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Preface

It is our pleasure to present the papers accepted and presented at the 5th Inter-
national School and Symposium on Advanced Distributed Systems (ISSADS) in
this LNCS volume. The symposium was held in the city of Guadalajara, Mexico
from January 24 to 28, 2005. The organization team was composed of members
of CINVESTAV Guadalajara, Rostock University in Germany, the CUCEI and
CUCEA campuses of Guadalajara University, and Instituto Tecnolégico y de
Estudios Superiores de Occidente, ITESO. The symposium is already a well-
established annual meeting, at which scientists and people from the industrial
field meet and discuss the progress of applications and the theory of distributed
systems in a forum during the last week of January. This year, more than 250
people from 3 continents attended the conference. Most of them are scientists,
teachers, students and engineers from the local industry.

The papers presented in the sessions of the symposium cover not only the
subjects of distributed systems from the system level and applications, but also
contributions from the area of theory and artificial intelligence concepts. These
papers were selected out of more than 100 submissions. There was a selection
filter in which each paper was evaluated by at least three members of the in-
ternational Program Committee, who came from research institutions of good
reputation all over the world.

We were pleased to listen to an invited talk given by Ali Hurson, a distin-
guished lecturer of ACM, on distributed data bases, and another one presented
by Carlos Coello who become famous by its works in evolutive computation.

Besides the scientific sessions, ISSADS 2005 followed a tradition by offer-
ing six high-level tutorials covering the important topics of security, emerging
technologies, knowledge management, multi-agent systems, design of complex
systems, and modern Internet technologies. Furthermore, the conference was
also a forum for presentations by the main industrial companies in the area of
distributed systems — this year INTEL, HP, Texas Instruments and IBM took
part in our event. All events enabled the participants to extend their knowledge
in certain areas, to have a lot of worthwhile discussions, and to establish new,
interesting and useful contacts.

We would like to extend our gratitude to all the members of the Program
and Organizing Committees as well as their teams. We would like to note our
special appreciation of Dr. Francisco Medina, Director of the Council of Sci-
ence and Research of Jalisco, Mexico, for his financial support. We also thank
J. Luis Leyva, Director of CINVESTAV, for all his help, and we thank Dionisio
de Niz from ITESO, and Patricia Mendoza, Luis Gutierrez and Carlos Franco
from Guadalajara University for their logistic support during all the events. Last
but not least, we are grateful to the Chambers of Electronic and Information
Technologies of Jalisco, Mexico. Gabriela Tagliaprieta put a lot of effort into
supporting all participants. Finally, a special recognition is given to all the re-
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searchers who submitted their papers to ISSADS 2005. They led to the success
of ISSADS. We would be happy to see all of you and hopefully some new partic-
ipants at ISSADS 2006, which will be held again in our nice city, Guadalajara,

Mexico.

February, 2005
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Abstract. Classical distributed database systems monolithically offer distribu-
tion transparency and higher performance. This is made possible by making
data available and closer to the application domaings) that uses it by means such
as the data distribution, duplication, and fragmentation. However, with the ad-
vances in technologies this monolithic and top down approach becomes insuffi-
cient. In the new networked computational environment, the data distribution
issue has evolved into data integration from several heterogeneous and autono-
mous data sources. Heterogeneous distributed databases are designed to deal
with issue of data integration and interoperability. They are developed to allow
timely and reliable access to heterogeneous and autonomous data sources in an
environment that is characterized as “sometime, somewhere.”

The concept of mobility, where users access information through a remote con-
nection with portable devices, has introduced additional complexities and re-
strictions to the heterogeneous distributed database system. This keynote ad-
dress first introduces a three dimensional space to classify and identify the
evolution of different classes of database systems. It also extensively discusses
Heterogeneous Distributed Database Systems (HDDBS) and Mobile Data Ac-
cess Systems (MDAS). Finally, it will address several research issues and their
potential solutions.

1 Information Everywhere, Computers Everywhere

Advances in computation and communication technologies have enabled users to
access information at anytime, from anywhere. However, this flexibility comes at the
expenses of new challenges. These challenges stem from the diversity in the range
and the exponential growth of information that is available to a user at any given time.
The spread of computer networks, the wide breadth of access devices with different
physical characteristics, and the extensive need for information sharing have created a
demand for cooperation among pre-existing, distributed, heterogeneous, and autono-
mous information sources in an infrastructure that is characterized by:

Low bandwidth,

Frequent disconnection,

High error rates,

Limited processing resources, and
Limited power sources.

Binary data was the main data format in 1970s and it has evolved into text, images,
multi media, and sensor data during the past decades. In mid 1980s, it was estimated
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that the U.S. Patent Office and Trademark has a database of size 25 terabytes (1 tera-
bytes = 10" bytes) subject to search and update. In 1990s, it was estimated that the
NASA's Earth Observing Project would generate more than 11,000 terabytes of data
during the 15-year time-period. Recently, it was estimated that the amount of new
information generated in 2002 was about 5 exabytes (1 exabyte = 10'® bytes).

The diversity in representation, the growth in size, and the increased availability of
information also introduced new challenges in areas such as security and resource
management (e.g., power and network bandwidth). The cost associated with viruses,
unsolicited emails, and other attacks has grown exponentially. For example, it is esti-
mated that 7000 new computer viruses were discovered in 2003 and the FBI approxi-
mated that computer viruses cost businesses $27 million during that time. As another
example, in 2003, unsolicited email cost businesses $20 billion worldwide due to lost
productivity, system overhead, user support, and anti-spam software.

The availability of heterogeneous, autonomous, and partially unreliable informa-
tion in various forms and shapes brings out the following challenges:

* How to locate information intelligently, efficiently, and transparently?
How to extract, process, and integrate relevant information efficiently?
How to interpret information intelligently?

How to provide uniform global access methods?
How to support user and data source mobility?

2 Database Systems Taxonomy

Different parameters can be used to classify the architecture of data base systems. We

classify data base systems along the following three parameters:

¢ Physical infrastructure: This dimension refers to the underlying platform com-
posed of homogeneous/heterogeneous processing devices interconnected through
different communication medium. The processing devices ranging from powerful
parallel machines to portable units communicating with each other via a wide va-
riety of communication medium ranging from land-based connection to wireless
medium.

e Services: Along this dimension one can distinguish two classes in which either
there is no distinction between services, or there is a distinction between user
processes and data processes.

¢ Distribution: This dimension distinguishes distribution of processing, data, and
control (also known as autonomy). Note that data distribution also includes data
fragmentation and data replication.

2.1 Centralized Databases

A centralized database system is the one that runs on a single computer platform and
does not interact with other computer systems. Based on our taxonomy, a centralized
database is characterized by: its single processing unit, without distinction between its
services, and without any notion of distribution. The centralized database systems can
be further classified as, single-user configuration and multi-user configuration. Natu-
rally, database systems designed for single-user configuration do not provide many
facilities needed for a multi-user system e.g., concurrency control, and security.
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2.2 Parallel Databases

Let us inject processing distribution into the scope of the centralized database system.

This brings out the so called parallel database systems, in which several processing

resources in cooperation with each other are intended to resolve users’ requests. Note

that in this environment there exist no notion of data and control distribution. In addi-

tion, there is no distinction between services that are provided by the database man-

agement system. Parallel configurations are aimed at improving the performance and

throughput by distribution of a task at different granularity (fine, medium, or coarse)

granularity among several processing units. The literature has introduced four classes

of parallel systems:

e Shared Memory (tightly coupled) — All processors share a common global mem-
ory.

e Shared Disk (loosely coupled) — All processors share a common set of disks.

e Share Nothing — The processors share neither a common memory nor common
disks.

e Hierarchical — A hybrid of the other models.

As noted in the literature; the shared memory configuration is not scalable and the
communication network is the system bottleneck. Raid technology can be used to
improve performance and reliability of the disk subsystem. The shared nothing con-
figuration offers scalability at the expenses of high inter-processor communication
cost. Finally, in the hierarchical topology, at the higher level, system acts as a shared
nothing organization and at the lower level, each node could be a shared memory
and/or a shared disk system.

2.3 Client/Server Topology

In sections 2.1 and 2.2 we looked at two configurations that did not make any distinc-
tion between the services provided by the database management system. Along the
services, we distinguish two classes of functions:

e The data functions (the back end processes) — query processing, query optimiza-
tion, concurrency control, and recovery.

e The user functions (the front end processes) — report writer and Graphical User
Interface facilities.

This brings out the so called client/server topology that has functionality split be-
tween a server and multiple clients. The client/server topology can be grouped into
multiple client/single server and multiple client/multiple server configurations. Func-
tionality and processing capability of the client processors and communication speed
between the client and server also distinguishes two classes of the client/server topol-
ogy, namely, transaction server (thin client) and data server (fat client). The cli-
ent/server topology is one step towards distributed processing. It offers a user-friendly
environment, simplicity of implementation, and high degree of hardware utilization at
the server side.

2.4 Peer-to-Peer Topology

This topology is a direct evolution of the client/server topology. Note that in the cli-
ent/server topology functionality is split into user processes and data processes, in
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which user processes handle interaction with the user and data processes handle inter-
action with data. In a Peer-to-Peer topology, one should expect to find both classes of
processes placed on every machine. From a data logical perspective, client/server
topology and Peer-to-Peer topology provide the same view of data - data distribution
transparency. The distinction lies in the architectural paradigm that is used to realize
this level of transparency.

2.5 Distributed Databases

Distributed databases are based on data distribution. It brings the advantages of dis-
tributed computing to the database management domain. A distributed system is a
collection of processors, not necessarily homogeneous, interconnected by a computer
network. Data distribution is an effort to improve performance by reducing communi-
cation costs and to improve quality of service in case of network failure. Based on our
taxonomy, a distributed database system has the following characteristics: data is
distributed (possibly replicated and/or fragmented) stored in locations close to the
application domain(s) that uses it (e.g. increased availability), processors do not share
resources (i.e., disks and memory) and processes are more distinct, and the underlying
platform is possibly parallel. In comparison to parallel systems in which processors
are tightly coupled and constitute a single database system, a distributed data base
system is a collection of loosely coupled systems that share no physical components.

How to distribute data in order to improve performance, reliability, and accessibil-
ity, and how to provide transparency are the key issues in the design of distributed
databases. Table 1 enumerates some important issues that one needs to consider in the
design of distributed database systems.

Table 1. Issues in distributed database systems

How data should be distributed/replicated/fragmented in
i ili /acce551b1l1

2.6 Multidatabases

Adding control distribution to the definition of distributed databases as discussed in
section 2.5 results in an environment with the following characteristics:



