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Foreword

Welcome to the First International Symposium on Information Systems and Engineering. This
symposium provides a forum to address, explore and exchange information on the state-of-the-
art in information technology, engineering, and systems, their design and use, and their impact.
It’s intent is to bring together scientists, engineers, practitioners, computer users, and students to
share and exchange their experiences, ideas, and research results about all aspects of Information
Systems and Engineering; to discuss challenges encountered; and to seek potential solutions.
Hopefully, the symposium will provide opportunities to build new bridges and develop future
collaborations.

The Information Systems and Engineering field has been intensively developing during recent
years with the emergence of new technologies. Many experimental as well as commercial
systems continue to be built at all levels, including hardware, software algorithms and
applications that integrate these new technologies. The design and development of such systems
require the researcher to tackle a wide range of issues and to be familiar with newly introduced
techniques and products. The papers published in these proceedings represent results from
researchers in various Information Systems and Engineering (ISE) areas.

We would like to thank all authors who submitted their work to ISE 2001 and who are presenting
their papers in Las Vegas. If the papers and presentations are the essence of what makes ISE
possible, then the International Program Committee is the key to its successfulness. The IPC
members and reviewers did an exceptional job and we are grateful for their helpful efforts in
reviewing and evaluating the submissions.

We also wish to thank Dr. Ulrich Frank and his research team at the Institut fiir
Wiertschaftsinformatik, Universitat Koblenz-Landau for the organization of the Workshop on
Knowledge Management Systems: Concepts, Technologies and Applications. We thank Ms.
Nazli Goharian for having organized the Special Session on Large Scale Information Processing.

We must also acknowledge here Dr. Iyad Ajwa, our Publicity Chair for his contributions and
support. There are many people in the organizing committees of the Multi-conferences and the
co-sponsors who must also be recognized for their hard work, assistance and dedication, without
which this symposium would not have been possible. Finally, we are thankful to Professor
Hamid Arabnia, the General Chair of the 2001 Multi-conferences, for kindly including the
ISE'2001 Symposium as part of the Multi-conferences this year. We thank him also for the
constant and continual cooperation and assistance we received throughout the year.

We thank you, our attendees, for making ISE 2001 possible. Enjoy the symposium and consider
including this symposium in next year’s plans.

Waleed W. Smari, Nordine Melab and Kokou Yetongnon
Symposium Co-Chairs, ISE 2001




ISE 2001 Program

We are pleased to present the program for the first ISE symposium. This program includes a
total of 86 contributions distributed as follows: 60 regular research papers (RRP), 24 regular
research reports (RRR), and 2 short research papers (SRP).

The main track of the symposium consists of 35 RRP manuscripts. Each of these received a
minimum of two rigorous reviews plus three independent evaluations. Acceptance rate was
62%.

The Workshop on Knowledge Management Systems: Concepts, Technologies and Applications
screened the submissions to a total of 11 RRP manuscripts, with the review process being
handled by the workshop organizers. A similar count occurred for the manuscripts that came
from the Special Session on Large Scale Information Processing. The paper reviews were
handled by the session organizer. In addition, a total of 10 RRR contributions came from the
Korean Information Processing Society (KIPS), while other sponsors and affiliated organizations
(CSREA, IPSJ - SIGMPS, ITI, JHPC, and WSES) contributed 3 RRP, 14 RRR and 2 SRP.

The technical papers in the program represent works from academia, research laboratories,
government, and industry. The submissions came from 21 countries, with the top five being
USA (32%), Korea (16%), France (13%), China (10%), and Germany (10%).

The four-day program consists of an Opening Remarks Session, a Keynote Speech, 6 Discussion
Sessions, 16 formal Technical Sessions, a Panel Discussion Session, 12 short breaks, and a
Reception.

On behalf of the organizers, the IPC and all those who made ISE 2001 possible, I hope you find
this volume interesting, thought provoking and beneficial.

Thank you.

Waleed W. Smari
International Program Committee
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Managing complexity of software processes

Luis Marquez, Felix Garcia, Francisco Ruiz, Mario Piattini, Macario Polo
Alarcos Research Group
Escuela Superior de Informatica, University of Castilla-La Mancha
Ronda de Calatrava, s/n. 13071, Ciudad Real
Phone +34926295300 (ext 3747)
SPAIN
Imarquez @proyectos.inf-cr.uclm.es

Abstract - Software Process Management is a complex process. Due to the large number of different aspec
that have to be considered it is useful to establish a conceptual architecture. The use of Modeling and Metadat,
enabled architectures allows us to manage the complexity of software process.

In this paper we present a 4 level conceptual architecture for representing and managing software proces
metamodels based on the MOF (Meta-Object Facility) standard proposed by the Object Management Groy
(OMG, 2000) . In particular, we'll apply these concepts to the maintenance software process.

As support we present MANTIS-Metamod, a tool of metamodeling software processes based on the concepts
previously commented. MANTIS-Metamod is a component of MANTIS, an integrated enviromment for the
management of the Software Maintenance Process (SMP). MANTIS uses 4 conceptual levels (based on the '3
architecture proposed by MOF). Although MANTIS is dedicated to SMP, the tool allows the meta-modeling of 57_‘”
any software process. : :

T s b N T it e ST S

Key words. Software Process Metamodeling, MOF, XMI.

1 Introduction same language, define a vocabulary for the 3
A process is a set of interrelationated elements in the problem domain and manage
activities that converts inputs in outputs [2]. A complexity by raising the level of abstraction
software process consists in a set of concurrent at which we think and design. Metadata
and cooperative activities, that are related with enabled Systems are used to manage
the development and maintenance of software, complexity of systems and applications.
so as with the project management and product On other hand, Modeling and Metadata
quality [7]. standards are necessary for interchange of
Software  processes are inherently software arti_facts and interoperability between
complex. They involve many people, each of tools, applications, middleware and data
them with individual responsabilities and stores.
skills, and they produce or modify a whole And so on, in order to manage the |
i range of intermediate or deliverable artifacts software process complexity, it's necessary to 1
4 (1]. Due to this complexity it is convenient to establish an open conceptual level architecture -
g implement a conceptual architecture, using an providing the encapsulation needed and
important principle of modemn software allowing to work easily with a great amount of
engineering: the separation of a system in data and metadata.
encapsulation layers which can mostly be
§p§ciﬁeg, | designed  and  constructed 2 Software Process
independently. :
Typically 4 layers are considered MetamOdehng
adequate. The "meta" prefix indicates one .AS exampl.e of softwa'r € process we are
level of abstraction higher than root and it is going to consider the maintenance software
: used in a relative manner (a metamodel is a process. .
model of a model, a meta-metamodel is a 'M.any studies have demonstr'ated that the
model of a metamodel and so on). majority of the overall expenses incurred by a

software product throughout its lifecycle occur
during the maintenance stage [9] and that the
characteristics specific to this stage that
differentiate it clearly from the development

Metamodel help wus understand and
describe the problem domain, help others
understand the problem domain by using the
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. e, make it very useful to have specuﬁc
hodS techniques and tools at one’s
f D osal [8]
. Consequently it is necessary to define and
nstrUCt an environment for the integral
nagement of the software maintenance
B ess, given the complexity of this type of
rOJeCtS (due to the size and complexity of the
Bfoduct to be maintained and the difficulty of
e task to be undertaken).
f .The MANTIS project aims to define and
¥ nstruct an integrated environment for the
Phanagement  for  the  SMP  (“big-E
R avironment”). By using the nomenclature
;?, big-E  environment”  the intention 1is to
¥emphasize the 1dea that MANTIS is broader
than the concepts of:
- Methodology (in its usual sense), that is to
" say, a series of related methods and
techniques, and
Software Engineering Environment (SEE),
that is to say, a collection of software tools

used to support software engineering

activities [3].

MANTIS includes the different aspects
that must be taken into account when
undertaking software maintenance projects.
For the integrated management of SMP,
MANTIS integrates, amongst others, the
people (with certain skills and they carry out
certain roles in the project), the
methodologies(that people use), the tools (to
facilitate conforming with the standards) and
the activities (in which the teams work and
help to reach a milestone which indicates the
progress of the process).

Following this philosophy, in MANTIS we
have defined 4 conceptual levels that are based
on the MOF standard for object oriented
modeling proposed by the Object Management
Group, [6]. In table 1 we can see these 4 levels
of the MOF architecture and its adaptation to
MANTIS.

Level |{MOF MANTIS
M3 MOF-model | MOF-model of SMP
(Meta-
metamodel)
M2 Meta-model | SMP metamodel
M1 Model MANTEMA & others techniques (SMP
concrete model)
MO Data Instances of SMP
(real-world concrete software maintenance
projects)

Examples of real and specific software
maintenance projects with time and cost
restrictions are found in the level M0. The data
handled at this level are instances of the
concepts defined at the higher level M1. The
specific model that we use at level M1 is based
on the MANTEMA methodology and a group
of techniques adapted to the special
characteristics of  maintenance:  effort
estimation, risk estimation, process auditing
[11] etc. Level M2 corresponds to the SMP
metamodel. For example, the generic concept
of Maintenance Activity used in M2 is present
in the activities “Problem Report Analysis” or
“Modification Implementation” or "Corrective
Maintenance Activity" in M1 and these in turn
appear in level MO as “Corrective
Maintenance Activity number 36 of the

Table 1. Conceptual levels in MOF & MANTIS.

PATON project of the MAINTENANCE
SOLUTIONS S.A enterprise”.

In the last conceptual level of MANTIS,
M3, The SMP metamodel is represented in a
MOF-model. A MOF-model is composed
basically of two types of objects: MOF-class
and MOF-association. Consequently, all the
concepts represented in level M2 arc now
considered instances of MOF-class and MOF-
association. For example, Activity, Actor or
Maintenance Activity will be instances of
MOF-class ; and “Activity use Resource” or
“Artefact is input of Activity” are instances of
MOF-association. An MOF-model can be
represented by UML diagrams or by MODL
language (Meta Object Definition Language)
but in order for it to be used automatically and
to be portable amongst tools in a Software
Engineering Environment, which is what
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interests MANTIS, it is much better to Markup  Language), for storing ¢,
represent it by using one of the metadata metamodels. 4
interchange standards. For this reason, in In the following figure we can obsewe

MANTIS we use XMI (XML Metadata the example commented before: .
Interchange) [5], based on XML (eXtensible ‘
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Figure 1- Example of MOF levels in MANTIS
MOF is a model-driven distributed object describes an abstract modeling language
framework for specifying, constructing, aligned with the core of the UML of the OMG.
managing, interchanging and integrating In the following diagram a summary of the
metadata in software systems, thus enabling class hierarchy that makes up the MOF-model
the flexible integration of systems. MOF is represented by means of an UML diagram.

e L g R Y At T A VM
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By incorporating this last conceptual level
and using standards for metamodeling (MOF)
band for metadata interchange (XMI) we can
Ehieve as flexible as possible environment for
fdefining and sharing models and metamodels.
¢The inclusion of level M3 allows us to work
vith different versions of SMP metamodels,
gwhich is a requirement in order to be able to
Emanage the process improvements.

A Tool for software process

metamodeling.

In this paper we present MANTIS-
Metamod, a tool for representing and
managing software process metamodels based
n the MOF standard proposed by the Object
Management Group [6]. This standard defines
framework using the principles of object
riented modeling for the definition of
- Information models for metadata.

The tool provides support for the modeling
of software processes in general (described
according to the architectural levels of MOF).
In our project (within the framework of the
. MANTIS project), however, it is applied for
- the modeling of the SMP.

VR G SN AL 1 s A . 31 M b P
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i AssociationEnd
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Figure 2- MOF Class Hierarchy.

As a result the tool in question constitutes
the component of MANTIS that is responsible
for the modeling of software maintenance
processes.

We are going to describe the component of
the tool responsible for the definition of the
correspondences between the level 3 of the
MOF model (based on MOF-classes, MOF-
associations) and the level 2 (instances of the
level 3).

With this component of the tool we aim to
facilitate the integral management of the SMP
by defining the metamodels needed for this
management for which we will use a common
terminology and the abstraction mechanism
that provides level 3 of the architecture of
MOF models as a base.

For the realization of the aplication we
have used a three-tier architecture [4] with the
aim of reducing complexity and providing a
degree of encapsulation. These vertical tiers
are: presentation, application logic and
storage.

In the following figure we can observe the
three-tier Mantis-Metamod architecure:

W SR i SRR T i SR TR B e Ty P BN . T oo NG SRR
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Figure 3- Three tier architecture of MANTIS-Metamod

To receive user data, the application is
composed of a metamodel administrator as its
principal component and of a system of
windows that allows a visual description of the
classes that make up the core of the MOF
model (Package, Class, Datatype, Attribute,
Operation, Reference, AssociationEnd and
Constraint).

The metamodel administrator has a three-
shape structure, as does the MOF model: a
package contains classes and associations, a
class contains attributes and operations, an
association contains restrictions etc...

The system of associated windows allows
the description of the classes that make up the
core of the MOF model. In figure 2 we can see
the window associated to the definition of a
MOF class.

For example, an instance of MOF-class
could be the level M2 class “Actor” belonging
to the metamodel SMP. This instance of MOF-
class, as can be seen in the diagram, makes it
possible for any element of the model to use it
(visibility=public_vis), it is not abstract (is-

e I R

abstract=false), it can have supertypes (is-
Root=false), it can be a supertype (is-
leaf=false) and only one level M1 instance can
exist at most (is-singleton=false).

The models defined for the user by means
of the interface, are validated and internally
represented according to the hierarchy of the
classes described by the MOF model, specified
in the IDL document attacked to the MOF
standard.

For the storage of the metamodels (level 2
defined with MOF) we must use a
representation that facilitates the interchange
of information and as a result gives the tool
great flexibility. With this objective in mind
we will use XML

The main objective of XMI is to allow
easy Interchange of metadata between
modelization tools (based on UML) and
metadata tools and repositories (based on
MOF) in distributed heterogenic
environments.

XMI uses XML as syntax for interchange
transference and format. The use of XMI
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facilitates and permits the interchange of
—atamodels. bgsed pn MOF._so the tool must
services for the storage and extraction of
metadata, on a metadata repository composed
of XML documents.

The services are similar to those that a
Management System for Relational Databases
could provide with the peculiarity that in our
case what we have at our disposal is a
repository of metadata stored in XML
documents, that is to say, we have a collection
of structured documents,

For the storage of the MOF models in
XML documents and for the extraction of
based. The model provides classes that
represent Documents, nodes, lists of nodes etc,
with the properties and methods necessary for
constructing XML documents using the
hierarchical structure that characterizes them
as a base.

The following is a scheme of the tool
based on its storage layer and which sums up
the previously mentioned concepts.

Level Description

M3 Meta-metamodel (MOF model)

M2 Meta-Model

XMI Local d

M1 Model

Repository

MO Data

Management Metamodel

Tool

Other M

XMI

Figure 4- Application View.

As shown in figure 4 the tool maintains
and manages a local repository of metadata for
the storage of the MOF models. Basically this
diagram represents the two services provided
by the storage layer:

- Storage of the MOF models defined by
means of our tool in XMI format in order
to facilitate their exportation.

- Importation of process models(defined
according to MOF levels), using the
interchange XMI format as a base in such
a way that useable MOF models can be
taken advantage of for the representation
of software processes independent of the
platform and the tool with which they have
been defined.

To complement the tool proposed, other
tools of visual modeling based on UML can be

used for the visualization of the MOF models
as class diagrams (eg. Rational Rose). This
functionality is possible owing to the fact, as
already mentioned, that the tool has the
capacity for interchanging MOF models by
means of the interchange of metamodels with
XML standard (XMI).

4 Conclusions

In order to manage any software process -
such as the PMS - in an integrated and
structured way, it is useful to consider
different levels of abstraction, both for

modeling the process and managing the
different instances of execution (specific
projects).

In this paper we have presented the
importance of establish a conceptual level
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architecture for software process the MOF levels 2 and 3, it is possible to“.
metamodeling. As example of this we have incorporate the subontology of measure to the 3
considered  MANTIS, an integrated

environment for the management of the
maintenance software process.

In MANTIS this integration is based on
the use of a common terminology and on the
abstraction mechanism provided by the
architecture of conceptual levels described by
the MOF standard.

In order to provide automated support for
the software process metamodeling, and in
particular for the SMP, we have made
MANTIS-Metamod, a tool for the description,
importation and exportation of software
process metamodels. With this component of
MANTIS our aim is to take advantage of the
proven benefits that can be obtained by using
metamodels for the integral maintenance of
software processes.

A fundamental use of the tool is that it
constitutes the necessary support for the
improvement of the software process. In the
context in which the tool is set, owing to the
definition of appropriate projections between
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