04 £ 0.002 0.03 +0.001 0971076 192+3.09
series 2 It improve 11 times | It improve 55 umes | It improve 2.8 imes | It improve 1.6 times

It was given the name of interpolated series 2 to those using 4, 8, 16 and 32 (Fy)
factors for the signals sampled at 24, 12, 6 and 3 Hz, respectively. The total number of
points of the interpolated series amounted to 8192. For 24 Hz, the interpolation added
three intermediate points. 7, 15 and 31 intermediate points were added at 12, 6 and 3
Hz, respectively. In the first two cases (sampling at 24 and 12 Hz, respectively) the
improvements are significant, with a decrease of errors between 11 and 55 times and
more modest results for the last two signals, with very low sampling frequencies of 6
and 3 Hz, respectively.

It can be noticed that once the series sampled at 24 Hz and 12 Hz are interpo-
lated, the mean and the variance of relative errors are similar in both cases, and that,
for this example, the interpolation makes it unnecessary to sample the continuous
signal at 24 Hz, since it is enough to do it at 12 Hz and interpolate with a Ff = 8 filling
factor,. Slightly smaller mean-and-variance values for 12 Hz can be observed. It is
Considered that such behavior is determined by fortuitous factors that mainly depend
On the way in which the sampled points are arranged with respect to the continuous
Signal in time, which, as it is irregular, makes such arrangement un predictable. In
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tests made elsewhere and not shown in this paper, when adding the same number of
intermediate points in both series, the results obtained keep their characteristics,

In all the tests made, the number of waves registered (35 waves) has been kept
constant so that only the sampling frequency exerts its influence on the errors of statis.
tical calculations.

3.2 Interpolation with cubic splines (spline interpolation)

For making this interpolation, the mathematics functions of the LabVIEW are
used [5). They are also available in the MATLAB.

According to the notation in the LabVIEW, the following diagram is used:

; _J_._.‘ Spline -interpolation value
Interple——
Interpolant —IT_ ervor
x S— |

Spline Interpolation.vi

Where:

Y: arrangement of values to be interpolated.

X: arrangement of the values of axis x; in this case it will be time, which will in-
crease during the sampling period in which the data of arrangement Y were ac-
quired.

x; (small case) value of axis x for which an interpolated point is desired. This
value will increase in the new sampling period resulting from interpolation, will be
smaller than the original sampling period and will be within the range of values of
arrangement X,

Interpolant: second derivative of the cubic spline interpolation function which
is calculated by means of another virtual instrument (VI), called spline interpo-
lant.vi.

error: It returns a value that indicates whether the execution of the function has
been successful or not.

The output value of interpolation z (interpolation value) in interval [x;, x; + 1]is
given by:
z = Ay, + By, +l+Cy: +Dy; +1;
Where:
X,. -X

A=—*
X

1 2 1 2
v~ B=1-A; c=g(A'-A)(x,,,-x,) ; D=E(B’ -B)(x.., -x,)
The interpolant value can be obtained with another function (virtual instrument:
Spline Interpolant.vi), having registers Z, Y as inputs.
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Y ———{Splre
e Interpolant
X ——|pant f—— error

Spline Interpolant.vi

Interpolation function g(x) passes through all points: (x;.y;).
Yi= g(x;) ; where i =0,1......n-1.
The spline Interpolant.vi virtual instrument obtains the interpolation function g(x)

by interpolating at every [X, X;.,] interval with a Pi(x) cubic polynomic function hav-
ing the following conditions:

L p,(x))=Y;

2. p; (Xiu1) =Yin

3. g(x) has the first and second derivative in interval [X, X,.,] continuous. Thus:
a) p;(x;)=pi.(x;)
b) p;(x;)=pin(x;)

Fori=0, I,...,n-2.

The following equations are derived from the last condition:

Xi=Xiq = Xial = Xjy -
' . ‘g (xi) + '"l'3' He(x,) +
Xiot "Xi g (x,y) = TRl Yi ViV

6 Xisd =Xi  Xi-Xjy
Where i = 1, 2,...,n-2 and n-2 equations are obtained with unknown n g"(x. ), fori
= 0, 1,..,n-1. This virtual instrument (spline Interpolant.vi) calculates g"(xo),

g'(x,,,,) using the following formula:

' iel = Ji 3A2'] -

g(x) = Mol + (X=X (x;) +
Xiel =X, 6

382 -1 .

'6 (Xia =X )8 (Xi4))
Where:
. X-X.

Xiat = %, Xi+1 "%

This VI uses g (Xg).g (Xn.q)t0 solve all the g (x;), for i = 1,..., n-2;

g°(xi) is the Interpolant output, which is used as an input in VI spline interpola-

flon.vi, Fig. 5 and 6 show two sections of a series interpolated with cubic splines. It
also shows the original series and the series interpolated by means of the FFT (com-
Plex interpolation) with the goal of facilitating the comparison. Table 3 shows the
Correlation coefTicients. The second column (24Hz and 24Hz_FFT) is the correlation
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coefTicient between the signal sampled at 24 Hz and the interpolated one by using
Fourier Fast Transform (FFT) in order to obtain a 24 Hz-equivalent sampling fre.
quency, similarly for Columns 3 and 4. In both interpolations, the original series had
been sampled at 3 Hz. Due to that, 7 points were inserted between every two samples
10 obtain a 24 Hz-equivalent sampling frequency. In the figures presented, you can see
that the complex interpolation (FFT) achieves a relatively better reconstruction for this
type of wave signal, which has harmonics with small amplitudes and higher frequen-

] f\
S ’
A

L (cm)
"

] T‘w’f\«.j RN

|
0.0 Time 73

Points of the original senies. @ Points of the interpolated series with spline interpolation.
7~~~ Points of the interpolated series with FFT,

Fig. 5. Interpolation with cubic splines (a section of the serics)
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o

L ]
- -9

L (am)
Y

8 Points of the original series  ®  Points of the interpolated senes with spline interpolation.
-~ Points of the interpolated serics with FFT.

Fig. 6. Interpolation with cubic splines (a second section of the series)

Table 3. Correlation coeflicients

24Hz and 24Hz and 24Hz_FFT and
24Hz_FFT 24Hz_Spline 24Hz_Spline
CoefT. of correlation 0.9621 0.6899 0.8011

4 Conclusions

Expressions (7), (15) and (24) are obtained. They make it possible to calculate the
relative maximum error due to the sampling frequency (F;) for a continuous and sinu-
soidal signal. This can be applied to signals where one or more fundamental harmon-
ics are relevant; for instance, for a regular-wave signal or for the fundamental har-
monic of the irregular waves. This error can be considered an indicator of accuracy
due to the F, when it has to do with the complete reconstruction of the continuous
signal in time X(t) from the samples taken, using a ladder-type reconstruction or a
zero order hold. E,.,,wa is the accuracy in causal processing (ordinary in real time
applications) and can be interpreted as the maximum delay in perceiving the real value
Of the signal. Likewise, Empra Would be the maximum delay, but in values close to the
signal peaks. However, Enepret FEpresents the relative maximum error that can occur, in
hon-causal processing, when you want to calculate the peak values of the signal.

For waves-generation channels with similar characteristics to the one studied, the
highest interest frequency in its spectrum is lower than 2 Hz. Therefore, a minimum Fi



J00 Luis Pastor Sanche= Fernandez

between 18 and 20 Hz (samples per second) can be taken, which is equivalent to about
10 samples for each cycle (or wavelength) of the highest-frequency harmonic. Interpo-
lation with cubic splines, widely mentioned and well accepted by many authors apg
available in signal-processing commercial sofiware, reconstructs the series in the same
way as when the Fourier Fast Transform is used. However, with the latter you can
achieve a more accurate reconstruction for signals of irregular waves or similar char-
acteristics. This is compared graphically and using the correlation coefficients.

The number of waves registered has been kept constant so that only the F, exerts
its influence on the errors from statistical calculations. The greater the number of
waves (many authors recommend about 120), the higher the probability of reducing
error in statistical calculations, since the latter are based on the use of the largest
waves. which can be detected with a greater degree of probability when a high number
of samples is taken.

The results obtained are useful in that they make it possible to assess the contri-
bution of the F, to the total error of the measuring system (from the transductor to the
PC) and to compare two methods widely used in non-causal processing and that can
easily be used with any commercial software. Their limitations are related to the use

of a sinusoidal signal for making the analysis.
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Abstract. Third generation cellular networks allow users to transmit informa-
tion at high data rates, have access to 1P-based networks deployed around the
world, and implement sophisticaed services. Not only is it necessary to develop
new radio interface technologies and improve existing core networks 1o reach
success, but guaranteemg confidentiality and integrity during transmission is a
must. The KASUMI block cipher lies at the core of the integrity and confiden-
tiality techniques designed for Universal Mobile Telecommunications System
(UMTS) third generation networks. In tum, KASUMI implementations must
reach high performance and have low power consumpuon in order to be ade-
quate for network components. This paper describes a hardware architecture
designed (o perform the KASUMI algorithm efficicntly, shows the convenience
of taking advantage of the features present in FPGAs, and highlights a techni-
que that might be used to design small reuse-based architectures implementing
Feistel-like ciphering algorithms.

Keywords: 3G cellular networks, 3GPP, KASUMI, FPGA.

Resumen: Este articulo describe una implantaciéon en hardware del algoritmo
dc cifrado de bloques KASUMI, el cual es la piedra angular de las operaciones
de confidencialidad e integridad en redes cclulares de tercera generacién de tipo
UMTS (Universal Mobile Telecommunications System). El discio propuesto
explota ¢l principio de reutilizacion de componentes y las caracteristicas pre-
sentes en FPGAs modemos. Ademds, la amuitectura resulta ser un buen balan-
ce entre alto desempeio y bajo consumo de recursos de hardware.

1 Introduction

The efforts towards the standardization of a block ciphering algori}hm 1o be uscd.in
UMTS networks produced the specification of the KASUMI algorithm by the Third

Gencration Partnership Program (3GPP) [1]. KASUMI has a Feistel structurc and op-
erates on 64-bit data blocks under control of a 128-bit encryption key K [2]. KASUMI
has the following features, as a consequence of its Feistel structure:

* Input plaintext is the input to the first round.

® Ciphertext is the last round’s outpul. ] -
* K is used to generate a set of round keys (KL, KO, KI,} for each round i.
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e Each round computes a different function, as long as the round keys are different.

o The same algorithm is used both for encryption and decryption.

KASUMI is based on a previous block cipher called MISTY [5]. MISTY 1 was cho-
sen as the foundation for the 3GPP ciphering algorithm due to its proven sccurity
against the most advanced mcthods to break block ciphers, namely cryptanalysis
techniques. In addition, MISTY 1 was heavily optimized for hardware implementa-
tion.

As can be scen in Fig. 1, the KASUMI block cipher has a different setup for the
functions within rounds. For odd rounds the round-function is computed by applying
the FL function followed by the FO function. For even rounds FO is applied before
FL. FL, shown in Fig. ld, is a 32-bit function made up of simple AND. OR. XOR and
left rotation operations. FO, depicted in Fig. 15, is also a 32-bit function having a
threc-round Feistel organization which contains one FI block per round. Fl, see Fig.
lc. is a non-lincar 16-bit function having itself a four-round Feistel structure; it is
made up of two nine-bil substitution boxes (S-boxes) and two seven-bit S-boxes. Fig.
Ilc shows that data in the Fl function flow along two different paths: a nine-bit long
path (thick lines) and a seven-bit path (thin lines). Notice that in Fuistel structures,
such as the ones uscd in this algorithm, each round's output is twisted before being
applied as input to the following round. After completing eight rounds KASUMI pro-
duccs a 64-bit long ciphertext block corresponding to the input plaintext block.

Several proposals have been published previously that use dilterent approaches to
implement KASUMI in hardware, ranging from reuse techniques, addition of internal
registers to reduce critical path and pipelined designs. After analyzing these proposals
onc can confirm the fact that there is an important and unavoidable tradcot? between
performance and complexity in terms of arca. The goals of this paper are twolold.
First, to reach a good balance between high performance and low complexity during
the implementation of KASUMI by taking advantage of the resources present in mod-
ern FPGA and the software tools used to implement designs for these devices. Sec-
ond, to present the mcthodology used to design a compact datapath that reuses ils
components again and again to carry out the encryption process. Similar techniques
can be applied to other Feistel-like algorithms.

The rest of this document is organized as follows: section 2 describes the design
principles of the proposcd architecture; section 3 concerns the implementation phase
and describes the platform used for this project, provides results from the synthesis
process and compares this information with the information provided by other works;
finally, section 4 concludes.

2 Design principles
2.1 Datapath for the FO function

The main principle to design for reusc is to specify an architecture consisting of some
or all of the components that are needed to perform a round. This design is used every
clock cycle in such a way that the output at the end of one cycle is the input for the
next cycle. The fewer the components, the larger the number of cycles needed to carry
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out the whole ciphering process for one block. Also, the fewer cycles the architecture

requires to perform the process, the more complex the architecture is in terms of
The approach used in this paper is considered to be a good tradeofT between nym,.

ber of cycles and arca complexity in the platform of choice. Instead of simplifying the

algorithm at a lower level, at the Fl level as in {6], the manipulation is carried out g a

higher level, at the FO-function level. Fig. 2 depicts the process followed to design g

datapath that reuscs components within FO function. Fig. 2a illustrates an aliernatjve

parallel view of the FO function depicted in Fig. 1.

e In Fig. 2b two XOR gates are added to FO in order to make upper and lower sec-
tions more similar without modifying the behavior of the function. If these two
parts were structurally the same, it would be possible to reduce the architecture o
only one section, which carries out the whole FO function after two cycles.

e Lower section in Fig. 25 nceds a right Fl function block in order to be structurally
identical to upper section in this modified FO block. In Fig. 2c¢ an additional FJ
block is added to the lower section. The multiplexors in each section allow select-
ing the appropriate data flow.

o The whole datapath in Fig. 2¢ is now ready to be simplificd. Fig. 2d shows the fi-
nal design, which takes two cycles to complete the FO function. Notice that multi-
plexors are necessary in order to supply the correct values both to XOR gates and
FI module depending on if the datapath is in the first or second cycle.

Also notice that the datapath depicted in Fig. 2d contains only one FI block, called

dpFl, instead of two as in the previous diagrams. This situation is explained in more

detail next because it constitutes another special feature of the design proposed in this
documcnt.

The control for this module is implemented as a finite state machine that sets the
multiplexors' selector input properly each cycle. Since the design takes two cycles to
complelte ils processing, it requires a two-state control.

2.2 Datapath for the FI function

Fig. 2c shows that the FO modulc requires two FI blocks to work properly. Since Fl
contains two seven-bit S-boxes and two nine-bit S-boxes, the simplified datapath that
takes two cycles to complete the FO function requires a total number of cight S-
boxes. Implementing S-boxes using four 128 x 7 ROMs and four 512 x 9 ROMs is
such an expensive choice in terms of area to be considered as viable. The solution
proposed is to map the S-boxes 1o dual-port ROMs, which decreases by two the num-
ber of ROMs required. The use of this technique exploits the principle of reusc cven
further because the same S-box is now able to meet two rcquests at the same time.

Consider two instances of the F1 block depicted in Fig. lc; next replace each pair
of $9 S-boxes located in the same position in both Fl blocks by a single dual-port S-
box. and repeat this procedure with the rest of the pairs of S9 S-boxes and the pairs of
S7 S-boxes. The result is the datapath illustrated in Fig. 3, which only contains wo
dual-port $9 S-boxes and two dual-port $7 S-boxes, and combines two Fl functions
into onc. As belore, the thick lines highlight the tlow of nine-bit long signals and the
thin lines highlight the lTow of seven-bit long signals.
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ory blocks inside the FPGA during the implementation phase. Second, the common
situation is that these embedded memory blocks are synchronous, and since this dyg|.
port FI datapath is required to provide its results withiq the range of one clock cycle,
the upper S-boxes are designed to be negative cdgc-fng.gcrcd,-whf:.rcas the lower S.
boxes are designed to be positive edge-triggered, as m('ilcat'cd in Fig. 3. Third, there
are plenty of registers throughout the design dcpiclcd.m Fig. 3, they are colored in
grey and their purpose is to synchronize input dal.a \‘\’Ilh the values prov_ldcd by the
upper and lower S-boxes. This situation is very similar to that present in pipelined
datapaths. _

Notice that the datapath in Fig. 2d also has positive edge-triggered registers used to
synchronize input data used by logic that is located further away the dual-port FI
module in the datapath. Indeed, every input signal that is to be used after a component
containing the dual-port FI module must be synchronized with the data provided by
the dual-port FI module by means of registers, either positive edge-triggered or nega-

tive edge-triggered.

g
f" . .
T A
16 16

Fig. 3. Datapath implementing two merged FI function blocks
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2.3 Datapath for the round logic

The round logic, depicted in Fig. 4, is the highest-level component of the KASUMI
design proposed in this paper. During the first two cycles it receives input data from
outside by selecting the zero input in multiplexors A and B, and performs an odd-
round operation by selecting zero input both in multiplexor C and in multiplexor D.
During the next 14 cycles the outputs yielded by the datapath each cycle are fed back
{0 its inputs. The same data must be present at the datapath's inputs during two cycles
in order to carry out the correct processing; that is why there is a third registered input
in both input multiplexors.

Notice thai input data used after the FO function module, which in turn contains
the dpF1 function module, are synchronized using registers as shown in Fig. 4. Regis-
ters are colored in grey in this figure as well.

The control for this module is implemented as a finite state machine that sets each
multiplexor’s selector input properly each cycle. The datapath in Fig. 4 requires 16
cycles to fulfill the encryption process for every plaintext block. Therefore, the finite
state control is made up of 16 states and controls the four selectors.
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Fig. 4. Datapath for the round logic
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2.4 The key scheduler

The key scheduler receives the 128-bit initial input key K and generates the roung
keys KL (32-bit long), KO (48-bit long) and K7 (48-bit long) for each of the eight
rounds. All of the previous figures depict how these round keys are used within each
of the function modules. Each round key is split into two or three 16-bit parts, and
these parts are the ones directly computed by the key scheduler. The input K key is
split into eight 16-bit parts K, 1 £7< 8, and then the scheduler performs left rotation
operations (*<<<") and computes the K;” values, which are defined as follows:

K;'=K,=©C; 15158, (])

where C, is a constant specified in [2].

Fig. 5a illustrates the key scheduler component developed for this project, which
adapts easily to different implementation schemes. For this design, the outputs are fed
back to the inputs. The inputs are the initial key as an array of 16-bit values and the
array of 16-bit constants. In addition to yielding the round keys in a combinational
way, this component outputs its input arrays rotated to the left one position.

Notice that the design for the round logic described previously requires that each
set of round keys is available during two cycles. Adding logic to the key scheduler to
keep its output round keys without change for two cycles might result in a complex
and expensive circuit. The most efficient way to fulfill the requirement is to connect
the key scheduler's clock input to the output of the divide-by-2 clock divider in Fig.
5h. This technique preserves the key scheduler's simplicity without affecting the ci-
phering process.

bl [F (8] 1] [ 4] s K’ (1]
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! k out
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a. Key scheduler design b. Divide-by-2 clock divider

Fig. 5. The components of the key scheduling system

3 Implementation

The architecture is designed in VHDL and synthesized using the Xilinx Synthesis
Technology (XST) software synthesis tools. The device of choice is the XCV300E..-8-
BG432 belonging to the Virtex-E family of devices [7]. The main reason for choosing
this family is that the designs reported in the related papers are implcmcnled on
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Virtex-E dcevices, so in order to make a fair comparison the design reported here is
implemented on a Virtex-E device as well.

Vintex-E d_cviccs contain large blocks of embedded SelectRAM memories. Each of
these blocks is a fully synchronous dual-port (True Dual Port) 4096-bit RAM with in-
c!cpendc_nl cor!lrol signals for each port. The data widths of the two ports can be con-
figured in an independent fashion. The specific device considered in this project has
32 blocks of embedded SelectRAM, which provides a total number of 131072 bits of
embedded memory.

3.1 Synthesis and results

Table 1 shows the results of the synthesis process concerning utilization of FPGA re-
sourccs. It can be noticed that the percentage of resources used by the design in each
category does not surpass 20%. By analyzing this information it is possible to con-
clude that the design is quite compact and fits well in any device without occupying a
great number of resources.

Table 1. Synthesis results concerning arca complexity

Category Number of cle- Total number of ele- Petcentage of
ments used ments available use
Shces 418 72 13
Shice Flip Flops 566 6144 .
4-input LUTs 398 6144 14%
BRANMS 6 n 5%
GCLKs ! 4 25%

Notice the number of SelcctRAM blocks used by the design. Subsection 2.2 states
that only four S-boxes arc required in this design. Intuitively, these S-boxes would be
mapped to four internal embedded memory blocks (SelectRAM). but table | shows
that the design actually requires 6 of them. Consider the number of bits needed to im-
plement cach S-box: 128 x 7 = 896 bits for S7 S-boxes and 512 x 9 = 4608 bits for S9
S-boxes. A S7 S-box fits well in a 4096-bit SclectRAM block whereas a 4608-bit S9
S-box is far larger than a 4096-bit SclectRAM block, so two of them are required to
implement one S9 dual-port S-box ROM. -

Table 2 compares the results for this work with the results for other proposals pub-
lished previously which implement a reuse approach. The work in [6] describes two
implementations of KASUMI taking 56 and 32 cycles to cipher one block, results for
a third implementation that takes 8 cycles are provided as well. Notice that the design
that takes the largest number of cycles to process a block (56 cycles) is the one that
requires the least number of slices and the one with the highest frequency. However,
its throughput is poor, onc of the lowest. as a consequence of the number of cycles
nceded 1o perform the processing of one block. The work reported in [4] takes 49 cy-
cles to cipher one block, is the sccond most expensive in terms of arca, due 1o it re-
uses two complete rounds, its throughput is comparable to the throughput of the slow-
est design in [6] and is reported 1o require 24 SclcclMM t.)locks to slorcolhlc S-boxes.
The work in 3] is a combination of two approaches: plpf:hnc and reuse, it |s.lhc most
expensive design in terms of area but one of the fastest implementations. It is able to
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process four plaintext blocks at the same time, which increases performance dramay.
cally.

Table 2. Comparison with other implementations

Proposal Latency Arca Frequency  Throughput Hw Number of Numberof
(slices) (MHz) (Mbps) efficiency S-boxes block RAM;
(hbps'stice)
56 Jos 68 1] 7786 21158 2 NIA
Work in [6) 1 370 5806 1612 s 4 N/A
3 588 3314 265 12 45088 12 N/A
Work in [4] 40 749 35138 70.70 94 19 24 24
Workin|3]  pipchne 1100 33 234 21273 12 NI/A
" Tius wotk 16 AN 41 14 164 84 337 17 3 o

N/A = Not applicable

The design proposed in this paper features a novel strategy to deal with the reuse
principle, is far cheaper than the two fastest options in terms of arca, has onc of the
highest clock frequencics, and one of the highest throughputs. The main contribution
of the design just described is that it achicves such a high performance with fewer
hardware resources. The keys 1o achieve this good balance between speed and area
complexity are the sharing of a high-level component (FO in this case), the use of
dual-port SclectRAM blocks and a simplified design of the key scheduler.

4 Conclusions

This document presents a novel hardware implementation of the KASUMI block ci-
pher designed using the principle of reuse of components. The architecture developed
turns out to be a good balance between high performance and low complexity in arca
as a result of taking advantage of certain features present in modern FPGAs and some
designs strategies. The main features of the architecture proposed are: reusc of higher-
level components of the block cipher, which reduces the number of total cycles
needed to carry out the process, mapping of the S-boxes to embedded dual-port mem-
ory blocks, and the design of a simple key scheduler that takes advantage of a clock-
division technique. A similar technique to the one used in this work to design a shared
datapath might be uscd to implement other Feistel-like block cipher algorithms. The
design presented here can be implemented in other platforms such as Application
Specific Integrated Circuit (ASIC) by carrying out the corresponding implementation
process. The design proposed in this document might be incorporated in UMTS net-
work components such as mobile cquipment or Radio Network Controllers (RNCs),
whether as a dedicated coprocessor or as a functional unit within a larger processor.

Acknowledgments

This work was sponsored by the scholarship number 171498 granted by CONACyT.



An Efficient FPGA Architecture for Block Ciphering in Third Generation ... 413

References

1.
2.

3.

3rd Gcncm!@on Partnership Program. 3GPP Home Page. hitp://www.3gpp.org

3rd Generation Partnership Program. Document 2: KASUMI Specification. Technical Speci-
fication 35.202. Relcase 5.Version 5.0.0.

Kim, H., et al.: Hardware Implemcntation of the 3GPP KASUMI Crypto Algorithm. Proc.
of the 2002 Intemational Technical Conference on Circuits/Systems. Computers and Com-
munications ITC-CSCC-2002 (2002) 317-320.

. Marinis, K.. et al.: On the Hardware Implementation of the 3GPP Confidentiality and Intcg-

rity Algorithms. Proc. of the 4th Intcmational Conference on Information Security ISC
2001. LNCS 2200/2001. Spninger-Verlag (2001) 248-265.

Matsui, M.: New Block Encryption Algorithm MISTY. Proc. of the 4th Intcmational Fast
Software Encryption Workshop FSE'97. LNCS 1267/1997. Springer-Verlag (1997) 54-68.

_ Satoh, A., Morioka, S.: Small and High-Speed Hardware Architectures for the 3GPP Stan-

dard Cipher KASUML. Proc. of the 5th Interational Conference on Information Sccunty
1SC 2002. LNCS 2433/2002. Springer-Verlag (2002) 48-62.
Xilinx, Inc.: Virtex-E 1.8 V Field Programmable Gale Asrays. v2.6. Product Specification

(2002).






Predictive Array Access Cache-PAAC71

Alcjandro Villar Briones !, Oscar Camacho Nieto ',
Luis Alfonso Villa Vargas

' Centro de Investigacién en Computacién-IPN, Laboratorio de Sistemas Digitalcs,
Av. Juan de Dios Batiz s/n, Col Nueva Industrial Vallejo, 07738, México DF.
albriones7 7@ hotmail.com, osarc@ cic.ipn.mx
hitp//www cic.ipn.mx
2 Instituto Mexicano del Petrleo IMP, Programa de Matemiticas Aplicadas y Computacion,
Eje Central Lazaro Cérdenas 152, Col. San Bartolo Atepchuacan, 07738, México DF.
Ivilla@imp.mx
http//www.imp.mx

Abstract. In this article a memory model appears cache associative of two routes
with sequential access and a predicting one on the basis of stride. The development
of this modcl is based on the obscrvation of behavior of several models of memories
cache of data, and removing the greater benefit to this behavior. The proposed
model improves the behavior of the memory system (memory cache of data)
diminishing the latency of access at levels similar to those of a memory of direct
access or mapped, and the percentage of error (miss_rate) at levels similar to those
of an associative memory. This is significant from the point of view of yicld, since
several machine cycles for an operation of access to memory are diminished,
predicting its effective direction, with sufficient anticipation to its calculation,
besides to reduce to the consumption of encrgy when avoiding unfruitful accesses to
other blocks of the memory.

Keywords: memory cache, direct access, associalive memory, prediction, stride,
latency, number of cycles, hit_rate, miss_rate.

1 Introduction

The innovations in micro architectures have been conceived generally with the
observation of the behavior of the programs. The designers frequently introduce new
characteristics to micro architecture to operate the patterns of behavior of the program
with the purpose of improving the yield of the processor. . .

Nevertheless the advance in the improvement of the yield of the memories so is not
accelerated as in the case of the processor. Reason why it is necessary to explode
characteristic of behavior of the memories with the purpose of reducing to the access time
10 them and the number of errors as far as data none found. o

One of the main stages of the process of execution of a program is the compilation (?f
values of the memory and its writing (instructions of load and. storage Ioad/stor.c). In this
process, it is possible to be taken advantage of the characteristic the space locality and the
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temporary locality [1]. Considering these concepls he is as thg memory hierarchy i«
developed, which consists of different levels from memory with different sizes angd speeds
Next to the processor it is the denominated cache memory. :

At the moment several models of this cache exist that try to diminish the percentage of
failure rate (miss_rate) by means of having onc better policy available [2], handling of
replaced data (sweepings or remainder of breaks it), and policy search of data compares or
sequential. If to this we added to him that the percentage o.t' f.'at.lurc rate by meang of
dividing the cache in several blocks can be diminished (asociatividad level), diminishes
the time of delay of the processor by a data that it has to be extracted from the following
levels of memory when diminishing the latency (cycles by instruction). The problem tha
presents/displays these types of schemes, when dividing the cache memory in severa|
blocks, is that the time search of the data is increased, since is duplicated in comparison
with a memory of a single block or direct mapped.

When an associative memory is referenced, the blocks that conform it is examined in
parallel form. When the labels of the blocks have been read, a label comparator selects the
block that contains the wished data, and passes the data of the block to the processor. The
selector of labels introduces an extra retard between the rating of the block that contains
the wished data and the moment in that the data by the processor can be used. This
among other factors increases the time search of a data in this type of memories. The
figure | shows the graph in which it is compared as the memory of direct access has
smaller latency of access in almost 45% with respect to the memory of associative type
level two.

But on the other hand the associative memory always has demonstrated to have
miss_rate lower than the one of a memory of direct access, in figure 2 is the difference of
miss_rate between these two models.
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The design of a memory that combines the advantages of both models, associative
direct mapped and. has been the objective of many investigators. This mcmor'y must have
so much miss_rate as a latency low. is to say not to try to obtain efficicncy to sacrifice the
speed of operation of the memory. In order to obtain this objective different models from
access have considered, policies of error handling and replaced information (sweepings)
and models of prediction of location of the data. R

In this articulate, we propose a data cache memory of associative type level two, with
sequential access to its blocks, but with a predictor of data’s location in some of the
blocks. The model which we propose uses a predictor on the basis of stride. with a
saturated accountant of two bits (4 states) who allows a greater percentage of guessed
right predictions, implementing itself in an associative memory of level two with
sequential access. This technique offers miss_rate of an associative memory of level two,
but with an access time even smaller than a memory of direct access.

2 Antecedents

The implementations of cache memories of sequential type or serial they can be divided in
two categories. First, they can be divided in the form in which they are examined at the
time of making a data search, since this can be in a static and rigid order or of a dynamic
form. making the first search not necessarily in the first block, is to say not always begins
the search in the first block. Second, this type of memories can be divided by the type of
policy that uses to write their data in each one of the blocks, to read them, or to retire them
of such.

The cache memory Hash-Rehash type (HR-Cache) propose by Agarwal [3] reduces
miss_rate of a memory of direct mapped, and although this model can implement the
associative level that the designer proposes, available has a performance below an
associative memory of level two with policy LRU as far as miss_rate. This model consists
of the use of a memory of direct access that is acceded by means of two Hash functions
that determine a first block of access and subsequent blocks according to the number of
Hash functions that are implemented.

The cache memory model Column-Associative type (CA-Cache) of Agarwal and Pu@ar
[4], improves miss_rate and the access time of HR-Cache; being based on an opcration
similar to HR-Cache. CA-Cache, it makes use of two blocks. if when making a search in
the first block does not locate goes to the second block, and later changes the entrance of
this second block towards first, so that later searches locate 10 the data in the first block
diminishing the access time. )

Nevertheless the use of this technique implies an exira consumption of energy to
exchange the input data of both or more blocks than are implemented. As far as miss_rate

it continues being higher than the one of an associative memory oflcv_cl two.
Model that combines the advantages of the techniques before mentioned is proposed .by
Calder and Elmer [5]. Predictive Sequential Associative Cache (PSA-Cache), which
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instead of handling a policy of relocation of data it Icans.of a bit that the possible Jq
of the data identifies, which diminishes the consumption .of energy of the CA.
memory, and in which use is made available of a policy MRU and a ap]

Cali()n
Cache'

i i e : € of a
denominated bit table of steering or direction, with which it determines the dynamic block
to which the first search must accede when making.
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Fig. 3 Hit_rate % (Direct Mapped B . PSA-Cache and Associative Cache Level two I )

3 Predictive accesses to arrays Cache (PAAC)

Following the tendency to conform the operation of the hardware of the processor to the
behavior of the programs, is necessary 1o detect the behavior of the service loads on the
memory models cache that there is in the market. In figure 3 in the graph one of the most
recent models of associative memories of sequential access is observed, an associative
memory of level two and the traditional memory of direct mapped. The last has a better
behavior.

The idea to develop a memory of sequential access arises to determine the internal
behavior of the associative memory, since a great number of successes is located in single
one of the blocks that conforms it. Figure 4 shows as more of 90% of the successes they
are located in block one of the associative memory.

Considering that the access time of an associative memory of level two is two cycles,
the one considers that the search of the data in the memory is made simultaneously in both
blocks, which consumes a first cycle of clock and later to compare the values that throw
each one of the blocks and selecting valid data by a multiplexer a second cycle of clock.

If all the accesses went to first a block one more than the ninety percent of the accesses
it would be obtained in a cycle of clock instead of two, in case of not finding the daia If
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this block the access to the second clear block would become this with a penalty of an

Jdditional cycle, neyenhcless a percentage of error still below th
direct mapped or a single block is obtained. " one of & memory of
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Fig. 4 Hit_rate (%) for cach block in an associative cache memory of level two (AS-N2, block one

- . block two )

As this behavior is easily predictable thought about the use of a predictor on the basis
of stride. The predicting one on the basis of stride, in its simpler form predicts the next
value by means of determining the behavior of the accountant of the program. The basic
idea is to predict future references to the memory on the basis of the passed history for the
same instructions of access to memory.

The more intuitive scheme of prediction is the one than it has several iterations of the
same search with previous events. This is, when the Program Counter (PC) decoded an
instruction of load/store, reviews the entrances of a reference table to see if a file of that
instruction exists. If it does not exist, an entrance of this table is used to store the file of
this instruction. In case of existing the entrance and the reference for the following
iteration he is predictable, is made a pre-search. This basic scheme surrounds the use of
the PC and has a table to store the file of instructions of load/store that have acceded to
the cache memory of data. Nevertheless for our case this table will be used to determine to

that block was made the search of the asked for data.
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3.1 Table of prediction reference

¢ a memory Cache of instructions,

The table of reference of prediction, organized lik .
the memory of data and associate

maintains the file of previous references or accesses to
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stride to them (distance between instructions according to the PC) for each instruction of
load or storage. The entrances of the table are conformed by the following elements:

s Tag.- corresponds to the direction of the instruction of load/store.

sLast direction (operation).- that was referenced when the PC looked for the instructjop,

sStride.- the difference between the two you complete directions that were generated

sState.- Two bits that serve like accountant to establish a file of three states of the
accesses of the same instruction. To the beginning, the first access accountant in ope
indicates an initial condition, the second time the accountant is increased and
situation is considered in which it is possible to make prediction of the location (block)
of the following asked for value, and in the third state a condition of a prediction with
high percentage of certainty in which occurs if the prediction is made.

&sBlock.- in this ficld the location of the data is stored, being first or the second block of

the memory. This field is updated after collecting the data of the memory and 1o
corroborate its location

The size of the prediction table originally considered of a size of 32 entrances,

nevertheless, when increasing the size of this table has an elevated percentage of
prediction more.
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Fig. 5 Hit_rate of prediction (32 entries - , 128 entries . 1024 entries - . SPEC2000)

Obvi.ously the percentage of erroneous prediction increases, but it is not in the same
proportion that thg guessed right prediction does. In figure 5 the behavior of the predicting
one for different sizes is appraised from the table of prediction with the SPEC2000.
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When handling themselves a robot of prediction based on a behavior of stride. and
having @ SO grez_it table, as is it of 1024, no longer takes single the accesses with a’vcry
repetitive bchavnor,.but which it also considers other accesses with no longer so repetitive
behaviors, which gives foot to have prediction errors, therefore was decided to handle a
wable of a size of 128 entrances, with which according to the obtained results it is possible

1o be covered most of the accesses with repetitive behavior
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Fig. 6 Miss_rate of prediction (32 entries I . 128 entries® . 1024 eraries M sPECINT)

3.2 Predictor on the basis of stride

The basic mechanism in the prediction on the basis of stride is to keep the effective
direction from the operands of memory, it calculates stride for the access, and activates
the field of State to verify if the following reference by means of comparing previous
stride can be predicted kept with which it finishes calculating. Stride is obtained by
means of taking the difference between the effective directions from the two but recent
accesses by the same instruction.

The prediction says that she is correct when the direction that comes by the normal
flow is equal to the sum of stride calculated but previous stored address, of to be certain
this condition is not predicted and the condition of the field is modified state. When
appearing a true condition is increased the accountant of the field state, but if the
condition is false decrements this accountant.

On the basis of the value of this accountant the predicted value is used to accede to the

correct block of the memory breaks in where is the stored data. .
In accountant who handles itself for the State ficld, the first state corresponds with a

condition of boot of the prediction table activating an entrance of the 1able. The
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accountant changes to the following state whenever the result of stride is similar to the
kept one in the first state; in this single state the Yalucs are updated and the value of the
prediction table is not taken into account. Th.e third state occurs at the time of repeating
stride again and now if the value of the field is taken into account block 10 accede to the
predicted block. The fourth state considers a state of very high probability of guessing
right to the block that contains the data, since the behavior pattern has repeated at leasy
three times previously (three
previous states).

Nevertheless when making tests
and comparisons between
simulations have been that whep
diminishing the value of the
accountant of this robot is increased
the percentage of prediction in each
one of the simulations. Instead of
which the prediction is made in
state three of the accountant now is

Predict

titi . .
:\,'?:‘L?o:;; made in the second state. Figure 7
predict shows the operation of the

accountant.

It predicts with
high probability

Fig. 7 Counter for state
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m Pred. 2° statc. (%) Pred 3° state. (%) The reason of using the value of

45.55 18.22 the field block in the second state
246 14.76 of the accountant is because many
69.44 34.72 of the accesses made to a same
36.76 29.408 direction of memory are repeated
39.32 23.592 of constant form, if the robot
35.51 10.653 allowed to predict single as of the
4924 44316 third time that appecars the same
57.46 31476 patten of behavior was let go an
10.69 58795 event that can very possibly be
389 1167 predicted with a high level of
37.12 14.848 certainty. If the prediction s
21.57 6.471 allowed from the second state (.>f
30 s the accountant, this charactgrisnc
7359 51513 takes advantage of the behavior of
3038 " 8"’28 the hflrdwnn‘: and an advant'ag.c of
77.1 l 13-;66 40% in possible correct predictions
e = over the previous model is
12 a1 10.197 obtained. Table | presents the data
1005 Li L8 in percentage  of  hit_rate of
59.67 38.7855 prediction as of the second and
48.65 14.595 third state of the accountant.
15.31 9186 The PAAC altogether this
19.65 179 conformed by a table of prediction,
30.95 18.57 a form of sequential access and a

politic of replace LRU (Fig. 8).
The access to the PAAC is made
of the following way: if the prediction cannot be always made access to thc.ﬁrsl.blo.ck of
the memory, since it demonstrated (Fig. 4) that most of the data they lodge in this; if the
data is found in this block had a latency of a cycle of access, which is similar to a memory
of dircct mapped, but of not finding the data is acceded to _lhc second block, which brings
like consequence a latency similar to the one of an associative memory. _

The way that is followed to predict the block in which the lookcfi for data is located
initiates with the use of the Program Counter (PC) of the instruction of access to the
memory, while by a side the effective direction of the memory by means of a sum
calculates (it consumes at least a cycle), we indexed our lal3le of: prediction of 128
entrances, of which the value of the accountant for that entrance 1s verified. Ifthe state of
the accountant allows the prediction block in that same cnt.rance.of the table acc;cdcs to 1}::
block indicated by the field. In case of success an access in a ime 91‘3 cycle is obu.uneh ‘
similar to the one of a memory of direct mapped, without mattering if the data wenls mkl e
primary or secondary block. In case of a prediction error it 15 acceded to the b ocf in
opposition to the one of the prediction, which tares like consequence a penalty of an

Table 1. - Pcrcentage of hit_rate of prediction
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additional cycle to which already uses to review the predicted block. The filling of the

prediction table is made by means of comparing stride present with stride stored ip the
prediction table.

Fetch Decode Execution Mcmory W_r_it-c—-"
Back

Window Instruction

Effective, ——»| 0
PC

!
?

- e - -

Stnde’s calculation

]

]

L]

[ ]
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> : »| ) direction! T
' ! e '
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[] H ]
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' v et St LR 1 :
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J J 1 Predicted address | :
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e H =gy =
' + Previous address ' + Update of
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] ] ]
1 1 ]
] ] ]
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Fig. 8 Prediction's data_path of a block, that it is part from an associative memory of level two AS2
(normal flow —  prediction’s flow =P ).

Stride is obtained from the difference of the previous direction with the present
dircction, operation that can be conducted single until the calculation of the effective
direction finishes. )

In addition a comparison between the predicted direction (extreme of previous
direction with stride stored) and the effective direction is made. If both comparisons
guessed right, when comparing both stride is increased the accountant of the entrance
the table, besides to verify in that block was the data within the cache memory, to updat
the ficld block of the table.

In the next access to the memory the prediction table is verified and on the basis of

accountant of events of stride and of the field block it is possible to predict in which
from the memory is stored our data.



Predictive Array Access Cache-PAAC7! 425

If ti.u: dlrectl(.m of lhe.data is predictable accedes to the block indicated by th
prediction tabl.c, if the data e located in this block, conserves the latency of ;Ca y
put if not finding the data it is acceded to the other block in search gf the ';‘Ctt mal?p:d,
P"dimion WIS Sflc.:ccssfu| and the data was located in block two re rcs:nz:. th tl s
climinated the additional cycle to have to look for the data in the first blocl:( of se u::“i;?
form and soon to accede to block two. When we have a huge prediction’s rcc?n )
can be used to reduce the access time to the memory. P age i

4 Methodology of Evaluation

We compared the behavior of different models from cache memories using simulations of
service loads, for it was used the Simplescalar [6]) We obtained measures from 20
programs, from SPEC95 and SPEC2000. The models simulated memories were: memory
of direct mapped (MP), memory Column-Associative type provided with a predictor on
the basis of stride (CA-Pred), an associative memory level (two AS-2) and our model
(PAAC); all the models with sizes of 8K, 16K, 32K and 64K. To determine performance

of memory it is used the formula presented.

Performance= K+ L,
M

K = (hits in block one) + (hits in block two) + (hits by prediction)
L = (miss in any block) + (miss in prediction)
M = Total number of cycles for exccution

The latency of success for a direct mapped memory is 1 cycle, for an associative
memory level two is of 2 cycles, for our model it is one cycle for block one and predicted
hits, two cycles for block two (sequential access). The error latency is 18 cycles for the
three models. At last all the access (hits and misses) arc added and divided by total

number of cycles of benchmark execution.

S Results

The index of errors for our model (PAAC) is similar to the ¢
of type, since it leaves from the same principle of positioning of data, but the advantage

that presents/displays is the access time, table 3 shows the obtained access times for cac.h
one of the models. In table 3 the smaller index of latency for the PAA?C. cven lowcf is
emphasized than the one of a memory of direct mapped of the same size. Even making
comparisons between the number of cycles of latency between PA{\C and onc of direct
mapped, a PAAC of 16K has a smaller latency that a memory of direct mapped of 32K,

the one of an associative memory



426 Alejandro Villar Briones, et al.

this point is excellent considering that like the size of our storage device is increased hy
index of miss rate is reduced.

MP CA Pred  AS2 _ PAAC SPEC m
T 574 577 539 | 539 2.16 | 2.34

3.12 )
B s8] 96 AT AT

228 | 262 | 36 | 2157
299 1.79 146 | 1.46 151 [ 159 [ 222 125

=N7197 67 5.1 5.1 222 | 242 281 | 183
7497 6.05 229 | 229 226 | 225 1235 | 143 ]
BT 102] 230 1.60 | 1.60

167 | 177 [ 225 [ 129
BT 22 114 | 114 1.52 | 168 [ 2107 [ 121

2
(=]

BTl | 574 1.67 | 1.67 1.78 | 2.0 2.5 15
348 376 276 | 2.76 173 | 183 [ 243 | 148
249]  2.20 049 | 0.49 141 [ 166 | 207 | 115
B2 266 1.72 | 1.12 186 | 169 [ 227 13
320 2.49 220 | 220 1.5 | 112 | 234 | 142

-

Yl o.00| 864 734 | 7.34
TN 29| 397 236 | 2.36
I s 138 023 | 023
I3 3891 [ 1313 ] 13713
YTl s. 15| 376 i | oL 0
o] 193 087 | 087 165 | 176 [ 213 1.6

BT s 409 184 | 1.84 199 [ 202 [229 ] 135
Table 2.- Percentages of miss_rate (%) Table 3. - Index of latency (cycle)

3

glg':‘%: & :
I ng - =

c 2.4 2.87 3.07 2.16
1.38 1.72 2.11 1.2
1.92 )l 2.03 1.1
29 3.28 4.02 2.9

1.87 1.78 2.17 1.23

6 Conclusions and futures works

On the basis of the predicted results and to the obtained ones, we can be made
comparisons of the degree of effectiveness of proposed model. In the case of the area
predictions of location of data it is possible to be continued implementing improvements
as far as possible in the prediction, since in spite of having a percentage of 94%
effectiveness, we diminish the miss_rate of prediction with the propose of increasing the
performance of our model. The application of this model in associative memories with
greater number of blocks is the next point of study and to evaluate its yield, also

Possiblc implementation in language VHDL for its simulation at level layout to determine
its power consumption.
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Ahstract. Power dissipation is a major consiraint in the design of new micro-
architectures for state-of-thc-art microprocessors. One of units that have received
considcrable allention as a major consumer of power is the instruction queue. This
rescarch studies the power consumption and timing of two different designs of the
instruction queuc and wakeup logic used in modern microprocessors. One design is
a standard CAM-based mechanism; the other is a new proposal using a RAM-based
direct wakeup mechanism [7]. The encrgy and timing of CAM and RAM structures
used in the instruction qucue were cvaluated using Spice3 tools for the 70nm

technology.

Keywords: Processors Architecture, Issue Qucue, CAM Wakeup, Matrix
Dependency Wakeup, Direct-Wakeup, Low-Power.

1 Introduction

This work evaluates power and timing of structures which implement the instr.u.ction
wakeup mechanisms used in modern superscalar processors. It compares .!radmonal
designs with a Direct Wakeup scheme proposed in [7]. We pay close attention 1o-lhc
amount of hardware that must be added in order to achieve a power-cfficient solution.
Section 2 describe how the structures work. Section 3 presents the technology
considerations taken into account for evaluations. Section 4 shows a !r.ansistor lt-zvcl
design of structures used, section 5 presents a new design we propose and its evaluation.
Finally, section 6 presents the results and conclusions.
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2 Traditional Issue Queues

ues are structures that permit Out-Of-Order issue and execution,
necessary to achieve high Instruction Level Parallelism !LP re.quired in modem
microprocessors. One operation that has to be performed in a single cycle by the

instruction queue logic is Wakeup-Select.

Instruction que
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Fig. 1. Issue queue Models

The wakeup logic is responsible for waking up instructions waiting in the issue queue for
their source operands to become available. This wakeup action is performed by a Content
Addressable Memory. A traditional instruction queue dissipates between 18 and 25% of
the total processor power dissipation [5]. A major part of this energy dissipation is due to
comparisons performed in the CAM’s by the wakeup logic.

There are two ways to wake up instructions (CAM wakeup and Dependency Matrix
Wakeup). The first one is by comparing the result tag of a completing instruction with the
tags of all source operands of instructions waiting in the issue queue. On a match a
respective OpRdy bit is set. Instructions with all its operands available are ready to issue
in next cycle. The second way is to perform the comparisons in allocation stage [4]. In
this case the source operands are compared with all destination register waiting in the
issue queue; matches are used for set the corresponding bits in a dependency matrix. Bits
set in a row of the matrix correspond to the instructions to wakeup. Dependency matrix
uses column bits counters to evaluate ready instruction, but not make comparisons after
!he execution. In both two cases, a CAM is required. But the number of comparison ports
in CAM-Wakeup model is proportional to the execution width (EH), while in Matrix-
Dependency-Wakeup model it is proportional to the decode width (D).

Selection Iogic determines which instruction has its operands ready; instructions with all
operand available are ready to being issue.
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3 Technology Considerations

Traditionall)f. fal?out-of-four (FOA4) delay is a metric used to estimate CMOS-circuit
speed because it is md.epcndcnl of technology process. The FO4 delay is the time for an
inverter to drive 4 copies of same inverter. For static logic, an approximation of the FO4

delay in picoseconds is given by 360x L‘,m,,u_, [2]), where L,,m,,(w,, is the minimal

length of transistor gate in micrometers. The FO4 metric is a useful measure to estimate
the processor clock speed across technology generations [3). In the literature the access
delay of some structures in the critical path are used as a lower bound of the
microprocessors clock cycle time. [2] suggests using the computation delay of very
optimizcd 64-bit adder (5.5FO4 for static logic), under the assumption that to execute two
dependent instruction in consecutive cycles clock, the first instruction must compute its
result in a single cycle. Considering the pipeline-latches overhead and time to bypass the
adder result back to the input for the next instruction, clock period is goes down to 8 FO4
delays in aggressive estimates and 16 FO4 delays in conservative estimates. With these
considerations, the FO4 delay decreases from 64ps in an 180nm technology to, while
frequency clock increases from 1.09GHz in an 180nm to 5GHz in a 70nm Technology.

3.1 Wire considerations

The source of technology parameters used in this work is Predictive Technology Model
(PMT) provided by the device group at UC Berkeley [1]. The model uses the same
approach as the International Technology Roadmap for Semiconductors by subdividing
the wiring layers into three categories 1) Local lines, for connections within a cell, 2)
Intermediate lines for connections between modules and 3) Global lines for chip
communications. In addition, it use two structure types a) Global Layer lines are coupled
above one metal ground and b) Local and Intermediate Layers lines are coupled between

two metal ground. e SR

= AL

s g, | EEME Ty ey R,
i § ] ! i - 3
I U e Iy
L B i 7
R B ool (B oty ({OOR B mptsionnaniensiog IS g |
; CACSD __‘1___) _ i CROUND !
a) Global Layer lines b) Local and Intermediate Layers lines
Fig. 2. Wire Structures used in PMT

Tablel shows the wire parameters for different technology generations. Rwire, Ccouple,
Cground and Crotal values are based on the analytical model of PMT [1). Here we can see
that while the transistor’s speeds are scaling more or less linearly, wires are getting slower
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with each new technology generation. This is because the resistance of wires increases
with each new technologv generation but the capacitances stay more or less constant.

itic effects ™ I IT e S e
Thickhness | Heghtp Y Cx e
(pm) (um) (pm) (pm) Qpm fFium fF/pm Fipm
0.180 um Technology genceralion a 1.9GHz ——
tocal 038 0.28 048 0.6S 3% 0174 0.07% 0.030 ¥ e
Intermediate 038 0.3% 0.6% 0.68 ik 0.094 0.078 0.03% 0213 )
Global 080 0.10 1.18 0,65 J.5 0.021 0.081 0.080 .10 ]
0.130 um Technology generation _a 2.7 Gliz )
lLoeal 0.20 v.20 048 0.45 32 0.244 0.0A% 0.m9 %338 1
Intermediate .18 0.18 0.4 0.4% 3.2 0.174 0,000 0.140 o0 ]
Glabal 0.60 0.60 1.10 045 3.2 0.0 0.089 0.079 0.1
0.100 pm Technology generation a 3.47GlHz
local nis ni1s 0130 0.30 2.8 0 4813 0.068 0.028 0.1%3
Intrrmediate | 0.20 u.2n 0.4% 0.30 28 0.244 0.0638 0,037 0111
Glohal v %0 0,%4) 1.10 030 2.3 0,0)6 0.083 wus} V.1%
0.070 pm Technology generation a 5.0 Gllz
local v.10 0.10 0.10 0.10 1.2 1 0,053 0.022 0.147
Intermediate 014 014 0.)% 0.20 1.2 0.44% 0.0%7 0.ul1 0.177
Global 0.48 0.45 1.10 0.20 1.1 0.040 0.07) u.us2 0.1)0
3.2 Wire delay

Since the delay time is proportional to the product of resistance and capacitance,
evaluated wire delays for various clock rates using Spice3 for diffcrent technologies:
180nm @1GHz, 130nm @2GHz, 100nm @3GHz and 70nm @5Ghz. A distributed RC
mode! with |pm wire RC basic segment was used. Figure 3 shows the delay for local and

intermediate wires expressed in FO4 delays, while Figure 4 shows Global wires delay and
distributed RC model.
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Fig. 3. Wire Delay evaluation using Spice3

For the load at the far end of each segment evaluated, we used a buffer with high spee
characteristics: under the assumption that an optimal segment length makes the wire delay
equal to or less than one FO4 delay. Wires with delay under one FO4 line in Figures 3

4 are considered optimal segment length without repeaters.
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Fig. 4. Global Wire Delay and Distributed RC model used in Dclay evaluation

3.3 Reducing Wire Delays

In long wires the insertion of repeaters periodically along the wire brakes the quadratic
function of the delay on the wire length and makes it a linear function of the total wire
length. The general expression for delay in a wire of length L with distributive RC is

given by T, =0.38xRxCx L?, while in a wire with M-1 repeaters the expression for

delay is T, =0.38x RxCx [L/M]: xM +(M -l),,,,ﬂ,,, where ¢,,4., is the buffer delay

time and M the number of wire scgments. The optimal number of buffers on total wire
length is obtained taking the first derivative with respect to segments number M,

0Tp/0M =0 then the number of repeaters isM = L(0.38xRxCl!,,,,,,,)"'2, taking into
consideration M=/ for a wire with length 2/, the maximum wire length tolerable without
have need of repeaters theoretically is 1 =0.5/(tj,y, / 0.38RC).

With these considerations we designed the CAM and RAM memories for 70nm
technology, as explained in the following sections.

4 Microarchitecture of Circuits

In order to evaluate timing and power of the issue queue, we considered 70nm
technology parameters. The size of a memory cell is basically determined by the wires.
For bit-line and word-line size we used intermediate wire parameters, interconnections
between transistors are made with local wires. The length of wires in our designs is below
the optimal segment length. Note that we evaluated only the access time of structures and
did not consider the latencies of allocation logic and selection logic.
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4.1 CAM comparators

The model for a CAM is shown in Figure S and its operation is as follows, Each time
an instruction is written in the queue, the word line’s OR resets the ready bit flip-flop ang
turns on the transfer gates to enable the precharge of Match Lines. In the comparisop
stage this precharge signal is driven high in the same clock that Tag bits are driven on
cach comparison port. If the data stored in the cell is equal to the tag driven on the
comparison port(s), the mach line keeps the high level, otherwise it is discharged. The
match line’s OR sets the OpRdy bit flip-flop and the negative output disables the Match,
Line corresponding to this entry to save the precharge energy for posterior comparisons. |f
operands are available in allocation stage FF for ready logic is set on allocation stage.

CAM-wakeup model uses duplicated CAM with EW comparison ports for each source
operand, while Dependency-Matrix-wakeup model use a single CAM with 2Dy
comparison ports, where EW and DWW are Execution Width and Decode Width,
respectively. We evaluate circuits for both models of CAM wakeup with six comparison
ports and Matrix wakeup with eight comparison ports.
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Fig. 5. A CAM Entry with 4 Write ports and 6 Comparison Ports
Basic Cell Area (Ixh):4W4C=4.48um X 2.80um, 4W6C=5.6 um X 3.36um

The CAM size is 32 by 7-bits. It also contains the ready register and 64X 7-bits plus
ready register for 32 entries and 64 entries instruction queues, considering a processor
with register files of 128 entries. Figure 6 displays the write cycle, comparison cycle, flip-
flop timing and average power by access, referenced by the clock signal (dashed line
the graphics). Delay for Ready logic is around 100ps, delay for comparison time is taken
since the precharge is driven to signal MTCH is generated, delay for write access is taken
since the data is driven (driver data delay is added) to data is modified and stabilized
the ram-cell. Power consumption measure technique is explained in section 6.
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Fig. 6. Wave form of write cycle, comparison cycle, flip-flop timing and average power of CAM

with 32 entries 4 Write ports and 6 Comparison ports

435

Table 2 shows the measure of timing and power from spice3, for timing measure the

biggest delay between bit-line and word-line was taking

(considering drivers delay). For

write access, basic-cell stabilization delay was added and for comparison, MTCH signal
generation delay was added. Power was measured on complete structures.

7 bits 4 Write Ports, 6 Comparison 7 bits 4 Wnite Ports, 8 Companison Ports
CAM Ponis(/=31.36um) (1=39.20um)
entnes For -~ [ .
Write Avg Comp Avg ¥, Write Avg Comp Avg
By py) Power (ps) Power ipow irs) Power (ps Power
32 89.6 415 18.50m W 739 47.18mH’ 107.52 45.6 T6.9%mM 1049 94 ASm W
64 179.2 555 36.50mW 50.0 95.27mW 215.04 %3 153.88m W 130.7 166.95m MW
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4.2 SRAM Issue Window

For our evaluations we considered a 4-way processor, models of structures used for store
instructions in the issue window is a RAM memory with four write ports (4W) and four
read ports (4R), we considered operation formats like Alpha 21264 but with register files
of 128 entries, under this assumptions instructions format size is 40 bits, control bits for

I35 asLasaas
] l 1
[ s
| : LN
: i ; ;‘\?l 4
BE Y1 ¥
== It} =TIyl IYLL1]
"“"‘4 i 1'::‘;;?,,1""}_: 3 i
L¥] »—-—1.. \_]‘ -3 -
P ;:uf T
oL L LI L Lo 2
i 1. Y" b | 1
~ : t T 1
i 1

|
Fig. 7. Basic cell of SRAM with 4 W
Cell Area (I x h): 4W4C= 4.48um x 2.24um

allocation and issue logic are not taken in to account.

rlitc and 4 Read ports

Fig. 8. Waveform of read cycle and write cycle time of RAM with 32 entries
4 Write ports and 4 Read ports

l'able 3. Issuc Qucuec RAM 70nm technology

RAM 40 bits 4 Write Ports and 4 Read Ports (1=/56.8 um)
enlrics hipm) ([‘: i}rllc PO\/::I‘E ql:‘_ ;'ad Avg Power
32 71.68 6.8 614 mh 22.8 11,50 miV
64 143.36 71.5 988 mW 215 13.7S mW,

4.3 RAM Dependency Matrix.

Dependency matrix structure is a RAM like shown in figure 7; this is a square matrix
of NxN where N is queue size.
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Table 4. Dependency Matrix RAM  70nm technology

32X32 bits 4 Write Ports and 4 Read Ports 64X64 bits 4 Wnite Ports and 4 Read Ports
(1=143.36 um ) (1=286 72 um)
Write Avg Read Avg Wni
h(um) E i nite Avg Read Avg
dig (ps) l"m&cr. (px) Power hipm) (py) Pawer (ps) Power
[ 7168 448.6 6.94m 225 8 90mV 146,36 65.5 19.00mH’ 215 22.00mMW

5 Direct Wakeup Evaluation

Direct wakeup schema is show in figure 10. The goal of this mechanism is replace the
use of CAM memory used in associative searches on wakeup stage by the use of pointer
keep in two RAM structures, a Mapping table MT and a little Dependency Matrix MWT
10 wakeup instructions with multiple-dependents . Direct Wakeup Mechanism is proposed

in [7].

EE= = [ —— "
BEEE= ".!"mings: o
G o Ve ) “

. S —d —
- et EET] SR WY SR =
-

........

Fig. 9. Scheme of direct Wakeup Mechanism and Impact of MWT deep on performance

This MT allocates in each entry follows fields (example for one dependent-instruction-

pointer): The free register bit, the value register (both two last field are part of register
file), the status register, the consumer instruction pointer and a Pointer to Multiple-Wake-
-dependent, 01: One dependent 10:

up-mechanism table. The status stage could be 00: No

Multiple-dependents, 11: Computed Value (Ready), for this case. The pointer for multiple
wakes up mechanism is used depending of the third field value —If the register is not free
and the status is 10: Multiple dependents. Mapping table is an extension of register file
but with independent ports for reads, used on wakeup stage. Allocation of pointer is
performance on decode stage, at checking time for ready operands. Wakeup is achieved
reading the MT indexed by destination register file and reading MWT indexed by M-

POINTER if instructions with multiple-dependents exist.

In order to evaluate the microarchitecture behavior of Direct-Wakeup scheme, we used
el separately integer, floating

SimpleScalar 3.0. the simulator has been modified to mod
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point and load/store queues, and was build for Alpha configuration, as a wor
SPEC2000 programs was simulated (each of which ran for 200 million instructiop
Figure 9 shows the impact of MWT deep on performance processor; right columps y
each group correspond to the maximum IPC possible for its configuration. MWT with

entries using single pointer, experiment IPC loss of 4.8% for FP and 2% for INT, M

with 4 entries, experiment IPC loss of 10% for FP and 4% for INT benchmap-
respectively.

kloag

For Spice3 simulation we use MWT with 16, 8, 4, 2 entries and single pointer
Considering 4-way Out Of Order processors, these structures require 8 write ports ang
read ports for MT and MWT. The status fields are independent state-machines with
parallel inputs which can do change the state of machine (inputs Ored) on each access

each physical register. The MWT, needed 8 1-bit write ports, and 4 full-bit (32/64) read
ports.

5.1 Mapping Table (MT) and Multiple Wake-up Mechanism Table (MWT)

Organization of Mapping Table has been split into four blocks of 32 entries and these
in 4 sub blocks of 8 entries, causing shorter bit lines and selective decoding block

optimize power and cycle time. Organization require of one 4:1 18-bits multiplexer with
delay of 22ps, for a single output data bus.

Such as MT of 128 Entries was divided in four symmetric blocks, we evaluate power
consumption for writes (2.128m1¥/2.59m}¥) and reads (3.058mI¥/3.19m#¥) of a single _
entries per 10/11-bits block respectively, measures of only one cycle without activity

report around of 0.3mW. In order to evaluate total power we have considered access
power plus three times power on idle stage.

Table 5. MT RAM 70nm technology 7

1Ubits 8Wnite Ports and 6 Read Ports (/=78 4 um) :
RAM 128 hitum) Wrile/ps) Avg Power (mid)) Read (ps) Avg Power (miV))
4 Banks of 128.44 h s 3.028 mW 430 3.95amI¥
32 Entrics I Uhits 8Wrile Ports and 6 Read Ports (1=86.24 ym)
128 44 | S & 1 3 49mil’ | 45 0 1 4 09mN’

Multiple Wake up Table MWT is a RAM structure of 2, 4 or 8 entrics,'s write ports
decoding the 1Q pointers to write one bit in the corresponding entry which is res.ervcd ]
allocation logic, write access is validated by the status signals latched in the register rea

stage. 6 read ports are necessary in case of maximum possible number of instructions
execution have it all muluple dependents.
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Table 7. MWT RAM timing and pos

g 32buts, 8 \\;r;tc .ll":d 6 Read Ponts 64 bits, 8 Write and o Kead iPorts
entrics - (1=250.88 pm) (1=501 =6 um)
rite Av
h(pm) phle R Vg Read Avg Write Avg Read Avg
: D wer (ps) Power ps) Power Ips) Power
______—-—l__ 39 16 1.00 mH* 20 470 mH pAY 1 L0l r0 9.4 ) i
2 T4 e 130 mit’ 0 4.73mH pLY A Al6 sl 120 9.tamh
"—-—__ ks > = 3 -
4 1568 Db 49" mH v “10mM pAY AN m 110 18 42mH
o 36 156 1.1 mir’ .
8 2%m 19 A9ImM 158 1.9 mW 120 1805mH
16 62.72 382 1050 m¥ %0 | 1Soms [T3) 1530 mb’ 150 | 19.0mK4
5.2 Dccoder

Such as MT-memory is splitting into 4 blocks, decoder is designed using dynamic gates
to optimize timing and power the address word is split to reduce the number of decode
stages. Each basic decoder uses 8 row decoder like show in the figure 12¢. decoding the
three lowest address (A2-A0) bits to select one of eight entries of the memory sub block.
Sub blocks are decoded using two next address bits (A4-A3) to selecting one of the four
sub blocks (8 entries) of the block array (32 entries). Finally blocks are decoded with
another similar 2 bits decode using (A6-AS).

%ﬂi 3323«3% RIS
2 : s -0

“ a) b) c) d)
Fig. 10. a) Block decoder b) Sub block decoder ¢) ROW decoder and d) Enable WL circuit

The enable word line circuit shown in figure 12d is used to isolate the RAM array of the
decoder. Selection block and Selection sub block signal enabling or disabling the WL.
Table 6 show the delay and consumption of 7-bits address decoder.

Table 6. 7 Address bits DECODER 70nm
7 Address bits [xecoder

DECODE ot ) Deloy(prs) Avy Power imit)

128WL 12544 32 85
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6 Power Evaluation

Power dissipation is one of the most important factors on evaluation of VLSI designg
(8], new approaches in low power require of accurate power consumption simulation
new technology generations. Note that in general expression for power, the consumptigy

depends strongly of the circuits capacitance p =C,-V,l,',, /. however estimation of G,

requires not only identification of state-changing in logic gates, but also the effective
capacitances in gate regions and drain regions a long with biasing effects, this is the
analogical behavior of transistors. In order to

achieve an accurate monitoring of power VDD avo Powar
dissipation in VLSI circuits, we use Spicel
simulator tool. There is a sub-circuit to measure @ i ik

average power taking advantage of the voltage
equation on one capacitor (see figure 11).

This meter is an independent subcircuit with a | “FYT

current-controlled current source and a parallel

RC circuit. Power average in a dissipative J,,

element with fixed source voltage V,,, in atime Fig. 11. Power meter

interval Ar=t, -1, is given by:
2
(1) Py =Vin/ta—t J:i,,,,(:)dl by using a current-controlled current source with

current equal to i, =i, Voltage in a Capacitor C, (from figure 11) in a time interval

At =1, -1, is given by next equation

2
)V ()= B/C, Li,,,,(t)dm-v, by running a transient analysis and reading V., at
time t1 and (2 the average power consumption of the circuit is monitored by the equation
2 if a value for P is chosen such that

GIB=C,Vppfta=ty ox B=C, V), [ .

The time interval f, —¢, should span a clock period or multiple integer of period of the

circuit frequency operation. Measuring the power dissipation is equivalent to measuring
the supply current flow during the transient analysis. The current pulses are very short,
and the current waveform must be computed carefully to accurately compute the power.
In order to produce better results we choice second order gear rather than trapezoidal
integration method.
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7 Summary and Conclusions

Power and timing evaluation is an important factor on evaluation in new proposals, in
this work we evaluated traditional Issue Queue instruction wakeup mechanisms and
compared its results with a direct wakeup scheme proposed in [7], Table 8 shows results
of these evaluations. In order to evaluate the total impact of structures in timing
[103211064] and power (1Q32/641Q) - for instruction issue queue for 32- and 64-entries
respectively - On overlapped access to different structures maximum time delay is
considered, but power is supplementary.

The average access power was computed taking into account all tree components of 1Q
operation: Allocation, issue, and Wakeup for all three mechanisms presented, values in
brackets represent access time and values in parentheses represent access power to
mentioned structures, for 32 and 64 entries respectively.

For CAM wakeup mechanism: on allocation stage writes of two source operands in
CAMA4WG6C’s [42.80ps/55.50ps] (18.80mI¥X2/55.50mWX2) and writes of the complete
instruction in SRAM 1Q are performed (56.50ps/71.50ps] (6.14m#¥/9.85mi¥). On Wakeup
stage, comparison on two struclures CAM are performed [73.9ps/80.0ps) (47.15mWV
X2/95.27m¥) one for each operand in the 1Q. On Issue stage instructions are read from
SRAM 1Q[22.5ps/22.5ps] (11.50mi¥/13.75m}Y).

For Dependency Matrix Wakeup mechanism: on allocation stage comparison of
destination register are performed in one structure CAMAWBC[48.60p5/56.30ps)
(76.95mW/153.55mi¥), writes of the complete instruction in SRAM 1Q [56.50ps/71.50ps]
(6.14mW/9.85 mW) and writes of dependency bits on matrix at time are performed
[48.60ps/65.50ps] (6.94mi¥/19.00mi¥). On issue stage instructions are read from SRAM
1Q (22.5p5/22.5ps] (11.50m¥/13.75mM¥) and vector bit of matrix is read [22.5ps/22.5ps)
(8.90m ¥/ 22.00m}¥) to wakeup instruction on next cycle.

For Direct Wakeup mechanism: we consider that in decode stage is known the address for
allocation of instructions in the queue and processor check the register file for ready
operands indexing it with the source operands of instructions. Then, on allocation stage
writes of 1Q-pointers in the MT [56.5ps/56.5ps] (3.028mV/3.49mY) after writes of M-
pointers in the MWT 8-entries [25.6ps5/25.6.6ps] (7.28mI¥/10.53ml¥) and writes of the
complete instruction in SRAM 1Q [56.50ps/71.50ps] (6.14mi¥/9.85mi¥) are performed,
note that decode for write access is not necessary. On wakeup stage MT is indexed
[32.00ps) (8.50m#¥) with the result-registers for read [45.0ps/45.0ps) (3.95/4.09mHY) th‘c
1Q-pointer and MWT [22.00ps5/22.00ps] (8.93mi¥/15.05m¥) is indexed spbscqucnt if
instructions with multiple dependents are executed. On issue stage instructions are read
from SRAM 1Q [22.5ps/22.5ps] (11.50mi¥/13.75mi¥).
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Table 8. shows the power and cycle time for all three models of instruction issue queye
evaluated, cycle time and power is considered for each stage of issue logic, Direg
Wakeup Scheme requires the longest cycle time for allocation and wakeup due for
sequential access to the MWT, but this stages use half clock cycle. With Direct Wakeyp
Scheme save 67%/80% of total energy dissipated in a 32/64 CAM Wakeup Scheme.

Table 8. Issue Queue timing and power for 70om technology

1Q CAM Wakeup
tries Allocation | Avg Power, Issue Avg Power; Wakeup | Avg Powerw | Avg Powery
enfn irs) (mih) ) (m1$) (rs) (m1$) (mH)
32 %8 0.7 1.8 11.% 7390 9430 14954
64 718 12008 1.8 13.78 MO 150.54 31814
1Q Dependency Matrix Wakeup
aiviss Allocation Avg Power, lssue Avg Powery Wakeup | Avg Powerw | Avg Powery
phitnls (ry) (mih) (rs) (mh) _ps) (mlF) (mi)
32 58t 40,03 218 11.%0 2.8 590 110.30
64 71.8 1824 12.8 1).75 225 22k 218.18
1Q Direct Wakeup
entries Allocation | Avg Powery Issue Avg Power; | Wakeup | Avg Powerw | Avg Powery
(ry (mh) (rs) (mit) (rs) _{mi) (mit)
32 ALl 16.44 ns 1 99.0° 2035 4932
64 ?7.1 1IA7 2.8 13,78 99.0* 2164 6826

*In this Lable we are considering the worst case, this is like all instructions having multiple dependents
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Abstract. The Java programming language has been, for the last several years, in
the process 1o adding many features. The newest version of Java is called Tiger and
will include new features to simplify software development. The watchwords of the
Java 2 Standard Edition (J2SE) version § are “easy of development” and “easy to
use”. The most significant addition to the language is the ability to create and
manipulate generic types. Despite major changes the language syntax had to be
changed only slightly and the Java virtual machine remains the same, thus insuring
compatibility with cxisting code. Others features in Tiger allow developers lo
annotate programs and reducc the amount of code they need to write. The new
features of Java will have a major impact in the use of Java and in the curricula of
Computer Sciences and Informatics. In particular, Java’'s gencrics will put
paramctric polymorphism back into the toolkit of students, teachers, and
practicioners. In this paper, we describe several of the changes in Java and provide
cxamples illustrating their use.

Keywords: Java, generic types, typesafc enums Jforeach, programming, data
structures.

1 Introduction

Java [AG 98] is one of the most popular programming languages. The balance of
simplicity and power that Java offers allows developers to simplify the construction of
robust and maintainable programs. However there is room for improvement. Java has
been constantly evolving since it catapulted in the programming arena in 1995. After is
first release, nested classes were added, event handling in GUIs was revised, numerous
speciality APls were added, and the collection class hierarchy was designed. Many
changes to Java are requested by users through the Java Community Process. One of the
most requested features is some sor of parametric polymorphism (generics). A formal
document [JSRO14] outlines the proposal. With the next release of Java, Tiger, the

proposal becomes reality.

Adding parametric polymorphism to Java has been the focus of many researchers as well
[BCK+ 03, BOSW 98a, BOSW 98b, CS 98, MBL 97, and OW 97]. After many proposals
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were analyzed, a new version of the language including this and other features g now
under review process. Java 1.5 is named Tiger, several beta versions have been releaseg
since last year; the latest version is beta 3, which is available for developers since July |9
2004. Sun plans to release the final version later this year. ’

Many universities all over the world have adopted Java as the programming language
to be taught in several courses of different curricula. The new features included in Jay,
1.5 will impact this process in several ways. Some of these additions will release the
programmer of writing repetitive code that could be automatically generated. Othey
features will support the “easy of development” theme providing enumerations,
autoboxing, enhanced for loops, and static import. All these changes are described in [JSR
201).

] In this paper we present a list of features that are part of the new version of Java, We
show some examples of code in the current version y contrast them with code in Tiger.
The paper is organized as follows: section 2 explains the benefits of static import, section
3 describes the automatic conversion of primitive types to they corresponding reference
types (wrapper classes), this process is known as autoboxing. Section 4 describes the new
form of for loop designed to iterate over collections. Section 5 explains the enumeration
facility provided in the language and its differences with respect to other languages. The
most important feature added in this version is presented in section 6, it contains three
subsections describing how to use generics, how to implement generics and the problems
associated to them. Metadata, a declarative way of programming using annotations is
shown in section 7. Section 8 shows an example of a procedure with a variable number of

arguments. API's to get formatted input/output are presented in section 9. Finally
conclusions are offered in section 10.

2 Static Import

In the current version of Java, class members defined as static can be imported by other
classes that want to use them but it is necessary to refer to them using fully qualified
names (ClassName.member or ClassName.member()). In other languages like Pascal or C,
imported members can be directly referred to without using qualifications.

Java 1.5 includes variants of the import statements to allow impontation of static members
(fields and methods) in the same way classes and interfaces can be imported.

Example of the two new import static declarations

import static TypeName.Identifier:
import static TypeName.*;

In the example shown above the first declaration imports into the current unit the specific
Identifier, which must be a static member of the class or interface named TypeNanze. The

second declaration should import into the current unit all the static members (fields and
methods) of the class or interface named TypeName.
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Next we show an example of the use of static im

. port declarations in Java 1.5 and contrast
it with the current version of Java,

Current version

import java.lang.Math;
y = Math.sqr(r) * Math.PI;

Tiger Java 1.5

import static java.lang.Math.*;
y = sqr(r) * PI;

3 Automatic Boxing and Unboxing

Frequently programmers need to wrap primitive types into objects. Java provides wrapper
classes that can be used by the programmer to convert primitive types into reference
types. However this is a process that could be automatically done by the compiler and it is
commonly known as boxing. Java 1.5 offers this feature facilitating the integration of
generic types into the language.

The rules for boxing are straightforward. A value of a primitive type is converted into its
corresponding reference type. Corresponding types are shown in table 1. An opposite

process, known as unboxing, converts a reference type into a value of its corresponding
primitive type.

Table 1. Correspondence between reference types and primitive

Primitive type boolcan |[byte [double |short |int long [ float
Reference type Boolean | Bytc | Double | Short |Integer |Long | Float

An example of the use of automatic boxing and unboxing is presented in thc. code
fragment below. A code fragment with the same functionality using the actual version of
Java is presented before.

Current version. Wrapping primitive type into reference types

public static void main (String (] args) {
Stack x = new Stack();
x.push(new Integer(l17));. // wrap 17
Integer y = (Integer) x.pop();
int num = y.value(); // get value
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Tiger Java 1.5. Using automatic boxing/unboxing with parameterized classes

public static void main(String args{ ] ) {
Stack<Integer> x = new Stack<Integer>();

x.push(1l7); // boxing
Integer y = x.popl():

int num = y; // unboxing

}

4 Foreach

An iterator provides a mechanism to navigate sequentially through a collection of
elements. Using the current version of Java, boilerplate code is needed to iterate through a
collection defining explicitly an iterator. This is shown in the first code fragment below,
Tiger provides a new form of for loop commonly known as foreach loop. The foreach
loop reduces the need of boilerplate iteration code, and simplifies the code reducing the
chances of errors. The code presented in the right part of figure 4 is using a generic type to
define a type argument of a Collection received as argument. This code is based on a
similar example presented in [BG 03]. As we can appreciate iterating over the elements of
the collection is simpler shorter and safer in the code using Tiger than the code using the

current version. Both code fragments are shown below. The enhanced for loop can be
used to iterate through array elements also.

Current version. An example of iterating over a collection.

void cancelAllElements(Collection ¢) {

for( Iterator Ii = c.iterator(); i.hasNext() ; ) (

TimerTask timer = (TimerTask) i.next():
timer.cancel();

}

Tiger Java ).5. An example of foreach using generics and collections

void cancelAllElements(Collection<TimerTask> c) {
for( TimerTask timer : cC)
timer.cancel():

5 Typesafe Enumerated Types

Enumerations were widely known in Pascal and C/C++. This construct allows the
definition of names to help document and clarify code. Java didn’t have an enumeration
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construct and programmers were forced to workaround to create this pattern. This is not
an easy task it: type safety is required and many programmers fail to implement the correct
pattern. In his book [BO1] Bloch discuss the importance of implement a correct
enumeration but the amount of code needed increases the chances of errors. Tiger offers a
typesafe enum facility that combines power, performance and it is easy to use. Enums
have all the advantages of the typesafe enum patter described in [B 01). Enums are a
special kind of classes. They introduce a new keyword into the language. Its simplest
definition looks like a C/C++ enum declaration, but it doesn't have its disadvantages.
Figure 5 shows two examples of enum declarations.

Example of the typcsafe enumcration pattem.

public class City {
private final String name;
private Suit(String name) ( this.name = name; )
public String toString() { return name; )}
public static final City MIAMI = new City(“Miami”);
public static final City ORLANDO = new City(“Orlando”):;
public static final City MELBOURNE = new
City(“Melbourne”);
}

Two examples of the type safe enumecration facility provided in Tiger.

public enum City { Miami, Orlando, Melbourne; )}
public enum Ticket {
Plateau(l), General(5), Number{(10), VIP(100);
Ticket (int value) { this.value = value; }
private final int value;
public int value() ( return value; ]}

}

Class modifiers in enum declarations contain restrictions. Some of them are: all enum
declarations are implicitly final and can not be abstract unless they contain
constant-specific class bodies for every constant, and members of enum classes are
implicitly static.

6 Generic Types

The absence of generics in Java forces the programmer to use subtype polymorphism to
workaround writing code with cast operations that could fail at runtime. Tiger provides
generics enhancing the expressiveness of the language and improving safety because more
errors can be detected at compile time. A detailed description of generics can be found in
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[B 04). Generic types in Java are not like templates in C++. They are compiled once and

for all, they are type checked at compile time and the i
. . y are translated int
piece of code. © @ homogenous

6.1 Generic Libraries

Generic types are widely used in the Collections API. In Tiger, collection types like Lig
or ArrayList, are part of the Collection API and can be parameterized by a type to specify

the type of elements the collection will contain. An example of the List class is presented
next in both version.

Current version

List xs = new LinkedList();

xs.add (new Integer(0)): // wrapping needed
Integer x = (Integer) xs.iterator().next(); // cast needed

Example of an instantiation of a generic class in Tiger Java 1.5

List<Integer> xs = new LinkedList<Integer>();
xs.add (0); // automatic boxing
Integer x = Xs.iterator().next(); // no cast

6.2 Implementing Generic Types

It is easy to define generic classes and interfaces. A generic class definition contains a list
of type parameters afier the class identifier. The code fragment below shows an example

of a generic class with two type parameters. The main function of this code fragment
shows an example of how instantiate and use generic classes.

A gencric class declaration and instantiation.

public class Pair<T,U> {
private T first;
private U second;

public Pair(T £, U s) {
first = f;
second = s;

}

T getfirst () { return first; }
U getsecond() { return second; }
String toString{() {..}
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public static void main(String args( ] ) {
Pair<Integer, String> x = new Pair<Integer, String>
(1, ”Aaron”);

List<String> 1 = new List<String>();

int tot = x.getfirst() + 1;
l.add(x.getsecond()):;

}

6.3 Problems with generics

The translation approach used for generic classes requires that the type parameters must
be reference types. Primitive types cannot be used to instantiate gencric classes or
interfaces. Tiger provides a feature to ameliorate this problem, automatic boxing and
unboxing of primitive types. F-bounded polymorphism is used to define constrained type
parameters but it cannot be combined smoothly with inheritance in the presence of binary
methods as noted in [BS 03]).

7 Metadata

This feature allows annotating classes, interfaces, fields, and methods as having
particular attributes. The current version of Java has a limited implementation of metadata
using tags. The new version of Java contains six built-in annotations and users can define
custom made annotations to decorate their types controlling their availability. With this
new feature developers are going to avoid writing boilerplate code that may be
automatically generated and updated by tools maintaining all the information is the source
file.

7.1 Built-in annotations

The built-in annotations available in the new version of Java are:
a) java.lang.Overrides - indicates that a method declaration in a class intent to override a
method form its superclas.
b) java.lang.annotation.Documented - indicates that javadoc documents the annotated
element. It can be ignored by the tool.
c) java.lang.annotation.Deprecated - The java compiler can wams the user if he/she uses

the annotated element.
d) java.lang.annotation.Inherited - A class decorated with an annotation that contains the

annotation Inherit, will inherit the annotation to all derived classes.



454 Maria L. Barrén Estrada, et. al.

e) java.lang.annotation.Retention - used to determine the annotation availability.

f) java.lang.annotation.Target -indicates to which kind of element (class, method, of
field) the annotation is applicable.

An example of an annotation is shown in the code fragment below.
Current version

public interface PingIF extends Remote {

public void ping() throws RemoteException;
) .

public class Ping implements PingIF{
public void ping() { ..}
}

An example of metadata annotations using Tiger Java 15

public class Ping {

public @Remote void ping() ( ..}
}

8 Variable Arguments

In the actual version of Java, the number of parameters in a method is fixed. Generally
when a method needs an arbitrary number of parameters, it uses an array to store all the
arguments. The new version of Java allows defining methods with a variable number of

arguments without using arrays to store them. The code fragments below show an
example of this in both the current version and Tiger.

Current version

Object [ ] arguments = ({
new Integer(7),
new Date(),

“ a disturbance in the force”

)

String result = MessageFormat.format (

“At {1l,time} on {1l,date}, there was {2} on planet” +
“{0,number, integer}.”, arguments) ;



456 Maria L. Barrén Estrada, et. al.

reused without recompilation. In this regard the big problem was with the collection
classes. The new generic collection classes are translated in a way that produces the same
Java bytecode as the old (non-generic) collection classes. This is not without its own
drawbacks, however.

The collections classes: lists, sets, dictionaries, and so on, are by their Nature
polymorphic. With generics in Java it will be possible to program these data structures
naturally without attention to the type of the elements. This should be a great help in the
instruction of data structures using the Java programming language.

Automatic boxing and unboxing also contributes to a more natural view of data
structures by erasing the difference between, say, stacks of integers and stacks of strings,

Input and ouput has been greatly improved. Although quite logically designed, I/0 has
been cumbersome in Java. It as been the cause of much frustration to developers,
students, and instructors alike. The new 1/0 API with it C style formatted output will
make common tasks like printing numbers in columns simple again.

References

[AG 98] Ken Amold and James Gosling. The Java™ Programming Language.
Addison Wesley. 1998

(B 01} Joshua Bloch. Effective Java™ Addison Wesley. 2001.

[B 04] Gilad Bracha. Generics in the Java Programming Language. March 9, 2004.
Available online at hitp://java.sun.com/j2se/ 1.5.0/lang htmnl

[BCK+ 03] Gilad Bracha, Norman Cohen, Christian Kemper, Martin Odersky, David
Stoutamire, Kresten Thorup, and Philip Wadler. Adding gencrics to the Java™
Programming Language: Public Draft Specification, Version 2.0. June 23, 2003.
Available online at htip:/java.sun.com
[BG 03] Joshua Bloch and Neal Gafler. Forthcoming Java™ Programming Language
Features. Presentation in JavaOne Conference. June 2003,

[BOSW 98a) Gilad Bracha, Martin Odersky, David Stoutamire, and Philip Wadler. GJ:

Extending the Java Programming Language with type parameters. Manuscript, March
1998, revised August 1998.

[BOSW 98b] Gilad Bracha, Martin Odersky, David Stoutamire and Philip Wadler.
Making the future safe for the past: Adding Genericity to the Java Programming
Language (GJ) In Proceedings of OOPSILA '98, Conference on Object-Oriented

Programming, Systems, Languages and Applications, Vancouver, British Columbia,
Canada. October 1998,

[BS 03] Maria Lucia Barron Estrada and Ryan Stansifer. Inheritance, Genericity and

Binary Mcthods in Java. In Computacion y Sistemas, Volumen VI, numero 2. Mexico,
DF. December 2003,

[CS 98] Robert Cartwright and Guy L. Steele. Compatible Genericity with Run-Time
Types for the Java™ Programming Language. (NextGen) In Proceedings of OOPSLA

98, Conference on Object-Oriented Programming, Systems, Languages and Applications,
Vancouver, British Columbia, Canada. October 1998,

il 1o




456 Maria L. Barrén Estrada, et. al.

reused without recompilation. In this regard the big problem was with the collection
classes. The new generic collection classes are translated in a way that produces the same
Java bytecode as the old (non-generic) collection classes. This is not without its own
drawbacks, however.

The collections classes: lists, sets, dictionaries, and so on, are by their Nature
polymorphic. With generics in Java it will be possible to program these data structures
naturally without attention to the type of the elements. This should be a great help in the
instruction of data structures using the Java programming language.

Automatic boxing and unboxing also contributes to a more natural view of data
structures by erasing the difference between, say, stacks of integers and stacks of strings,

Input and ouput has been greatly improved. Although quite logically designed, I/0 has
been cumbersome in Java. It as been the cause of much frustration to developers,
students, and instructors alike. The new 1/0 API with it C style formatted output will
make common tasks like printing numbers in columns simple again.
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Abstract. We have implemented a basic CPS compiler for functional languages
with exception handling. With it we were able to implement a new approach to
exception handling and compare it side-by-side with the approach taken by the
SML of New Jersey compiler. The new approach uses two continuations in-
stead of the one continuation. One continualion encapsulates the rest of the
normal computation as usual. A sccond continuation is used for passing the ab-
normal computation. The new approach and an experiment were shown in
[9.10] where we concluded that programs with exception handling using our
new approach do not produce overhead. In this paper we show more details
about the compiler. This includes lambda, CPS and abstract machine code gen-
cration. At the end, we show some results of the experiments.

1 Introduction

Functional languages focus on data values described by expressions (built from function
applications and definitions of functions) with automatic evaluation of expressions. Pro-
grams can be viewed as descriptions declaring information about values rather than in-
structions for the computation of values or of effects [11]. ML [8] is a general-purpose
functional programming language designed for large projects. Every expression has a
statically determined type and will only evaluate to values of that type. Standard ML of
New jersey (abbreviated SML/NJ) is a compiler and programming environment for ML
written in ML with associated libraries, tools, and documentation (3). The compiler
translates a source program into a target machine language program in several phases. .

Compilers of imperative languages like Java, Ada, and C++ implement exception
handling without imposing overhead on normal execution (4, 5, 6]. When a program
defines an exception handler, the runtime performance of that program wguld be the
same without exception handler definition. We can say that there is no runtime pen'fahy
for defining an exception handler, which is never used. In other words, no r}mumc
overhead occurs in the case in which no exceptions are raised. However, compilers of
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functional languages like SML/NJ or CAML (7] produce code that has exceptiop.
handling overhead [10].

2 A Model of CPS Translation

The middle part and key transformation in some functional language compilers is the
conversion to CPS (continuation-passing style) language. We use CPS as our interme-
diate representation in our functional language compiler (figure 1). The compiler
first translates a source program written in lambda code into CPS code. Then, it trans-

lates the CPS code into a one-function CPS program named flat CPS. Finally, flat CPS
code is translated into abstract machine code (AMC).

Source Program
{Lambda code)

!

Translation
To CPS

CPS code

'

Translation
To Flat CPS

v

Flat CPS code

Translation to
Abstract MC

AMC

Fig. 1. Overvicw of the compiler

2.1 The Lambda Language

Our source language is written using lambda code. The next SML code shows the

definition of a lambda expression. We start here to avoid issues of parsing a concrets
source language.
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datatype lexp=

VAR of var | INT of int |STRING of string
|FN of var * lexp

IFIX of var list * lexp list * lexp
IAPP of lexp * lexp

IPLUS |SUB |IMULT |LESS |EQ
IMAKEREF |RAISE of lexp

IHANDLE of lexp * lexp

ICOND of lexp * lexp °* lexp

In this case, each value (a constructor) of type lexp can represent:

A variable (VAR), an integer (INT), or a string (STRING).

An anonymous (lambda) function (FN).

A function dcclaration (FIX) where function names (var list) are bound to
anonymous functions (lexp list) under the scope of a lambda expression.

A function-calling construct (APP).

A sct of primitive operations for making arithmetic (PLUS, SUB, and
MULT); comparisons (LESS, and EQ); and creation of references to memory
(we use them when exceptions are declared).

e A primitive operation to evaluate an expression of type exception and to
throw a uscr-defined or system exception (RAISE).

e A primitive opecration HANDLE that evaluates the first argument, and if an
exception is raised, then applies the second argument (handler) to the excep-
tion.

e A primitive operator COND used to test conditions EQ and LESS. Besides

normal testing, this primitive is very important when a HANDLE tests for a
given exception.

2.2 The CPS Language

The CPS language used in our translator has three big differences with respect to those
traditional compilers, which use also CPS as an intermediate representation [2):

e Every function has a name.

e There is an operator for defining mutually recursive functions (instead of

fixed point function).

e  There arc n-tuple primitive operators.
Besides that, we use the ML datatype declaration in order to prohibit ill-formed ex-
pressions. One important property of CPS is that every intermediate value of a compu-
tation is given a name. This makes easier the translation later, to any kind of machine
code. For example the SML expression 289 - (17 * 17) is translated to

PRIMOP (*, [INT 17, INT 17], ["w2%],

{PRIMOP (-, [INT 289,VAR "w2"],
("wl"), [APP (VAR "k", [VAR "w1"])])))

in CPS notation, where wil and w2 are intermediate names produced by the translator.
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The next SML code shows the definition of a CPS expression.

datatype primop=

gethdlr |sethdlr | + | - | * | < Jequal |makeretf

type var=string
datatype value =

VAR of var |INT of int |STRING of string

datatype cexp=

APP of value * value list
|FIX of (var * var list * cexp) list * cexp
| PRIMOP of primop * value list * var list * cexp list

A primitive operator can be:

gethdlr and sethdlr. Both are used for handling exceptions. The operator
gethdlr obtains the current exception handler (or saving the old handler), and
sethdlr updates the store with a current handler (re-install a new handler).

+, -, *. Arithmetic operators for adding, subtracting, and multiplying two ar-
guments.

<, equal. Testing (comparison) operators for less than and equal to.

makeref. This operator is used to create a reference (a pointer) to memory
(specially for declaring an exception).

Datatype value is defined as all the different kind of atomic arguments that can be

used in a CPS operator. A value or argument can be a variable (VAR), an integer
(INT), or a string constant (STRING).

Our CPS language has just three different kinds of expressions. They are:

APP. It is used for calling a function (whose name is of type value), passing
one or more arguments (using a list of values).

FiIX. Like we established before, in CPS all functions have a name. There are
no anonymous functions. FIX is used to define a general-purpose mutually
recursive function definition. The syntax of FIX defines a list of zero or more
functions, with a name (type var), arguments (type var list), and bodies (type
cexp). All of these functions can be called (using the APP operator), from
each body of the function or from the main body of the FIX expression (type
cexp).

PRIMOP. This stands for primitive operator. All primitives like handling
exception, arithmetic, testing, and references, are built by using this construc-
tor. The first field is the primitive name (primop type), the second and third

fields are used for arguments and/or result names, and the fourth field is the
continuation expression of the primitive operator.

2.3 The Abstract Machine Code (AMC)

Continuation-passing style is used because it is closely related to Church’s lambda
calculus and to the model of von Neumann, here represented by our target abstract
machine language (see figure 2). Each operator of the CPS corresponds to one opera-
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tor in our targel abstract machine code. In order to test the performance of the CPS
code we implemented an abstract machine.

The machine has an instruction sct, a register set and a model of memory, and exe-

cutes programs wrilten in abstract machine code. Fi i
_ . Figure 2 illustrates the com
of the abstract machine. ¢ ponents

CPS Program

AMC
translator

Memory AMC Program

Y

AMC code —
K—— Simulator Result

Registers

Fig. 2. Components of the abstract machine

During the compilation process. lambda expressions are translated into corresponding
CPS expressions. Then, CPS expressions are translated into abstract machinc code.
The AMC is essentially an assembly-language code, and like any abstract machine it
has some advantages with respect to a real machine: first, creating a simulator for the
abstract machine is no big deal; and second making performance analysis is very con-
venient (we can include code for performance analysis inside the machine). The next
SML code shows the definition of the format for AMC instructions and expressions.

datatype instruction =
LABEL of string
| JUMP of string
ICJUMP of relop * exp * exp * string * string
JLOAD of exp * exp’
ISTORE of exp * exp
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and

and

|ADD of exp * exp * exp
|SUB of exp * exp " exp
IMUL of exp * exp " exp

exp=
MEM of string
INAME of string
|CONST of int
ISTRING of string
IREG of int

relop= EQ | LT

An abstract machine instruction can be:

A label that represents an address. Whenever the simulator finds a label it
just increases the program pointer, in order to read the next instruction,
A jump instruction is an unconditional branch to any label.

A CJUMP is a conditional jump to one of two labels, depending of the result
of the test.

A load from memory into a register.
A store from a register or a string into a memory address.

Arithmetic operations to add, subtract, or multiply two values, producing a
result, which is stored into memory.

and a expression can be:

An address of memory represented by a name (string) of a register, variable,
etc.

e  The name of a label, which represents an address.

e A constant for an integer data.

e A string data.

e  Aregister (registers have a unique number).
Example:

We illustrate all the different code representations with a complete program in SML,
Lambda, CPS, and abstract machine code,

SML
let
in

end

fun f(x)= x*5

f£(4)

LAMBDA

FIX(("£"],

(FEN ("x",APP(b.MULT,RECORD (VAR "x",INT S51))1],
APP (VAR "f",INT 4))
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CPS

FIX
([(-fﬂ' lllxtl' -vlﬂ]'
PRIMOP (*, (VAR "x",INT S], ["w2"],
(APP (VAR "wl™, [VAR "w2"])]))]),
FIX
([("r3", ["x4"],APP (VAR "initialNormalCont"™, (VAR "x4"]))],
APP (VAR "f", [INT 4,VAR "r3"])))

AMC

0 LOAD Const 4,Reg 1

1 LOAD Mem r3,Reg 2

2 JUMP Name f

3 LAB £

4 STORE Reg 1,Menm x

5 STORE Reg 2,Mem wl

6 MUL Mem x,Const 5,Mem w2
7 LOAD Mem w2,Reqg 1

8 JUMP Mem wl

9 LAB r3:

10 STORE Reg 1,Mem x4

11 LOAD Mem x4,Reg 1

12 JUMP Mem initialNormalCont
13 LAB end:

The code in the AMC performs the following operations:

e Instructions 0 and | pass the parameters in registers 1 and 2.

e Instruction 2 is a jump to label f.

e Instructions 4 and 5 storc both paramcters (constant 4 and register 3) in
memory.
Instruction 6 multiplies first paramcter (constant 4) by constant 5.
Instruction 7 passes as a paramcter the result of the multiplication in register
1.
Instruction 8 is a jump to addrcess r3 (the value of variable wl).
Instruction 10 stores the parameter into memory address x4.
Instruction 11 passes the value of x4 into register §. This register always
keeps the final result.

® Instruction 12 jumps to the initial continuation initialNormalCont, which is
a fixed address or constant in memory that represents the end of any program
exccuted in the abstract machine.

2.4 A Simulator of the AMC

The simulator is a program, which simulates a real computer. It is a picce of softvzare
that runs an AMC program. In order to simulate a real computer it uscs three data
structures, which mimic a memory for data values, a memory for code, and a set of
registers (sce figure 2). It also uses two variables that keep the current program pointer
(PC) for the code, and the current stack pointer (SP) for the data. The main routine of
the simulator is a recursive function that keeps reading instructions from the AMC
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program. Next, we describe the algorithm used for the simulation of an AMC pro-
gram.

Input: An AMC program, which is kept as a list of instructions.
Output: A value or result after executing the AMC program.
Mcthod:
e Convert the instructions kept as a list into a different data structure: an array.
The array is more convenient for the simulation.
e Initialize PC and memory pointers with initial address. PC points to first
AMC instruction and memory pointer to address zero in memory.
e Start main function, which keeps reading instructions pointed by PC, execut-
ing the operations (storing, loading, jumping, adding, etc.), and updating the
value of PC and memory.

3 A New Approach for Implementing Exception Handling

Implementing exception handling in SML/NJ and OCAML produce runtime overhead
[10]. The implementation of our compiler generates also exception-handling overhead
[9]. We have implemented a new technique for zero overhead exception handling. A
more detailed explanation of the source of that overhead can be found in [9,10].

3.1 Experiments

This section presents one example of the experiments we made in order to test the
performance of the new technique.

In section 2.4 we gave an cxplanation of the implementation of a simulator for a real
machine. The simulator “executes” a program in abstract machine code, getting then,
information like the number of instructions performed by that program. The abstract
machine code can be produced by three different compilers. One using the original ap-
proach (the method used in the SML/NJ compiler), a second that uses a two-
continuations approach, and a third that uses a one-continuation-displacement approach
[9]. Some comparisons in the experiments are between programs that declare and use
exception handlers; and some are between programs that declare and never use exception
handlers which is, of course, the most important situation for our research. All measure-
ment in the experiments arc made by counting the number of instructions executed by the
simulated programs.

The program for the experiment contains two functions: f and run. At the beginning
function run is called passing a value of zero as a parameter. Function run loops 10
times (we later increase this value), calling function f and making computations. Th.c
result of the computation in function f never raises an exception so the handler ovil is
never evaluated. The program was translated by three different compilers: the SMWJ
compiler (old), our compiler with the one-continuation approach, and our compiler with
the two-continuation approach



Implementing a CPS Compiler for Functional Languages with Zero ... 467

SML code
let
fun f(n)=n*n handle ovfl=>n
fun run{x)=if x>10 then £(17) else (run(x+f(17)-288})
in
run (0)
end

We showed in [9] that this program produces exception handling overhead. Figures 3, 4,
and S illustrate the performance of the program on its four diflerent versions: with an
exception handler in function f, with no exception handler (for the old and new ap-
proach), and with an exception handler using the two continuation approach {9,10]. The
graphs show that the curves of version 1 and version 4 are “ticd” or follow cxactly the
same direction. That means, that there is no exception handling overhead in the program
that uses the one-continuation-displacement technique.
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Fig. 3. Performance of program from 10 to 1000 steps
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4 Conclusions

We have implemented a basic CPS compiler for functional languages with exception
handling. With it we were able to implement the new approach to exception handling
and compare it with the approach taken by the SML of New Jersey compiler. Our
model of translation and execution allows a programmer (or student/teacher) to write,
translates, and executes programs in a source functional language (an extended
lambda language) and a target abstract machine language. The model can be seen as 2
framework that can be used to execute programs, allowing studying a wide range of
performance assessments. Last, we designed and implemented a new technique where

the entire overhead is moved from the normal flow of control to the code executed
when an exception is raised.
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Abstract. Though most developers are concerned with only a few languages,
programming lanpuages continue to evolve. Rescarchers continue to develop
new features and experiment with new combinations of features in order to de-
sign languages that arc casier 1o program in. In this paper we describe the pro-
gramming language called MOOL (Modular Object-Oriented language).
MOOL is a simple class-based object-oricnted language that supports peneric
programming by parameclerized classes and interfaces [4]. It contains an inde-
pendent module mechanism to allow the development of large programs in a
safc manner. It is this combination of features that differentiates MOOL from
C++, C#, and Java. A prototype compiler is under development that will trans-
late MOOL to both the MSIL for .NET platform and bytecode for Java.

1 Introduction

There are many language features that programmers expect to find in modern pro-
gramming languages. Every programming language provides some of them, usually in

different combinations and variations. It is important to begin with a rough list of
these features.

*Control constructs

*Concurrency

*Input/output

*Aggregation for structuring large programs
*Generics/templates  for convenient code-reuse
*Inheritance for convenient code-reuse

We are not concemed with the first three in this paper. Rather we focus on the last
three. Our Goal is to design an imperative, type-safe, class-based language with ag-
gregation, generics, and inheritance. We want a language that is as simple and natural
as possible.

We look at several of the major languages and how they approach aggregation, ge-
nerics, and inheritance. ‘

Ada [1) and SML [8] both have a well-defined module mechanism. Both support
generic programming. Support for inheritance was added later to Ada.
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Java (3] supports inheritance and classes and it is planned to add support for geper.
ics programming. The situation for C# [2] is similar.

Both Java and C# relegate aggregation to a minor role.

Only Modula-3 [9] was designed with all three (aggregation, generics, and inheri.
tance) in mind from the beginning.

With respect to our goal all these language fall short.

Ada and Modula-3 are deficient (from our point of view) because objects/classes
are subordinate.

SML is inspirational in many ways, in particular with universal polymorphism type
reconstruction, and modules, but it is not a traditional, imperative language. And it
does not have classes, though its cousin OCAML [10] does.

In Java, C#, C++ [11] modules play a reduced role. In these languages the class
construct is overburdened.

Classes play many roles in languages that do no support another mechanism to
structure programs [12]. The separation of classes and modules in two distinct ele-
ments allows using them independently; it also permits to use them to generate appli-
cations without forcing the developer to use a specific paradigm. However, separate
classes en modules in two distinct constructs is not an easy task. Some language de-
signers have accomplish this task but not without sacrificing other elements, i.c.
MOBY [7] and OCAML [10]. These two languages are descendents of SML and they
incorporate classes into the language carrying on all the elements previously defined
in it.

The absence of parametric polymorphism in object-oriented languages like Java
and C# has annoyed developers to some extent that both languages are in the process
to get a mechanism to support parametric polymorphism. MOOL allows the definition
of parameterized classes, class interfaces, methods and functions. Parameterized types
and functions allow developers to abstract over types. This will enhance code reuse in
a safe manner.

MOOL provides different constructs for classes and modules. Modules are contain-
ers, which are used to generate programs or code fragments. Classes on the other
hand, are useful to create programs using the object-oriented style. Thus both impera-
tive and object-oriented programs can be design without forcing the developer to use

any style. A complete definition of the language can be found at [4]. The grammar of
MOOL is presented in BNF notation as an appendix in {4].

2 MOOL

MOOL - Modular Object-Oriented Language - is a simple, general-purpose, stati-
cally typed, class-based, object-oriented programming language. It provides a module
construct with interface and implementation separated to create large programs,
class construct to define and generate objetts, and supports the definition of generic
code using parameterized types.

. MOOL provides two kinds of universal polymorphism. Parametric polymorphism
is supported with parameterized types and type variables. Subtype polymorphism i
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provided to be able to use an object of a subtype where an object of its supertype is
expcclcd.

There is only one kind of type in MOOL.: reference types. There is a hicrarchy of
types defined with object at the top. Everything is a reference to an object of certain
type. Automatic boxing and unboxing is provided to use the values contained in cer-
tain objects.

MOOL includes classes, inheritance, polymorphism, dynamic dispatch, and late
binding to support the object-oriented programming style. It also includes functions to
create procedural programs that do not require the use of objects.

2.1 Definitions

Program. A MOOL program is a set of compilation units. A compilation unit is either
a module interface or a module implementation. A program specifies a sequence of
statements to be executed in some order.

Identifiers. Identifiers are names used to define and refer to some elements in a pro-
gram such as variables, functions, types, etc.

Expression. An expression is a construct in the language in which a combination of
operators and operands specify a computation that produces a value.

Predefined types hold numeric or boolean values. They are integer, float, and boo-
lean. There is also a special reference value called null. The user can create other
reference types using classes, class interfaces, functions and arrays.

2.2 Module Interface and Implementation

A module is the basic unit to create a simple program or to create a code fragment
that can be combined with other modules to create larger programs. Functions, classes
and class interfaces are part of modules and cannot be defined independently.

Modules are static units to encapsulate elements, hide information and separate
compilation. Modules contain two parts: a module interface that describes the signa-
ture of the module and the module implementation that contains the implementation
of the signature. Modules define the namespace structure to refer to qualified names.
They define two scopes: internal and external.

In this section we present the two parts of the module construct.

Module Interface

A module interface is a specification of the services a given module provides to
others. A module interfaces reveals the public parts of a module. Information hiding
can be achieved by restricting the interface to contain only a subset of the elements
defined in the module implementation. By default all members of a module interface
are public.

The language contains a module interface called /Main, which contains the main
function. The main function receives an array of string elements and its result is void.
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Any module may implement /Main providing code for the main function. The mqjy,
function is the point where the program starts execution.

Example of the module interface /Main containing the definition of the main function.

module interface IMain (
void main (String (] args);
}

Module Implementation

A module implementation contains the definition of all the elements shown in the
module interface as well as some other elements that are only visible inside the mod-
ule. A module implementation can contain constants, variables, types (functions,
classes, and interfaces) and an initialization part (init Block), which is used to initial.
ize the elements of the module before they are loaded to execution.

The elements declared inside a module are valid in the scope they are declared. All
elements listed in the module interface are public elements unless they are annotated

as protected. The module exports the interfaces listed in the Modulelnterfaces pan. A
module implementation has the form:

module Identifier Modulelnterfaces ModuleBlock

Example of of a module implementing the /Main module interface.

module Hello implements IMain (
import System;
void main (String [] args) {
I0.printLine(‘'‘Hello world!’’);
)

}

Scope

Modules define two scopes; internal and external. The combination of modules and
classes provides control over class members’ visibility. Listing a class interface in a
module interface allows hiding some members of the class in the module implementa-
tion. A class declared in the module interface can annotate its members as protected.
By default, all members are public. The combination of members that are listed or not
listed in the module interface gave us several views of them in different scopes.

Example of a modulc interface and its implementation defining different views of elements.
module interface IM1- {
class interface ICl
void mi( );
protected void m2( );

)

class Cl extends object implements IC1({
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constructors
C1( );
)
}
module M1 implements IM1 (
class C1 ({
fields
constructors C
cr () { .}
methods
void m1i (..}
void m2 (..}
void m3 (.}
}

// other elements of module M1l

}

The module interface /M| contains two declarations, a class interface and a class. In
the class interface /C/ two methods with different access (public and a protected) are
declared. The module implementation M/ contains the complete definition of class
Cl. Class C/ contains three methods, but only two of them were listed in the class
interface /C/ in module interface /M/. All members of a class are visible inside the
module and they are available for objects and derived classes. A protected member of
the class listed in the class interface is visible outside the module only for derived
classes.

The example above contains a definition of class C/ with three methods: m/, m2,
and m3. Tables 1 and 2 show how these members are available for users and derived
classes inside and outside the module implementation.

Table 1. Visibility of mcthods of class C1 inside the module implementation

Derived classes Users
Member ml visible visible
Member m2 visible visible
Member m3 visible visible

Table 2. Visibility of methods of class Cl outside the module implementation

Derived classes Users
Member ml visible visible
Member m2 visible. non-visible

Member m3 non-visible non-visible
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2.3 Class Interface and Class Definition

MOOL provides single implementation inheritance and multiple interface inheri
tance. Classes are organized in a hierarchy with class object at the top. The clas;
hierarchy is build with the definition of new classes and the specialization of existin
ones. A class inherits from another class and implements one or more class imerfacesg
Classes that do not explicitly extend another class, implicitly inherit from object.

The class hierarchy does not organize the structure of a program; it is defined to aj.
low code reuse and incremental definition of classes. The class mechanism is not used
to support namespace management nor visibility control.

MOOL uses nominal subtyping, which means that classes define types and sub-.
classes define subtypes.

Class Interface

A class interface is a type declaration that provides a specification rather than an
implementation for its members. Class interface types are used to provide multiple
inheritance in MOOL. Any class interface implemented by a class is a supertype of
that class. A class interface declaration has the form:

class interface Identifier [TypeParameters)[Extendsinterfaces] InterfaceBodyDec

The class interface identifier must be unique in the module where it is defined. The

identifier may be followed by an optional list of type parameters to declare a param-
eterized interface type which are presented in section 2.4.

Example of of a class interface definition.

class interface IFigure (

void move (integer dx,dy);
void draw();

)

Class Dcfinition

MOOL contains a construct to define classes as extensible templates that encapsu-
late state and behavior. Classes in MOOL have three distinct roles: class definition,
class specialization, and object creation. A class may inherit from another class an.d n
may implement one or more class interfaces. A derived class can override an inherited

method but it must be explicitly declared. It can also shadow some members but it
must be explicitly declared to avoid unintentional shadowing of members.

Example of two class definitions using inheritance.

class Figure implements IFigure {
fields

Point center;
constructors

Figure () {center.x = 0; center.y =0;}
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Figure (integer x, integer y) (
center.X = x; center.y ay;

methods

void move (integer dx, integer dy) {..}
void draw() (.. }

}

class Circle extends Figure implements ICircle (
fields
integer ratio;
constructors
Circle () { this(0,0,0) }
Circle (integer r) { this(0,0,r); }
Circle (integer x, y, r) { super(x,y);
this.ratio=r;}
methods
float area () { // implementation of area )
override void draw(){//new impl. of draw )

}

A class declaration provides a class type that can be used to declare object vari-
ables of that type. Classes are used to gencrate objects dynamically. All objects cre-
ated with a specific class have the same behavior at runtime and it cannot be modificd.
Objects are created applying the new operator to a class constructor. A class declara-
tion has the form:

class Identifier (TypeParameters) [SuperClass] Interfaces ClassBodyDec

TypeParameters is an optional part that specifies that the class is generic. Generic
classes are explained in detail in section 2.4. SuperClass is an optional part that speci-
fies the direct superclass of the class. /nterfaces specifies the list of interfaces that are
implemented by the class. ClassBodyDec contains the declarations of the members of
the class and the implementation of its constructors and methods. Classes have four
kinds of members: class variables, fields, constructors, and methods.

Class variables. Class variables are special members that are shared by all instances of
the class. They are allocated once for the lifetime of the program.

Fields. Fields are also called instance variables. Each object has a copy of the fields
declared in the class. A field declaration can hide an inherited field if it has the same
name and type but the declaration has to be preceded by the shadow access modifier.

Constructors. A constructor is a special function that has the same name as the class
and does not specify a retum type. A constructor is used in the creation of instances of
the class. A class can contain many constructors with different signatures. Construc-
tors must be part of a class declaration in a module interface if they are meant to be
available for users or specializers.
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Methods. Methods are functions defined inside a class that are always dynamicy
dispatched. They implement the behavior of objects. All methods of a class are avai]}i
able inside the module that contains the class definition. A class can contain twq or
more methods with the same name if their signatures are different. A method with, the
same name and signature than one inherited may override it, if it is annotated as over.
ride. A method can hide an inherited method with the same name and signature if jt i
annotated as shadow and not override. Both methods will be available using a ¢om.
plete qualified name. By default all methods can be overridden in subclasses.

Modifiers

Access modifier. There is one access modifier called protected. Any element of a
class interface annotated as protected can be used in derived classes. Protected mem-
bers are not available for clients.

Member modifier. There is one member modifier called shadow. A field or method
of a class can be annotated as shadow if it has the same name as one inherited. It is
used to hide the inherited member. Both members are available for access. The mem-
ber defined in the parent class can be accessed using a fully qualified name, casting
the object to its parent class, or using super. The new member can be accessed with
the dot notation.

Method modifier. There is one method modifier called override. A method anno-

lated as override, overrides an inherited method. The signature of the method must
follow the subtyping rules defined in section 6.2.5.

Subtyping for classes and class interfaces. The subtyping relationship between
classes is defined explicitly when a class is declared. A class that extends another class
is a subtype of the extended class. If a class doesn’t extend another class, it implicitly
extends object. A class is also a subtype of any class interface it implements.

Derived classes must follow the subtype rule for functions when a method is over-
ridden to ensure type safety.

MOOL allows changes of types in subclasses as follows: invariant — no type

changes are allowed for ficlds, covariant changes are allowed for result types of func-
tions, and contravariant changes for function arguments.

2.4 Generic Classes and Class Interface

Generics are abstractions over types. MOOL provides support for the definition of
generic types, and type variables.

In this section we present the definition of type variables, and generic types with dif-
ferent kinds of constraints, and how they can be used to create instances of them.

Type variables

A type variable is an identifier with the same features as other identifiers but it
stands for a type. Type variables are introduced in parameterized types to represent 2
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type parameter. They are defined after the identifier of the type declaration and they
can be bounded to other types to constraint the type that can be used in instantiations.

Type constraints

Generic code can be defined for all the types available in the system is called un-
constrained genericity or for some types that hold some properties which is called
constrained genericity. A bound is declared using the implements keyword. Type
parameters may contain recursive bounds as in the example shown next.

Example of a parametcrized class with a recursively bound type parameter.

class interface IOrderable <T> {
integer compareTo (T elem);
)

class interface IOrderedList < T > {
T remove();
void insert (T elem);

class OrderList <T implements IOrderable <T>>
implements IordeList<T> (
// class implementation..

Generic types

In MOOL classes, class interfaces, and functions can be defined to be generic. A
generic type contains a list of type parameters with specific bounds. The bounds of the
type parameters restrict the types of the actual parameters when an instance of the
generic type wants to be created.

Generic functions. A generic function is a function that has a list of type parameters. It

is called in a similar way to that of a non-generic function, except for the type parame-
ters. A generic function named swap that receives a type parameter called T and threcm
formal parameters is shown next.

Example of of a generic function called swap.

void swap <T> ( T [] a, integer i, integer j) ({
T temp = al[i];
a(i] = al3jl);
a[j] = temp

}

Generic classes. A generic class contains a list of type parameters enclosed in <>,
The type parameters can be bounded to other types.
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Example of of a generic class interface and its generic class.

class interface IList <T> {
T head ( );

void cons (T elem);

)

class List < T > implements IList < T > (
fields

constructors
List<T> () (..}

methods
T head () { - }
void cons (T elem) (.. }

}

Generic class interfaces. A generic class interface contains a list of type parameters
enclosed in <>, The type parameters can be bounded to other types.

2.5 Declarations

A declaration introduces a name for a variable, a constant, a function, or a type that is
valid in a scope delimited by the block that contains it. Repeated names for variables

are not allowed in the same scope. There are four kinds of declarations: constants,
variables, functions, and types.

2.6 Statements

Statements execute actions. They are used to control the flow of execution of a pro-
gram. Some statements are simple and some others contain other statements as part of
their structure. Statements in MOOL are very similar to those in Java, C# and other
languages. In this section we present some of the statements supported in MOOL
without describing them exhaustively due to their similarity with other languages..

Assignment

An assignment statement has the form LHS = RHS. It requires checking type com-

patibility between the expression at the LHS and the value generated by the expression
at the RHS.

Function Call
A function call could be an expression or part of it if it returns a value.
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Continue, return, and break

These statements are used to break the execution flow and continue the execution
with the next statement.

Block

A block statement is delimited by curly brackets and may contain local variable
declarations and a sequence of statements. It defines a scope where local variables
declared inside are valid.

For
The for statement contains a controlling-loop part and a block.

While

The while statement is a conditional loop that executes the block while the velue of
the espresion is frue.

If

The if statement contains an expression and a body, delimited by curly brackets.
The body contains a statement and an optional else part.

Switch

A switch statement contains an expression and a body. The body defines a set of
cases for which specific actions are defined and a default clause.

3 Translation

We are implementing a compiler for the MOOL language. The compiler produces
target code for the NET and JVM platforms.

The compiler reads the input file (MOOL source code) and then, in one step, exe-
cutes lexical, syntactic, and semantic analysis, and intermediate code generation (ab-
stract syntax tree). Another step traverses the abstract tree, producing the target code
(.net or bytecode) as the output. We also are implementing a preprocessor that takes a
MOOL program as an input and produces C# or Java code as an output (target code).
Both schemes allow us to test different types of programs using all the features of the
source and target languages.

4 Conclusions

We have presented MOOL, which is a new general-purpose programming language
where the roles of classes and modules are separated and generic programming is
supported.

MOOL enables object-oriented programming defining hierarchies of classes with
single implementation inheritance and multiple interface inheritance. MOOL enables
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also the implementation of large programs providing modules - static units of encapsy-
lation, information hiding, and reuse - and module interfaces to describe theijr Inter-
connection. Generic programming is sustained by parameterized types.

Our language is similar to other programming languages in many ways, We
adopted a related Java and C# syntax which both descend from C. We can say tha
MOOL's module system is based on the module system of Modula-3 and the clasg
mechanism is a simpler version of Java and C# classes.

MOOL is not an extension of any other language despite of the similarities whit other
languages.
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Abstract. Schema design is a complex activity that makes use of a variely of
knowledge. It should take into account foreseen processing. Nowadays., interaction
of processing with data (static) is not taken into account by our AID tool that is
limited to offer a graphical interface to conceive in various models (UML Class
diagrams, Universal rclationship and object attributes forest). and transform the
input diagram into the two other models. This tool highlights the complementarities
of these different models, especially object attributes forest able to take into account
designer knowledge of the processing.

Keywords. Object attributes Forest, Universal relationship with inclusions, Class
diagrams, stereotype, SQL3, XML.

1 Introduction

Database design based-tools aim essentially modeling, schema conceptual design,
transforming these schemas into implementation structures, with an optimization and
querying aim. Nowadays, (Entity-relationship [6], UML diagrams [16), relational data
model, Universal relationship with inclusions [18]...), database design methods (Object-
Merise [19], UML, ...) and platforms (Super [10], Tramis [12], Power Designer [7].
ConceptBase [13], Rational Rose [17), etc.) are widely available in the computer science
community, by the way of published papers, and books or softwares. However, despite all
these various tools; actually database applications are not designed in an automatic
manner, not well documented, not well structured, and incoherent and not casy to
maintain. Numbers of models and methods are proposed to the public, but insufficient to
answer all their needs. Commercial Design tools are often suitable for a specific field and
inadequate for the others or are not well-used.

In the framework of object information systems design, the aim of this paper is to present
an advanced visual graphical environment and sufficiently rich semantically, that allows
express non-expert user needs. Conceptually, it relies on object attributes forest
constructed with an interactive help. This expressive represenitation is a set of attributes
trees where leaves refer to a tree. We then transform object attributes forest into a
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database stereotyped UML class diagram which uses UML-DB profile [3] [15] completeq
in [4]. . )

This paper is structured as follows: section 2 discuss our work wuh respect to our globa)
project, section 3 treat general principals of the used model'ObJect Attributes Forest,
section 4 discuss the derivation of class diagrams from object attributes foresi, W,

conclude with an overview of the main contributions of this paper, followed by the future
perspectives.

2 AID Architecture

In order to achieve the expected objectives of our work, we integrate three formalisms
representing three different models of our tool called AID. AID is an edition and object,

relational, and object-relational conception-assisted platform. Its roles can be enumerated
as follows: '
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- User can describe schema of his choice through on the following models (Fig. 1):
Universal relationship with inclusions (URI) [18), object attribute forest and DB
stereotyped UML classes.

- to go from a model to another by using transformation algorithms, it allow as well SQL3
description generation or XML schema,

- User can normalize; transform a representation into relationships related by inclusion
dependencies in a Normalized Semantic Graph (NSG). This normalization could be
partial, and keep unchanged some complex object structures fixed by user without any
further normalization.

- To optimize the obtained conceptual schema with respect to the foreseen processing,
introducing hence access methods, even to denormalize it.

This tool is composed of three windows or principales interfaces. Each window is
reserved for representing different formalism. It is constituted of five modules of
transformation:

- Interactive interface for specifying normalized semantic graph by applying a
normalization algorithm on a set of functional dependences, jointure composantes, and
inclusions dependences (Fig. 1)(1).

- Interactive interface to specify object attributes forest allowing describe complex data
(Fig. 1)(2).

- Interactive interface for specifying database stereotyped UML class diagrams (3).

- Transformation module of an ordered normalized semantic graph (ONSG)[14] into an
object attribute forest. The corresponding algorithm is given by [14] (Fig. 1X5).

- Transformation module (Fig. 1)(6) of object attribute forest into database stereotyped
UML class diagrams. The corresponding algorithm is described in section 4.

- Module for generating SQL3 description from a UML classes diagram (Fig. 1X7).

- Module for generating XML schema from a UML classes diagrams (Fig. 1)(8).

In this paper, we will restrict our study at the shaded part which is composed of two
interfaces ((Fig. 1)(2 and 3) and a transformation module ((Fig. 16 and 7).

3 Object Attributes Forest (OAF)

The main advantage of the relational model is its great simplicity in representing data in

the form of relation (table). In this model, the schema of a relation is composed of a sct ofy,
attributes taking values from atomic domains: it is the first normal form (INF). However

such an inherent constraint requires serious limitations in terms of modeling. In order {Omm—
overpass such a limit, a model with complex values (structured values, or complex
objects), very simple, has been introduced to propose to user a maximum of possibilitics

in designing his reality. This model uses the least set of modcling operators. It's in this
objective that has been used OAF, conceptualization of complex object [7](2).
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3.1 Elements composition Object Attributes Forest

Elements composing Object Attributes Forest are attributes tree and reference edpe
Recall that a tree is a non-cycled oriented graph having one and only one root o

: ; ool (or no
without predecessor). Its other nodes called intermediates if they have at leag odn:
successor and leaf otherwise.

Attributes tree is a tree where each node is has a named attribute. The root name is ajsq
the tree name and will be the name of the associated class. Each intermediate node of root
is unshared and its lifetime is of the composed class. Each arc of attributes tree s:

- Univoque (total or partial): to each value of its original attribute (node) is associated a
most a value of its extremity attribute. It's represented by a simple arrow, or.

- Multivoque (total or partial): to each value of its original attribute could be associated a

set of values 10 its extremity attribute. It's represented by an arc with a double arrow in the
same direction (table. 1)

Table 1. Representation of the bows of a object of attributes forest

i | L ;
J, v l Y Y S

Univoque sct

Multivoque set
(L1)-(Ln) O.D-(lm) | (Ln)-(ln) | (O.n)-(l.n)

Reference Inclusions
(heritage) | dependences

A OAF is a set of attributes trees and reference arcs. A reference arc relates a leaf node to
an attributes tree. It indicate that each value of leaf attribute is a reference (a pointer) to at

most one instance or value of the root of the referenced attributes tree. It is represented by
discontinued fat arrow.

The naming of the attributes forest nodes should verify the following constraints:
- The name of the attributes tree should be unique among the attributes trees names.

- The node name should be unique among the nodes names of the same immediate
predecessor.

(Fig.2) represent an object attribute forest of the Olympic-Games modeling athletes,
coaches, and sportive events.



AID: an Object-Relational Schema Design-Tool 487

fxrect (mnen (vl (iniver Ll 1oy Lol

Eli..-; WEQS emme ) AE Dsge | pe._

— e — i

O e e dh | 4 720 Ovee Somen { ) 1ats vt G
) tong st Cuate = h T

]
[ o & (it phenr § .l"
ey
-
-

® Asen? ==

‘.

& Lpvers -

1
)
i
© " Asse Nt
® Awe 10
® Mmrel H
® Awm1) ‘
® rsingt i
o Wa l
|
|

® Dag ween _Cot_Litvatnn

*

RIS TRIED A "."~‘— DB B Setifpuriaiinis B it A o oMt X o peiee . )
Fig. 2. OAF of Olympic-gamcs where for Person the sccond hey Mante FirstN Tl not displayed

In an object attribute forest, each attributes tree has a color chosen hazardly by AID or
clarified by user. This color will be inherited by UML class diagram in the transformation

phase.

3.2 Keys in a OAF

Object identifier in object data modeling is provided at the same time of the object
creation. It is not often visible to users (or applications). Object identity is insufficient. It's
important to give users the possibility 10 access objects using their contents and to avoid
double insertion (equal objects or having the same key value). The key concept is an
essential semantic concept in data modeling, introduced later by object DBMS. [5] A
complex class or attributes tree could have one or several keys. For example (Fig. 2),
Person has as keys Matricule, First-Name Second-Name BirthDate and First-Name

Second-Name Phone-Number.
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4 Database Stercotyped UML Schema Derivation
from a Complex Tree

This section relates complex data representation and UML class diagram, which represent
the comerstone of UML method. Recall that a class diagram is composed of classes apg
relations between these classes, with their attributes and methods. We give at firs 5
algorithm for transforming object attributes forest into classes diagram, then after some

explanations about the used UML-DB profile, we explain how stereotypes are generated
from attributes tree keys.

4.1 Algorithm for transforming OAF into classes diagram
This algorithm (Algo.1) constructs persistent classes from roots and intermediate nodes of

OAF. adds to them attributes from leaves, and defines compositions from arcs and
associations from references. It highlights the recapitulated correspondences (Table 2):

Table 2 Correspondences between ares of OAF and associations of UML classes diagram
Types 'l Arcs Relations

Illimited multivoque composed " 3 - kil c’

Borned multivoque composed s ety - Rl
Univogue composed ; s vAntCamp C
Reference W . S Aur-Ref C

eference [univoque] o 23 o N

| Algorithm 1: Algorithm of transformation of a OAF in a Classes Diagram |

Input : Object Auributes Forest.
Output : DB Stereotyped UML classes Diagram.
For All each tree (of root R) do
If its class (or those of it root) R doesn't exist Then
CreateClass(R)
End If

For All Arc(S,,S.) in an order that predecessor has been
examinated do

If (S.,S.) is univoque Then
If S, is intermediate Then
CreateClass(S.,)

Compose univoquely this class to class S,
End If
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If S, is a leaf and reference the tree S Then
If referenced class doesn't exist Then
CreateClass (S)
End If
Associate referenced class S to class S, with role S,
End If
If Se is a leaf not referenced Then

Attr(S,) = Attr(S,)uU(s,} {Associate attribute S, to
classe S,}
End If
Else
If (S,,S,) is multivoque Then
CreateClass (TasSe)
Compose multivoquely this class to classe S,
If S, is a leaf and referenced S Then
If referenced class doesn't exist Then
CreateClass (S)
End If
Associate referenced class S to classe TasS, with
role S,
End If
If S, is a leaf not referenced Then
{Associate attribute S,} to class TasSe
End If
If S, is intermediaite Then
CreateClass (TasS,)
Compose multivoquely this class to classe S,
End If
End If
End If
End If
End If

Algorithm execution applied to OAF of (table 2) gives the UML class of (Fig.3).
Therefore, the node Address, which has an entering arc (Person, Address) of labeled
multivalued NT type, generate between the two classes Person and Addz:ess the
composition arrow into TasAddress taking the +Address role TasAddress side, the
competition of the going node of reference type, generate the compositifm arrow of
Competition into TasCompetition and aggregation arrow of TasCompetition into Epreuve
having the +Competition role side Epreuve.
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Fig. 3. DB strercotyped classes diagram obtained from The FAO of the (Fig 2)

4.2 UML-DB profile

The profile concept is essential in model engineering. This concept is not neutral; it
descends principally from hypergenericity [9) concept. The profile concept has been
standardized in UML 1.4 in 2000 and reinforced in UML 2.0. A profile is a UML
extension that keeps intact the UML metamodel [17]. It's composed of a set of stereotypes,
of labeled values attached to these stereotypes and constraints (table 3). In the field of
databases, we have extended the UML-DB [4] profile to composed or simple candidate

keys. This profile has also icons stereotypes representing nested table, array, type and
table.

4.3 Keys processing

To transform keys of objects attributes forest into keys in classes diagram, we have used
UML-DB profile for primary, secondary, simple, and composed keys specifications. We
have used stereotypes 1o express keys in classes diagram. In the design phase, we can
associate several keys to one class, and each key can contain several attributes. One of
these keys could be specified as primary: we stereotype it as PK as we can see it in (fig 4)-
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§tcrcptyping the others keys often called candidates, is more difficult. Each key is
fdcnuﬁed by an index that will be associated with its attributes. Thus, each candidate key
is stereotyped CK, and each one of its attributes carries on its index as showed in (fig 4).

This stereotyping generalizes that adopted by Rose [17].
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Fig. 4. Computing and transforming complex keys 3

The following table resumes a part of the UML-DB profile with stereotypes for Oracle9i:

structured type in SQL.1999

Stercotype Icon Description Constraint
o Allows the representation of new user | It can only be used to
<sObjeci-type>> or defined dala types. It corresponds to the | define value types

It represents a class of the database
schema that should be defined as a
table of an object type. It corresponds
to the typed table in SQL:1999

<<Object-table>> | B

A typed table implies the
definition of a structured
type. which is the type of
the table

non-indexed and

The elements of a NT

array type in SQL:1999.

<<Nested- Represents  an
unbounded collection type can be of any data type
Table>> ol except another collection
type
= Represents an indexed and bounded The clements of a
<<Varray>> > | collection type. lts corresponds to the VARRAY can be of any
v data type except another

collection type

Table 3. UML-DB Profilc for Oracle9i

[ Algorithm 2 Algorithm of transformation of keys
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For All each root S, do
For All each arc (S,; S,) do
If (S,; S.,) is univogque then

If S, is leaf not refernced then

If S, 2 an Primary Key PK then
Stéréotype S, = «PK»

End If

For j = 1 to card(setofCandidatesKey) do

If S, 2 an Primary Key PK then
Stéréotype S, = Stéréotype S, + «PK»

Else
Stéréotype S, = «CK»

Contrainte S, = Contrainte S,u{j}
End If
End Por
End If
End If
End For
End Por

In an objects attributes forest, keys could be represented in the same time with PK, CK,
and index symbols. Such a representation seems to us less visval. Thus, we have adopted

the underlining like entity-association diagrams, that supposes doubling attributes
belonging to several keys.

5 Conclusions

In our paper, we have addressed quality improvement in designing complexes relational-
object database schemas and the construction of UML classes diagram from an objects
attributes forest. We have presented an algorithm for transforming a complex tree into a
UML DB stereotyped classes diagram for conceiving object-relational schema. Our
choice for using objects attributes forest as conceptual data model is justified by its
simplicity in representing complex data, and data modeling. The enrichement, by keys and
references that we have addcd, leads to a better complex data design. In other hand, we
have chosen as a final conceptual model, UML class diagram thanks to its expressive
semantic expressiveness, and its standardization, after extending it in order to support
object-relational and relational database design. We have developed an intuitive interface
for assisting design. The goal is to make the conception process very simple and very easy
for non-specialists users. Thanks to this interface, user conceive his OAF progressively.
While he refines his schema, user can eventually come back, and go in other direction.
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Interface offers ﬂ_exibility and conviviality to express graphically trees, and inheritance
management by its references. It will be very promising to derive object-relational
schemas from relational schemas. Other possible objective is to extend our tool for
automatic transformation of relational model (Normalized Semantic Graph) into an
object-relational model (UML class diagram). Thus to improve our tool (processing,
offering a graphical query interface for precise specifications).
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Abstract. A preprocessor based parsing system for Tree Adjoining Grammars
is presented. The preprocessor is used primarily for organizing the data
structures required for parsing the grammar efficiently. The preprocessor works
hard in order to reduce the runtime processing load so that the parser execules
fast. At lcast onc model of Tree-Adjoining Grammars allows transfer of
significant proccssing load from the parser 1o the preprocessor since the
adjoining process can be optionally applied before runtime on tree structures.

A panallel parsing algorithm is presented that takes advantage of the
preprocessor.

1 Introduction

A preprocessor based parsing system is described in this paper. A parsing system
basically performs syntactic analyses in natural language processing [1, 2). The
parsing system described here is based on a grammatical formalism called Tree
Adjoining Grammar (TAG) developed by Joshi (3, 4, 5]. TAGs scem to be
appropriate for our purposes because: (a) they can be easily decomposed into
independent modules which can be processed concurrently, (b) they can be developed
incrementally since they represent information about the language in a highly modular
fashion, (c) they seem to have the formal properties required for processing natural
languages [S, 6] and most importantly, (d) the significant processing load of the
system can be transferred from the runtime module to the preprocessor. This paper
describes the parsing system with a model of TAGs that is appropriate for
preprocessor based parsing strategies.

Two finite sets of trees are defined by a TAG along with a composition operation
called an adjoin that recursively generates new trees by combining existing trees [3,
4]. The trees serve as structural descriptions of sentences or sentence fragments. The
central module of the parser is a pattern matcher that finds every tree that matches the
input string. If the input matches two or more trees, then it is structurally ambiguous.
If there is no perfect match then the best available approximate match can be
determined according to some heuristics. This paper is not concerned with this latter
inexact match by which semi-grammatical sentences are parsed. It considers only
grammatical sentences. The lexical categories of the input string are determined by a
lexical search. These categories are matched with the leaves of the trees stored in
TREE BANK or produced dynamically by the adjoin process as shown in Figure 1.
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AUXILIARY TREE BANK INPUT STRING

l I.F..\'*(ION

. COMPOSITF
ADJOIN oo l
. Parse
MATCH
Treces
TREE BANK

Figure 1: Major Components of a TAG Parser

The tree-bank has a set of trees that correspond to the structural descriptions of
sentences of the language.  Initially, it has a well-defined set of minimal trees called
initial trees that correspond to "simple” sentences of the language. The auxiliary tree-
bank has a set of trees called auxiliary trees. Auxiliary trees are used in the adjoining
opcration to account for recursion. They do not occur independently in the language.
In order to improve the performance of the parser, three basic strategics are adopted:
(a) Adjoin is applicd before runtime  through a preprocessor in order to obtain an
inflated trec-bank which is sorted according to the length of the trees; (b) the
lexicon is ordered so that a parallel binary search can be cfficiently applied; (c) the
match operation is parallelized so that millions of trees can be searched cfficiently.
Supposc the input is a string such as “The girl danced”. The parser first searches the
lexicon and finds that "The” is a determiner (D), "girl" is a noun (N), and "danced"
is a verb (V). The category sequence, DNV, for this sentence is then matched with
the leaves of the trees from the tree-bank.  The tree given in Figure 2. matches the
category sequence because it has exactly the same Icaves. The result of the match is
the top tree in Figure 3. For this tree and for future references, assume N = Noun, V =
Verb, A = Adjective, NP = Noun Phrase, VP = Verb Phrase, R = Relative-Pronoun,
and S = Sentence,

S

\P vpP
VAN I
D N v

Pizare 20 At hat e ches the string “The giel danced™
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MATCH simply asks if the categories of the input string are equal to the leaf-
nodes of a tree. In the proposed parser, a large number of trees are pre-generated by a
preprocessor before runtime in order to reduce runtime processing loads. The TAG
parser has at least two advantages over classical parsers: (1) the trees are not built at
run time, so it is fast, (ii) the parser can be developed incrementally by adding new
trces to the tree-bank. Joshi and Vijay-Shankar described a sequential algorithm that
takes O (n®) time, where n is the length of the input string [6]. We describe an
algorithm that takes O(n) time. We present a parallel version of the algorithm that
achieves almost linear speed-up. TAGs can be processed very fast with appropriate
combination of parallel processing, preprocessing of certain information and heuristic
search. It is suggested that natural language systems should be designed to process
short sentences very fast, because, in ordinary interactions, a sentence will be
approximately a dozen words long. The proposed parser does not fail to process long
strings, but their processing is slower because additional runtime processing is
required for them where aids from the preprocessor are minimal. Specifically, it has to
apply adjoin in runtime to gencrate large trees for long input.

2 TAGs For Natural Language Parsing

Natural language parsing systems are usually difficult to build because they are
expected to achieve computational efficiency and linguistic adequacy. TAGs seem to
be appropriate for natural language parsing because they help in achieving these two
goals. TAGs have two types of elementary trees: initial trees (IT) and auxiliary trees
(AT). All elementary trees are minimal in the sense that they do not exhibit recursion.
Recursion is factored by the composition operation adjoin that produces composite
trees by combining auxiliary trees with initial or composite trees. The trees are stored
in the parser without words or lexical materials. If an input string matches a tree then
that tree is returned as an output of the parser after inserting the words of the input
string into the tree. A tree, 1T, is an initial tree if its root is labeled S and no other
node is labeled S. A tree, AT, is an auxiliary tree if its root and one of the leaf-nodes
(frontier nodes) are labeled by the same non-terminal symbol, not necessarily S. The
leaf-node that has the same label as the root is called the hook node of AT,. The
adjoining operation can only adjoin an auxiliary tree to a non-auxiliary tree (initial or
composite) that has at least one node whose label is the same as that of the root of the
auxiliary. This matching node in the initial or composite tree is called the target node.

An example of adjoining from English is given in Figures 3-5 for revealing its
application. An initial tree that matches English sentences like "The girl danced"” is
given at the top of Figure 3. An auxiliary tree that corresponds to an embedded clause
like "who ate fish” is given at the bottom of Figure 3. The auxiliary tree of Figure 3
can be adjoined at the NP node of the initial tree of Figure 3, because it matches with
the root of the auxiliary tree.

The ultimate result of this adjoining is the composite tree given in Figure 5 which
corresponds to the English sentence "The girl who ate fish danced”. However,
adjoining is a two step process in which the first step is shown in Figure 4. In the
first step of adjoining. the sub-trees below the target NP node of the initial tree are
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moved to the hook-node NP of the auxiliary tree resulting in the trees of Figure 4, |q
the next step of adjoining. the root of the auxiliary trec is pasted on the target node of
the initial tree. The resulting composite tree is given in Figure 5. The lexical items
are inserted into each of the trees to illustrate the correspondence between trees and

strings. The composition operation is actually applied on skeletal trees without
lexical items or words.
S
_/\
[e | vP
N\ I
D N A\’
The gird danced
NP
S
P
N VP
| A\
R v l;lP
| ]
who  ate Illsh

Figure 3. An initial trec at the top and an auxiliary tree at the bottom

S

@/-/\VIP

NP
,/r—\ VP
D N | (\
The grl R l EP
\Jw ate Lh
Figure 4. Sub-trees below the target node of the non-auxiliary tree are moved to the
hook node of the auxiliary tree
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Figure 5: The composite tree produced from the adjoining process

The lexicon is a database in which each word is a key and the lexical category of
the word is its main entry. Some words belong to more than one lexical categories
resulting lexical ambiguity [7, 8, 9.

The lexical items are inserted into each of the trees to illustrate the correspondence
between trees and strings. The composition operation is actually applied on skeletal
trees without lexical items or words. The lexicon is a database in which each word is a
key and the lexical category of the word is its main entry. Some words belong to more
than one lexical categories resulting lexical ambiguity {7, 8, 9].

3 Parsing Algorithms

In order to increase the speed of processing sentences of reasonable length, we
maintain a sorted tree-bank with initial and pre-generated composite trees. That is, all
trees a maximum of 7 adjoining are pre-generated before runtime and stored in the
tree-bank. The trees are ordered in the tree-bank according to their length. All trees of
the same length are stored in the same sub-tree-bank marked by the length of the
trees. The length of a tree is the number of leaves it has. Depending on the length of
the input string, only one of the sub-tree-banks is selected for an exhaustive search.
The length of each tree in that sub-trec-bank must be equal to the input length. This
strategy along with some heuristics allows efTicient searching of the tree-bank. The
tree bank (TB) is managed by the procedure PARALLEL-PREGENERATE. l.t pre-
generates composite trees with a maximum of M adjoining and inserts them in the
sorted tree bank, where M is an integer. We initially set M to 7. Thc_;l\D.lOlN
procedure follows the steps outlined informally in section 2. It takes an auxiliary tree
and a non-auxiliary (initial or composite) tree as arguments and returns z composite
trees by adjoining the auxiliary tree at z occurrences of the root of the aux!hary tree in
the non-auxiliary tree. In order to pre-generate a large number of composite trees and
maintain them in a sorted tree-bank, can also be used during runtime. It is an
asynchronous algorithm.
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Procedure PARALLEL-PREGENERATE(FRONT, AT, TB, M)

FRONT = {1, l. .., I }. a finite set of non-auxiliary trees. Initially FRONT has
only initial trees. AT = {AT, ATa. ..., ATy |. a finite set of auxiliary tregs, B =
(T\. Ta ... TL ). an ordered set of non-auxiliary trees. Initially we present the

PARALLEL-PREGENERATE procedure, which is usually applied before runtime

although it TB has only initial trces. M = The maximal number of adjoining
desired in atree.

begin

OPEN € FRONT // FRONT is copied to OPEN

2 Ford=1 10 M do

begin
3 FRONT € ()
4 For j=110 | OPEN | create process j

// create a process for each tree in OPEN

5 In cach process j :
5.1 r € OPEN,
52 For h=110 | AT| Crcatc process h
5.3 In cach process h:
5.3

o] ct € ADJOIN(AT, r)

332 Fori=11to]ct]Create process i

5.33 In cach processi ¢

5.3.3.1 TB € UPDATE(ct;,, TB, FRONT)
if ct; isnot in T then TB € INSERT(ct;,
TB) & FRONT € FRONT U ¢y,

6 Synchronize

7 OPEN € FRONT

end
8 ReturnTB
end

Parallelism in the PARALLEL-PREGENERATLE procedure is achieved mainly by

data partitioning, 1t will generate parse trees with desired number of adjoining betore

runtime. For cfficient runtime execution of the parser the PARALLELPARSE
procedure is given below.

Procedure PARALLELPARSE(FRONT, AT, TB, W, L, M)

FRONT = {1, I, ..., l¢}. a finite set of non-auxiliary trees. AT = [AT, ATy, ...,
AT, §, a finite set of auxiliary trees. TB = (T,, Ta ..., T, ), an ordered set of non-
auxiliary trees. FRONT is a subset of TB. W = {W,, W, ..., W, }, the input
stiring. L ={L,, Ly ... L, } an ordered set of words called lexicon, M = The
maximal number ol adjoining desired in a tree.

Output: AS = Ambiguity sct, i.c., a set of trees that match W



A Preprocessor Based Parsing System 501

begin
| CAT € CATEGORIES(W,L)

// CATEGORIES returns a sequence or lexical categories
2 n € LENGTH(W) //The input length is assigned to n
3 SUBTB € BINARY(TB, n)

// BINARY retums a subset of TB containing trees of length n
4 AS € MATCH(SUBTB, CAT)

// MATCH returns a subset of SUBTB that matches CAT
5 DYN € PRUNE(FRONT, CAT)

// PRUNE returns a subset of FRONT appropriate for CAT
6 ATB € PRUNE(AT, CAT)

// PRUNE returns a subset of AT
7 If DYN and ATB are both non-empty then do:

begin
8 LOOP:
9 TEMP € () // TEMP is initially empty
10 Create a process j for each tree in DYN
I In each process j :
11.1 Create a processes h for each tree in ATB
11.2 In each process h:
11.2.] CT € ADJOIN(AT,, DYNj)
11.2.2 CTS € MATCH(CT, CAT)
11.2.3 AS € ASUCTS
11.24 CT €CT-CTS
11.2.5 TEMP € TEMP U REVISE(CT, CAT)

// REVISE returns a subset or CT
12 Synchronize
13 DYN €« TEMP
14 if (DYN != nil)then Goto LOOP
// If DYN is non-empty, then goto LOOP
end
IS retum AS
end

For input strings of reasonable length, steps 8 through 14 are not executed. For
these strings, step 4 determines the trees that maich them and these trees are retuned
in step 15. Steps 8 through 14 are used for dynamic adjoin which is avoided as.n?uc.h
as possible, because dynamic adjoin is not efficient. However, if dynamic adjoin is
used, then it stops at step 14 when DYN becomes empty. If the dynamjc adjoin is
successfully avoided then the worst case computational time is propomonal_to the
number of trees in the tree-bank. It is expected that an implementation of
PARALLELPARSE will achieve almost linear speed up. This expectation is based on
the assumption that the synchronization and inter-process communication qverhcads
can be kept at a minimal level, since each process can perform its work

independently.
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4 Concluding Remarks

Performance of natural language parsing systems can be improved if the input string
length is restricted to a reasonable number. It the input string length is not restricteg
then the proposed parser will take additional time for processing. For any rcasonablé
application, parsing natural language demands both computational efficiency and
linguistic adequacy. Computational efficiency can be achieved by parallel processing
of TAGs with pre-runtime processing of certain information, and heuristic strategjes,
Linguistic adequacy can be achicved by a TAG with its formalized structure
generating mechanism and incremental development of language based structures,
Syntactic structures or trees can be added incrementally to the tree-bank of the TAG
parser anylime. Recent advances in semantic processing of TAGs suggest that TAGs

present a viable alternative for application development using natural languages such
as English (3].
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