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Editorial

Editorial

Four Years of UPGRADE

Dear Readers, articles covering any ICT field, always subject to peer re-
view procedures. In order to manage this new section, two

It was four years ago (October 2000) wHeRGRADE, new members joinedPGRADE's Editorial Team.

“The European Journal for the Informatics Professional”, was In April 2004UPENET (UPGRADE European NETwork)

first launched. An initiative of the Council of European Profes- wasborn. UPENET is the network of CEPIS publications,

sional Informatics Societies (CEPIS), our digital journal was whether paper or electronic.

then published, on its behalf, by INFORMATIK/INFORMA- Its current members aiMondo Digitale, published by the

TIQUE and NOVATICA, the journals of the CEPIS societiestalian CEPIS society AICA; the abovementione@VATI-

SVI/FSI (Switzerland) and ATI (Spain), respectively. CA; Pliroforiki , published by the Cyprus CEPIS society CCS;
Bearing in mind that the principal objective of our bimonthlyandPro Dialog, journal co-published in Polish and English by

digital journal(to provide its readers with high quality con-the Polish CEPIS society PTI-PIPS and the Poznan University

tents, ranging from practical business experiences to academicTechnology — Institute of Computing Science. Other jour-

research)is, by definition, a dynamic one, twenty four issuesals belonging to CEPIS societies have expressed a serious in-

later we can say that this European undertakiiRGRADE, terest in joining this network soon.

has a number of important achievements of which to be proudAlthough there is still a great deal of room for improvement

« Since its inceptionlJPGRADE has had a Spanish printedand expansion, we can see from all the above that UPGRADE
edition, published by NOVATICA, and, since Decembeis now a valuable CEPIS asset and a solid reality in the world-
2001, an Italian digital edition, promoted jointly by the Italwide landscape of scientific journals in the ICT field, a reality
ian CEPIS society ALSI and the lItalian IT portal Tecnotecave would like to celebrate.

» The readership of our digital journal has increased steadily;Thanks should be given to all those who make this reality
with a current monthly average of 10,000 unique visits amubssible, namely authors, reviewers, members of the Editorial
45,000 PDF downloads from countries all over the world, aFeam and other personnel in charge of daily operations, CEPIS

beit mostly from Europe. societies involved in this initiative (especially ATI), and, last
« TheUPGRADE newsletter, created in 2003, now has 1,118t not least: you, our readers (ICT professionals, academics
subscribers. and students in Europe and elsewhere).

 UPGRADE is ranked number 1 on Google, MSN Search,
Lycos, Yahoo, Hotbot and All the Web, and number 2 on Happy birthdaylJPGRADE!
AOL, if you search for the strintiEuropean informatics Jouko Ruissalo
journal”. President of CEPIS
* In 2004UPGRADE was admitted to the ACM Guide to<jouko.ruissalo@ttlry.fi>
Computing Literature and to ACM Computing Reviews, be-
ing now included in many important ICT journal listings.  Ps. At the closing of this issue we have received the good
¢ In February 2004 a section named MOSAIC was creatednews that th€©CG Journal, published in German by the Aus-
order to expand the contents of our digital journal from itsian CEPIS society OCG, has just joing®ENET, as ap-
original monographic approach to a broader one, includiqyoved by the Board of this socieilikommen!

¥ %
* * 2 . |
* CEPIS &
r & ;
w & w
UPGRADE European NETwork

The network of CEPIS memiber societies” publications
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SPT, Software Process Technology

Presentation

Software Process Technology: Improving Software Project
Management and Product Quality

Francisco Ruiz-Gonzalez and Gerardo Canfora

1 Introduction 2 The Contents of This Monograph
One of the main lines of work on the enhancement of  This monograph issue opens with the artiSeftware
software product quality is the study and improvement of tierocess: Characteristics, Technology and Environments”
processes by which software is developed and maintained. Thisich the authors of this presentation have written as an intro-
statement is based on the assumption that there is a dichattion to the topic. It deals with three essential aspects: soft-
correlation between a quality process and product quality. There process specific characteristics; the justification of SPT as
area of study in the field of software engineering addressiagvay of providing integrated support to both production and
this problem is known as “Software Process Technologyhanagement processes; and Software Engineering Environ-
(SPT), or simply “Software Process” (SP). ments (SEES). In the last point, we stress the different dimen-
Research into SPT as a separate discipline began in the §i06ss of software tool integration within an SEE and the pro-
(International Software Process Workshop, European Workesed process orientation for SEEs (Process-centred Software
shop on Software Process Technology, Journal of Softwdegineering Environment, PSEE).
Process Technology: Improvement and Practicebuj it is “Key Issues and New Challenges in Software Process Tech-
only in the last 5 or 6 years that it has acquired a certain matwlogy” was written byJean-Claude Derniameand Flavio
rity in terms of its real use in software engineering projects. Tkguendo(both have played major roles in the EWSPT — Euro-
first important contribution of SPT was to confirm that theean Workshop on Software Process Technology — series of
development and maintenance of software are complex preonferences). It is an analysis of the evolution and results of
esses which require a collective and creative effort. Thus tties field over its twenty years of existence and the key unre-
quality of a software product is heavily dependent on ttelved challenges SPT has today: the support of typical agile
people, the organisation and the procedures involved in createcesses, open source software, and worldwide software
ing, delivering and maintaining it. development (globalization). The first part is an introduction to
SPT — which complements this introductory article — including
a generic process framework and the relationship between SPT
and process maturity.

The Guest Editors

Francisco Ruiz-Gonzalehas a PhD in Computer Science fromATI, AEC, AENOR, ISO JTC1/SC7, EASST, AENUI and ACTA.
the Universidad de Castilla-La Manch@JCLM), Spain, and an <Francisco.RuizG@uclm.es>
MSc in Chemistry-Physics from théniversidad Complutense de  Gerardo Canforais a full Professor of Computer Science at the
Madrid, Spain. He is a full time Associate Professor of the Dept. é&aculty of Engineering and the Director of the Research Centre on
Computer Science at UCLM in Ciudad Real, Spain. He was ti8nftware Technology (RCOST) of théniversita degli Studi del
Dean of the Faculty of Computer Science between 1993 and 208@nnig Benevento, Italy. He served on the programme and organiz-
Previously, he was the Director of Computer Services at the aforeg committees of a number of international conferences. He was a
mentioned university (1985-1989) and he has also worked in privgieagramme co-chair of the 1997 International Workshop on Program
companies as an analyst-programmer and project manager. He @aprehension, the 2001 International Conference on Software
member of the Alarcos Research Group, <http://alarcos.inf-dvlaintenance, and the 2004 European Conference on Software Main-
uclm.es/english/>. His current research interests include softwaemance and Reengineering. In 2003 he was the general chair of the
process technology and modelling, software maintenance, aBdropean Conference on Software Maintenance and Reengineering.
methodologies for software projects planning and management. Hes research interests include software maintenance and evolution,
has also worked in the fields of GIS (Geographical Informatioprogramme comprehension and reverse engineering, software proc-
Systems), educational software systems and deductive databasss.improvement, knowledge management, and service oriented
He has written eight books and fourteen chapters on the abovemsoftware engineering. On these topics he has published more than
tioned topics and he has published 90 papers in Spanish and int®0 articles in international journals and conferences. He is an asso-
national journals and conferences. He has sat on nine programuisge editor of the IEEE Transactions on Software Engineering and
committees and seven organizing committees and he belongsséoves on the editorial board of the Journal of Software Maintenance
several scientific and professional associations: ACM, IEEE-C8nd Evolution: Research and Practiceanfora@unisannio.it>
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As a demonstration of the industrial maturity that SPT iSoftware Process in A Process-centred Software Engineering
reaching,’A Taxonomy of Software Engineering EnvironmenEnvironment’; Hans-Ulrich Kobialkacarries out a systematic
Services: The Upcoming ISO/IEC Standard 15948y Dan  study of the process support requirements a PSEE should satis-
Hyung Lee and Juan Garbajosa-Sopefapresents us the fy, and proposes a list of ingredients (groups of services) to this
future 1SO standard of which they are co-editors. The authasd. The author presents the mechanisms available in LMP
classify, enumerate and define all the possible services thalaAADYN for process automation (triggers, task patterns,
SEE can provide to give automatic support to the various pramnstraints, etc.) and impact control (permissions).
esses of software life cycle. The article“Managing Distributed Projects in GENESIS”

The close relationship between business models used by was written byLerina Aversano, Andrea De Lucia, Matteo
software industry and processes that are carried out during s@f&eta, Pierluigi Ritrovato and Maria-Luisa Villani. They
ware development and maintenance makes the reflectiopsppose an approach and an environment to support the
analyses and explanations put forwardAtipnso Fugettain  management of distributed software projects allowing the def-
“Open Source and Free Software: A New Model for The Softition and enactment of software process models in a decen-
ware Development Process?highly interesting, useful and tralized and autonomous multi-site manner.
illuminating. In “Software Process Measuremen#élix Garcia-Rubio,

The next two articles refer to SP modelling:Applying The  Francisco Ruiz-GonzaleandMario Piattini-Velthuis, argue
Basic Principles of Model Engineering to The Field of Proceshe importance of measuring SPs to be able to carry out evalu-
Engineering’, Jean Bézivinand Erwan Breton introduce ation and improvement. The authors identify the measurable
model-driven system engineering, presenting the MDA (Mocntities of a SP and, as a use case, they present a set of metrics
el-Driven Architecture) proposed by OMG (Object Managethat can be used to estimate the maintainability of a process
ment Group) whose aim is to separate platform-independenddel.
aspects from the platform-dependent aspects in the design df is usual for a process to pass through various adaptations
software system architecture. As proof of the strength of thdsie to the different operational contexts in which the process is
new “model-driven” development paradigm, the authors shageerformed. These adaptations involve the creation of distinct
how it can be applied to processes using a non-MDA basedsions from the same generic process which are known as
COTS (Commercial Off-The-Shelf) software, MS-Projectspecialized processes. ‘IRrocess Diversity and how Practi-
demonstrating that this approach enables us to design and boitthers Can Manage It"Danilo CaivanoandCorrado Aaron
more general solutions. Visaggio present a framework based on process patterns to

In “Software Process Modelling Languages Based omanage and to maintain all these different process models. The
UML", Pere Botella i Lépez, Xavier Franch-Gutiérreand application of this framework to software system maintenance
Josep M. Ribo-Balustntroduce the reader to Process Modelis also included as a case study.
ling Languages (PMLs). In particular they analyse the possibil-We hope this collection of articles (thanks must go the
ities of UML (Unified Modelling Language) to model theauthors for their valuable contributions) provides an introduc-
structural and behavioural aspects of processes, and presientto and an overview of Software Process Technology. We
two PMLs, namely SPEM and PROMENADE, that take advarelieve that, by means of automation and the integration of
tage of this notation to model software processes. various engineering and managerial processes, this field can be

Focusing on another interest point, the next two articles amemajor help to software engineers in years to come.
devoted to technological aspects of SEEs'Supporting the

4 UPGRADE vol. v, No. 5, October 2004 © Novatica
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Useful References on SPT

These references, additional to the ones included in théCSPI — International Conference on Software Process Improve-
papers this monography consists of, enlarge the field of Softment. Its second edition was held in Washington DC, USA, in June
ware Process Technology for readers interested in knowing004. <http://www.icspi.com/>.
more about this matter. » PROFES - International Conference on Product Focused Software

Process Improvement. Its fifth edition was held in Kansai Science

Associations City, Japan, in April 2004. <http://www.vtt.fi/ele/profes2004/>.

* ISPA — International Software Process Association.

<http://www.ece.utexas.edu/~perry/proflispa/>. Web Sites

 Capability Maturity Models. University of Carnegie Mellon, Soft-
ware Engineering Institute (EE.UU.).

Books :
« A. Fuggetta and A. Wolf (eds). Software Process, Vol 4, Trends in<http://www.sei.cmu.edu/cmm/cmms/cmms.html>.
Software. J. Wiley & Sons (USA), 1996. » Graphical Development Process Assistant. University of Bremen,

<http://serl.cs.colorado.edu/~alw/doc/Trends. html>. Germany. <http://www.informatik.uni-bremen.de/uniform/vm97/>

« J. C. Derniame, B. A. Kaba, & D. Wastell (eds.). Software ProcessSPecialized web site that includes over 6,000 pages on this topic,
Principles, Methodology and Technology. Springer-Verlag, serieincluding concepts and definitions, process models, environments,

LNCS n° 1500, 1999. standards, methodologies, process elements, SPT modelling classes
« B. Westfechtel. Models and Tools for Managing Development and approaches, projects, tools and classified bibliographic about all
Processes. Springer-Verlag, serie LNCS n° 1646, 1999. the above.
Journals Papers

« Journal of Software Process Improvement and Practice. Quartetly: Ambriola, R. Conradi, and A. Fuggetta. Assessing Process-
journal published by Wiley. <http://www.wiley.com/WileyCDA/ centered Software Engineering Environments. ACM Transactions
WileyTitle/productCd-SPIP.html>. on Software Engineering and Methodology, 6:3, 1997, pp. 283-328.

¢ G. Cugola and C. Ghezzi. Software Processes: a Retrospective and

Conferences & Events a Path to the Future. Software Process: Improvement and Practice,

* EWSPT — European Workshop on Software Process Technolog)f.‘(:s)' 19_98' pp. 101-123. ) .
Scientific biennial workshop whose ninth edition took place in Hef- B- Curtis, M. I. Kellner, and J. Over. Process Modeling. Communi-

sinki, Finland, in September 2003. Proceedings: <http:/www2. ~ cations of the ACM, 35(2), September 1992, pp. 75-90.
springeronline.com/sgw/cda/frontpage/0,11855,5-40109-22- e L. Osterwell. Software Processes are Softwarg Too. Proc. of 9th
7063147-0,00.html>. International Conference on Software Engineering. Washington DC

(USA). IEEE Comp. Soc. Press, 1987.

Translation bySteve Turpin
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Software Process: Characteristics, Technology and Environments

Francisco Ruiz-Gonzalez and Gerardo Canfora

In this introductory article we present the concept of Software Process (SP) and the properties tha
characterize and distinguish this process from other types of processes (e.g. typical industrial productiol
processes). We go on to justify the interest in having Software Process Technology (SPT) to enable us
automate and to integrate production and management processes in order to carry out software projects. \
also present Software Engineering Environments (SEE), collections of integrated tools whose purpose is
provide support to the abovementioned processes. We conclude by summarising the problem of how

integrate the tools making up an environment and how to create a process-oriented environment.

Keywords: Software Engineering Environment, Software
Process, Software Process Technology, Process-Orientat
Tools Integration.

1 Characteristics of Software Processes
The definition ofSoftware Proceg$SP) complements the

concept of software life-cycle in the sense that it defines t

skeleton and philosophy for carrying out an SP, but it is not

itself sufficient to guide and control a development and/
maintenance project. An SP is aoherent set of policies,
organizational structures, technologies, procedures and ar
facts that are needed to conceive, develop, deploy, and mé
tain a software produt{3].

The special nature of SPs can be defined as follows:

a) They are complex.

b) They are not typical production processes, since they i
exception driven, are strongly affected by highly unpre
dictable circumstances, and each process has peculiari
that distinguishes it from all others.

c) They are not ‘pure’ engineering processes either, since
do not know the appropriate abstractions, (there is |
experimental science behind them), they depend too mu
on too many people, their design and production are r
clearly differentiated, and their budgets, schedules a
quality cannot be programmed reliably enough.

They are not (entirely) creative processes because sc
parts can be described in detail while some procedures
previously enforced.

They are finding-based and depend on communicatic
coordination and cooperation within predefined frame
works. Their delivery generates new requirements, the c«
of changing software is not usually recognised, and the
success depends on user involvement and the coordinai
of many different roles (sales, technical developmer
customer, etc.).

The necessity for creative human participation and tl

absence of repetitive actions means that neither the devel

ment nor the maintenance of the software is a production prt

ess. However, there are some similarities between the t

d)

e)
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Figure 1: Production Process vs Management Process.

kinds of processes which are useful for understanding softwar&allowing on from the previous definition, SPT makes use of
processes in a broader perspective. Like production processewjde range of areas and concepts:

software processes consist of two inter-related sub-processes; Software development and maintenance technologies
the production process and the management process [5]. Thewhich provide the necessary tools and infrastructure to
production process relates to the actual production and mainte- make it possible and economically feasible to create and
nance of the product, while the management process provides maintain complex software products that meet present and
the necessary resources for the production process, and future needs.

controls it. This control is possible when the production pro@ Methods and technigquesfor software development and
ess feeds back information about its situation to the manage- maintenance which provide the essential methodological
ment process. These relationships are represented in Figure 1,support required to make efficient use of the abovemen-
as are the relationships between processes and the externationed technologies and successfully perform development
environment. The request for a product comes from outside and maintenance activities.

(the external world); in other words, the external environmeBt Organizational behaviour, in other words, the science of
justifies the production process’s existence. Management also organizations and people, is useful because software
has to conform to the current standards of the external environ- projects are generally carried out by groups that need to be
ment; in other words, the external environment also has an coordinated and directed within an effective organizational
indirect influence on the production process. In short, produc- structure.

tion and management processes make use of technologies @tig-Marketing and economy since software development

inating from the external environment. and maintenance projects are not executed in isolation,
and, as is the case with any other product, software must be
2 Software Process Technology oriented towards the needs of real customers and users.

The essence of SPT is that it allows the integration of To sum up, when developing and maintaining software it is
production and management technologies in a new work enaecessary to pay attention to the complex relationships that
ronment, known adsProcess-centred Software Engineeringarise between the various organizational, cultural, technologi-
Environment(PSEE), which provides support to managememial and economical factors.
and production processes in an integrated manner. Figure 2
shows the impact of this new technology and how PSEE impleg ~ Software Engineering Environments
ments, controls and improves the flow of information by which ~ Although the use of tools in helping developers to
the management process controls the production process. phaduce software has existed in one way or another since the
main objective of SPT is to control the inherent complexity afarly days of computing, the conceptSafftware Engineering
the SP via an in depth understanding of the process itself, &@/ironmen{SEE), is a relatively recent development. SEE is
by means of the automated support provided by a PSEE. d&fined as & set of tools providing full or partial automated
essential factor in achieving this objective is computerizesipport to software engineering activitietNormally these
support; in other words, having a process model and the propetivities are carried out within the framework of a software
means of defining, modifying, analysing and enacting it [1]. project and refer to aspects such as specification, development,

reengineering and maintenance of software systems. SEE has
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—»| Management Process Production Process [€—
T Supports T
PSEE
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A 4
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Technology Technology Technology
Provjdes
Standardises External world Justifies

Figure 2: Impact of Software Process Technology.

also been known by other names: IPS$fegrated Project Interest was first aroused in SEE in the early 90s when the
Support EnvironmehtISEE (ntegrated Software Engineering first reference models were proposed and the first taxonomy of
Environmen), CASE tools coalitiofFederated CASE toqglsr the services to be included was produced [8]. But it was not
ISF (Integrated Software Factoyy until the beginning of the 2Ycentury that environments were
The term SEE can be applied to a wide range of systemdgveloped which actually tried to meet the ambitious objectives
from a set of a few tools running on the same system, tahet the definition of SEEs entails [6].
completely integrated environment able to manage and control
all data, processes and activities of a software product lifg-1 Integration
cycle. Thanks to the automation of activities (partial or total), The concept that most differentiates an SEE from a simple
SEE can produce significant benefits for an organizatioset of tools working on a computer under the same operating
reduction in costs (high productivity), improved managemesystem, is the degree of integration that it provides. The
and improved quality of the end product. For example, tle®ncept of integration applied to an SEE can mean many relat-
automation of repetitive activities, such as the performance ed but different things:
test cases, not only improves productivity but also helps to The degree to which different tools can communicate effec-
ensure the completeness and consistency of testing activities. tively between one another within the framework of an SEE.
SEE normally deals with information related to: * A measure of the relationships between SEE components.
a) Software under development or maintenance (specifiea-The simplicity, interoperability, portability, scalability, pro-
tions, design information, source code, tests data, projectductivity, etc., produced by the seamless interaction of SEE
plans...) components.
b) Project resources (costs, computing resources, personnefharing the same object management system (repository
responsibilities and duties...) manager) instead of having a separate file system for each tool
c) Organizational aspects (organizational policies, standardsan important feature of integration, but not the only one.
and methods used...) SEEs must have a series of interfaces enabling cooperation
SEE gives support to human activities by means of a sethdtween tools from different manufacturers. Integration can be
services that describe the environment’s capabilities. Thesad to involve the three following aspects:
services provide the correspondence between a chosen set & set of servicesMost of the services described later are
software life-cycle related processes and their automation byapplicable to integration. For example, using a common
the use of tools. In most cases a tool’s functionality is related toobject management system with common schemes enables
one or more services. the tools to share objects; using global presentation charac-

8 UPGRADE vol. v, No. 5, October 2004 © Novatica


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

PROCESS

Process Step

How well do relevant tools combine to
support the performance of a process

step?

Event
How well do lrelevant tools agree on the DATA
events required to support a process?

Interoperability

Constraint How much work must be done for a tool
How well do relevant tools cooperate to to manipulate data produced by
another?

enforce a constraint?

Nonredundancy
How much data managed by a tool is
duplicated in or can be derived from the|

Appearance and Behaviour \ / / data managed by the other?

PRESENTATION

To what extent do two tools use similar
screen appearance and interaction
behaviour?

Data Consistency
Tool How well do two tools cooperate to

maintain the semantic constraints on
the data they manipulate?

Interaction Paradigm
To what extent do two tools use similar

metaphors and mental models? \
Data Exchange

How much work must be done to make
the nonpersistent data generated by
one tool usable by the other?

Provision Synchronization
To what extent are a tool's services How well QOES a tool communicate
used by other tool in the environment? changes it makes to the values of

nonpersistent, common data?

Use
To what extent does a tool use the
services provided by other tools in the
environment?

CONTROL

Figure 3: Properties of Tool Integration in SEE.

teristics in the user interface enables all tools to have a sim-nisms). Another characteristic that data integration can
ilar “visual aspect”; and management process and commu-include is composition.

nication services are necessary for the tools to communicateControl. Control integration is the ability to flexibly
with each other. combine the functionalities provided in an environment.

* A new dimension for each servicedaving common serv-  These combinations may correspond to project preferences
ices permits integration but does not make it obligatory (tool and be driven by the underlying software processes.
developers are not obliged to use them). This new dimensionPresentation.Presentation integration is the ability to inter-
indicates the degree to which a service can help to increasect with environment functionalities with similar screen
integration. appearance and similar modes of interaction.

* A policy. It is also necessary to implement policies so that ProcessesProcess integration is the ability to access envi-
developers of tools, frameworks and platforms can use inte-ronment functionalities using a pre-defined SP enacted with
gration services efficiently. An example of this are the “style automated support.
guides” intended for tool constructors.

According to [7], the need for integration in an EIS involve8.2 Process Orientation

several different dimensions (see Figure 3): We have already mentioned the importance which process-

« Data. Data integration is the ability to share information iroriented SEEs (or PSEE)s have in SPT. In fact, the principal
the SEE. The degree of data integration can be high (tootde of an SEE is to provide support to order to enact the SP
use a common database with a common scheme), mediefiectively. This point of view is gaining ground as software
(common data formats) or low (uses transformation mechaevelopment and maintenance processes have become intellec-

tual activities of an ever more complex and laborious nature,
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with a great potential for improvement to quality and produdhe problems that can arise when several separate and distinct
tivity, based on discipline, management, and the help of PSBHESEES are required to collaborate with one another, and, more
and other computing technologies. Many organizations haspecifically, in the need for interoperability between the proc-
problems defining and performing the steps which transforesses supported by those PSEEs. Among the various proposals
user requirements into a software product in such a way timaade to address this problem, perhaps the most interesting is
they are replicable, measurable in terms of quality objectivabat put forward by a number of authors who, using the meta-
and adaptable or improvable, so the use of an SEE to imptéor of international alliances, support the idea of forming
ment a defined process during the performance of a softwéederations of PSEEs, whereby each organization would
project can provide considerable short term benefits. manage its own processes (just as each country has its own
In a PSEE, process management services contribute to lngs), and inter-organizational processes would act in a similar
effective support of SPs, providing end-user oriented faciliti@gay to international treaties between countries. In the relevant
in order to define and use processes that can replace the uralsiography, two types of conceptual architectures have been
ciplined, difficult to control, and tedious invocation of individ-proposed for PSEE federations: control based, favouring
ual tools. Garg and Jazayeri [4] believe that process supportentralization given the existence of common process models;

PSEE is based on the following functionalities: and state based in which there is a workspace in which the

* Process definitionA process engineer use the PSEE tcommon state is stored [2].
define a process to be followed by one or more projects.

* Process analysisA process model within a PSEE can be4 Conclusions
analysed to verify its consistency, completeness, and In this article we have presented the key aspects of Soft-
correctness. ware Process Technology: the object of interest (software proc-

* Process presentatiol’A PSEE includes support for the ess and their characteristics); the interest in and justification for
graphical display of SPs (activity flows) and products (strugiving automatic support to these processes; and the require-
tured diagrams). ments, functionality and characteristics of integration and proc-

* Process simulationThe PSEE supports the use of simulaess-orientation that the collection of tools need to have to
tions to be able to evaluate the suitability of a process bef@ehieve these goals.
committing full resources to it.

» Process automatioi®nce a process has been defined, actiireferences
ities which do not require human intervention can be identi]
fied and automated by the PSEE.

* Process monitoringThe PSEE monitors the execution of a
process and records the history of the activities carried o
This process history can be used later for future process
developments and improvements.

* Process change suppofithe PSEE allows an organization
to change its process definitions without interrupting itB]
work.

* OpennessThe PSEE provides tools to exchange data and
metadata with other non-integrated tools or with other
PSEEs.

e Multi-User support. Typically, software engineering
projects are worked on by teams of people with different
roles. The PSEE must therefore provide services to all the
people working together on a process. [5]

* Process guidanc&oftware engineers use the PSEE to carry
out various process steps. The PSEE must provide helpd
choosing among possible next steps based on the modelled H. Ossher, W. Harrison, and P. Tarr. Software Engineering Tools

J. C. Derniame, B. A. Kaba, and D. Wastell, D. (eds.). Software
Process: Principles, Methodology and Technology. LNCS 1500,
Springer-Verlag, 1999.

J. Estublier, P. Y. Cunin, and N. Belkhatir. Architectures for Proc-
ess Support System Interoperability. Proceedings of the Fifth
International Conference on the Software Process (ICSP’98),
15-17 Junio, Chicago (Estados Unidos), pp. 137-147, 1998.

A. Fuggetta. Software Process: A Roadmap. 22nd International
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ACM, 2000.
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process and the current state.

Task-specific user interfacBased on the modelled process,
the PSEE can scope the user interface to the needs of
task, thereby preventing an excess of information froeln2
being presented to the user.

It is becoming ever more common for software produd8]

and Environments: a Roadmap. International Conference on
Software Engineering (ICSE) — Future of SE Track. Limerick

h(lrlanda), pp. 261-277, 2000.

I. Thomas and B.A. Nejmeh. Definitions of Tool Integration for
Environments. IEEE Software, 9(2), pp. 29-35, 1992.
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Key Issues and New Challenges in Software Process Technology

Jean-Claude Derniame and Flavio Oquendo

In the last two decades we have seen a tremendous development in software process research. During 1
time there has been considerable progress in developing the technological base for supporting softwa
engineering processes. However, the changing face of technology and methodology (in particular agil
methods), the ever increasing complexity of software systems, and the revolutionary development in t
Internet have led to many interesting challenges and opportunities for new developments in Softwal
Process Technology. This paper examines some of the important trends of software process in research ¢
practice, and speculates on the important emerging challenges.

Keywords:Process Enactment, Process Modelling, Research

Directions, Software Process Technology.

1 [Introduction
The software processf developing and maintaining a
product or a service plays a crucial role in determining the qu
ity level of the product or service but also the cost of develo
ing, supporting and maintaining it.

Process has been recognized important for decades in mé
facturing, but it became, more lately, a priority in softwar
production and high-tech service provisioning. In fact, sof
ware producers and telecommunications service provide
from small vendors to giants like Microsoft and AT&T, have
started to model, analyse, and re-engineer or improve the pr
esses used to produce, support and maintain their products
services. Process improvement has finally been identified &
major area in the high-tech industry.

The main stream of effort in industry, standardization bodi
and institutions has been devoted to process analysis
assessment, which is fundamental when exchanging produ
Main stream of effort in research has been on defining langui
es and building process-centred software engineering envir
ments. From 1990 up to now a lot of them has been prototyp
[6] and some of them industrialized.

Software engineering researchers have studied the softw
production process quite thoroughly for many years now [¢
They have set two research goals: (1) developing a proc
modelling, analysis and improvement methodology and (
improving process support technology.

The first goal motivated the development of numerous prc
ess life cycle models, such as the waterfall model and the sp
model [2], and methodological approaches to structurin
organizing, documenting and formally describing processes
order to evaluating or improving them, such as the Capabil
Maturity Model (CMM) [14], Bootstrap [9], and the SPICE
ISO/IEC 15504 Standard.

The second goal motivated the development of Proce:
centred Software Engineering Environments (PSEE), whi
are software systems that assist in the modelling and autor
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tion through enactment of software development processesThe remainder of this paper is organised as follows. Section

Results of this research and development work have begnntroduces a conceptual and terminological framework in

presented in several major international conferences and wookder to structure software process concerns. Section 3 intro-

shops: EWSPT (European Workshop on Software Procehsces the CMM levels of software process maturity. Section 4

Technology) series published since 1992 as LNCS (Lectisemmarizes where we are today in Software Process Technol-

Notes in Computer Science) by Springer Verlag, ISPW (Intepgy. Section 5 speculates on the important emerging challenges

national Software Process Workshop) published by IEEE, antiSoftware Process Technology. Finally, Section 6 concludes

ICSP (International Conference on the Software Proceghkg paper.

series published by ICSA (The International Software Process

Association), ACM Press. Promising approaches, technolog® Process Framework

cal advances, and experiences in applying the process technol- We will use a conceptual and terminological framework

ogy have been published in proceedings and journals. Soffgin order to present key issues and future directions in Soft-

books also propose synthesis of the domain [8][4][15]. ware Process Technology. This conceptual framework,
Since 1984 there has been considerable progress in devekketched in Figure 1, introduces three software process

ing the technological base for supporting software processdemains:

including Process Modelling Languages (PML) and Environ- Process model domain,

ments (see [1] for a comparative review of the state of the ast).Process enactment domain,

However, the changing face of technology and methodology Process performance domain.

(in particular agile methods), the ever increasing complexity ofThe process model domaircontains characterizations of

software systems, and the revolutionary development in theocesses or fragments of processes, expressed in some nota-

Internet have led to many interesting challenges and opportutidn, i.e. a software process modelling language, in terms of

ties for new developments in Software Process Technolodyw they could or should be enacted/performedofware

This paper examines some of the important trends and chadecess modas a software process abstraction described with

lenges of software process in research and practice. a formal or semi-formal software process modelling language.

Process model domain Process performance domain (P)

_~ Process designer .H'“'x

-'-’. I 3 | H."'.
. ,-"
- ji o ?Z:sff
e '. i III
E % E>p | N' /' \ |

Process 3 / \ N Quulity suditer |
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manager 'l \ Sl - /
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Legend

E>P assistance and support for performance
P>E performance feedback

Figure 1: Software Process Domains.
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A meta-process modetpresents the set of (meta-)activities t
model, to analyse software processes and to support tt Continuously Optimizing l
evolution. improving (3)

The process enactment domairencompasses what takes process

place in a process-sensitive software engineering environm

to support process performance governed by process mod —— l
Enactment comprises customization and instantiation. process /’ (4)
customized process modslsaid to banstantiatedwhen its

artefacts are linked with concrete products and project resoL

es. Acustomized process modelthe result of the refinement ﬁ
and adaptation of a generic process model to a specific proj Standard, Defined

A Process-centred Software Engineering Environnegicom- consistent
passes the set of mechanisms that provides a variety of sup process

(assistance, guidance, monitoring, automation, etc.) to sc

ware process performers by enacting an explicit representat Disciplined Repeatable l
(i.e. model) of this process. process /’ (2)

The process performance domairncompasses the actual
tasks and activities that are performed by the process age¢
(human or not) in the course of a software procksaftware
processs defined by the set of technical and managerial acti
ities carried out in the production and the maintenance of sc
ware. It is a partially ordered set of activities each of them
associated with its related artefacts, human and computeri Figure 2: The Five Levels of Software Process Maturity.
resources, constraints, policies, etc. In the process performa
domain, one may discern between peeformerwho may be a
project manager, a programmer, a system analyst, a quality zation. All projects use an approved, tailored version of the
auditor, a tester, or trend-usemwho is the user of the product organization’s standard software process for developing

Initial

(1)

that is developed. and maintaining software.
4) Managed.Detailed measures of the software process and
Process Maturit roduct quality are collected. Both the software process
y p quality p

Software process maturity is the extent to which a specif- and products are quantitatively understood and controlled.
ic process is explicitly defined, managed, measured, controll&), Optimizing. Continuous process improvement is enabled
and effective. As stated in [13], maturity implies a potential for by quantitative feedback from the process and from pilot-
growth in capability and indicates both the richness of an ing innovative ideas and technologies.
organization’s software process and the consistency with whichMaturity levels 2 through 5 can be characterized through the
it is applied in projects throughout the organization. The softctivities performed by the organization to establish or improve
ware process is well-understood throughout a mature organitlae software process. But why Software Process Technology is
tion, usually through documentation and training, and the praelevant to practitioners wanting to move to higher process
ess is continually being monitored and improved by its usersaturity levels? Because they cannot get to CMM levels 3, 4,
The capability of a mature software process is known. Softwaaad 5 without Software Process Technology. Indeed, Software
process maturity implies that the productivity and quality rédrrocess Technology can provide support for definition, meas-
sulting from an organization’s software process can be imrement, analysis, monitoring, guidance, and automation.
proved over time through consistent gains in the discipline
achieved by using its software process. Process maturity levegs  Yesterday and Today

proposed by CMM are sketched in Figure 2. On the one hand, software process modelling and
These five levels of software process maturity can be charaoprovement are key aspects to practitioners to move to higher
terized as follows: process maturity levels, thereby mastering the process of devel-

1) Initial. The software process is characterized as ad haping and maintaining software. On the other hand Software
and occasionally even chaotic. Few processes are definerhcess Technology provides a fundamental support for getting
and success depends on individual effort. to higher process maturity levels. How much progress have we

2) Repeatable. Basic project management processes araade during these two decades?
established to track cost, schedule, and functionality. The
necessary process discipline is in place to repeat earlasterday
successes on projects with similar applications. In the distant past of twenty years ago, software process was

3) Defined.The software process for both management anargely an ad hoc affair. Definitions relied on informal dia-
engineering activities is documented, standardized, agcams, which were rarely followed by software engineers in or-
integrated into a standard software process for the orgaganizations. The notion of software process was ill-understood.
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Today requirements concern at one and the same time PML and
Much has changed in the past two decades. Although ther®B8EE. Between them, some address real challenges [1].
wide variation in the state of the practice, generally speaking, The PSEE should support dynamic ordering of activitfes:
software process is much more visible as an important andordering of activities can be dynamically built and modified,
explicit support activity in software development. Job titles the PSEE enactment engine will be able to continue to sup-
now reflect the role of software process engineers and compaport and assist process performance. Humans interacting
nies recognize the importance of software process maturity andvith the PSEE, distributing and managing the “control”
invest in order to reach higher process maturity levels. between them is a key issue: with a balance to offer in terms
In addition, the technological basis for software process hasof discipline vs. initiative, modelling and controlling facts
improved dramatically. Important advancements have been thevs. intentions, etc. The fundamental discussion about “Soft-
development of process modelling languages and processware Processes are software too” raised by [12] and [10] is
centred software engineering environments as summarizedobviously not finished. In order to progress towards level 4,

hereafter. the PML, and the PSEE as PML support, should support
flexibility to be usable within the strategy adopted by a com-
4.1 Process Modelling Languages pany, which can go from a strict disciplined “plan-driven”

A lot of PML proposals has been done relying on different process towards a fully free process where “deviation is a
paradigms such as logic-based, procedural, rule-based, multistandard”.
agents, active-databases, Petri nets, object oriented language$he PSEE should support software process distribution
Process-centred environments have been built for them. Verywhich encompasses process modularity, heterogeneity,
few have transformed to become product but a lot of ideas havanteroperability, composability, process fragments federa-
been used in current products. The main objective for an indus-ion. It implies also that the PSEE must be able to support
trial company, using PML, is probably to capitalize on the communication, coordination, cooperation and negotiation
employees experience to enhance the products quality. Capitalbetween user performers with their different roles. The
izing on experience means to be able to reuse some parts dPSEE process representation formalism must provide the
process models, to share them, to distribute them, to adaptmeans of representing performers’ social interaction in the
them, to assembly components, to make components workingprocess enactment state and to keep this state updated about
together. All this is a plea to have modular PMLs and to stand-what happens in the performance domain. Performers’
ardise them. Standards exists, e.g. ISO/IEC 12207 and OMG’scommunication and negotiation may result in unexpected
SPEM (Software Process Engineering Metamodel). changes and decisions about the software process. In order
The proposed PMLs enable an unambiguous description ofto maintain consistency between enactment and perform-
the process (level 2). Most of them focus on performance sup-ance states, these changes and the social interaction that
port, and they permit, as well as standards, to reach the level 3eads to them needs to be represented in the enactment state.
in CMM classification. Some of them address the process med-The PSEE should support software process evolutifin:
el improvement problem. An unambiguous representation of line evolution and on-line evolution. In this case, conse-
the process may also provide to the project management teangquences on on-going current processes and processes having
the mean to monitor the project under development with yet passed beyond the point of change in the model must be
respect to the plan, the mean to react to the deviations and te@onsidered. Most of the PSEEs proposed by researchers
trace the ongoing process. Progress in this direction is obviousexplore solution for a shared evolution but not when
ly desirable to reach level 4 and 5. conflicts occur with process fragments already performed
Describing and modelling software processes can be done fotbeing in conflict with the changed model. PSEEs must also
many different purposes from understanding, towards perform-support private evolution: change will be local to the process
ance, passing through evaluation, performance, guidancemodel instance that is currently enacted, without impacting
improvement, etc. each purpose can be addressed with differemor the enacted model, nor the model itself: process devia-
strategies. Hoping to make a uniqgue PML largely adopted istions against the model must be supported, negotiable, and
certainly utopian. As a consequence, we need several PMLs ortheir impact must be managed.
preferably, several facets, issued from a common PML archi-
tecture, acting in the same environment, and supporting theg Tomorrow
different purposes, What about the future? Although software process is on a
Maybe, these languages are not yet at the adequate levainoth more solid footing than two decades ago, it is not yet
abstraction to reach this objective. Reaching the good levelastablished as a discipline that is taught and practised univer-
abstract should be based on a more experimental approachsally across the software industry. One reason for this is simply
that it takes time for new approaches and perceptions to propa-
4.2 Process-centred Software Engineering Environments  gae. Another reason is that the technological basis for software
This multi-purpose dimension is peculiarly important if thg@rocess is still immature. In both of these areas we can expect
PSEE must support process performance, which means provfdit a natural evolution of the field will lead to steady advances.
ing a variety of supports (assistance, guidance, monitoringHowever, the world of software engineering and the ways in
automation, etc) to software process performers. In this cagdich software is being developed are changing in significant
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ways. These changes promise to have a major impact on hovat the beginning of the project: Develop an Overall Model,
software process is practised. In the remainder of this sectionBuild a Features List, and Plan by Feature. The last two are
we consider three of the more prominent trends and their impli- done within each iteration: Design by Feature and Build by

cations for the field of software process. Feature. Each process is broken down into tasks and is given
verification criteria.
5.1 Agile Software Development Agile methodologies imply disciplined processes, even if the

In the past few years there has been a rapidly growing interesplementations differ in extreme ways from traditional soft-
in agile (aka “lightweight”) software development methodoloware engineering and management practices [13]. The chal-
gies. Similarly, plan-driven methodolog’reshave been lenge here for Software Process Technology is how to support
described as rigorous, disciplined, bureaucratic, heavyweighgile methodologies, even though agile methodologies appear

and industrial-strength. to be incompatible in principle with the discipline of “plan-
Several methodologies fit under this agile banner, includirdyiven” software process modelling and enactment. In addition,
[7]: the implementation of those methodologies must be aligned

« XP (Extreme Programming): XP builds an evolutionaryvith the spirit of the agile philosophy and with the needs and
design process that relies on refactoring a simple baséerests of the customer and other stakeholders. Perhaps the
system with each iteration. All design is centred around thxggest challenge in providing process languages and process-
current iteration with no design done for anticipated futureentred environments for effectively addressing both agile and
needs. The result is a design process that is disciplined, gktn-driven methodologies is dealing with extremists in terms
startling, combining discipline with adaptivity in a way thabf process deviation.
arguably makes it the most well developed of all the adap-
tive methodologies. 5.2 Open Source Software Development

« Crystals: The Crystals share a human orientation with XP,There is a definite way of doing things in the open source
but this people-centredness is done in a different way. dommunity, and much of their approach is as applicable to
explores a least disciplined methodology that could still suclosed source projects as it is to open source. In particular their
ceed, consciously trading off productivity for ease of execyprocess is geared to physically distributed teams, which is
tion. It also puts a lot of weight in end of iteration reviewsmportant because most adaptive processes stress co-located
thus encouraging the process to be self-improving. Hisams.
assertion is that iterative development is there to find prob-Open source software development is distributed by nature.
lems early, and then to enable people to correct them. TM®st open source projects have one or more maintainers. A
places more emphasis on people monitoring their procassintainer is the only person who is allowed to commit a
and tuning it as they develop. change into the source code repository. Different projects

* ASD (Adaptive Software Development): At the heart ohandle the maintainer role in different ways. Some have one
ASD are three non-linear, overlapping phases: speculationaintainer for the whole project, some divide into modules and
collaboration, and learning. It views planning as a paradérave a maintainer per module, some rotate the maintainer,
in an adaptive environment, since outcomes are naturaligme have multiple maintainers on the same code, others have
unpredictable. In traditional planning, deviations from plana combination of these ideas. Even if the coordination process
are mistakes that should be corrected. In an adaptive ensi-devised, the software process for open-source is not well
ronment, however, deviations guide us towards the correetitten up.
solution. The challenge here for Software Process Technology is how

« Scrum: Scrum focuses on the fact that defined and repedtasupport the freedom of Open Source Software Development
ble processes only work for tackling defined and repeatalidile enforcing personal and coordination processes.
problems with defined and repeatable people in defined and
repeatable environments. Scrum divides a project into itefa3 Global Software Development
tions (which they call sprints) of 30 days. Before you begin Global software development is increasingly becoming
a sprint you define the functionality required for that sprirdfommon practice in the software industry, as the ability to
and then leave the team to deliver it. The point is to stabiligkevelop software at remote sites in projects such as develop-
the requirements during the sprint. However managemeanent outsourcing allows organizations to ignore the geograph-
does not disengage during the sprint. Every day the tearal distance and benefit from access to a qualified resource
holds a short (fifteen minute) meeting, called a scrum, whegveol and a reduction in development costs.
the team runs through what it will do in the next day. Indeed, the increased globalization of software development

* FDD (Feature Driven Development): FDD like other adapereates software process challenges due to the impact of tem-
tive methodologies focuses on short iterations that delivporal, geographical and cultural differences, and requires
tangible functionality. In FDD’s case the iterations are twdevelopment of models to address these issues. Besides
weeks long. FDD has five processes. The first three are daelressing these issues, the challenge here for Software Proc-

ess Technology is how to support distributed, heterogeneous,

1. Plan-driven was coined by Barry Boehm [3] to characterize tltynamically created and managed software processes while
opposite end of the planning spectrum from agile methodologiefaintaining and improving the “global view”.
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Concluding Remarks [5]

In this paper we have attempted to provide a high-level M. Dowson. “Consistency Maintenance in Process Sensitive

; ; ; Environments”, Proceedings of the Workshop on Process Sensi-
overview of key issues find new challenges in software process tive SEE Architectures, Boulder, VA, USA, 1992,
technology by presenting where we have come over the pﬁﬁt
years and speculating about needs for the coming years. A Finkelstein, J,Kramer, B.J, Nuseibeh (eds). Software Process
Indeed, the field of software process is one that has experiencedModeling and Technology, Wiley& Sons, London, 1994.
considerable growth over the past two decades. As softwafk
engineering matures into an engineering discipline, there are a M- Fowler. The New Methodology,

. <http://www.martinfowler.com/articles/newMethodology.html>,
number of process-related challenges that will need to be ad- :
) . April 2003.

dressed. Many of the solutions to these challenges are likelygp
arise as a natural consequence of maturation of software proc- A. Fuggetta, A. Wolf (eds). Software Process, Vol. 4, Trends in
ess practices and technology that we know about today. New Software, J. Wiley & Sons, New York, 1996.
challenges arise because of the shifting landscape of softwidle
engineering methods and the needs of process support for agile
and Internet-enabled software development. Other challenges
will come from new paradigms for engineering software such M. M. Lehman. “Process Models, Process Programming,
as the product line approach to software development and Programming Support”, Proceedings of the 9th International

P.Kuvaja. “Software Process Assessment and Improvement: The
Bootstrap Approach”, Blackwell, Oxford, UK, 1994.

Ar ; ; Conference on Software Engineering, Monterey,1987 (Response
model-driven engineering. to an ICSE’9 Keynote Address by Leon Osterweil).
[11]
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A Taxonomy of Software Engineering Environment Services: The
Upcoming ISO/IEC Standard 15940

Dan Hyung Lee and Juan Garbajosa-Sopefia

This paper introduces the upcoming ISO/IEC software engineering standard 15940 — Software Engineerir
Environment Services — and describes its motivation, background and basic guidelines. This standal
presents the set of services to be provided to the different kinds of users in software engineering environme
from the point of view of software lifecycle processes.

Keywords: Assisted Software Process, CASE toolsof entities: from a juxtaposition of tools running under the same
ISO/IEC 12207, ISO/IEC 14102, Software Development Enveperating system to a fully integrated environment, able to con-
ronment, Software Lifecycle Processes, Software Procdssl all data, processes and activities in the software lifecycle.
Automation For a user interested in a specific process, there is no clear

vision of what services an SEE might provide, what the rela-

1 Introduction tionships between those services might be, or how an SEE

The automation of software engineering lifecycle proaelates to the software engineering life cycle as a whole. For
esses is still an open issue for the software engineering comiis reason, it is difficult to make a proper assessment of prod-
nity. For many years the main obstacle to achieving automatioats that claim to be an SEE. It is frequently difficult to under-
was seen as a basically technical problem, focused mainly stand the role a software engineering tool might play in an SEE
tool integration. That was the case in the early 90s wharthout an overall view of what an SEE is. It is difficult for an
platforms such as PCTE (Portable Common Tool Enviromrganization to achieve the proper level of automation in its
ment) [1] were seen as part of the solution to the problem, thecess improvement efforts without a well-defined set of soft-
goal of which was to achieve integrated environments via refrare engineering environment services. This problem can be
erence models. A number of opinions refuting these commonlsolved by generating a comprehensive, objective description
accepted approaches can be found in [2]. A reference model
published jointly by the European Computer Manufacturers

Association (ECMA, <http://www.ecma-international.org/>)
and the US National Institute for Standards and Technolo
(NIST, <http://www.nist.gov>) was released in 1993 [3]. Whil¢
this report is well structured and comprehensive, the servic
included are mainly of a technical nature and do not addr¢
many of the end-user services, reflecting the extent to whi
technical requirements were considered as the main conct
Later, end user services were addressed in [4].

Meanwhile further progress was being made in the definitic
of lifecycle processes, with ISO/IEC 12207 [5] being publishe
in 1995. Reference [5] describes a comprehensive set of pr
esses, activities and tasks to be performed when acquirinc
developing software. While it does not address their impleme
tation or automation it has in all probability been one of tt
standards which has had the greatest impact on the softw
community, with the exception of the ISO 9000 series. It cove
areas such as the specification, development, re-engineer
acquisition, supply, or maintenance of software based syste!
During the 90s, lifecycle processes gained an ever gree
importance within the community, while process maturity ar
improvement were also considered.

Software Engineering Environments (SEE) are intended
provided at least partially automated support to software lifec
cle processes. But the term SEE is used to denote a wide re
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of the services that make up an SEE. In the light of all theSpecific criteria or the process used in the selection of one or
above, a study period led to the production of a draft standandore CASE tools, or recommendations to adopt CASE tools
NP 15940, Software Engineering — Software Engineeringvithin an organization are outside the scope of project 15950.
Environment Servicegrior to producing a definitive standardThese criteria and detailed CASE tool characteristics can be
that would include all those services required by a softwafeund in [6] and [7], currently under revision by ISO/IEC JTC1
lifecycle process. Reference [3] was used as a key input, give@7 Software and Systems Engineering Sub-Committee.
the widespread support it enjoyed.

Our paper is organised as follows. Following this first3 Reference Model: Categories for SEE Services
section, the introduction, comes Section 2, dedicated to the The upcoming ISO/IEC 15940 will provide a reference
concepts underlying the standard, i.e. the future ISO/IE@odel for SEE services. As a reference model, ISO/IEC 15940
15940. Next, in Section 3, we provide an introduction twill make use of a set of conceptual descriptions to describe
current reference model categories for SEE services as theyeaeh service used in a project support environment. “Concep-

today. And, finally, we present a series of conclusions. tual description” means that description is performed from a
reference viewpoint, and does not deal with any specific imple-
2 Concepts Underlying The Standard mentation. The description is therefore general and does not as-

SEEs refer to a collection of services, partially or fulllsume any specific application domain, life cycle model, or tool
automated by tools, that are used to support software enginéera project. In this way ISO/IEC 15940 will be applicable to
ing activities. An SEE provides automated services for themy defined organisational environment.
engineering of software systems and the management of soffAn actual environment is realized from a reference model
ware processes. It includes the platform, system software, utibntaining conceptual descriptions. Therefore, an actual
ities, and installed CASE (Computer-Aided Software Engdescription of a specific environment would reflect a particular
neering) tools. A service is an abstract description of suppauttivity with its tools and standards. In the current draft CD
for activities and tasks for the improvement of issues such I&O/IEC 15940, services are grouped into six categories that
productivity, quality, or performance. A service may be assisteeflect broad functional activities within a typical software
by CASE tools. engineering organisation. The six categories of services are:

A service is self-contained, coherent, discrete, and may beTechnical engineering: Technical Engineering Services
composed of other services. A CASE tool is a software productsupport activities related to the specification, design, imple-
that can assist software engineers by providing automatedmentation, testing, and maintenance of software.
support for software life-cycle activities as defined in [5]¢ Technical management: The services in this section fall into
Finally, an automated process is a software process that isa category that considers both technical engineering and
enacted with either full or partial support of CASE tools. project management. These services pertain to activities that

The term SEE may cover several situations: from the mereare often shared by engineers and managers.
juxtaposition of a few tools running on the same operatirg Project management: The services in this section support the
system, up to a fully integrated environment able to handle, activities related to planning and executing a project.
monitor, and even control all the data, processes, and activitied=dlowing project initiation, it will be necessary to carry out
in a software life cycle. An SEE provides support to human detailed planning of the project activities, together with
activities through a series of services that describe the capabilongoing monitoring and re-planning of the project to ensure
ities of the environment. The software process supported by ants continued progress.

SEE becomes an assisted or automated software process. Thirocess management: The services in this section support
standard describes SEE services and relates them to [5] in @rojects with a view to achieving discipline, control, and
manner applicable to a range of organisations. When defining aclear understanding in their life-cycle development process-
lifecycle process an organisation needs to find the appropriatees as understood in IS 12207 and in the individual process
level of automation. This may result in establishing a new SEE steps.

or improving an existing one. As an SEE’s capabilities ase Support: Support services include services that the rest of
expressed by means of services, this emphasises the fact that ahe services will require to become operational. They gener-
individual performs activities with the help of the SEE. Servic- ally include the services associated with processing, format-
es provide a link between a set of chosen software life cycleting, and disseminating human-readable data.

processes and their automation by means of tools. In most casFramework: These services comprise the infrastructure of an
es, a tool’s functionality can be related to one or more services.SEE and will be required to support an SEE once it is actu-

Through the partial or full automation of activities an SEE ally implemented.
provides benefits to an organisation in the form of lower costsFor each service it is possible to enumerate Basic Services
(higher productivity), improved management, and the high@perations (BSO) and a number of service tasks that can be
product quality that can be produced. For example, the autoraatomated, known as Automated Operations (AO). An example
tion of repetitive activities such as the execution of test cades each is provided in the next section.
provides not only productivity gains but can also help to ensure
completeness and consistency in testing activities.
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General Breakdown of SEE Services » Software Testing. Provides the ability to test software
The following section takes a more in-depth look at some Systems at individual software component level (unit test-
SEE services to give the reader a better understanding of théng), and to test collections of software components (inte-

structure of SEE services. gration testing), and complete software systems (system
testing). Examples: for BSO, to generate test cases; for AO,
4.1 Technical Engineering Services to record and store test cases.

+ Software Requirements.Provides the ability to capture, * Component integration.Provides the ability to support the
represent, analyse, and refine the system requirements thaievelopment of software components that are uniquely
are allocated to software components. Examples: for BSO,defined and combine these into a larger system or product
to elicit and capture software requirements; for AO, require- version that can be managed as a whole. Examples: for BSO,
ments traceability. to prepare software components for use; for AO, component

+ Software DesignProvides the ability to capture, represent, interface management
create, analyse, and refine the design attributes of the seftSoftware Reverse EngineeringProvides the ability to
ware components of a system or subsystem. Examples: forcapture design information from source or object code, and
BSO, to translate requirements into design elements; forto produce structure charts, call graphs, and other design
AO, traceability and consistency checking from software documentation to provide new functionality or support a
requirements specification to design elements. new environment. Examples: for BSO, generate design from

+ Software Simulation and Modelling. Provides the ability ~ source code; for AO, to design generation.
to simulate and model in order to determine the effective- Software ReengineeringProvides the ability to take a new
ness of alternative designs with regard to such attributes a®r modified set of software requirements and the existing
user interface characteristics or execution flow. Examples: design as input and produce a new or modified design.
for BSO, to build a model (graphical, logical, mathematical, Examples: for BSO, to perform impact analysis of new
etc.) from requirements; for AO, assistance for graphical design on existing software components; for AO, modelling
operations. support.

» Software Verification. Provides the ability to confirm by ¢ Software Traceability. Provides the ability to record the
examination and provision of evidence that the specified relationships between items of the development process.
requirements have been fulfilled. Examples: for BSO, to Examples: for BSO, to create, update, and destroy relation-
analyse specifications for consistency; for AO, inconsisten- ships between two items; for AO, to analyse results presen-
cy identification. tation for traceability analysis.

« Component Based Software GenerationProvides the < Software Prototyping. Provides the ability to produce a
ability to automatically and semiautomatically generate software system that reproduces the user interface and emu-
software components using existing components or compo-lates the functionality and behaviour of the final system to be
nent templates. Examples: for BSO, to generate a parsebuilt. Examples: for BSO, to build a model from require-
from a syntactic language description; for AO, traceability ments; for AO, model build from requirements.
from the components to the design specifications. » Documentation. Provides the ability to support the devel-

» Source Code GenerationProvides the ability to generate  opment, integration, configuration management and tracea-
modules from design specifications. Examples: for BSO, to bility analysis of online and paper documentation. Exam-
generate modules from design specifications; for AO, ples: for BSO, building online documentation into a delivery
module generation from design specifications package; this can also be provided as automated support.

« Compilation. Provides the ability to support for the transla-
tion and linking of software components written in varioud.2 Technical management services
programming languages. Examples: for BSO, to find code Configuration Management. Supports the identification,
and inheritance dependencies among a set of softwaredocumentation, and control of the functional and physical
components; for AO, to provide a compilation error list and characteristics of configuration items to ensure traceability.
a description indicating module names and line numbers. Examples: for BSO, to create a baseline definition; for AO,

« Software Static Analysis.Provides the ability to provide to uniquely identify all configuration items and all changes
static analysis or source code analysis of software compo-to configuration items.
nents in order to determine structure within the component. Change Management.Supports the creation of change
Examples: for BSO, to collect raw statistics from compo- requests, change orders, and an audit trail of changes to
nent; for AO, the estimation of a computational metric of the product components. Examples: for BSO, to create a change
complexity of a component. request in response to a reported error, omission, or required

» Debugging.Provides the ability to locate and repair source update; for AO, provision of a historical record of a change
code errors in individual software components by controlled request item.
or monitored execution of the code, and by tracking down SEE Repository Management.Provides the ability to
errors and replacing code. Examples: for BSO, the executioncreate, access, and modify information objects (i.e. require-
of programs incrementally; for AO, execution output moni- ments specifications, test cases, simulation cases, E-R —
toring and saving. Entity-Relationship-diagrams, etc) in SEE repository man-
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4.3 Project Management Services

agement and to record the relationships between them.ments, including domainspecific analysis and application-
Examples: for BSO, to create, access, and modify groups ofspecific analysis; for AO, any of the basic operations.
information objects; for AO, any of the basic services.  « Process Library. Supports reuse capabilities for processes,
Reuse.Supports the storage, inspection, and reuse of asset#cluding the creation, update, deletion, certification, meas-
related to the engineering processes. Examples: for BSO, taurement, and management of process assets (activities,
catalogue, register, and classify the asset; for AO, to providetasks, etc.). Examples: for BSO, to create, update, and delete
asset registration and cataloguing. process assets; for AO, process assets storage and version-

Metrics Collection and Analysis.Provides facilities for the ing. - _ _
collection and organisation of primitive data into meaning- Process Initiation. Supports the assignment of a life cycle
ful information to the end-users of the SEE. Examples: for model, a set of processes and an SEE to meet the require-

BSO, to compare a data set against a predicted model; foments and constraints for a particular project. Examples: for
AO, primitive data collection. BSO, to review project criteria and constraints, and select a

Quality Assurance. Supports the definition, tracking, and I cycle model; for AO, relationship definition, and tailor-
performance of quality assurance activities and the analysis"d Of processes and activities.

of their results. Examples: for BSO, to establish and main- Project Process UsageThese services include capabilities
tain records of quality assurance activities; for AO, impact for user selection and guidance, selection and control of

analysis of quality assurance failure on a specific processProcess steps, navigational and help facilities for users to
assurance item. query the installed process for information on successful

Audit. Supports the planning and performance of audits and actions. Examples: for BSO, the specification, collection,

the analysis and reporting of their results. Examples: for af!‘?' re.portlng of project process metr|c§; for AO, process
BSO, to maintain a set of audit checklists; for AO, an audit utilisation and_ stgtus querying and repo“'”g- )
checklist linked to requirements. » Process Monitoring. Supports the observation, detection,
logging, and tracking of process activities (within projects).
Examples: for BSO, to set up monitoring conditions and
criteria; for AO, detection and log monitoring.

Process ImprovementSupports the assessment, measure-
ment and modifications of the organisational and project

Planning. Provides operations that permit data handling

according to a set of project objectives relevant to a project's
Sonst.re;lnti‘.oE?amples:hf_or st ko , 10 poTputetevent lead specific processes, and project life cycles. Examples: for
|m§s, 9r » IMe graphing 0 e)./ 'prOJ.ec events. ] BSO, define effectiveness goals; for AO, measurement data
Estimation. Supports the quantification, analysis, and gjiection.

prediction of project costs and resource needs. EXampl‘?s:Process DocumentationSupports those services related to

for BSO, to create a”‘?' modify cost, Siz€, and resource esu'process documentation. Examples: for BSO, to identify the
mates; for AO, to estlm.ate changes linked to requirement 4. mentation requirements; for AO, documentation
changes where appropriate. design, production, and editing.

Risk Analysis. Supports the planning and assessment activ-

ities that consider elements related to the success or failyrg Support Services

of a project. Examples: for BSO, to perform tradeoff analy- ﬁ

ses based on differing parameters for resource allocation N require in order to become operational. They generally

scheduling data; for AO, cost and schedule measuring. include services associated with processing, formatting, and

Tracking. Supports the tracking of project progress includgisseminating human-readable data. This section describes the
ing the cost, schedule, and user requirements. Examples:iffowing services:

BSO, gathering metrics related to the current status Of-aCommon Support
project and its constituent work activities; for AO, trend Publishin
analysis for cost deviation, and size. g

e Team Support.

Evaluation. Supports the analysis, evaluation, and decisiqn User Communication Support
making associated with service tracking, data collection o . '
metrics, and user acceptance criteria. Examples: for BSO"to>EE Administration.
elicit user acceptance for each requirement of the projectPolicy Enforcement.
product; for AO, to assess project/product outcomes against

user acceptance criteria. 4.6 Framework Services

These services make up the infrastructure of an SEE and will

upport services include services that the rest of the services

4.4 Process Management Services be required to support an SEE once it is actually implemented.

Process Definition.Provides for the establishment of the! NiS Section describes the following services:

organisational processes covering the software life cycle Via SEE Infrastructure Management.
the adaptation and tailoring of a set of higher order referenteCommunication.
processes. Examples: for BSO, to analyse process require©bject Management.
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IS 12207:1995

SOFTWARE (draft) IS 15940 ) TOOLS ) ASSISTED
LIFECYCLE SEE SERVICES PROCESS
PROCESS

Figure 1: Path from Processes to Assisted Software Processes.

5 Mapping Services onto Processes References

Since SEE services are understood to be closely linked[ip
software lifecycle processes, it is possible to map [5] activities 1SO/IEC 13719-1:1995 Information technology — Portable Com-
onto SEE services. Examples of this are, activity 5.3.4 from [5], mon Tool Environment (PCTE) — Part 1: Abstract specification
software requirements analysis, onto software requirements g?;hél:rhl;g)éni ;_t;a'g_ m_ecma"memat'onal'org/ publications/
engineering, software prototyping and user communicatiop;
Another example from [5], 5.3.8, software integration, onto  Learning From IPSE's Mistakes. Alan W. Brown, John A. McDer-
software testing, component integration and metrics collection mid. IEEE Software, March/April 1992 (Vol. 9, No. 2) pp. 23-28.
and analysis. This is not only a consistency issue. This is also a < http://csdl.computer.org/comp/mags/so/1992/02/
way of establishing a path from processes to services, and t%in $2023abs.htm>.
on to the tools that help processes to be performed, as describedReference Model for Frameworks of Software Engineering Envi-

in Figure 1. ronments, 3rd Edition (NIST Special Publication 500-211/Tech-
nical Report ECMA TR/55). 1993.

6 Conclusions [4] _ _ »
Reference Model for Project Support Environments. 2nd edition.

This paper has descrl_bed the main guidelines and co_n- (ECMA Technical Report TR/69 NIST special publication 500-
cepts underlying the upcoming ISO/IEC 15940 Software Engi-  213) 1994. <http://www.ecma-international.org/

neering — Software Engineering Environment Services stand- publications/files/ECMA-TR/TR-069.pdf>.
ard. At present this project is at committee draft stage [&i
ISO/IEC JTC1 SC7 Software and Systems Engineering. A ISO/IEC 12207:1995, Information Technology — S_oftware Life
baseline for SEE services in the context of the widely adopted C$YC® Processes. <htip:/iwww.software.org/quagmire/
. . . descriptions/iso-iec12207.asp>.
[5] has been set, while some issues may change during [ql;!e
standard drafting process. ISO/IEC 14102:1995, Information technology- Guideline for the

ewvaluation and selection of CASE tools (under revision by
ISO/IEC JTC1 SC7).

(7]
ISO/IEC TR 14471:1999, Guidelines for the adoption of CASE
tools.
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Open Source and Free Software: A New Model for The Software
Development Process?

Alfonso Fuggetta
© Alfonso Fuggetta, 2004

Open source software is having a significant impact on the ICT market. Unfortunately, many claims
associated with open source software are either misleading or simply false. This makes it difficult to reall
appreciate and exploit the potential of open source software. This paper proposes some considerations a
reflections that aim at critically revising some assumptions about open source software. The ultimate goal
not to deny the role of open source software; rather, the paper aims at identifying the really novel anc
original characteristics of open source software with respect to more traditional approaches.

Keywords: Business Model for Software, Open Source, Indeed, free software and open source are often considered
Software Development Processes. equivalent concepts. However, even if most practical conse-
Introduction

guences are basically the same, the two approaches have differ-

1 ent backgrounds and motivations. For the sake of simplicity, in
Open Source Software (OSS) is certainly one of the mdke remainder of the paper | will use the term OSS to identify

important and relevant phenomena of this decade. The sucdéss whole world of open/free software. When needed or

of Linux and Apache is pushing practitioners and researcherstmvenient, the distinction between these two notions will be

reconsider some of the classic assumptions about softwarade explicit.

development. Even software giants such as Microsoft [5], Sun,

and IBM have been changing or adapting their strategy to tak® Some Basic Concepts

into account this unconventional approach. Software products can be classified in two main categories:

packages and custom (or bespoke) software.

1.1 The Reasons of A Success » Paclagesare software products developed to address gener-
The supporters of OSS claim that open source is able toal needs for a number of different users. Moreover, they are

address and solve a number of issues. In particular, it is supdistributed through licenses that define customers’ rights

posed to be a more effective and efficient way of developing and obligations. The license defines a package as proprietary

high quality software. Moreover, it makes it possible to dissem- or open source (or some intermediate variant). Typical

inate innovation and technology more easily and effectively. It examples are Windows, Linux, Office, and StarOffice.

is also an extremely attractive approach to lower the costs oflTCustom softwarels developed for specific needs of a

investments. In Europe, many observers consider open sourceustomer, who pays the cost of software development. Usu-

an effective strategy to counterbalance the American domi-

nance in software technology and, consequently, to revamp

European software and computer industry, which was dram: Alfonso Fuggettais a Full Professor @olitecnico di Milano

cally weakened in the 90’ by the collapse of BISON (i.e., Bu
ICL, Siemens, Olivetti, and Nixdorf).

Beside these technical and economic issues, open sot
software is also — and for many supporters, primarily — i
ethical and cultural issue. In particular, free software advocat
such as Richard Stallman, claim that software must be ‘free’
in “free speech”) because proprietary/close software violal
five basic users’ rights:

* The freedom to use the software.

The freedom to study the source code.
The freedom to modify it.

The freedom to copy it.

The freedom to redistribute it.

2 UPGRADE vol. v, No. 5, October 2004

(Italy), Dipartimento di Elettronica e Informazionéle is also
Director of CEFRIEL, the ICT “Centre of Excellence fcr
Research, Innovation, Education, and Industrial Labs” partrier-
ship established in 1988 IB®plitecnico di Milang the Regional
Council of Lombardy, and the most important ICT companies »p-
erating in Italy. Fuggetta is a Faculty Associate of the Institute for
Software Research of the University of California, Irvine, since
2002. He is also Chairman of the Scientific Committee for Nzw
Economy, Innovation, and Scientific Research of Lombardy, iind
of several committees of the Italian Government including “he
Government Committee on Open Source Software in the PLblic
Administration. <alfonso.fuggetta@cefriel.it>

1. Of course, there are also intermediate situations where a software

product is a combination of packages and custom software.
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ally, this is accomplished by signing a service contratihe growth, especially in Europe, of unjustified expectations
between the customer and a software house or system irket might turn out to overlook the real problems, ignore key
grator. Such contract can and should always guarantee toigseies, and devaluate the real impact and significance of OSS
customer the full ownership of the software (possibly noritself [4].
exclusively), as it pays the entire cost of development. In
particular, full ownership means unrestricted access to thés Goal of This Paper
source code, i.e., even more than what is granted by opefihis paper presents some considerations about the many
source licenses such as the GPL: a customer might ewdsims and expectations associated with OSS. The goal is not
decide to put under public domain the custom softwareti deny the role and opportunities associated with OSS. Rather,
purchased! A typical example of custom software is the soft-aims at identifying the real and novel characteristics of OSS
ware used to manage a specific procedure in a Public Ad- order to effectively exploit them. For this reasons, the
ministration. following sections will discuss some main questions related to
From the above observations it can be arghatithe notion technical, economic, and social aspects of OSS. The last
of open source apply primarily to packages discussed in section will provide some concluding remarks and suggestions

detail in the remainder of the paper. for future work.
1.3 Open Source, Open Standards, and Open Format 2 s OSS A New Development Process?

OSS is often associated with open standards and open OSS supporters claim that the openness of software and
format. Indeed, these concepts are orthogonal. the cooperation styles supposedly used in many OS projects

An open standard iss®t of requirementkat are not control- define a new and extremely effective software development
led by a single company. An open standard is useful to guar@necess. Such process is based on the notions of decentralized
tee that any product adhering to the standard provides commvelopment, distributed testing, and effective exploitation of
ible and coherent features and operations. This is crucialdistributed expertise and knowledge. The originator of this
provide interoperability and the possibility to replace a produpbsition is Raymond, whose seminal work on “The cathedral
with a compatible one. and the bazaar” has been followed by many other studies and

An open standard may be adopted by both OSS and propuentributions trying to define the “open source development
tary software. Actually, Internet defines a set of “open stangrocess”.
ard” protocols such TCP (Transmission Control Protocol), Indeedthere is no such procesBhere are two main motiva-
which are available both in proprietary and open source opertdns that support this claim [4]:
ing systems (e.g., Linux and Windows). * Most software development initiatives are carried out by a

Certainly, proprietary software must interact with the “rest of limited (often just one) number of developers. This observa-
world” using open standards and open formats. Again, this istion has been corroborated by several studies of open source
not the same as requiring that software must be open source inepositories such as Sourceforge.net [6]. Large open source

order to be open standard. projects such as Linux and Apache do have a very well struc-
tured and organized process, which resembles those of other
1.4 Misleading Beliefs, Unjustified Expectations proprietary products [8].

The notion of “open source” is associated with three different The features and characteristics of the “open source devel-
concepts: opment process” can be applied and observed also in propri-
1. A set oflicenses such as the well-known General Public etary software. For instance, Microsoft exploits daily builds

License (GPL). and feature orientation as a way to make software develop-

2. Arange of software development practjoghich exploit ment flexible [3]. Approaches such the Spiral model and
the notion of open source to facilitate cooperation, quality Extreme Programming (XP) have stressed the notion of
assurance, and innovation. incremental and evolutionary development, which is sup-

3. Productsthat are developed and distributed using an open posed to be a main characteristic of OSS. Actually, those
source license and open source development practices. approaches can be equally applied to proprietary and open

In turn, these three factors are supposed to induce a wholesource software.

new way of conceiving and running the software business. Inn general, from a technical viewpoint it is hard to consider

practice, software developers and producers are supposeagen source as a totally new development paradigm. Certainly,

make money from selling services (distributions, traininghe vision behind OSS represents a strong motivation factor
documentation, consulting, ...) rather than from license feesthat has been able to involve and influence a very large number

In general, there is a growing trend towards considering O88developers and users. This is one of the real novel aspects of
as ‘the’ strategy for the future of the software industry. Unfo@SS: its fascinating ability to motivate people.

tunately, most of the beliefs and claims about OSS are fascinatActually, even if not directly related to the hypothetical open

ing on the surface, but false or misleading when studied in m@®urce development process, some ideas and suggestions relat-

detail: very often, they are either unjustified or simipilge- ed to open source do have a role to play in specific situations.
pendent of the nature of softwgjiee., they equally apply to The most relevant one is the sharing and joint development of
open and proprietary software). The effect of this situation ¢sistom software in a community, e.g., the Public Administra-
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tion sector. There are hundreds (even thousands) different Pdéscribe a software system. In the past years, an entirely new
lic Administrations that share the same problems and requidiscipline has been started (reverse engineering), whose goal is
ments. For example, town councils have the same needs d@ondxtract meaningful information from source code.
therefore, can share the same software. This can be achieved Bgcond, even assuming that looking at the source code does
either using the same package or reusing the same custom $dtisfer knowledge, it would be sufficient to make the code
ware. Custom software, which should be in the full ownershipccessible’ (as mentioned above). It is not necessary to make
of the purchasing administration, can and should be shaiedpen source, i.e., to grant the customer also the right to copy
with other administrations using some form of open sour@and redistribute the software.
licensing (probably, something similar to community sourc-
ing). This is another aspects of OSS that should be much mog Is OSS Cheaper?
deeply considered, even if it is not directly related to classical Stallman strongly argue that OSS does not mean ‘free’ as
packages such as Windows and Linux. in “free beer”. OSS can be commercially distributed, as
companies such as Red Hat do (see later on). Also, software
3 Is OSS The Only Way to Protect Customers’ Rights? needs to be maintained and supported. OSS advocates say that
OSS advocates claim that open source is the only waydpen source developers make money by selling services.
protect customers’ right. This is at least misleading. As farhereforeOSS does casis any other software.
custom software, the customer should always own it and, thereAs a consequence, any conclusion about OSS being cheaper
fore,the problem does not exist by definitiboldeed, the prob- than proprietary software should be based on a detailed analy-
lem does exist for packages. sis of all the costs related to owning and operating a specific
A first problem is to access the source code in order to chestktware solution. This is called@iotal Cost of Ownership
what the software really does. This is useful to guarantee thdT&€0). Someone argues that TCO has been invented to support
software package does not accomplish undesired or illeghé claims of proprietary software producers. Indeed, this
operations or, also, to support testing of custom software devettion is widely used to decide any sort of purchase (e.g., a car
oped using package features (e.g., a custom software usangomputer hardware) and therefore it is difficult to understand
Oracle DB, Windows, and .Net). In order to solve this problemnwhy it should not be valid and applicable also in the case of
it is sufficient to make the source code of a package ‘accessildeftware.
to the user(i.e., the user can see and modify it, but it cannot
redistribute or copy it illegally). This requirement is much@ Is OSS An Effective Business Model?
weaker than making it open source. Still, it is sufficient to solve  OSS is considered a viable and even unique way to build
the problem and is probably acceptable to most producersaofonvincing and enduring business model. People will be less
proprietary software. inclined to pay for software licenses and will rather prefer to
A second problem concern the inability of proprietary packsay for specific services associated with using the software.
ages’ users to change the company in charge of maintaining Tiies appears as an additional motivation for opening the code
software, or to take control of the software whenever the devef-software packages.
oper is unable or unwilling to continue maintaining the pack- The argument is once again ill conceived. First, software
age. This is a critical problem that can be at least partialtpsts and it is not clear if companies can survive and make prof-
solved by introducing specific norms to protect customers. Fits by simply selling services. In his latest book [2], Michael
instance, if software is sold with a license that does not ha2eisumano has accomplished an analysis of existing compa-
time limitation, the producer should not be allowed to dropies, their profits and strategies, and their success stories. He
support and maintenance services once a new version of éingues that in the future most software companies (including
package is released, unless the source code of the older verMamosoft, IBM, and other producers of proprietary software)
is made open. Similarly, a company that is patently unablewdll increasingly rely on a model where revenues wilblraix
provide support and maintenance (for instance because it baproduct licenses and services
deep financial problems) should be forced to release the sourdé is useful to assess Cusumanao’s comments by considering
code. in more detail the real business models where OSS is supposed
to play a role. There are five basic models to consider:
4 s OSS An Effective Way to Disseminate Knowledge? 1. Development and distribution of ‘pure’ open source pack-
OSS is supposed to be the means to solve a number of ages (and related serviced).typical example is Red Hat,
problems related to dissemination of knowledge, international who makes money distributing and supporting Linux.
cooperation, and the digital divide. Again, this is misleading.2. Development and distribution of open source packages
First, knowledge about software cannot be distributed by (and related services) developed for open source and
simply looking at the source code. As a provoking statement, | proprietary platformsThis is the case of companies such
argue thathe larger (and significant) is the code, the smalleris as Zope, which has created an open source development
the amount of information that can be disseminated by simply platform for both Windows and Linux.
looking at that coddndeed, software engineering research ar@l Development of proprietary packages (and related servic-
practice have demonstrated that developers need high-level es) for open source and proprietary platformhis is the
requirement and architectural documents that are able to case of StarOffice (not OpenOffice!), developed by Sun for
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Linux and Windows. Similarly, IBM sells a number ofand committed industrial strategy for software. Mobile phone
proprietary packages for the Linux platform. producers are a typical example. Microsoft (and PalmOS) is
4. Development of open source packages (and related seryptomoting a standard platform for mobile phones. This stand-
es) that make a product line more attractiVéis is once ard can repeat the success of the personal computer: there are
again the strategy of IBM and Sun, which promote the difnany hardware producers, but one standard software. Europe-
fusion of Linux and other open source packages (in partian producers, conversely, have multiple and incompatible plat-
ular, Apache) on their hardware products to increase thé&rms that make it difficult for developers to invest in develop-
competitiveness with respect to the Wintel platform. ing applications. If an application is developed for Windows
5. Development of custom software (and related services) &martphone or Pocket PC, a developer is sure that it can run on
ing open source platform¥his is the case of many soft- any device compatible with those systems. Conversely, can an
ware houses and system integrators who base their dewagbplication developed for the Symbian-based Ericsson P900
oping activities on Linux, Zope, Tomcat, and JBoss ratheun also on the Symbian-based Nokia Communicator? The an-
than on Windows (and related technologies). swer is no. So, an application developer will hardly consider
There are also companies that are exploiting hybrid aBymbian an attractive platform, while he/she will be certainly
proaches. For instance, MySQL uses a dual-license approautiined to invest in Pocket PC or PalmOS development. Even-
that integrates open source and proprietary concepts. tually, the end user will make his/her choice on the basis of the
In general, the above models appear to cover all the possigfplications available on each platform.
basic ‘bricks’ of a hypothetical business model based on operThis is the real problem. Europe misses an industrial strategy.
source. Howevennly the first two strategies are really and tru-“Supporting open source” is not a strategy. At best, it is a re-
ly exploiting open sourc&he third and fourth alternatives arequest to fund open source projects with public money. This is
commercial strategies of companies who want to promote thaot what we need. We should consider lessons such as Airbus.
proprietary software and proprietary hardware platforms. Ay creating an aircraft company able to compete with Boeing,
for the fifth one, indeed the business model of a system integeaxope has become the main player in the market. This was ac-
tor does not change that much. A system integrator (i.e. a demplished using public money, but there was a clear industrial
veloper of custom software) has always been used to considaategy aiming at creating innovative products. Software is not
alternative platforms. In some cases, this is caused by spedificovative just because it is open souieeropeans are start-
requirements of the customer. In other situations, where suol from the tail (a dissemination strategy such as open source)
requirements are missing or weaker, a system integrator is usstier than from the head (the identification of the innovative
to look for the most convenient platform for its developmenproducts to develop).
Certainly, open source packages such as Linux, Apache, and
Tomcat make it possible to build software systems with loweg A General Remark
costs for licenses. In general, a system integrator will consider Indeed, the more | consider the literature on OSS, the
the TCO of each different alternative and select the most canere | am convinced that in many situations the really impor-
venient one. This already happened in the past. For instantest thing for many customers is that open source is ‘free’ as in
the change from large mainframes to minicomputers and, latéee beer”. This is a huge riskoftware is not ‘free’it does
on, to PC networks was motivated by the relatively much loweost. The issue is then who is going to pay this cost. Imagining
entrance costs of the newer technology. Summing up, for sylsat software can be created at no or low cost is a major threat
tem integrators there is nothing really and dramatically new.to innovation. Indeed, how many open source projects are real-
In conclusion, will these models be the future of the softwalg innovative? Why most of them are just replicas of existing
industry? Hard to say. First, only two of them are really a sigoftware? Customers should not be led to believe that software
nificant departure from traditional models. Second, the numbauld be acquired “for free”.
of companies who are really succeeding using those approach-
es is still relatively small. Even Red Hat, perhaps the most sug Conclusions
cessful and large open source player, is still in search of the This paper has summarized some of the main issues and
right strategy to be market profitable. discussions about OSS. The paper does not assume an a-priori
position in favour or against open source. Rather, it tries to
7 s OSS A Strategy to Strengthen The Software Indus- critically discuss and assess many claims made on OSS. Unfor-
try? tunately, many of them are ill conceived, misleading, or patent-
A final important claim of many OSS supporters is that opéwn false. This is dangerous to OSS itself in the first place.
source can be an important means to strengthen the software iGertainly, it is important to deepen the discussion on the real
dustry, especially outside the US. Even if | totally share thevel aspects of open source. Even more important, we need to
concerns of those that correctly require a stronger non-US sdiftd effective and convincing solutions to the problems that our
ware industry, | am very skeptical that open source alone miggdciety and the software industry have to address in the next
have a significant impact. Europe, for instance, misses a clgaars. This papers wants to be a contribution in this direction.

© Novatica UPGRADE vol. v, No. 5, October 2004 25


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

References [6]
) | | |
R. Conradi, A. Fuggetta. Improving software process improve-
ment. IEEE Software, July 2002.
[2] [7]
M. Cusumano. The Business of Software. Free Press, 2004.
[3] M. A. Cusumano and R.W. Selby. Microsoft secrets. The Free
Press, 1995. (8]
[4] _
A. Fuggetta. Open source software: an evaluation. Journal of
Systems and Software, April 2003.
[5]
J. Greene. Microsoft’s Midlife Crisis. Business Week, April 19,
2004.

26 UPGRADE vol. v, No. 5, October 2004

K. Healy, A. Schussman. The ecology of open source software
development. Technical report, University of Arizona. Available
at <http://opensource.mit.edu/online_papers.php>.

D. G. Messerschmitt, C. Szyperski. Software Ecosystem. The
MIT Press, 2003.

A. Mockus, R. T. Fielding, J. Herbsleb. Two case studies of open

source development: Apache and Mozilla. ACM TOSEM, Vol.
11, Issue 3, July 2002.

© Novatica


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

Applying The Basic Principles of Model Engineering to The Field of
Process Engineering

Jean Bézivin and Erwan Breton

A new information system landscape is emerging that will probably be more model-centred than objec
oriented, characterized by many models of low granularity and high abstraction. These models may descril
various aspects of a system such as software product properties, static and dynamic business organizati
non-functional requirements, middleware platforms, software processes, and many more. Each mod
represents some particular point of view of a given system, existing or in construction, and this mode
conforms to a precise metamodel or DSL (Domain Specific Language). In this paper we present son
advantages of using the unification framework of model engineering to deal with the various facets c
process engineering. As the view of the software life-cycle is progressively shifting from a simple definitio
and composition of objects to a sequence of model transformations, the need to characterize this by a prec
process is becoming urgent. Description of software artifacts, processes and transformations may all b
uniformly captured by different forms of models. This approach provides a regular framework where
business and software production process models are going to play an increasingly important role. In thi
paper we illustrate some possibilities of model-based process engineering.

Keywords: Domain Specific Languages, MDA, Model-obsolescence. The information of a complex enterprise system
Based Process Engineering, MS-Project, SPEM. originates from various sources (system engineers, managers,
software engineers, quality engineers, etc). All the correspond-
Introduction ing domains may be expressed using their own specific
As stated in the seminal work of Osterweil [18pft- languages.
ware processes are software to@’herefore, the same technol- This paper discusses process engineering using MDA-based
ogies may be used for supporting both software artifacts atethniques. We present in Section 2 a brief overview of MDA
software processes. Among these technologies, Model Driverinciples. In Section 3, we focus on software process-related
Engineering (MDE) has recently taken an important place. Ostandards. Building on this, we show the practical interest and
of the best known families of MDE is the Model Driven Archi-
tecture (MDA™ organization) proposed by OMG (Object

Management Group) in November 2000 [11]. As @ cONS  jean Bézivinis Professor of Computer Science at the Universi-

quence we can today envisage a new situation where softw
products are models and software processes are models toc
a lower level of abstraction, object technology tried twent
years ago to unify the field of software engineering by consi
ering objects as first-class entities. The new trend of moc
engineering considers instead models as first-class entities
model is a representation of a given system and is written in
language of its metamodel (it conforms to its metamode
These relations akpresentatiomndconformancere charac-
teristics of new model engineering techniques [2].

MDA gives a central role to models and metamodels. Taki
account of the various aspects of information system engine
ing can only be achieved through the well-organized manag
ment of a complex lattice of related metamodels. The emergi
tendency is to separate business knowledge expression fi
implementation as two separate aspects captured by spet
models. The invariants of a business domain may be held aj
from the execution code, preserving them from technolog
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the industrial applicability of this vision in Section 4, based on The issue of tooling is important in this MDA engineering
a simple example. General considerations on present capaleiplution. Developing an industrial tool is costly and takes
ties and limits of the approach are summarized in the conctime. Since there was no available tool and a very narrow
sion together with some current perspectives on model-driverarket at level M3, the trick has been to consider temporarily

platforms. an alternate way for a MOF editing tool. Instead of defining
DSLs as full fledged MOF metamodels, it was made possible

Model Driven Engineering and The OMG/MDA to define them as ‘specializations’ of UML, as so-called pro-
Organization files. Two parallel competing techniques could then be used for

In the IBM manifesto [4], the principles of model engineerdefining the DSLs from scratch or as extensions of UML. The
ing are presented as the three vertices of a triangle: industrial success of UML allowed many industrial or open-

» Direct representationmeaning that for each aspect of aource tools to become widely available in a short time, giving
system under construction or maintenance, there is a domameasy path to defining DSLs as UML profiles. Some stand-
specific language (DSL) dedicated to handling this aspecards like the SPEM were even jointly defined as a full-fledged

« Automation meaning for example that a mapping from DSIMOF metamodel and as UML profile at the same time. Many
programs to executable frameworks may be automaticallyidges were also provided to convert between UML profiles
handled, mainly by model transformation procedures;  and MOF metamodels. Today both techniques are still used, the

* Open standardson which these DSLs and transformationslirect MOF metamodelling way being more widely used to
will be based to allow the cooperation of various tools fatefine small well focused and precisely defined DSLs.
capturing and operating on models. Looking backwards, the main turn was taken at OMG when
Each DSL corresponds to a given metamodel. In the OM®Be Analysis and Design Task Force (ADTF) decided to give up

MDA stack, all metamodels conform to a unique meta-mettie quest for a Unified Method (i.e. a unique object-oriented

model named the MOF (Meta-Object Facility). The MOF is aoftware development method). This goal was considered as

language to write metamodels. Furthermore the MOF hagam ambitious and instead the OMG concentrated on defining a

number of common facilities to deal with metamodels and thédSL for describing object-oriented software artifacts. This

models. Some of them are related to establishing bridgesO8L was rapidly named UML. Its acceptance was followed
other technical spaces. MDA is one such technical space tleér by the definition of another DSL for describing related
could be called modelware but middleware, grammarwargpftware processes. Initially known as UPM (for Unified Proc-
executable programming languages, XML (eXtensible Markugss Model) it was later renamed as SPEM. Having two related

Language) document management, data bases, Semantic \&abuages, one (UML) for defining the basic software artifacts

and ontology engineering are other examples of techniaaid one (SPEM) for defining the process for using or producing

spaces. There is a standard mapping between MDA ahese artifacts could be considered, as an afterthought, as one

CORBA/IDL middleware (CMI, Corba Model Interchange [7])of the major achievements of the ADTF definition group. Not

but there are also other mappings to XML document managat problems of relations between these two independent but

ment (XMI, XML Model Interchange) and to the Java technicaklated metamodels are yet solved, nor even clearly understood,

space (JMI, Java Model Interchange). but the original idea of separating the DSL for software prod-
The so-called OMG MDA stack is thus composed of thects and the DSL for software processes was clearly an impor-
three following layers: tant step that later lead to the foundation of the MDA proposal.

« Atlevel M3, the MOF defines a representation system basgllis is still a central motivating example and source of inspira-
on constrained graphs. These graphs are similar to UMibn for studying aspect separation and weaving in the context
(Unified Modelling Language) class diagrams. In additioof MDE.
to several facilities mentioned above, an assertion/navigaThe MDA is often presented as the separation from the plat-
tion language named OCL is also provided at this level. Tii@rm-independent and platform dependent aspects of software
main idea is that level M3 contains all that is domain indeystems. As a matter of fact this corresponds to the definition of
pendent. DSLs for enterprise description (e.g. EDOC) and DSLs for

* Lewel M2 corresponds to the domain-dependent definitionglatform descriptions (e.g. CCM: CORBA Component Mod-

It is composed of a set of DSLs, each defined by its metls). But programs in these DSLs are intended to be interwoven
model. This collection of metamodels is rapidly growingn order to produce so-called PSMs (Platform Specific Models)

and may serve many purposes. Among the most knoinom PIMs (Platform Independent Models). The real scope of

elements at this level, we may list the UML, SPEM (SoftMDA is indeed larger and encompasses aspect separation
ware Process Engineering Metamodel), CWM (Commoissues other than only business and platform aspects. One of
Warehouse metamodel), EDOC (Enterprise Distributethem is for example the product/process aspect separation and
Object Computing metamodel). weaving, either at the level of business (i.e. weaving models of

« Atlevel M1 various extensional definitions corresponding tbusiness objects, rules and processes) and at the level of soft-
intentional definitions of level M2 may be found. This is thevare production (i.e. UML and SPEM as mentioned earlier).
level of models, each model conforming to a given M2 level The generation of PSMs from PIMs should be made as auto-
metamodel. matic and generic as possible. This means that the target plat-

form could be easily changed. This also means that we need

28 UPGRADE vol. v, No. 5, October 2004 © Novatica


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

+annotatedElement ModelElement | townedElement
1 0..n
0..n | +guidance ¢
| 0.1 +namespace
- Constraint -
Guidance Feature GeneralizableElement Namespace
body
A Parameter ZS A +
" +typedP t
o ypedParameter | )
0..n
+type | Classifier Package
. 0..n
Precondition Goal parampter 1
0. BehavioralFeature
0.1 0.1
+behavioralFeatUa 1
{ordered} I
Information ProcessComponent
ActivityParameter LeleL T Element
hasWorkPerArtifact isDeliverable
] ]

+owner Process Discipline
ProcessPerformer
{ordered}

1 +feature |o.n 11
1 WorkDefinition 0.n
+governedHrocess
+subWor
0..n ProcessRole
+pargntWork ?
[mgdgs
0..n
Step +steps | Activity Iteration Phase Lifecycle +governingLifecycle
0..n I 0.1

1

Figure 1: Fragment of SPEM Meta-model.

some transformation language — yet another DSL — to transléta). These work items are performed by process roles. The
between any pairs of source and target DSLs. In order riesults of work definition are work products. A work product
provide this generic technology, the OMG has launched theay be typed by another product DSL or part of, like UML or
MOF/QVT request for proposal (Queries/View/TransformabJML use cases or collaboration diagrams. For the time being
tion). The MIA [9] and the ATL [1] languages and systems mae explicit references between SPEM models and software

be viewed as QVT-compliant transformation systems. product models are sometimes left implicit.
Beyond these various OMG DSLs, other technical spaces
Process Modelling also have their own DSLs in the field of process management,

There are several specifications of the OMG that addregbe most active being the XML document space with such
the issue of process definition. UML introduces the concept pifoposals as ebXML (Electronic Business XML Initiative) or
the activity graph. EDOC defines a process as a componBREL4WS (Business Process Execution Language for Web
with an internal choreography. SPEM is more specificallgervices) for example. One example is BPMN (Business Proc-
dedicated to software process description. Other recommendsas Modelling Notation) [12], but we may also mention IDEF,
tions deal with various forms of business processes. Activity-Decision Flow (ADF) diagrams, RosettaNet, LOVeM,

SPEM defines a generic software process DSL (see Figteent-Process Chains (EPCs), ABC (Activity-Based Costing),
1). A process is described as a set of work items (Work DefifREA (Resource/Event/Action), etc.
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Studying all these notations for process definitions, we cameand extensibility. To give an example of this, the SPEM
to several conclusions in [5], and in particular: intended to define forward-based software process could be
« that a common description of all these notations with a extended to take into account backward-based process deal-

unique framework, based for example on the MOF, could be ing for example with legacy recovery and software modern-

useful to compare them. We expressed several of these forization. The MDA approach is currently applied to both

malisms as explicit MOF metamodels; approaches, taking into account not only the platforms of the
« that this homogeneous description of different process DSLspresent and the platforms of the future but also the platforms

with the same metamodelling language could suggest usingof the past (COBOL, RPG, PL/1, etc.). Transforming a leg-

a common kernel (similar to the PIF, Process Interchangeacy PSM into a PIM is however probably harder than trans-

Format, or to the PSL, Process Specification Language) onforming a PIM into a PSM for EJBs, DotNet or the Grid;

top of which several extensions could be built; » that process management encompasses different needs
« that similar concepts were often expressed in different ways(process definition, project planning and enactment) that
in various technical spaces; may be addressed with different tools (modeler, planning

« that a clear expression with a precise metamodelling nota-tools, workflow systems), which may be integrated using
tion like the MOF could lead to well controlled modularity model transformation.
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Figure 2: Fragment of MS-Project Meta-model.
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It became also obvious that the expression of processes wéth standard interfaces and protocols. The new idea in this
often a matter of implementation platforms. Mapping abstractganization is that exchanged artifacts are models, now
processes, expressed in DSLs based on a common metamar®isidered as first-class elements.
ling language like the MOF, onto these platforms could be ofAs an illustration of the possibilities of such an organization,
great interest. In other words we applied the MDA principle afie provide the following example which shows how metamod-
PIM and PSM to the process themselves. The example petling and model transformation may be used for integrating
posed in the next section is an illustration of this possibilitdifferent tools, and particularly legacy tools which do not
Many other examples could have been provided like translatibglong to the MDA technological space.

BPMN to executable BPEL4WS. Microsoft-Project is a widespread planning tool. It is not

Another advantage of having a homogeneous and precissed on an explicit meta-model. However, its underlying
representation for processes is that we can deal much mfmmenalism may be extracted and formulated through the meta-
easily with the execution side. The usual situation is that veodel shown in Figure 2.
have a process description on one side, expressed in a givaviS-Project meta-model is based on the concept of project. A
DSL and an execution engine on the other side. To deal wjloject is described as a set of tasks. Tasks are ordered using
this situation we must usually first elicit the implicit DSL orlinks. These are assigned to resources.
which the execution engine is based and make it explicit withinCreating a project planning from a process model may then
the same metamodelling framework. Then the two DSLs dpe envisioned as a model transformation between SPEM and
compared and a mapping may be defined like the one suggedfi&iProject metamodels. A mapping has been established
above between BPMN and BPELAWS. If later a choice diffebetween concepts from both sides (SPEM process and MS-
ent from BPEL4WS is made, only the mapping has to Weroject project, SPEM work definition and MS-Project task,
changed. Moreover, part of this mapping could be reused if tate.). Some more complex algorithms have also been designed

transformation language has suitable properties. for reproducing ordering dependencies. Figure 3 illustrates the
net result of part of this project as it appears to the end user.
4 Model-based Process Engineering Actually, the transformation was not so straightforward, as

Moving from ‘contemplative’ to ‘productive’ model the SPEM process is usually not expressed using a SPEM tool,
management means that most of the steps in the softwhrewith a UML modeler extended using a SPEM UML profile
production and maintenance chain may be considered as (fre-. a lightweight extension of UML as discussed earlier). A
cisely defined operations on model artifacts. transformation from UML to SPEM had first to be applied. The

A model-based workbench may be viewed as a software mesulting SPEM model could then be used for producing the
on which a number of multiple service tools may be pluggddS-Project model.

SPEM model using a UML profile

Transformation

=
=
w

BUBLG AR RAERER]

fidnlislialin

EE) - T

Transformation result within M3-Project

Figure 3: Transformation from SPEM to MS-Project.
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Using SPEM as a basis allows the reuse of transformatiamedel. The transformation itself could be applied by another
with different scenarios. A natural way to produce a SPEMol linked to the same model-based platform and also
process is to use a UML modeler with a SPEM profile. Howedescribed in the megamodel together with its model.
er, there may be some tools producing native (MOF-basedBuch scenarios as described in the previous paragraph are be-
SPEM models. Moreover, we can imagine CAPE (Computezeming realistic in the scope of the present technology. Notice
Assisted Process Engineering) tools with a proprietary formahat we do not need to stick to a unique common meta-meta-
ism. These tools may either propose a SPEM export or a trammdel as long as the correspondences between the various
formation from their proprietary formalism to SPEM has to bmeta-metamodels are precisely defined. However OMG/MOF
provided. and Eclipse/EMF are the two currently aligned industrial dom-

Such an approach has already been used for application maant standards.
agement processes in previous projects. From a process mod€he benefits of such approaches are important. Since every-
(expressed using a proprietary metamodel because SPEM ttidg is a model in this MDE platform, we may include a lot of
not exist at that time), an execution environment was completmmmon facilities like storage and retrieval in model repositor-
ly generated, including graphical user interface, workfloves at level M1 and metamodel repositories at level M2, version
model and documentation [5]. management, transactional access, etc. Software product and

An important benefit of this approach is that it allows intesoftware process models and metamodels will be similarly
grating many different points of view through process lifecycledited, browsed, stored, retrieved, etc., allowing many econo-
each point of view being described by a particular meta-modaijes in tool development cost but also in other areas like user
each transition from one point of view to another by a transfdraining. We have seen first generation MDE tools (mainly
mation. Various tools may be integrated since they expose thdlIL tools) with “variable model” capabilities. We are now

interface through a meta-model. witnessing the arrival of much powerful tools with “variable
metamodel and metametamodel” capabilities. These tools will
5 Conclusion offer process-engineering or requirement engineering capabil-

We have proposed a global method that suggests usitigs among others. But what is interesting is that it will be also
model-engineering principles to deal with process definitiongossible to link to the MDE platform not only MDE tools with
There are several such process DSLs, but they may be rela®dnded capabilities, but also legacy tools which were not
and mapped. Sometimes two process DSLs are similar or amginally intended to be used in this environment. To integrate
is an extension of another one. In many cases model transfreh a legacy tool (like MS-Project for example), we have first
mation among model-based process representations has prdeetkfine a DSL for the tool, in the form of a standard metamod-
to be an interesting idea. el like the one of Figure 2, for extraction and injection of

As part of many undergoing projects, the idea of definingmoprietary data. From this metamodel, precise guidelines will
common, open-source MDE platform for various tools iallow the generation of the injectors/extractors that will enable
becoming popular. This idea is not new and one may rectilis tool to be connected to the common MDE platform. From
projects of the 80’s like AD/Cycle (Application Develop-any pair of source/target metamodels we can define syntactic
ment/Cycle) or PCTE (Portable Common Tool Environmen8ind semantic bridges to convert from one formalism to a simi-
with similar software buses. However the basic principle th&tr one or map a process model edited with various kind of
these tools will exchange compatible models, i.e. modedsliting tool (textual or graphical) onto a given execution engine
conforming to metamodels conforming themselves to commawith a suitable implicit or explicit metamodel.
meta-metamodels has proven to be quite powerful in practiceModel-based process engineering is presently much more
We can envisage a URI-like (Universal Resource Identifiethan a vision. Based on the three MDE principles (Direct
naming scheme for models likmodel:MMM/MM/M” where Representation, Automation and Open Standards) and making
the metamodeé¥!M of modelM is clearly defined as well as theuse of the two basic MDE relations (representation and
metametamodeVIMM of MM. All the metamodels could be conformance), it is being deployed in several ongoing industri-
identified in global or local registries called ‘megamodels’ [3jal projects. However, even if practical problems of product and
A megamodel is a model that contains elements and metadatacess model weaving have found ad hoc solutions, more
on the various models, metamodels, services like transformasearch effort is still needed for a deep understanding of these
tions, tools, etc. For example an explicit semantic relatiaasues. The development of ambitious open source MDE plat-
between the UML and the SPEM metamodel could Herm projects hosting simultaneously industrial tools and re-
expressed in a megamodel. Also the megamodel may contagarch prototypes may help to explore still unsolved concrete
various metadata on metamodels, models, services, tools, @imblems and to improve the state of the art in this field.

A workflow engine could be registered as a tool for example,

referencing its standard model. If we need to execute a procAsknowledgements

modeL we may interrogate the megamode' for a Comp”antThe work of pne of the authors (J BéZiVin) has been Supported by
execution engine or we may apply a transformation upon tifigrant from Microsoft.
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Software Process Modelling Languages Based on UML

Pere Botella i Lépez, Xavier Franch-Gutiérrez, and Josep M. Ribé-Balust

A Software Process Model (SPM) is a description of the structural and behavioural aspects of a process

the field of software development using some Process Modelling Language (PML) as description formalisr
In the last 15 years, process modelling and, particularly, software process modelling, has gained a growin
importance as a mechanism which allows, on the one hand, a better understanding of the process, whi
facilitates its assessment and improvement; and, on the other hand, the ability to automate to a certain exte
its enactment, as it is usual in other engineering fields. A fundamental challenge concerning SPMs is how
find a standard PML to describe them. For this reason, in the last few years, an important research effort he
been made in order to adapt UML (Unified Modelling Language) to the specific requirements of SPMs anc
as a result, some UML profiles and metamodels (like SPEM or PROMENADE), which propose softwar
process modelling formalisms based on UML, have emerged. In this article we outline the state of the art
the subject of software process modelling, we present its challenges and we focus specially in the use of Ul

as PML.

Keywords: Process Modelling Language, Software Proce!
Model, UML, UML Extension.

Introduction: The Issue of Standardization in SPM

Software Process Technology has emerged in the I
eighties, but in two fronts. One of them, starting from th
seminal work of Leo OsterweiSpftware processes are soft-
ware tog [7] has been named Software Process Modellir
(SPM), and has been very active from the research point
view, with a lot of contributions in general or specialise
conferences and magazines, but with a relative small impac
the industrial world. The main goal of SPM has been the desi
of Process Modelling Languages (PML) able to descrit
software processes in a formal way. The other front refers
Software Process Assessment (SPA) and Software Proc
Improvement (SPI). It comes from the pioneering works k
Weatts Humphrey [4] developed at the SEI (Software Enginee
ing Institute) and which has led to the definition of the CMN
(Capability Maturity Model).

With a strong impact in the industry, this front has evolve
with new models, as the CMMi (Capability Maturity Model
integration) family, the ISO standard SPICE and other mode
It has become an established industrial practice. Theoretice
speaking, SPM is a good basis for SPA and SPI, since a forn
ly described process will be easier to assess and, then
improve. But in real life, all the SPA&SPI models do not nee
a formal description as a starting point. This fact, together wi
the proliferation of languages and notations that have emer
to describe software processes [2][1], are probably the reas
for the low impact of the SPM research. Probably, the first st
to be taken so that the software industry may benefit from t
SPM research is to standardize PMLs.
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One of the main requirements for a PML regarding standai Employee | Works—forp Company
ization is that it should rely on a notation and semantics whi * *
are standard in the software industry, so that the chosen P
can be used without the burden of having to learn yet anotlFigure 1: A Simple UML Model.
notation and another software tool and also with the possibil
to make it easily understandable to other software engineer:

UML (Unified Modeling Language) seems to be a natural
candidate for such a standard process modelling formalidsfML model is an instance of some metalement (Egmpany
since it has become a standalel factoin the modelling of is an instance dflassandworks-foris an instance dkssocia-
object-oriented systems and an important trend among tien).
researchers of the field is to consider a software process itselfhe ability of UML to model software processes may be
as a piece of software [7]. enhanced by adding to the UML metamodel new metaclasses

The question that arises at this point is whether UML is abéend metaassociations between them. For instance, if we need
to deal with the specific requirements of SPM. The researchitie concept ofctivity in order to model specific tasks to be
this topic began in the late nineties, in which several reseaicdrried out during software development, we may add to the
groups tested the capabilities of UML as a modelling formalJML metamodel a metaclass for that purpose. In the same way,
ism in the related fields of software and workflow processeswfe may add other metaclasses to model the notioRsle{a
preliminary result of this research is that, although UML seemspecific responsibility within the process, etgst enginegr
to be powerful enough to address the structural aspects airalDocumenta product which is developed in an activity and
process, it lacks some degree of expressiveness and flexibiliyich may be used in other ones) and some metaassociations
in order to model its behavioural part (specially in the case @f describe the relationships between these metaclasses (e.qg.,
software processes in which the flexibility requirements aen activity generates a document; a role is responsible for an
usually more important). activity and also for a document). Figure 2 shows a fragment of

Therefore, UML should be adapted somehow in order this UML metamodel extension.
model software processes: not only should we add newAs a result, a software process model may be created with
constructs to deal with some behavioural issues but we shoaldments which are instances of the metaclaBsesiment
also introduce in the language the vocabulary of the fielttivity andRole
(activities, artifacts, agents, tools, rolestc.) and its specific  The main advantage of this alternative is that it constitutes a
features. This language adaptation is usually referred to \asy elegant and powerful extension approach. A SPM built in
UML extension this way is a proper instance of a well-formed UML extended

In this article we introduce which mechanisms are providedetamodel. However, this approach does not result in UML-
by UML in order to extend the language and how an extendedmpliant models (i.e., they are not instances of the UML
UML may be used in order to model the structural and behawetamodel, but of an extended metamodel). This issue chal-
ioural aspects of a software process. Finally, we will outlinenges standardization. For instance, how do we represent in a
some examples of proposals for using UML as a PML for sof6PM instances of the new metaclasses in a UML-compliant

wareprocesses. way? How do we represent in the model the new features intro-
duced by the metamodel (e.g., the role which is responsible for
2 UML Extension Mechanisms a specific activity)?

We have already introduced the necessity to extend the

UML language in order to model software processes. There &2 By Means of UML Profiles (Lightweight Extension)

two different ways in which we may do this: A UML profile is an adaptation of the existing UML meta-
classes by means of the built-in extension mechanism of UML

2.1 By Means of An Explicit Extension of The UML Meta- so that they can fit in a specific domain (such as SPM). It is

model (Heavyweight Extension) important to notice that UML profiles do not provide a first-

The UML metamodel [11] contains the definition of theclass extension mechanism in the sense that they do not modify

elements that are used in a UML model (ectass, associa-

tion, dependency, generalizatjogtc.). For instance, Figure 1

shows two UML classesCpompanyand Employe¢ and an

associationworks-fol) between them. The precise definition o Class (UML)
what a class and an association are is stated in the UML m¢
model. In particular, the definition of the conceptclafssis A

given by means of the element of the UML metamodel calle | | |
Class whereas the notion aksociatioris described by means | Document [4generates| aetiyity |4responsible-for| Role
of the elemenfAssociatiorof the metamodel. The elements of 1
the metamodel are calledetaelementg.g., metaclasses and | « responsible-for | 1
metaassociations). Any UML model is an instance of the UM

metamodel, which means that any element that comes up iFigure 2: A Fragment of An Extension of The UML Metamodel.
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«stereotype» «role»
«metaclassy|— | Document SpecEngineer
Class +responsible:Role
«document»
T - ---.] «document»
«stereotype» SpecDoc . _ .
Role responsible=SpecEnineer

Figure 4: A UML Model That Uses Stereotypes.
Figure 3: Stereotype Definition.

Software process elements may be defined as stereotyped
the UML metamodel. This specific extension mechaniseiasses. A different stereotype may be defined for each kind of
provided by UML is based on the notionstéreotypeA ster- software process element (documents, activities, roles, etc.). If
eotype defines how an existing metaclass may be adapteeléessary, some constraints and class properties may also be
extended. This extension may involve some of the following: added to the stereotypes. Indeed, a complete UML profile can
new name for that extended metaclass, new properties for thatdefined. Figures 3 and 4 above show examples of the defini-
metaclass and/or new constraints. tion of some stereotypes that could take part in a profile intend-

UML supplies a notation to depict the extension provided Bd to model software processes and also the use of one of those
stereotypes in a model. For instance, Figure 3 shows the defgstereotypes in order to define a couple of classes of a specific
tion of the stereotype®ocumentand Rolewhich extend the SPM.
metaclas€lass(the notation introduced by UML 2.0 has been UML associations, generalizations and dependencies may be
used). The stereotyfi@ocumentdds the propertesponsible used to model the required relationships among classes. For the
of kind Role As a result, it is possible to define in a specifisake of an example, we mention here one specific structural re-
SPM a classSpecDog¢ with stereotypeDocument (which  quirement of software processesimpositionof documents
means thaSpecDocumeris a kind ofDocumenf which has and activities.

SpecEngineeias value of the propertyesponsible (which Activities (also documents) may be atomic or composite.
means that the role class that is responsible for the documedsnposite activities are constitutedsofaller (less complex)

of classSpecDocumens SpecEnginedr Figure 4 shows how subactivities. In order to complete a composite activity, its sub-
this situation can be represented in a UML class diagram. activities should be carried out in a specific manner (which is

Since UML profiles do not modify the UML metamodel andstated in the behavioural description of the process; see Section
follow the UML built-in extension mechanisms, they provide 4). In their turn, these subactivities may be further decomposed
full UML compliance. However, stereotypes do not have the even smaller ones. This decomposition process can take
same semantics as actual metaclasses and their expressiveslase as many times as necessary. This can be modelled in
is poorer. Finally, this approach does not supply a representBML by means of (possibly stereotyped) composite aggrega-
tion for the extension at the metamodel level, which
impairs the comprehensibility of the resulting mq
and of the profile itself. The notation introducec
UML 2.0 to define profiles contributes to reduce
comprehension problem but it does not eliminat

As suggested in the UML 2.0 infrastructure d
ment, it is an ongoing matter of discussion whetr
use theneavyweighor thelightweightapproaches {
order to extend the UML metamodel to fit it i | |

specific domain. «Activity» «Activity»
SpecifySoftwComp TestSoftwComp

«Activity»
BuildSoftwComponent

Modelling The Structural Part of A SPM

UML is a language intended to model obj _ [ —
oriented systems. The expressiveness of the o «ACtivity» «ACtivity»
oriented paradigm has proven appropriate to n ImplementSoftwComp GenerateTestPlans
the structural aspects of software processe
RF99]. Hence, the constructs offered by UMI I T 1
model structural aspects of systems are glo «Activity» «Activity» «Activity»
suitable for this purpose. In particular, UMilass FSpecifyComp NFSpecifyComp ValidateSpec
diagramsmay be used for modelling both softw
process elements and also relationships of diff
kinds among them. Figure 5: Activity Composition.
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tions. Figure 5 shows how to model the process in which «ACLiVIty» | ondostartsy «Activity»
activity classBuildSoftwComponemhay be decomposed into TestSoftwComp [ — - — — _ _ =] ImplementSoftwComp
the subtasks ofimplementSoftwCompSpecifySoftwComp

GenerateTestPlanand TestSoftwComplIn its turn, Specify-

SoftwComps further decomposed.
Another interesting relationship between documents or act
ities is refinementwhich can be modelled in UML through

TestSoftwComp depends on
ImplementSoftwComp.
The former may start only if

inheritance. Other relationships between software proce the latter has finished previously
classes may be modelled by stereotyping the general-purp
dependencyML relationship. Figure 6: A Precedence As A Dependency.

4 Modelling The Behavioural Part of A SPM
A SPM should describe, in addition to the software proc
ess structural aspects, the behaviour of such a process. Tints concerning the state of the source activities are needed
behaviour may be described using two different paradignis,order to start/finish the enactment of the target ones. Usually,
namely proactive control and reactive contral Proactive the second modelling approach (usipgcedence relation-
control states the enactment of process activities according thépg provides not only a higher degree of freedom when
pre-established plan. Reactive control, in its turn, is based emacting it, but also a more expressive, realistic, and less strict
describing the enactment of some actions as a responsentuel.
ewvents due to the occurrence of some condition. The problem with precedence relationships is that UML does
PMLs should be expressive enough to offer both types wbt support them in a direct way. Hence, a UML extension is
behaviour description. Let us show how UML may deal withecessary if such relationships are to be incorporated into the
both controls. PML. A precedence relationship may be modelled in UML as
a special kind of dependency between activities (see Figure 6).
4.1 Proactive Control
There exist different approaches that a PML may follow id4.2 Reactive Control
order to support proactive control. Probably, the most popularAn expressive model for a software process should describe,
one consists in providing imperative descriptions of whichot only the proactive plan that the process is supposed to
activity is to be enacted after the end of a specific one. ThH@low during its enactment, but also its reaction to certain
approach can be modelled in UML by means of activity dia@vents that may occur during such enactment (e.g., a notifica-
grams, in which aransition from activity a to activity b is  tion is received from the supervisor to abort the process or to
triggered whenever activity a finishes its enactment. Thétart at once a specific activity).
transition grants the permission to start Thereactive controbf a PML is responsible for expressing
Although this approach is possible, it often leads to a contrible behaviour of activities as a response to events. UML offers
flow description in terms of a set of activities which are enactsdveral powerful reactive elements that may be used for this
either following a strict sequence (possibly with conditions arlirpose (i.e.state machingsevents signals actions etc.).
loops, which have been incorporated to UML 2.0) or in However, it is quite usual that current PMLs in the field of soft-
concurrent way (no other policy in between is allowed). ware processes use some elements to model reactive control
Usually, modelling software processes requires more flexibikhich are not explicitly defined in UML. This is the case of
and expressive constructs: software developers tend to perfdEaent-condition-action (ECA) rules, which have become very
several activities at the same time and move from one to angblopular in the context of PMLs in order to model reactive
er depending on their interactions with the rest of the team lmehaviour [2]. These rules establish the execution of an action
on some specific requirements (for instance, a deadline). as a response to an event in the case that a certain condition
This reflection leads to other approaches to model the proaoclds. ECA rules may be associated to model entities (e.qg.,
tive behaviour of a software process. A popular one is tlaetivities). The introduction of ECA rules in a UML-based
representation of different forms of precedence requirememdiL, or other reactive elements, may lead to an extension of
between activities [8, 9]. For instance, instead of modellir
something of the sorthe implementation of a component will
start once its specification has finishédeems better to over-

lap both activities to a certain extetiie implementation of a BehaviouralFeature (UML) Transition (UML)
component should begin some time after the starting point of
specification and should finish after the end of its specificatio [F ZF

The second form of modelling usesecedence relation- c |
ships instead of pure transitions in order to describe behaviol ECARule
al relationships between tasks. A precedence relationshif
stated between a set of source activities and another se gq,,re 7: pefinition of ECA-rules in PROMENADE
target ones and establishes ieglarativeway which require-  (Fragment).
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the UML metamodel. For instance, a UML-based PML calle [9EFunctional Analyst” | # Interface Designer | & Technical Designer
PROMENADE (see Section 5 for an outline of it) provides ]
definition of ECA rule both as a (UML) behavioural feature (s
that it can be associated to an entity as one of its features) | pefine Requirements
as a (UML) transition (hence, it inherits the reactive behavio L
modelled by transitions); see Figure 7. "--.\__‘
¥ — 1
Some Proposals To Model Software Processes with % SUser Requirements
UML Design Process Model | Draft User Interface
Although most of the PMLs in the field of SPM that can b i "
found in the literature are not based on UML, in the late nin S -
. . . "R User Interface {draft}™®
ties some approaches investigated the use of UML as a mo User Work Processes __r}
ling formalism in the related fields of software and workflo L9 _F._Deﬁne‘fgch. Requirements
processes. These approaches did not made an entire propos =5
a PML but just focused on some of its elements. They sho
some drawbacks of activity diagrams and proposed some al
natives to describe process behaviour. Some of them were q
unnatural (e.g., by means of class diagrams with stereoty I Sy
associations for showing the control and data flow [5]). User Interface {refined} b
The next step was to propose an extension of UML Build Application
describe software processes. As we have seen, this car |
achieved either by defining a UML profile or by means of
heavyweight extension. Figure 8: Use of Activity Diagrams in SPEM.
The approach of defining a UML profile has been followe
in the own UML definition (in versions prior to 2.0 [11]), which
define a profile for software development processes. However,
this profile is quite basic, since it only defines some stereo\When the extended metamodel is transformed into an UML
types, no properties and almost no additional constraints. @rofile, some stereotypes lil&tep Guidance Activity, etc. do
the other hand, the defined stereotypes do not seem to be saffine up. Each of these stereotypes are given a suggested nota-
cient to deal with the terminology introduced by SPMs. Eveiion and may be used within usual UML diagrams in order to
more, no behavioural aspects are mentioned in this definitiomodel the various aspects of a process. For example, Figure 8
In the last few years, two new UML-based proposals (namg&hows an activity diagram to describe the behaviour of a proc-
ly, SPEM [10] and PROMENADE [8, FR03]) have come ugss fragment.
sharing virtually the same innovative definition approach: theyPROMENADE is a PML which has been defined with the
are defined as heavyweight extensions of the UML metamodadljectives of improving expressiveness, flexibility, standardi-
but they overcome the limitations suffered by these kinds ahtion and modularity in SPM construction. Remarkably, it
extensions (namely, not full UML-compliance and, thus, nallows the modelling of complex and/or detailed software
standard languages) by offering a transformation of the extenqmecesses in an expressive way by providing both proactive and
ed metamodel into a UML profile. This seems to be a goedactive ways to express model behaviour. Proactive control
solution to keep the best of both worlds: while the heavyweigtelies on the notion gfrecedence relationshigvhich has been
extension ensures a proper language definition at the metamddfined in the framework of UML as a special kind of depend-
el level, its transformation to UML profile guarantees confornency. Different families of such precedence relationships have
ance with UML. Apart from this coincidence in the metamodseen defined. Furthermore, the modeller may define his/her
elling approach, both proposals turn out to be quite differentown new kinds of precedence relationships. In its turn, reactive
SPEM is an adopted specification of the OMG done kgontrol is based on ECA rules. Figure 6, above, shows a very
several companies with the purpose of modelling a family sfmple example of a UML-compliant representation of a
software development processes (namely, RUP, SI Meth&ROMENADE precedence relationship between two activi-
OPEN, etc.). A process in SPEM is defined by meaitera: ties.
tions phasesactivitiesand steps Activities are not normally
decomposed beyond steps, which are atomic (therefore, onfy Conclusion
two-levels of activity-subactivity decomposition are normally One important challenge for the software process model-
considered). Control-flow in SPEM is based on dependenciesy research community is the development of standard nota-
between activities (however, onfiypish-startandfinish-finish  tions to describe software processes. In all probability, such
dependencies have been defined). SPEM does not define retandardization will contribute both to disseminate the research
tive control-flow constructs. As a consequence of thesesults in software process technology all over the software
features, SPEM does not seem to be designed to descebgineering community (including, software industry) and to
detailed processes. incorporate the formalization of software processes into the

Refine User Interface‘

oy
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SPA&SPI initiatives. UML seems a good choice for such 8]

standard notation since it has become a stamttefaictan the Xf- Ffsanf?h, J. '\él- Ribo. ﬁJSng UMla.fOY M?%e&ifg'gtge;t?ﬁ% F’ﬁ}”
modelling of object-oriented systems. While UML offers O & S0ltwaré Frocess. In Froceedings of Jlv » Forth ollins
enough expressiveness to model structural aspects of softwaref%éuri)A)z'gl‘zegg;e Sl\lpcﬁﬁze'?_ V(éﬁ;ngpultggés cience (LNCS), Vol
processes, some authors argue that more constructs shoulggpe ' ' '

added to the language in order to model behavioural ones (e.g., w. S. Humphrey. Managing the Software Process. SEI Series in
proactive and reactive aspects). For this reason (and also to Software Engineering. Addison Wesley, 1989

define properly the specific concepts of software processedih ) . . .

s anguage) UNLbsed PHLS should etend UL Two 0. ger & Seiecter B, hesieste, oueerrenes S,
possibilities do exist to do that: tlightweightand theheavy- : : ) i
weightextensions. The former defines a UML profile and the ﬁ?ﬁ,gf’gg&gﬁbgolnggge_”Ce (ESEC), LNCS 1687 Toulouse
latter, performs an explicit extension of the UML metamodelje]

Several proposals have been defined in the last three or four X. Franch, J. M. Ribd. A UML-based Approach to Enhance
years in this sense: from quite basic UML profiles to more Reuse within Process Technology 9th International Workshop,
sophisticated approaches like SPEM or PROMENADE. EXY;F::Z (i?\log*s)"'sfl'g% g'gg?rfée'f\gﬁ;eg ’\é%tgg in Computer

It is worth mentioning that the use of UML as the basis T ' ' '
construct PMLs will lead to standardization in the sense tha% L. Osterweil. Software Processes are Software Too. In Procs. of
the defined PML will rely on a well-known syntax and seman- the Intl. Conf. on Software Engineering (ICSE-9), 1987.
tics, and it will be possible to use widespread UML-based todhj
in order to model software processes. However, it is also true ;" M'cRi?é’lx' gr?tnCh- APPrecedﬁCS-ﬁase? AFI?DFO&\CQ_ for Pﬁﬁc-
that different PMLs may use UML in different ways (e.g., they Uve Lontrolin Software Process Modelling. In Froceedings orthe
may use different consytructs or the same const)r/uc(ts 9[0 m0>c;el EE(;Eéze?i%)coArgae;ris(slgmgrztglgjq'réegt'gr%g:rd 2%%%Wledge
different aspects). In any case, the use of UML will constitufg; ' ' ' ' '

a qualitative improvement regarding SPM standardization. C. Schlenoff, M. Gruninger et al. The Process Specification
Language (PSL) Overview and Version 1.0 Specification. NIST
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Supporting the Software Process in A Process-centred Software
Engineering Environment

Hans-Ulrich Kobialka

In software projects there exist tools, working schemes, and collaboration. Turning such an environment int
a Process-centred Software Engineering Environment (PSEE), involves: 1) Augmenting the process with
additional flow of information and a dedicated user interface. 2) Supporting wanted process steps. 3
Disabling unwanted process steps. The reason for this is that it is not practical to claim that all activities in
software projects have to be completely defined and supported by a PSEE. Instead, process support ha:
be introduced incrementally. This paper illustrates how this can be achieved.

Keywords:ALADYN, Process Modelling Language (PML), the process, but also because process designers do not want to
Process-centred Software Engineering Environment (PSEEpecify too much detail if there is no equivalent pay back in
Software Process Enactment, Software Process Support. productivity. Therefore, only parts of the process which need

support are specified in the PML — unsupported process steps

1 [Introduction are enabled but not explicitly written down on the level of proc-

A software process encompasses a significant numberest implementation (although they may be contained in hand-
steps performed by many people. Several years ago it ks or high-level process specifications).
stated that software processes should be described in a formal
way by using Process Modelling Languages (PMLs), and thRequirement 1) The PSEE should empower the user to work
models written in a PML can be enacted in Process Centngidh incomplete process support.
Software Engineering Environments (PSEES) [13]. It should be possible to perform working steps currently not

Current PMLsS/PSEEs cause difficulties when used durirgpecified or supported. In the extreme case, users should be
process enactment. This is because many PMLsS/PSEEs halbke to work without writing any process program in advance.
adopted approaches from specification and programming larkey should be able to build up working environments manu-
guages which were not designed to adapt to change duraily and to pass around results. This requires a numisenof
execution. Process programs often turn out to be quite complersto be provided by the PSEE, e.g. communication services.
which users have found difficult to both understand and apply
changes to correctly. b) Process change during enactment is the normal case, not

Section 2 introduces the requirements which have to Hee exception.
fulfilled for effective process enactment. The concepts of Process support is likely to change during a process. It is
current PMLS/PSEEs are discussed in Section 3. We thasually impossible to define the entire software process support
propose a nhumber of ingredients which enable successful prsem the very beginning. In most processes only the principal
ess support (Section 4). While this is done on a rather genexspects (e.g. some data & control flows) are known, but their
level, in Section 5 we give a more technical view on Eventolume or frequency cannot be determined in advance.

Condition-Action (ECA) rules and impact control. Software processes “run” for a long time. During this time
things may change which again might force the process to be
2 Requirements of Process Support adapted or even changed completely.

Process support raises several challenges which have to
be met by a PML, and its runtime environment the PSEE. He

requirements 1985 at TH Technische Universitat DarmstagdtGermany, and

his PhD in 1998 at TUBTEchnischen Universitéat BerljnCott-
a) Process support will never cover the entire process b_us, Germany. Since 1985 he V\_/orked as a_scientist_at GMD and
L. . since 2001 at Fraunhofer AIS. His research interests include robot
We suspect that support for a non-trivial process will nevt control architectures, real time computer vision, and software

be complete in the sense that each possible sequence of ac process support. <hans-ulrich.kobialka@ais. fraunhofer.de>
is considered. This may be due to incomplete knowledge ab

40 UPGRADE vol. v, No. 5, October 2004 © Novatica


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

Requirement 2) The change of a process program has to be 8 Related Work
simple and save operation. PMLs are often classified into net-based, object-oriented
Installing a change should be possible at runtime by the pushrule (or event-trigger) based approaches. Most PSEEs offer
of a button without the risk of any hazardous effects. Theee hybrid PML with multiple paradigms (or multiple PMLs
should be a means of defining and controlling permissions f@spectively), see Table 1. Due to space limitations, in this
process change. paper we discuss the above approaches rather than each indi-
In case a change has not achieved the expected benefitgidiial system.
should be possible to undo that change easily.
3.1 Net-based PMLs
c) Process programs cannot be assumed to be totally Net-based PMLs (Process Weaver [8], Slang/SPADE-1 [1],
correct. LEU [9], Endeavors [2], APEL (the PML of the Adele PSEE)
Process programs are difficult to test, because they opei@i Little-JIL [4]) have several advantages: they can be used to
on large databases, interact with many users, and are writterdegcribe a process in an intuitive way, they can be analysed and
different authors. The impact of changes to process prograsisiulated, and in most cases the impact of their elements
are difficult to predict. Thus, when a process program is recqgtates, transitions) can be easily understood.
nized to be incorrect, the state of enactment (i.e. the states of alet-based PMLs permit a transition to execute some code
current processes) has to be updated as well: which may access any database and communicate with concur-
rent transitions or remote services. In these cases, the models
Requirement 3) The user should be able to complement or are no longer genuine Petri-nets, because the latter requires the
compensate for the effects of process programs. firing of a transition to depend solely on its inputs. Thus, simu-
The interactive user should be able to perform every actitation and impact analysis can become difficult as databases
that can possibly be performed by a process program. The semvd communication are used in a concrete net.
ice interface of the PSEE has to cater for basic constraints of he main drawback of net-based PMLs is that users tend to
consistency. specify only the main workflows. Unexpected situations are
difficult to handle if a net state has to change during execution.
d) The probability of misunderstandings and errorsisakey Some PSEEs (e.g. SPADE-1) permit changes at runtime, but
factor. this puts the user in the position of editing a net, i.e. still having
Although errors should be tolerable, they should be avoidéalplan steps before executing them. If tasks have to be created
as much as possible. Manual repair actions are time-intensared connected dynamically, net-based models offer no appro-
and can create further errors, especially when carried out fyate execution model.
different authors. A certain frequency of errors can reveal a
PSEE to be totally unusable in an industrial context. 3.2 Object-oriented Approaches
Object-oriented PMLs (EPOS [5], Adele) offer more flexibil-
Requirement 4) The effect of process programs should be ea#ijy as they allow users to create and connect tasks (activities)
understood by users. dynamically (incremental evolution of task networks). Dynam-
Theimpactof a statement should be obvious to the reader. ininstantiation is also used in non object-oriented approaches,
particular, the side effects on other statements should be limieed. DYNAMITE, ClearGuide [12].
as much as possible. Tis&ze of the process support to be Many object-orientated approaches (e.g. EPOS, Adele,
written should permit parts to be located easily and understaithdeavors, SPADE-1) make intensive use of the definition of
ing of the support to be total. The PML should suppbstrac- object-oriented class hierarchies. We argue that this is not the
tionsof the software process domain. Appropriate abstractioright approach to implement and change process support
may also reduce the size and complexity of process progrardsring enactment because the units of change are schemas
(type hierarchies) which tend to become quite large and contain
e) Process support will be more effective if it can be complex dependencies. Therefore, schema updates can be
customized for each task. difficult (especially if existing objects can be invalidated), and
The characteristics of tasks, and the skills of teams, can diftee transfer of improvements from one schema to a similar one
substantially. Much productivity (and acceptance of procegsnot trivial.
technology) can be gained if a process can be adapted in such
a way that these characteristics and skills can be exploit@d3 Rule-based PMLs
Although projects interact with each other, they require someRule-based and event-trigger based approaches are very
autonomyin adapting their processes. powerful. However process descriptions tend to become
complex, especially if rule chaining (e.g. in Marvel/Oz [3]), or
Requirement 5) Process support should be adaptable to  other kinds of side effects between rules/triggers are used.
specific (sub)projects. APEL and ClearGuide do not encourage the user to use rule
The effects of a process support, which has been installed ¢haining. Usually side effects occur between rules.
a particular task, has to be limited to this part of the project. Multiple processes.Different process instances can coexist
and cooperate within most PSEEs. If rules of different process-
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Little-JIL

SPADE-1 .

Endeavours__ - Complexity & | Task-specific | Flexible Datatand | Change
Adele N Impact Control | customization Control Flow Effort
Epos N net-based PMLs + o - row
Oz R R N object-oriented PMLs - _ " -
ClearGuide = rule-based PMLs _ _ " "

1. Task-specific support could be possible, if the PSEE allows to use different variants of a
(sub)net within different tasks. Not all net-based PMLs allow this.

2. The effort can be reasonable if several instances of the net are currently existing. Each
instance has to be stopped and investigated whether the placement or contents of the
tokens conflict with the change of the net.

Table 1: The Strengths and Weaknesses of Different PML Paradigms.

es (possibly written by several authors) interfere or confliag the task-subtask relationship: a task is divided in several
most PSEEs do not consider who has installed the conflictingbtasks; the manager of a task also heads (is the managers of)
rules. Only ClearGuide knows during execution of a rule, fdhe subtasks. Users are assigned to tasks, thereby fulfilling
which task this rule has been defined. special roles (e.g. manager). There should be some communi-
Control of Permissions.Context information (the current cation infrastructure e.g. one which permits a message to be
user, the task he is currently performing, and in the case ofent to the manager of task X rather than to a specific user.
rule the task/process for which it is defined) can be used foA task may produce documents as results. These documents
conflict resolution and access control. As PSEEs offer ontgay again be associated as inputs to other tasks. Documents are
limited context information, their ability to control permissiongypically stored in some configuration management system
is also limited. (e.g. CVS, ClearCase, Adele).

4 ngredients for Process Support 4.3 Process Definition on the Instance Level
Here we propose a number of ingredients for the designin a network of interrelated objects, additional process
architecture of PMLs and PSEEs in order to enable effectiteowledge has to be added e.g. process procedures and

process support. constraints. Also the process can be parameterized using proc-
ess variables, similar to environment variables e.g. a process
4.1 PML = Service Interface variable may simply denote which editor should be invoked by

As process steps should be carried out concurrently by praefault.
ess programs there has to be some service which is accessedWe propose that process variables, procedures and con-
multiple processes and which coordinates their activities. If thétraints should be contained in process programs which are
service interface is also accessible via a command interfaceassociated with task objects.
a graphical user interface (GUI), and if this interface offers anNote that there is no need for type hierarchies, or other kinds
appropriate abstraction level, it fulfils requirement 1: the usef dependencies on the type level, which make change difficult.
can perform process steps even if a process programs is incemcesses are defined on the instance level: tasks are instantiat-
plete or does not exist. This also meets requirement 3: in caskand specific process knowledge is added to these instances
of an incorrect/incomplete process program, the user chyassigning process programs to them.
manually repair the state of enactment.

The interface of process service defines the PML. The prat4 Process Permissions
ess server acts as an interpreter of this PML. The remainder ofhe creation of tasks, subtasks, and relationships to other
Section 4 considers the question “What are the right serviaagjects is a privileged operation. The same holds for associat-

for process support?”. ing a process program to a task. Such operations need special
permission.
4.2 Inter-related Process Objects We propose that such operations can only be performed by

The PML services should provide basic concepts of processers who play a certain role (“manager”) in a task. Of course,
es, tasks, users and communication. It should be possibleatmanager can only perform privileged operations on his task
dynamically create/connect/delete instances of these objeatsl its subtasks. Because process procedures and constraints
thereby managing networks of interrelated objects. are associated to a task by its manager, they are performed with

Process support should offer some notion of task (also calldd same permissions (as if these actions were performed by the
activity) and relationships between tasks. A special relationshiganager manually).
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4.5 Process Automation inserted into system tables. A policy, which is instantiated for a
Active mechanisms, like the Model-View-Controller patternparticular task, influences the execution of this task and its
Event-Condition-Action (ECA) rules, triggers, or similarsubtasks.
mechanisms e.g. in ClearGuide or APEL, have many advanfor a task at most one policy can be instantiated. The instan-
tages tiation of a policy for this task implies that the parameters, pro-
* They are very powerful and flexible. E.qg. it is very timeeedures, and triggers of a former instantiated policy are
consuming to document all possible action sequences whigimoved from the system.
may be caused by a few ECA rules.
» They decouple the event source from the action. There isid Triggers and Constraints
need to modify the event source if an ECA rule is added,Instantiated triggers are Event-Condition-Action (ECA)
modified or removed. rules as used in active database systems. They are used to
» They are quite robust with respect to side-effects from othienplement reactive behaviour.
componentsif they are written carefullyECA rules do not  In the trigger syntax, the concerned tasks are specified by a
know when they will be executed. Other rules associatéalsk pattern.
with the same event may be executed before, possibly mod-
ifying/deleting objects. An ECA rule has to check all itsTaskPatterns
assumptions first before performing any action. In contrastA task has a pathname which is generated from its name and
to this, the ‘sequential programming’ paradigm is morthe names of its parent tasks in the task hierarchy. Task
sensitive to change. For example in the sequence “A; B; athnames are similar to those of files in a file system, e.g.
(or “A - B - C”), statement C usually contains assumptiongrojectA/Test/test_release.2.5. Task patterns may contain wildcards
about the previous statements. So when changing statemegt as known from the Unix shell. For example, the pattern

A, all subsequent statements are possibly affected. *test* may be used to match all test tasks in the system.
However, general pattern matching is not selective enough.
Constraints Usually a trigger should be applied to tasks located in the

Elaborated process services and active mechanisms offaroatext of the task for which the policy is instantiated.
very powerful framework. But not every possible sequence of Therefore, a pattern can contain one of the keywsgds
actions is desirable. Manual detection and repair of unwanteARENT, or PROJECT at the beginning. These keywords refer to
states is not feasible in an automated environment. So if a uter task for which the policy is instantiat(SgLF), its parent
issues a command which violates consistency constraints, ttaisk (PARENT), or the top-level task containing (RROJECT).
has to be aborted on the database level as if it was never exeath time an event is matched against the trigger, the keyword
ed. is replaced by the pathname of the denoted task. For example,
The principle behind this is that there is some model definéda policy is instantiated for the tagkojectA/ Test and one of
which initially offers a great deal of freedom. As more knowlthe policy’s triggers has the task patt8anF*, the pattern is
edge about the process is obtained over time, that freedom egpanded tdprojectA/Test* (i.e. the pattern matchésojectA/Test
be restricted to exclude unwanted actions. According to Pegerd all its subtasks). Similarly, a trigger containRARENT*
Wegner: “Constraints are more powerful because they ardooks at the taslprojectA and all its subtasks.
applicable to non-compositional behaviours. Michaelangelo’s
sculptures realized by chipping marble slab could not havelappened on” versus “Caused by”

been realized by gluing together small bits of marble” During command execution a task can be in two positions.
First, it can be the active task on behalf of which the user issues
Process Automation with ALADYN a command and implicitlgause®vents. Second, a task can be

The above proposed ingredients for process support arpassive object which is modified by a command and on which

described on a rather general level. In order to give a mareeris arehappening
concrete impression of how process support may look like, weALADYN distinguishes between (1) triggers which wait for
describe the process automation and impact control inegents happening on a particular task (i.e. the task is modified),
concrete system. Here we refer to a PSEE named ADD&nd (2) triggers observing events caused by a particular task
which offers a PML called ALADYN [10]. (i.e. the current execution context refers to this task).

Besides the organization of work, the task hierarchy is usedyger_on_task EV_NEW_RESULT <task pattern> route_result_to_review
to organize process descriptions, callgdlicies Multiple This trigger defines that the actiosute_result_to_review is
aspects are grouped and treated together in a pphcgme- executed each time when the evBatNEW_RESULT happens on
tersandproceduresused for customization, ardggersused a task matching the task pattern, i.e. when a result of this task
for process monitoring, notification, automation and consisteis- published. This trigger fires regardless of which task has
cy control. caused the event. Such types of trigger are denoted by the suffix

A policy can be instantiated for several tasks (Figure L1)on_task.
Instantiation of a policymeans instantiation of all its parame- trigger EV_NEW_CR <task pattern> handleChangeRequest
ters, procedures, and triggers for the denoted task i.e. the coff-his trigger says that each time a change request has been
tents of the policy file is parsed, and objects are created amdated (i.eis caused bythe tasks matching the task pattern,
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project XY )———= project policy

set EDITOR { emacs $file}
proc ICON { name} { ...}
notify EV NEW RESULT SELF/ *

developmentof | - team policy B
component B
proc ICON { name} { ...}

trigger on task EV_NEW RESULT SELF ...

Figure 1: Example of Policies Defined on Different Levels in The Task Hierarchy.

an action ffandleChangeRequest) should be executed automatical-commands executed on behalf of the parent task still retrieve

ly. the value defined in its policy. In Figure 1 the procedure ICON
Optionally, the execution of triggers can be controlled big redefined byeam policy B This leads to (some) items being

conditions, i.e. the action is only executed if the condition displayed with different icons for people working on B than are

fulfilled. Conditions and actions of triggers are proceduredisplayed for people working on the rest of the project.

When a trigger is defined in a policy file, its condition and

action procedures should be written into the same file. 5.2.2 Permissions and Constraints
If a process procedure is invoked, it is performed within the
Constraints execution context of the command, i.e. the procedure is execut-

In some cases, process support has to restrict certain actiedsvith the same permissions as the invoking command.
in order to preserve consistency constraints. Usually it is veryA user can be assigned to a task either as a manager or a
difficult to undo violations after they have occurred and otheleveloper. A manager of a task has certain permissions to
users have seen them or triggers have reacted on themcdnfigure the task and its subtasks (creating subtasks, instanti-
ALADYN, constraint triggers can be used to abort modificaating policies, assigning people, passing input to a task, etc.),
tions on the database level (including all triggered procedurelit the manager isotallowed to do this for tasks located else-
This resets the system to the state before the offendiwdere in the task hierarchy. Thus the permissions of managers
command was issued (i.e. as if it had never been executed)are limited.

The constraint andonstraint_on_task trigger declarations are Developers have no management permissions and work with
similar to trigger andrigger_on_task, except that the triggered the configuration management service (e.g. checkin/checkout
action is implicitly “abort”. For instance, the following triggerof versions and configurations).
prevents the tasks matching the task pattern from assigning arijhe permissions of managers and developers can further be

policy file to a task: restricted in a task-specific way by constraiiitsthese
constraint EV_NEW_POLICY_FILE <task pattern> constraints are defined by one of their managers, as explained
below.

5.2 Controlling Impact of Process Programs

We illustrate how the impact of triggers, parameters, arel2.3 Impact of Triggers
procedures is limited to the task for which they are instantiatedIn contrast to parameters and procedures, a trigger which is
This impact can be further restricted by permissions ammstantiated for a task cannot be inherited, redefined or disabled

constraints. by a subtask. For example, in Figure 1 fheject policy
defines that the team members of project XY should be notified
5.2.1 Impact of Process Parameters and Procedures whenever one of its subtasks produces any results. This trigger

Process parameters and procedures defined in the policy &f aot implicitly instantiated for subtasks, i.e. task “develop-
task are inherited by its subtasks. For instance in Figure 1 thent of component B” isot notified if one of its subtasks
project policyis instantiated for task “projectXY” and definesproduces a result.
that the emacs editor should be used. This parameter is inheritfhe impact of a trigger can be determined first of all by its
ed recursively by all subtasks of projectXY, i.e. everyone workask pattern. This defines the tasks which are viewed or control-
ing in this project will use emacs. led. Other parts (the event, the condition and the action proce-

On the other hand, parameters and procedures can be rellees) also restrict the impact, but the task pattern is usually the
fined in the policies of subtasks. This means that within tlmeost selective part of a trigger i.e. it filters most of the events
execution context of the subtask, the redefined value/impleecurring in the system.
mentation is retrieved for a parameter/procedure, while
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....................................................

' command : triggered triggered
: i ! procedure procedure '

' event

userZ@taskA ) | ; execution contexts

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

Figure 2: The Execution Context Is Switched for Each Triggered Procedure (the arrows denote the flow of control.)

Permissions of triggered procedures: process definition on the instance level, active support for auto-
A command can raise several events which may caustion and consistency control, clearly defined impact, and

triggers to be fired i.e. procedures are executed. For eadntrol of permissions.

triggered procedure the context is switched i.e. the procedure il this paper we discuss a number of requirements, and some

executed in the context of the trigger’s task (Figure 2). problems existing PMLs have in meeting these requirements.
A policy can only be instantiated for a task by a managéi/e then propose a set of ingredients which we regard as help-

Therefore the triggers are authorized by this manager afull, or even mandatory, to remedy the problems. Because this

accordingly have the same permissions. For example, a trig-done on a general level we then illustrate some aspects by

gered procedure can only abort a command of userZ@taskAl@scribing process automation using the ALADYN PML.

the constraint is declared in a policy of taskA or one of its The ALADYN PML contains no mechanisms to enforce

parent tasks. control flow explicitly as can be done with net-based PMLs.
Instead ALADYN supports the flow of results and automatic
5.3 Abstractions appropriate for the Process Domain notification, and lets the user decide what to do next. Control

A clear understanding of the impact of each statement is #ow enforcement requires the programming of ALADYN
important factor in understanding the whole program. In addienstraints. An interesting approach is to define control & data
tion, the size and the complexity of the program are also sigriilew in a net-based language and then generate PML code for
icant factors. the PSEE to be used. In [7], process descriptions defined in

Beside general ECA rules, ALADYN offers the definition ofUML were used to generate code for the OPSS PSEE. Such an
specialized triggerd~or example, the following trigger definesapproach can be used to generate support for the specified proc-
that a notification should be sent to the managers of the policgss without prohibiting non-specified processes. This combines

task each time one of its subtasks produces a result. the benefits of precise specifications with the flexibility of an
notify EV_NEW_RESULT SELF/* MANAGER interpreted PML.
Such events can also be logged in a file: Because of space restrictions, this paper does not discuss
log EV_NEW_RESULT SELF/* $TEMP/taskIO.log how process support can be improved by process-specific user

Specialized triggers offer abstractions which are appropridteerfaces. For this important point we refer to [11].
for the process domain. While ECA rules stem from active
databases, concepts like notification, logging, and configuf@eferences
tion management belong to the process domain. Such abstiat-
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Managing Distributed Projects in GENESIS

Lerina Aversano, Andrea De Lucia, Matteo Gaeta, Pierluigi Ritrovato, and Maria-Luisa Villani

The success of large software projects conducted by different organization sites may be determined by 1
inter-site coordination and cooperation of the working teams, thus automated support to distributed projec
management can be useful. In this context we present the GENESIS (Generalized ENvironment for procE
management in cooperatlve Software engineering) approach to distributed process modelling an
enactment, realized through an event dispatching architecture whose distinctive feature is a decentralize
and autonomous definition of the multi-site software processes.

Keywords: Coordination and Cooperation, Distributedmanagement and execution of these projects are highly desira-
Process, Large Software Projects, Multi-Site Softwargle [15][4][10]. In fact, the support for distributed project man-
Projects, Project Management, Process Modelling, Softwaxgement is a relevant problem for two reasons.

Processes, Workflow Management. » projects may involve a big number of concurrent activities,
which impose an adequate coordination support to keep
1 Introduction them on track and under control;

Software projects are generally complex and may be when a project spans multiple sites that generally work in a
distributed across sites, so they require the coordination and cofargely autonomous manner, these sites will not necessarily
operation of teams of software engineers from different geo- be following the same process models, nor they will be all
graphical locations and possibly belonging to different organi- employing the same methods and tools. Hence, it may be
zations. This scenario is now becoming commonplace as arequired that, whenever it is possible, parts of the project
result of globalization and therefore automated tools for the should be under the responsibility of local project managers,
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who can better organize the local activities (i.e., processaltows for distributed enactment facilitated by an event-based

and sub-processes) and resources involved. middleware [8].

In particular, the latter issue poses problems concerned within [9] the authors propose an approach for the distributed
decentralized and autonomous modelling of multi-site softwaexecution that exploits an event notification service, named
processes. Most works on distributed process managemBEADY. Workflow participants, both workflow engines and
focus on developing paradigms and architectures for the enajents, can subscribe to events that trigger the start of workflow
ment of these processes but they scarcely address decentrabimtigities and processes, and events that describe state changes
modelling [16][14][13][9][4][10][7][8]. In most cases processin the workflow processes they are interested in. Therefore, the
modelling is a centralized activity and the enactment abnfiguration of the participants in a workflow can be dynami-
portions of the process is distributed among different workfloeally changed without requiring any modifications to the exist-
engines. In some cases, the central process model is collaborg-architecture.
tively edited with the contribution of people from different sites The Endevors project [13] proposes an approach to provide a
[10] and each site has visibility of the overall process model.@ordination mechanism for distributed process execution and
different approach is used in OzWeb [4] where process moddel integration by using the Hypertext Transfer Protocol
are autonomously defined on the different sites and cooper@td TP). The system uses a layered object model to provide for
through specifically designed interfaces. the object-oriented definition and specification of process

In this paper we present the GENESIS (Generalized ENwrtifacts, activities, and resources. The intent for distribution is
ronment for procESs management in cooperatlve Softwaesupport a wide range of configurations with varying degrees
engineering) approach to distributed process modelling. Thad kinds of distribution: stand-alone with a base system
GENESIS platform is an outcome of a research project aimednfiguration without distributed components, multi-user with
at designing and developing a non-invasive and open souecsingle remote data-store, multi-user with a single remote
system to support software engineering processes in a higtita-store are the configuration experimented for distribution.
distributed environment. In GENESIS, the global view of the Kétting and Maurer [14] propose an extension of MILOS
project is modelled and enacted at the coordinator site (thafid] which focuses on the process support for virtual corpora-
the technical leader of the distributed software project [14fipns. They propose three different approaches for distributed
while sub-processes can be autonomously modelled and epmcess enactment: replicated workflow engines; central coor-
cuted on different organizational sites. The global procedfator site, and a peer-to-peer architecture for data exchange.
model can be collaboratively edited by the project managersTdie authors do not address the problem of decentralized
the different sites. process modelling.

The paper is organized as follows. Section 2 discusses relate@rundy et al. [10] focus on distribution problems in process
work. Section 3 presents an overview of GENESIS, witmodelling. The proposed system provides mechanisms for
particular reference to the flexible approach adopted for distriellaboratively editing process models both in a synchronous
uted process modelling and enactment. Section 4 detailsar an asynchronous way, together with version management
asynchronous communication protocol for distributed projestipport. The architecture is based on a central site maintaining
definition and management, while Section 5 concludes. the process model and distributed sites enacting portions of that

model.

Related Work In the Ozweb environment the peer-to-peer paradigm for

In global and virtual enterprises, software processekstribution is adopted [4]. Here a decentralized system
consist of multiple sub-processes that may span over organizansists of independent sub systems spread among multiple
tional boundaries. The current commercial workflow technolaites. In particular, the authors focus on the process autonomy
gy does not provide the necessary functionality to model, enaafteach sub system that should be self contained and operation-
and manage distributed processes due to its mostly centraliaig independent. To this aim they introduce the concept of
server architecture. Numerous are coordination functionalitiiteeats’ to guarantee compliance of the artifacts exchanged
that cannot be fulfilled by traditional workflow systems [14][5]pbetween sub-processes.
such as the support for distributed execution of a workflow; Our approach mixes both these features: we have the notion
shared access to data and the use of groupware tools. of a coordinator site where a global process can be defined in a

Modern workflow management systems exploit the web agallaborative way by the project managers of the different
mean to enable distributed access to the facilities provided dyoperating sites of a virtual organization. Sub-processes exe-
the workflow engine [1][12][5][15]. However, most of thesecuted on different sites are autonomously defined and only
systems are still based on a client-server architecture and liae to respect the interfaces defined at global level. Moreover,
problem of designing architectures for distributed procesise depth of the global process model is not limited to just two
modelling and enactment of the process is still a research isteels, as it is possible for a partner of the virtual corporation to
[16][14][13][9][4][10][7][8][17]. PROSYT is an artifact based have further sub-contractors.

PSEE [7]. Each artifact produced during the process is an

instance of some artifact type, which describes its internag Distributed Process Management in GENESIS

structure and behaviour. All the routing in this model is based  Traditional workflow management systems do not
on the artifact and the operations on them. PROSYT alpoovide adequate support for the evolution of software organi-
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support is given both for the top-down and bottom-up defini-
tion of processes. These may be achieved throagitalevel
process definitionwhere an activity at one level (i.e. a super-
activity) may correspond to a sub-process at lower level: the
activity may be assigned to a different site, where it is inde-
pendently modelled in a decentralized manner, and executed.
In fact, the only requirement is that the sub-process interface
(in terms of input / output artifacts) is conform to that of the
super-activity (see Figure 1). This process componentization
also enables integration of (sub)process models in a bottom-up
fashon.

Besides super-activities, a process model can also contain
global activities, i.e. activities that can be collaboratively
performed by workers from different sites. The project manag-
er of each site who participate in a global activity is in charge
of providing the needed human resources for the activity.

'__p-'m'-ur_rl.rll-:nl

1 i
RS TRV E E shpruren ! In GENESIS the process modelling language is the same
¥ vl 5 f both at global level, to model the global software process with
CoBs 8 '““!"’O{éﬁ#}@ e the coordination of the composing sub-processes, and at local
Lo AL SITE LOCAL SITE level, to model the sub-processes at the single GENESIS sites.
In order for the system to be the least invasive, a coarse grained
Figure 1: Hierarchical Process Decomposition. definition of the process elements (activities and artifacts) has

been decided. Activities are essentially described by the arti-

facts they will produce, and freedom is left to the worker(s) to

decide how to actually perform them, in accordance with the
zations towards distributed virtual models. The main opesrganization standards.
problem remains the systematic definition of distributed proc-GENESIS provides two process modelling stages. A process
ess models and their enactment across multiple sites usitegigner may create abstract process models, through the proc-
appropriate abstractions and mechanisms. The GENESIS emgs definition tool, according to standards of the specific organ-
ronment has been developed with the aim to provide soluticiaation. Abstract process models include description of activi-
to these problems; to this end the environment providestias (including roles of people performing an activity and types
special support for a distributed scenario, from the modelling input and output artifacts) and enactment rules (or transi-
of a distributed process to its enactment. tions) that basically describe control and data (artifact) flow

Distributed projects in GENESIS requirpm@ject coordina- between activities and are expressed through the Event-Condi-

tor site managing the overall project and a number of loc@bn-Action (ECA) paradigm. Abstract process models have to
sites, managing specific project workpackages. The coordirige customized for each project by specifying project data, such
tor is in charge of modelling and executing the global proceas the actual people performing activities and the actual arti-
for the project, while the local sites are in charge of definirfgcts. Project managers can use the abstract process definitions
and executing sub-processes of that model, and concernizggtemplates to create concrete process models, through the

their own workpackages (see Figure 1). project management tool as discussed in Section 4. These mod-
The architecture of each GENESIS site includes differesis can then be executed by the workflow enactment service,

components as depicted in Figure 2: and different process instances may be enacted from the same

» aworkflow management system to model and enact sottencrete process model. Further details concerning the process
wareprocesses; modelling language are described in [3].

e an artifact management system to store and retrieve the
artifacts produced within a process; 3.2 Distributed Process Enactment in GENESIS

* aresource management system to allocate resources, iMhe need to avoid a big bang approach to process modelling
particular human resources, to a project; has been a guideline for the design of the GENESIS environ-

* an event engine and communication system to collect apnt. As underlined by the industrial partners of the project,
dispatch events raised during process management, suckhasusability of the environment could be significantly impact-
the termination of an activity or the production of an artifacted by a rigid approach to process modelling and enactment. In-

» ametric engine in charge of collecting metrics and preserndeed, an incremental approach at both activity and process def-

ing synthetic reports about the project status. inition level is required for the management of real projects.
Often the start up of a project precedes a complete definition of
3.1 Process Modelling in GENESIS the process models to be used for supporting and controlling it.

In order for companies to use, to a certain extent, their exigt-fact, for some scenarios, it may happen that the big picture
ing practices and to ensure the quality of the overall proces$,the process cannot be completed at design time because
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Figure 2: GENESIS Site Architecture.

there is not enough information for that. Thus, it is realistic tg4 ~An Asynchronous Protocol for Distributed Project
assume that the process models to be followed should be incre- Definition
mentally defined: starting from a simple model and ‘complicat- In GENESIS an asynchronous protocol has been defined for
ing’ it on the basis of the arising needs. In this respect, ttiee communication between the global coordinator level and
GENESIS workflow engine is able to enact rough defined prattie local coordinated sites during the instantiation of a distrib-
esses and facilities are offered to the project manager by thied software project. We distinguish three main phases: the
project management tool to refine the process definition at ruaneation of the project both at the coordinator site and the local
time. sites, where the resource managers associate people to the
Indeed, the model concretization process may be incremergedject and select the project managers; the definition of the
as the process can start as soon as the needed resourcesghalval process involving project managers of the different sites;
been assigned to the initial activity, and independently of tlaad the definition of the local processes, independently defined
rest. In fact, checks are made during enactment to make soyethe different local project managers.
that each activity has its resources allocated when it needs to be
started. The project manager will be notified to staff the activig/1 Project Creation
in order for the process to proceed. Most importantly, procesdt the start of a new project the resource manager of the
may be dynamically modified. In fact, facilities are provided bglobal site creates a project using the resource management
the platform to both: tool of the platform. This means that s/he selects the human
» change properties of the process instance, without changiegources allocated on the global site and the local sites partic-
the process model definition (i.e. the process map does ip#ting to the project. The allocated resources of the global site
change). For example, a change of an activity assignmemd in particular the global project manager are notified
property; through the event engine and communication system.
 restructure the process map at run-time (e.g. adding/deleting\ “Global Project Creation” event is also sent to the involved
activities), in order for the process instance to better matshies. Each resource management system of a local site auto-
the real process. matically stores the received event and notifies the local
These facilities are especially useful to handle unforesemsource manager. At this point, the local resource manager
exceptions. In this respect, it should be noted that the distribdecides the allocations of the human resources and the local
tion and decentralization of the process model through suppreject manager who are notified about. The event “Local
activities allows to restrict the scope of exceptions within theroject Creation” is sent to the resource management tool of
local sites, as long as they do not impact the border with ttiee coordinator site, to store the needed information at global
upper level process. level and notify the global project managers.
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4.2 Global Process Definition the coordination layer are realized using JSP (JavaServer
Once the global project manager has received the notificatiBages) and servlets (Tomcat being the web server), while the

concerning the “Global Project Creation”, s/he can start defiather components have been developed using the Java 2

ing the needed concrete process models for the project, startitgtform Standard Edition. The communication between the

from available abstract process models (if a suitable abstraobrdination layer and the different subsystems composing a

process model is not available, it has to be created first). TRENESIS site is based on Java RMI, while the communication

global process model includes super-activities to be assigne@ioong the different sites is based on SOAP. The supporting

local sites and global activities, carried out by groups of peopdatabase is based on MySQL Server.

distributed among different sites. Local project managers carThe GENESIS platform has been evaluated by both the

collaborate with the global project manager for the definition @idustrial and academic partners of the GENESIS consortium

the global process, as soon as they are selected by the latalifferent pilot projects. The code of the system has been

resource managers. delivered as open source software and can be downloaded from
Each super-activity has to be assigned by the project manatier SourceForge web site, <http://sourceforge.net>.

to a site participating in the project. In this case a “Super Activ-

ity Creation” event is sent to the local site together with infoAcknowledgments

mation concerning the super-activity (start and end date, artiThis work has been supported by the European Commission under

fact types, etc.). The project management tool of the local sﬁ_gntract No. IST-2000-29380, Project GENESIS (Generalized EN-

automatically stores and associates this information to t§Eonment for procESs management in cooperative Software engi-
<http://www.ist-genesis.org>).

corresponding project. The event is also notified to the projence[e”ng’
manager of the local site, as soon as s/he is appointed.
For each global activity, the global project manager sele
the sites that have to provide human resources to collaborative- c. K. Ames, S. C. Burleigh, and S. J. Mitchell. “WWWorkflow:
ly work on the activity (examples of such activities are project World Wide Web based workflow”, Proceedings of the 13th Inter-
reviews to be conducted by the global and local project manag- National Conference on System Sciences, pp. 397-404, 1997.

ers). A “Global Activity Creation” event is sent to each sit . . . )

. - L . V. Ambriola, R. Conradi, and A. Fuggetta. “Assessing Process-

involved in the' global activity together with the role and  centered Software Engineering Environments”, ACM Transac-

number of required people. tion on Software Engineering and Methodology, vol. 6, no. 3, pp.
It is worth noting that a concrete global process can start 283-328, 1998.

independently of the local process definition status (see né&t
sub-section).
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Software Process Measurement

Félix Garcia-Rubio, Francisco Ruiz-Gonzéalez, and Mario Piattini-Velthuis

The measurement of software processes plays a vital role in their improvement as it provides the necess:
quantitative basis for the identification of aspects on which to focus improvement programmes. However, tl
measurement of software processes is no easy task due to the great diversity of factors and elements invol
Thus, in order to be able to measure processes effectively and to facilitate improvement focused decisic
taking, we need to identify which entity types we want to measure. We also need to carry out measurem:
programmes that, in addition to measuring the relevant entities in isolation, enable the information obtainec
from the measurement process to be integrated and related. This article provides a general overview of tl
software process measurement, highlighting its importance in improvement focused process manageme
The relevant entities that can be measured in relation to the process are also identified and an example
given of how to measure one of these entity types: process models.

Keywords: Process Measurement, Software Metrics, Softe in order to get better products you need to have better proc-
ware Process, Software Process Improvement, Software Presses. If software processes are to meet quality requirements,

ess Model. they need to deliver the expected results, be correctly defined,
and be improved as required by business needs, which in com-
1 Introduction petitive companies can be highly changeable. These are the ob-

The improvement of software processes has become geetives of “Software Process Management” (SPM) [5] which,
of the main aims of companies dedicated to the developmémtorder to be applied effectively, should address four key
and maintenance of computing systems. The need to improesponsibilities: to define, measure, control and improve the
processes stems from the fact that the quality of a procesgiiscess. These responsibilities and the way they relate to one
closely related to the quality of the product, which means thamother are set out in Figure 1.
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Figure 1: Key Responsibilities of Software Process Management.

According to these responsibilities (which are fundamental Measurement and Improvement.There is a significant

to the successful management of software processes) in ordecorrelation between the measurement and the improvement

to improve a process efficiently it is necessary to bear in mind of software processes. Prior to improving a process, it is

the following aspects: necessary to carry out an assessment process to identify

* Process definition.This is the first key responsibility that  which aspects of the process can be improved. To do this we
must be addressed in order to provide effective managementeed to establish an effective framework to help us identify
orientated towards process improvement. To do this it is the most important entities to measure. The results of meas-
necessary to model the processes; that is, to represent tharing processes provide non-subjective information ena-
elements of interest involved in those processes. Given thebling the necessary actions for improvement to be planned,
diversity of elements that need to be taken into accountidentified and carried out in an efficient manner.
when considering a software process, the definition of soft-In this article we aim to look at improvement focused soft-
ware processes is by no means a simple task. Various megre process measurement. The following section describes
elling languages and formalisms, known as “Process Mothe most important entities related to software processes from
elling Languages” (PML), can be found in literature on tha measurement point of view. Section 3 presents a representa-
subject. The aim of these languages is to represent the vévie set of metrics for evaluating the structural complexity of
ous interrelated elements in a precise and unambiguous wsgftware process models. The final section outlines some
In a software process it is usually possible to identify theonclusions and looks at some issues yet to be resolved.
following elements or general concepts (albeit using differ-
ent notations and terms) in the different PMLs [3]: Activity, 2 Software Process Measurement Entities
Product, Resource, Organization and Role. In order to One of the main reasons for the growing interest in soft-
provide a common reference for the representation of softare metrics has been the increasing awareness that metrics are
ware processes, the OMG consortium (Object Managemargcessary for process improvement [4]. Before it is possible to
Group) has for several years been working on the develgpply improvement plans in an organization we need a quanti-
ment of the metamodel SPEM (Software Process Enginettive basis enabling us to make an objective determination of
ing Metamodel) [14], which is a generic language extendirthe strengths and weaknesses of its processes. Software metrics
UML (Unified Modelling Language) for the descriptiveprovide the base which enables us to carry out the assessment
modelling of software processes without including aspectsocess and the subsequent improvements to the processes
related to their enactment. Currently, SPEM is a specificavduated. Consequently, measurement is given considerable
tion which is expected to produce a process modellinmportance in assessment models such as ISO/IEC 15504 [10],
standard which may be as important and universally acceptiich defines a measurement process, or CMMI (Capability
ed by industry as the UML standard is today. Maturity Model Integration) [16], which includes a key process

* Process Execution and ControlA company’s software area at maturity level two called “Measurement and Analysis”.
projects should be carried out in accordance with defin&udith regard to support for the measurement process, there are
process models. It is important to be able to be in permaneeveral interesting frameworks, such as GQM (Goal Question
control of the execution of these projects (and consequeniifietric) [1][15] or PSM (Practical Software Measurement)
in control of the corresponding processes) in order to ensyit2], plus some standards, the most important of which are ISO
that the expected results are achieved. 15939 [12] and IEEE Std 1061-1992 [9]. The objective of these
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Figure 2: Process, Project and Product Metrics.

standards and frameworks is to provide the necessary referenct the planning, etc. When measuring the process, indicators
to carry out the measurement process effectively and systematreferring to the process model itself should also be estab-
ically, based on the premise that measurement must always béshed, as the complexity and quality of the model may affect
carried out in pursuit of a series of goals. The different conceptsthe execution, and therefore the quality, of the end product.
and terms involved in software process measurement can balowever, literature referring to studies performed on proc-
found in “Software Measurement Ontology” [8]. ess metrics have up to now concentrated on the measure-

According to the assessment and improvement models 1ISOment of projects and products. In an attempt to make up for
15504, CMM (Capability Maturity Model) and CMMI, when  this omission, the following section describes how to meas-
increasing the maturity level of an organization it is necessaryure a software process at a conceptual level, while present-
to establish a quantitative base which, in ascending order ofing a set of software process model metrics, and highlighting
maturity, should be focused on the process, the projects and théhe aspects of the process that can be assessed using these
products (Figure 2). metrics.

Software processes form the base from which the work of anMeasurement of the Projectis based on project manage-
organization is carried out. In practice these processes arement, which has been a mature research field for several
applied in the form of projects. Products are obtained as theyears now.
result of the performance of specific projects. Therefore, tn Product Measurement. The main reason for measuring
order to establish a measurement framework within an organi-software products is to evaluate the quality of deliverables.
zation, the following three dimensions must be taken into Much has been written regarding this subject, including
account: studies, proposals and metrics, some of which are as well
* Process Measuremenis based on the study and control of known and established, such as source code lines, function

the capacity of the processes and on the change managemepbints, or McCabe’s cyclomatic complexity.

in these processes. Process metrics are extracted by measur-

ing the characteristics of specific software engineering task§ Process Measurement at A Conceptual Level

in order to obtain metrics on faults detected before the deliv-  Since the study of process assessment has focused on the

ery of the software, defects detected and reported by egahering of data from the project in order to obtain measure-

users, human effort and time consumed, adjustments mawents relating to performance, productivity, efficiency etc.,

External Quality Attributes

affects Functionality Reliability
affects
Structural Cailiiies —» pifects
Properties f——P c gl it Understandability
omplexity Maintainability Usability I
indicates
Efficience Portability

Figure 3: Structural Complexity Model [2].
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specific metrics for process models have not been defined. "

definiti d validati ; oo f del . Metric Definition

efinition and vall atlo.n of metrics for process models .WI NA(PM) Number of Activities of the software process model
enable us to study the influence of the structural complexity
these process models on their maintainability (ease of mair| NWP(PM) ml(’)’é‘ger of Work Products of the software process

nance or change), bearing in mind that a highly complex prc
ess model will be more difficult to alter and therefore the es
with which it can be maintained will be significantly reducec| NDWPIn(PM) | Number of input dependencies of Work Products with
This will also influence process improvement which may, | the Activities in the process.
turn, affect the projects (making them more costly in terms | NDWPOut(PM) \'/\lvilimgXfc?il\j/tirt)gsdiﬁptﬁgderr:)%gstfWork Products
resources and time) and the quality of the end products. Brit , P
et al. [2] set out the principal theoretical basis for the develc NDWP(PM) gﬁg"gg{i%?jfe"denc'es between Work Products
ment of quantitative models, which relates the attributes NDWP (PM) = NDWPIn (MP) + NDWPOut (MP)
structural complexity to those of the external quality of sof
ware artefacts, as shown in Figure 3. NDA(PM) Number of precedence dependencies between

As proposed in Figure 3, maintainability can be estimati Actlvities
through a set of metrics that measures the structural proper|  NCA(PM) | Activity Coupling in the process model.

NPR(PM) Number of Roles which participate in the process

of the models in question (size, coupling, etc.). The maint NCA(PM) = NA(PM)

nance of software process models involves modifying the NDA(PM)

with the aim of improving them, correcting any errors they mé ™ gpwpin(PM) | Ratio between input dependencies of Work Products
have, adapting them to new necessities, or improving some with Activities and total number of dependencies of
their properties (such as quality). For example, it may | Work Products with Activities

necessary to correct a process model in which there are ac RDWPIn (PM) = NDWPIn (PM)

ties that do not receive input or that do not generate output NDWP(PM)
alternatively it may be necessary to improve a model by elin|"RpwpOut(PM) |Ratio between output dependencies of Work
nating unnecessary dependencies among activities. Softw Products with Activities and total number of
process models that are difficult to maintain may have a ne dependencies of Work Products with Activities

tive effect on the execution of the projects and on the quality RDWPOUt (PM) = NPWPOut (PM)

the end products. NDWP (PM)

In conclusion, in order to evaluate the maintainability of sof | RwPA(PM) | Ratio of Work Products and Activities. Average of
ware process models, it is necessary to: 1) define a set the work products and the activities of the process
metrics enabling us to evaluate structural complexity; 2) pro model.
the usefulness of those metrics by carrying out empiric RWPA (P) = NWP (PM)
studies to ensure that they can be used as indicators of m NA (PM)

tainability of the models. The following subsections present| RRPA(PM) | Ratio between Process Roles and Activities
set of metrics for process models and an example of how tl NPR (PM)

are calculated. RRPA (PM) = NA (PM)

3.1 Metrics for Software Process Models
The following metrics have been defined using SPEM tern
nology [14], but they can be applied directly with other mode
ling languages since practically the only differences are terr
nological. The conceptual model of SPEM is based on the idea
that a software development process consists of a collaborats@guence) can be used to represent the different views of the
between abstract and active entities, known as “process rolgg’hcess. The stereotypes used by SPEM (the icons in the figure)
that carry out operations called “activities” on tangible entitiesiust be added to the UML diagrams.
called “work products”. When process model metrics are estabAs can be seen in Figure 4, a software process view can be
lished two levels of impact are considered: represented using UML activity diagrams. This view includes
* Model Level. These metrics are applied to measure thie different activities, their precedence relationships, the used
structural complexity of the process model as a whole. They produced work products and the responsible roles. The
are represented in Table 1. values obtained from the metrics defined at process model level
¢ Fundamental Model Element Level (Activity, Process (presented in Table 1) can be consulted in Table 2.
Role and Work Product). These metrics are described inn order to demonstrate the practical usefulness of a metric,
other publications [6]. some empirical validation by means of experiments is required.
Figure 4 shows an example of a simplified process modelhas thus been possible to demonstrate the correlation be-
belonging to the Rational Unified Process (RUP). SPEM dotgeen the metrics NA, NPT, NDPTin, NDPTout, NDPT,
not have its own graphic notation, but as it is defined as a UNNDPA, and NCA and the maintainability of the software
profile, UML diagrams (class, package, activity, use case, apbcesses [7].

Table 1: Software Process Model Metrics.
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Figure 4: Example of A Software Process Model.

4 Conclusions and Challenges for The Future results obtained from their enactment in the form of software
This article presents a general overview of the measugojects. Finally, by means of the integrated measurement of
ment of software processes, a basic view of the managemensaftware process related entities, we can obtain the required
these processes which can be used to establish the quantitafisentitative basis from which the correlation existing between
base required for their improvement. process and product can be objectively evaluated.

Traditionally, software process measurement has focused oifhese software process modelling and measurement issues
the measurement of projects and products, but as a result ofiliebe dealt with more efficiently in the years to come thanks
increasing interest shown by software companies in the instito-the convergence of software process technology with two
tionalizing, modelling and improvement of their processesecent technologies: “Workflows” and “Web Services”.
software process models have become an important entity to b&\Vorkflow Management Systems” [17] provide support to
taken into consideration. In this article we present a represemiadelling, enactment and management of business processes.
ative set of metrics for the evaluation of the maintainability ofherefore, as some authors have suggested [13] they can be a
software process models. These metrics are useful for predicteful tool for software engineers to manage and implement
ing the maintainability of process models and provide useftiieir development and maintenance processes. In this regard,
indicators for companies implementing process improvemetiie new standards for representing processes by means of
programmes. An important future line of research in this ar@arkflows are very interesting. The best example of these is the
is the development of empirical studies to establish relatioA/orkflow Process Definition Interface — XML Process Defi-
ships between the maintainability of process models and thi&on Language (XPDL)” [18].

NA NWP NPR | NDWPIn | NDWPOut | NDWP | NDA | NCA | RDWPIn | RDWPOut| RWPA | RRPA
5 8 4 13 6 19 4 1,25 0,68 0,32 1,6 08

Table 2: Values of Metrics for The Example in Figure 4.
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The issue of process modelling in the area of Web Servides
technology has also been the subject of some study. It would be W. A. Florac and A. D. Carleton. Measuring the Software Proc-
true to say that the design of an application based on invoking ©SS- S;%t('js.t'ca'vl\jrofessl&%mm' for Software Process Improve-
a collection of web services is very similar to the design of t ment. 1SoN YVESIEY, '

business process model that the application supports. As a F Garcia, F. Ruiz, J. A. Cruz, and M. Piattini. Integrated Meas-
result, the web services community has also developed stand- urement for the Evaluation and Improvement of Software Proc-
ards and languages for process modelling: “Business Processesses. 9th European Workshop on Software Process Technology
Modelling Language” (BPML), “Business Process Specificgi (EWSPT9), Helsinki (Finland), pp. 94-111, 2003.
tion Schema’_’ (BPSS), “Business Process Exe(_:utlon Language p Garcia, F. Ruiz, and M. Piattini. Definition and Empirical
for Web Services” (BPEL4WS), and “Web Service Choreogra-  validation of Metrics for Software Process Models. 5th Interna-
phy Interface” (WSCI) are some of the most important. In this tional Conference Product Focused Software Process Improve-
regard, readers may find of interest the October 2003 issues of ment (PROFES'2004), Kansai Science City (Japan), pp.
Communications of ACM (dedicated to services orient(z[% 146-158, 2004.
computing) and IEEE Computer (dedicated to software a F.Garcia, F. Ruiz, M. F. Bertoa, C. Calero, M. Genero, L.A. Olsi-
service). na, M. A. Martin, C. Quer, N. Tondori, S. Abrahao, A. Vallecillo,
The convergence and integration of these technologies will and M. Piattini. Una Ontologia de la Medicién del Software.
provide new ways for the software engineers to perform their Technical Report, Depto. de Informatica, Universidad de Castil-

; ; _ la-La Mancha. Available, in Spanish, at
work, partu_:ularly regarding aspects related to process manage <http://www.info-ab.uclm.es/trep.php?&codtrep=DIAB-04-02-2>
ment and improvement. We should therefore expect software 540,

process models used for the development and maintenancgypf

software to be designed and managed via a Workflow Manage- IEEE. IEEE Std 1061-1992, “IEEE Standard for a Software

ment System, which in order to carry out certain automatic an% Quality Metrics Methodology”, 1992.

semi automatic activities, will call on Web services that vv_|II adt ]ISO/IEC. ISO IEC 15504 TR2:1998, Software Process Assess-
as both CASE tools (for example, a compilation SEIVICE O ment — part 4: Guide to conducting assessment. International
unitary tests) and as support for management and organization- organization for Standardization, 1998.

al activities. All this foreseeable development in future yeaf$1]

will mean that software engineers will not only have to pay ISO/IEC.1SO 15939: Software Engineering — Software Measure-
special attention to what they produce (the product) but also tq Ment Process, 2002.

how they make it (the process). And, good engineers as the J. McGarry, D. Card, C. Jones, B. Layman, E. Clark, J. Dean, and
are, they will have to measure both the product and the process. g, Hall. Practical Software Measurement. Objective Information
for Decision Makers. Addison-Wesley, 2002.
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Process Diversity and how Practitioners Can Manage It

Danilo Caivano and Corrado Aaron Visaggio

Since IT projects are unique regarding their combination of specific goals, technologies in use, anc
characteristics, providing ‘general’ processes it is not an effective solution. Instead effective and efficien
processes custom tailored to a project and based on experience collected during past projects execution ¢
required. This is in contrast with the industry practices where reuse-oriented process descriptions and goa
oriented planning are often missing. Usually a process can undergo a certain numbers of modifications, dt
to the different operative contexts in which it is executed. The modifications generate many different versio
of the process, named specialized processes. Each one of these must be managed properly in order to go
a just evolution consistently with all the others. Considered the dimension of the actual scenarios
maintaining all the processes and their specialized versions is not a trivial task. We have defined a proce
pattern based framework to accomplish this purpose. In this paper we present the framework, that we a
realizing with an Italian enterprise, and an explanatory case study we are developing within the Researc
Centre on Software Technology in Bari, Italy.

Keywords: Empirical Software Engineering, Software Engiing, improvement initiatives. As an effect, the evolution of the
neering, Software Process Management, Statistical Proceame sub process follows different directions in the same
Control. organization, with a clear disadvantage. The solution for this

problem is a formal sharing of the process knowledge, so that

1 Introduction each department can benefit from the experiences realized in

The literature proposes many kinds of processes rangiting other departments.
from business processes to software development and mainte-

nance process.

These definitions describe processes at a coarse grain: !
formalize a paradigm, as a general solution to a problem. Th
directives must be properly developed by designing proces
aiming at fulfilling specific constraints and business goals. Tt
operation is usually namespecialization or customization of
Software Proces3Vhen dealing with process specialization
three kinds of concerns should be addressed.

The first one regards thmilture of the organizatianith
culture we mean the way activities are usually performed in t
Organizations, due to: Quality System, methodology adopit
technologies used, coding standards, kinds of documentai
produced.

These factors can affect the design of one process mucl
depth, up to significantly change definition and sequence
activities also if well and precisely codified. E.g., the unit te
can be performed in many different ways if considering diffe
ent testing tools, different artifacts for reporting test beds a
results, procedures to calculate the paths to be tested and gt
lines in use. Consequently, the same task (e.g., unit test) ca
reached with different sub-processes.

Another common concern should be taken into account: |
re-use of sub-processedarge enterprises usually exploit
hundreds of processes. A typical situation is that many dep:i
ments execute the same sub process without sharing any ir
mation about it, such as: the process model, results of moni
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A third concern regards thechnology used for managingrelated work, Section 3 introduces the framework, Section 4
the processProcess management is supported by differediscusses an exemplar application of the framework, and, final-
kinds of technologies targeted to validate, simulate, and adtj; Section 5 draws conclusions.
vate the related workflow. In the same organization on the same
process different technologies can be used for the same furp- Related Work
tionality. E.qg., different workflow engines, different modelling Some researchers have been focusing their attention on
tools, different simulators. the “pattern concept”, trying to define a complete description

The three concerns are relatedPtocess Diversity1][17].  [4][5]. In [6] the authors give a definition for a software pattern:
As pointed out in [2][18], many factors, from here on called “identifies a recurring problem and a solution, describing
“diversity factors”, are essential components in forming procthem in a particular context to help developers understand how
ess diversity, and affect process management: business eftvicreate an appropriate solution. Patterns aim to capture and
ronment, technology, industrial standard, quality programexplicitly state abstract problem-solving knowledge that is
vision, budget, size, structure and culture of organization. Bxgually implicit and gained only through experience.”
coupling each diversity factor with the appropriate values, theln [7] the authors propose an approach to structure and store
actual context can be rigorously defined. This can be refermgerience in order to enable effective red3dre main idea
as the “profile of an operative context” (from here on referreaf this approach is a rearrangement and reprocessing of
to as context profile for conciseness). captured experience into quality patterns which are based on a

Theoretically, each context profile requires a custom tailorgdoblem-solution strategy.”’
process, but this implies an understanding of process variationds shown in [8][9][10], mostly patterns are applied for
and knowledge about when to use which process variants.siipporting software development lifecycle.

fact, according to [18]: This paper refers to the same well known concept of pattern
« each process alternative needs to be elicited and expliciéligd applies it to processes instead of products.
described,; As shown in the following, other authors have studied how
e process alternatives need to be characterized and cdiversity factors affect process designing and management,
strains/rules on their use need to be formulated; highlighting the need for properly customizing the software
« acharacterization of the context is needed in order to ablertidels rather than designing new ones as context profile
select a process variant. changes.

A framework for managing process models in highly varia- In [11] Sutton stateThe ability of repeating a process can
ble context profiles and for accomplishing reuse of experiencetically affect a start-up’s successThe author refers to a
acquired in previous process modelling cases is needed astaat-up company producing a family of products that the

means to make changes in a safe and economic way. company treats more or less similarly. Repeatable processes
In order to address these needs we have developed ProM&tan over the life cycle, including development, quality assur-
The key ideas are: ance, documentation, and trainifiln such case specializing

1. touse aframework based on process patterns (a tuple preadily processes and test plans is more useful than customiz-
lem-solutions) to manage process diversity and thus to faog processes and plans for each product-family member. You
process customization in an effective way. Given a prolban apply some technologies in various ways in many contexts
lem, that is a product or a service to be delivered, tlaad reuse them as the organization and its processes evolve”
pattern allows process engineer to associate a family $fitton doesn’t recommend adopting procedures, technologies,
processes, each of them corresponding to a process varamd protocols for one product or life cycle phase unless special
of the root-process, as its solution. The root-proces®eds exist or they can be reused for other products or phases.
describes the more generic solution. On the other handln [12] how process diversity affects the field of software
each variant represents a specialization of the root-proceesse is explained. The authors have focused on the reuse proc-
with respect to a specific context profile; the overall set esses applied to four companies; during this work they have
variants encloses those ones that have been experimeritihtified the reuse process characteristics for each company:
till the current moment. reuse approach, reuse technology, reuse processes and roles,

2. to define a package of functions for managing the reposihich develop assets, when assets are developed, reuse proc-
tory of the defined patterns. The package contains the fumsses added, non-reuse processes modified. All these parame-
tions mainly corresponding to the phases of the proce®ss can be used to tailor a reuse process to the particular organ-
pattern management process and spans its entire lifecy@ation according to its specific characteristics.

The framework was presented in [3] and now the authors arén [17] several articles are presented that show how process
driving the realization of its technological support within aiversity affects software maintenance and the need for
company operating in the field of Enterprise Resouraaistomizing maintenance process to context characteristics.
Planning. In this paper we will present the framework togetherFinally in [18], the author presents a tool-based technique for
with an explanatory case study we are developing withicustomize a process model to project constrains.

Research Centre on Software Technald®pyri, Italy. We will All these works motivate researchers and practitioners to

also discuss the problems we are coping with during its proddarther investigate this area of interest.

tion. The paper proceeds as follows: Section 2 presents some

60 UPGRADE vol. v, No. 5, October 2004 © Novatica


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

cp The activity of tailoring a process model consists in special-
izing a process model to the context profile of interest. Formal-
ly speaking, given a process model pPM is necessary to

2 define the context profile in which the process,Rin be
PM, executed. By establishing the proper valueg & each diver-
@ CPR, sity factor [DF];, the correspondent context profiles may be
obtained: CP, CP,, CP;, ..., CR,. As a consequence the RPM
is modified in order to reflect the differences among the diverse
cp context profiles. For this reason, a reviewed version of the orig-
n

inal process model can be associated to each context profile,
determining the specialized processe§;SBR,, SRg3, ...,
Figure 1: Specializing the Process Model. SR, In Figure 1 this concept has been depicted.
3.2 Process Patterns

Starting from the problem to solve, a process pattern should

ProMisk Framework show an initial solution, represented by Pdhd the path of
The PromlIsk framework can be summarized as followactions (mainly process fragments) to be applied in order to

given a process PM from here on calledoot-process a obtain the correct §Paccording to a specific G:Rn this way,
specialized process gis defined as SP=f(PM,,CR); where  the ProMisE Process Pattern expresses the pair problem-solu-
f() is the mechanism, GHs the context profile dictating tions for defining a family of solutions (the variantsS# the
specialization needs and the consequent specialization actid?ig,) related to a problem. It should present the following
Each specialized process is a variant of the correspondent pelements:
ess model. This was necessary in order to adapt the latter tdaane: identifier of the pattern.
specific context profile. A context profile is a set of instantiatderoblem: description of the problem supported by the pattern.
diversity factors DF The generic Dfwhere i=1...n is a diver- Process Model (PN): the root-process model for which the
sity factor having a definition domain [B&{Fl;, Flip, Fliz,...  specialized ones are created.
Fli}. Fli where h=1...k is a factor instance of [PfEet's de- Decision Model:the decision model defines the path of actions
fine a generic characterization of CP, indicating={IPF ,];, ~ for specializing the PMaccording to a predefined CP
[DF,;, [DF3];,... [DFylj} where [DF]; is a factor instance 51 Solutions: the specialized processes,SP
0 [DF] with n= number of diversity factors included in CP Relationships:they consist of other process patterns X Btat
After that, the concept of@ntext profileean be generalized as specialize the current one. These patterns refer to sub processes
CP={CP,,CR,,CP;,...,CR} whereJi,jlJ[1,N] : CR#CR,. that detail an S phase.

This characterization allows to explicit and formalize th&xperiences:experiences reported in using the pattern.
diversity among the processes that usually result as implicittach specialized process (JRontained in a pattern can

information within the same processes. also have relationships with many other patterns. This can
occur when a SPs phase is detailed by a sub-process associ-
3.1 The Framework ated to a pattern.

The framework consists mainly of a collection of process Every time a pattern refers to other patterns, the last one
patterns (association between a problem and a family of sotletails the first one. If a given pattern doesn’t refer to other
tions) and a package of functions to manipulate the processes, then it is either at its highest level of detail or it lacks a
patterns. detail pattern.

It provides the process engineer with a mechanism thatThe Decision Model can be represented by using a variant of
given a starting problem, allows to: a decision table that emphasizes which actions must be accom-
1. choose the candidate root-process model solving the prplished on the process model for specializing it to a context

lem when present in the dedicate database; profile:

2. identify all the process model’s variables allowing thé&. the conditions represent the diversity factors (DF), i.e. the
process model be specialized, if necessary, to diverse features of the context profile in which the process will be
context profiles; carried out;

3. guide the process engineer in choosing the suitable varidnt the actions represent the “specialization action” to be
(of the root-process) for the context profile mirroring the —accomplished in order to obtain a specialized procegs SP
real world environment, by using a decision model that of the PM;
points out the changes carried out on the beginning pra- the rules (represented by the columns) merge a combina-
ess. tion of factor instances [gl(expressing the context profile

A process model describes a set of methods, practices, skills, CR) with the specialization action to perform, in order to
tools and the relationships among them to define a product or a obtain the appropriate JHor the context profile GP
service with a certain degree of quality. Continuous reuse of a pattern will most likely provide the

organization with three fundamental advantages.
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First of all, like all other patterns, it is easily traceable withiafter pattern, until having explored all of them. The result is a
the repository because it is characterized according to the prepecialized process within the operative context having the
lem it refers to, and at the same time it probably correspondsiighest possible level of detail according to the knowledge
the problem the process engineer is trying to solve. stored in the experience base.

Second, pattern reuse may highlight variants that haven’t
been forecasted in the context profile that the decision model Case Study
based on; in this case the model itself is extended with the The framework presented in the previous sections has
unexpected context model. Therefore, the pattern with reuseen applied, through a case study, to formalize the experience
extends the number of variants it refers to and consequenthatured by industrial projects with the aim of clarifying how
becomes more complete. the framework can be used in practice. In particular, acquired

Third, it may point out that a variant can be formalized in lenowledge in previous years within the Software Engineering
more appropriate way within the context it refers to. ThiResearch Laboratory (SERLAB) projects is related to extraor-
increases the pattern’s efficacy and extend the process knadirary maintenance of software systems. For further details see
edge. [14][15][16].

According to what has been previously mentioned, a patterr_egacy system rejuvenation is straightforward according to
is a collector of knowledge generated by various sources aradious factors: goals, budget, resources, economical value and
transferable independently from who generated it in firguality of the legacy, and so on. When rejuvenating an aging
person. In other words it is an experience package. For thisstem, one or more types of renewal processes are used. For
reason, ProMisk framework can be considered itself as imstance:reverse engineeringnalyses a subject system to

experience base [13]. identify its components with their inter-relationships, and to
create a representation of the system in another form or at a
3.3 Functions higher level of abstractionestructuringimproves the structure

We have defined the main functional requirements that tloé a program automatically, without taking the program pur-
technological support of the framework should own. In thisose into accountestorationimproves the structure of pro-
section an overview is provided. The functions related to tlygams, and of data according to their meaning in the programs;
management and use of the pattern in the experience base@eagineeringxamines and alters a subject system to reconsti-
listed below. tute it in a new form with improved quality. This may include

Pattern Creation.This function must be used when a newnodifications with respect to new requirements not met by the
problem arises. All the components of the pattern must beginal systemrehostingrefers to migration of the system to
defined. Particular attention must be paid in defining the rela-different architecturenigrationinvolves changing the soft-
tionships that may exist between the pattern just created andwlaee environment the legacy system runs on Chifosky (1990).
other ones already stored inside the experience base. WheBefore deciding the most appropriate combination of renew-
necessary, the process engineer must update or create the déprocesses to use, some preliminary activities must be carried
sion model from scratch and describe how the new patternoigt:
linked to the context profiles involved. » Portfolio analysis: consists of the analysis of system’s

Update Pattern.This function modifies a pattern already capabilities to be taken into account for the maintenance
present in the repository. A modification can consist in adding process.

a context profile; adding or deleting a factor instance in a diver- Quality Assessmentthis activity identifies the quality level
sity factor included in the pattern; modifying the specialization of the existing system and that of the modified one.
actions or the rules of the decision model; adding new relation-Economy Evaluation:this assessment helps understand the

ships etc. cost and return of modifications.
Select Patternlt selects the pattern corresponding to the Risks Assessmenthis assessment is headed to identify and
problem that the user needs to solve. mitigate risks.

Generate Process Modé\fter having selected a pattern we These activities are necessary for deciding the renewal proc-
have identified a process model (PM) and its variants; froess to adopt according to the improvement goals of the process
here on referred to as root pattern. By assigning values to #rel of the constraints of the project.
diversity factors, the changes that must be carried out on PM'he project goals considered within the case study are
are identified. This allows to produce a more specific procedsscribed as follows:
model (SE)) for the operative context GRAIso, with refer to Diminishing the cost of application administration.There
the combination of values of the diversity factors, the decisiaga vast variety of cost sources in maintenance process; it is not
model may identify one or more patterns ;jRRe process is possible to consider all of them, because some are specific to
related to. Each of these patterng ¢dPresponds to a family of the Organization; others are hidden or difficult to identify, such
variarts of a process detailing an,s€omponent (for example, as: transfer of knowledge, distance between the supplier of
an SK; phase). Thus throughout the relationships, the rootanagement services of the software system and the organiza-
pattern is specialized in further levels of detail leading to thi®mn using the system.
specification of another process ,gPdetailing SE;. This Pat of the cost taken into account are: Cost price of the soft-
mechanism goes on throughout the relationships chain, patterare System; Cost of maintenance and operation of the system:
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Figure 2: Root Process.

this includes also the costs for human resources and the relatiw¢gher project documentation. In order to reach this objective
logistics involved in the activity; Cost of assistance, basically restoration process is used.

refers to the cost of the experts; Cost of diffusion of knowledgeUpdate system’s documentationWwhen modifications are

of the package to maintainers, managers, assistants and usemjght on the code, the system documentation must be prop-
Cost of the hardware and software platforms necessary &ty modified, in order to keep it aligned with the code. We
using, managing and maintaining the software system; Costoéan all the documentation: requirements specification, analy-
coping with bad or incomplete functioning of the softwarsis and design documentation, user manuals, test beds. In this
system. case reverse engineering is needed.

Relying on experiments developed in industrial settings itFinally, when the legacy has a poor documentation, a low
results that each cost of those listed before can be reducedjbslity level, a low economic value and the previous improve-
activating specific maintenance activities (re-engineeringjents are all required, it is probably more conveniekitite
rehosting, reverse engineering, restructuring). the system from scratcWhen Rehosting, Migration, Restruc-

Improve engineering features of applicationWhen ana- turing, Restore, Reengineering or Write from Scratch are
lysing a system it is possible to consider different detail levelsxecuted, the Equivalence test is required in order to assure the
The two main ones are the code’s structure and the engineeragivalence between the legacy system capabilities and
features. The latter refers to the general organization of ttenewed system capabilities.
system, including the division in modules, the relationshipsin Figure 4 the process pattern of extraordinary maintenance,
between them, the data access and updating. The forngeitlustrated. In the following a brief description is given:
regards more directly the intrinsic quality’s aspects of the coce.Name: Renewal of legacy system
This goal often requires the legacy to be reengineered. NeteProcess Model (PN): it describes the core activities of a
that reengineering may also include some types of reverserenewal process and the artifacts exchanged between proc-
engineering followed by restoration or restructuring in order to ess activities. There is also an activity named “renewal” that
make the system more evolvable in future. is further refined by using decision model. The root process

Change the application deploymentA maintenance proc- is depicted in Figure 2.
ess can require new capabilities of the development enviren-Problem: evduate degradation and rejuvenate an aging
ment, in order to be executed properly and successfully. Suchsystem.
improvements can refer to, e.g., configuration management,Decision Model: the decision model defines the path of
development or maintenance environment, hardware settingsactions for specializing the BMiccording to a predefined
print management, and others. This often requires rehosting. CR. The decision model is structured as follows: in the gray

Change the middleware in useSometimes, in order to  part there are 7 diversity factors Dthat represent the
rejuvenate the legacy system (for example to be able to adapt tpossible goals of the Extraordinary Maintenariiennish-
new technologies, peripherals, services, ...), the modificationing the cost of application administration; Improve engi-
of the middleware of software system is required and thusneering features of application; Change the application
migration is needed. deployment; Change the middleware in use; Improve code’s

Improve code’s structure. This activity aims at improving  structure; Improve readability and understandability;
the quality factors of the code itself, such as coupling, cohe-Update system’s documentatjoiihe factor instances ifl
sion, pollution, lexicon, and modularization. This goal is often correspond to the possible values that adaR assume. In
reached by using restructuring. this case they consist'iN” or“N” that indicate the need to

Improve readability and understandability. In order to reach the correspondent maintenance goal. In the white part
achieve a high quality maintenance task, programmers must beéhere are the 12 sub-processes that can be selected for prop-
able to understand the code directly from the listing. Considererly specializing the “renewal” activity of the root process.
that the programmer works basically on it, also if he could use The symbol “X” indicates that the extraordinary mainte-

nance process must include the correspondent sub process

© Novatica UPGRADE vol. v, No. 5, October 2004 63


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

(q) "uisned ssao01d doueusiulely Aleuipioenx3 :p ainbi4

[911[S11IpL] u payuasald aue sjielap a0 ‘s1oafoid [lemaual [eiaAas Bulinp pajas||0d adusLadxa ay) Jo Jnsal ay) si uiayed siyl :SFIONIINIdXT

X X X X X X X X X X X X

X

X

x | x| x| x uonen|eA3 sty

X

- x| -1- Buussubiussy

Buneauibug asianay

X

X - - - X - X - X - X - X
X
X

2l0])s8Y

Bunnjonisay

X X X X X X X X X X X

X uolen[eA olWouoo

X | X | X | X

X | X | x| X

X X X X X X X X X X X

X | X | x| X
X | X | X | X
X [ X [ X | X | X

X JusWssassy Alfeny

SdIHSNOILY T3

@Nﬁn_w

mNF&w

—Nn_m

645

5ds

7dS | S | %S | 'dS suonn|og

mNFn_w

m_&w N—n_w :n_w an_w

X UoJeIos WoJj SYIM 2L

uonenjeAs ¥siy “Li

159] 9dusjeAinb3g Q|

Bueaubiusay ‘6

X[ X[ x| x

X | X | X | X

X | X | X | X

X[ X [ X | X

Bunsauibug asianay g

I
>
|
X | X | X | X|Xx
I
>

210)S8Y */

x
>

Buunjonsay ‘9

uonelBIN °g

Bunsoyey "y

JUBLISSESSY OILIOU00T °E

Juswssassy Ajenp “z

sisAeuy 01j010d °|

=Z | < | x<|x

> =< =[x

=Z | < | x<|x

> < [>x<|[x

Z | X< | x| X<

> | < [x<|x

=Z | <[ x| x| x

> [ < [>x<|[x]|x

Z | X< | x| x| x

> <[ x<|x|x

Z | X} | x|x|x

> [ < [>x<|[x]|x

Z [ < [x|[x]|x

> <[> |[x

=Z < [>x|[x]|x]|x
> <[ x<|x|x]|x
Z | X | X} |x|x]|x
> < [>x<[x]|x]|x
Z < [x|[x]|x]|x
> < [>x<[x]|x]|x
=Z < [>x<|[x]|x]|x
> [ [>x|[x]|x]|x
Z | X | X |X|x]|x]|x
> <[> [>x]|x]|x]|x

Z | X | X | X | X|[Xx]|X

> <[> |x|x]|x|x

Z | X | X | X[ X |x]|x]|Xx
> < [x[x|x]|x]|x]|x
Z | X | X |X|X|xX|x|x]|Xx

> =< [=<|[x=

uoieayjdde jo saunjes) buussuibus anoidwj “/

uoljejuswnaop s,waysAs ayepdn ‘9

A Ajjigepuesiapun pue Ayjigepeas aroidwj G

A 2INjonys $,9p0d anosduw| y

asn Ul alema|ppiw abuey) ‘g

1swAojdap uoneolidde sy} sbuey) ‘z

Z|1Z|Z|=2

uoljessiuiipe uopealdde Jo 1s00 8y} Buysiwiq |

aouejsuj 10joe4

siojoe4 Ayisianig

T13dON NOISIo3a

wajshs Buibe ue ayeusanlal pue uonepe.biap sjenjeas o) :wajqoid

wajshs

8.BMYJ0S
[nyasn

wajshg
pamauay

[emausy

wajshg
alemyos
pajenjeAd

$J0J0e4 dlWou0dg Ewuw\Am
2lemyos

Injasn

sishjeuy
Oljojiod
washg
alem)os
Aoebo

soueuBUIEyy AleuipioeixT :]opOIN SS890.d

waysAs £oeba) Jo [emauay ‘awepn
ulajed ssadsoid

© Novatica

64 UPGRADE vol. v, No. 5, October 2004


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

Quality Factors

Legacy
Software System
- Evaluated
System Quality \ Quality Software
Assessment

System

Portfolio

Analysis Test Cases

Risks
Evaluation

Useful
Software
System

Rehosting

Rehosted
System

Economic
Assessment

System
Value

Economic Factors

Equivalence
test

Restructured
System

Restructuring

Renewed
System

Figure 3: Specialized Process SP24.

reported on the same row. Thus, each column contains thesource of experience is represented by the references
specialization rules to obtain a specialized versiog & [14][15][16] included in the bibliography.
the PN, on the CR In Figure 3, only a part of the decision
model is presented. It includes a total 6£228 rows that 5 Discussion and Conclusion
correspond to the different GBonsidered. The innovative part of ProMisE consists in keeping an

« Solutions: The decision model individuates 128 differerdxperience base updated by recording the continuous changes
SPxj of the root process RMAs an example, let's consider in the real world. The major advantages in using ProMiskE can
the case of the column 24: the context profile ibe synthesized in the next two points:
CP~{Y,Y,N,Y,N,N,N i.e. the goals of the correspondentl. To improve the comprehension of the characterization.

specialized process are: Over the time, the Organization implementing the process

« Diminishing the cost of application administration, can better detail the set of operative contexts, by adding (or
¢ change the application deployment, deleting) some DF or by adding or deleting some Fl. It is

* Improve code's structure easy to imagine which sort of chain effects this has on the
The rule on the column 24 dictates that the,SRust experience base: all the patterns and the decision models
include the following activities: involved must be appropriately changed.

* Portfolio Analysis, 2. Toimprove the comprehension of the relationship between

¢ Quality Assessment, the characterization and the specializati®@ome evolu-

* Economic Evaluation, tions in the actual operative context can lead to choosing
¢ Rehosting, another specialized process segment for the context profile
¢ Restructuring, CP rather than the current one recorded in the experience
* Equivalence Test, base.

¢ Risk Evaluation. Processes are adopted in frequently changing environments;

The resulting specialized process,siB showed in Figure this condition leads to expensive and complicated process
3. The rational for specialization was elicited from [14][15}ailoring, deploying money and consuming time to ensure
[16]. stability and avoiding lacks of capability.

« Relationships:this section specifies other process patternsGiven a problem and a first solution for it, thanks to the
(PR) that specialize the current one. These patterns refercimncept of patterns, ProMisk allows to specialize the initial
sub processes that detail an,Sphase In the case of thesolution according to the context in which it will be used.
SP,, 0f the pattern in Figure 4, in order to obtain a fully speFurthermore, it points out all the changes made throughout the
cialized process the following PP need to be further consisecialization process. In this way it addresses for reusing

ered: experience.

¢ Quality Assessment, ProMisk aims to extend the well known concept of pattern
* Economic Evaluation, and more precisely it wishes:

¢ Restructuring, 1. To create afamily of solutions for a family of problems just
* Risk Evaluation. starting from specific pairs problem-solution. This allows

« Experiences:indicates the source of experiences used to the process engineer to apply the work and the knowledge
define the pattern or projects executed by using the pattern developed in specific experiences to many other different
considered. For what concerns pattern in Figure 4, the ones, but placed in the same family of process-solution

pair.
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2.

To continuously enrich the experience base by propeiB]

modifying the decision models and the process patterns as
real world evolutions occur and consequently to make the

organization more capable to face process diversify

problems.

We are realizing the system in collaboration with a company
operating in the field of Enterprise Resource management.

Some problems have been highlighted and are discussed in
the following. 8

First of all the management of experience is a centraI]
concern. The knowledge base of the system grows as the IEEE Software Vol.18, N°.5, IEEE Computer Society, Los Alam-
captured experience increases. The experience needs to beltos, September/October 2001, pp. 71-76.
elicited in the appropriate way by the field. This is not a trividP]
issue, if considered scalability and competence of the process
engineer. The competence of the process engineer regardscomputer Society, Phoenix, Arizona, October 1999, pp.
basically the experience to be stored (too much can create 314-315.
pollution in the base, and if it is not enough it can make usef(i0]
ness the effort of maintaining the system).

Scalability is another problem to be faced; as matter of fact,
decision models can grow very fast. An excessive growth can jtaly, September 1999, pp. 310-314.
affect usability of the system (navigation between the decisifii]
tables, comprehension of the content of decision table) and the S. M. Sutton, Jr., “The role of process in a Software Start-up”
maintainability of the system (validate consistence of the data

and identify the impact of the changes). [
Finally, packages of integration should be properly defined i

12
n

T. Winn, P. Calder, “Is this a pattern?”, IEEE Software Vol.19,
N°1, IEEE Computer Society, Los Alamitos, January/February
2002, pp. 59-66.

F. Houdek and H. Kempter, “Quality Patterns — An approach to
packaging software engineering experience”, Proceedings of the
1997 Symposium on Software Reusability, ACM Software Engi-
neering Notes Vol. 22, Num. 3, ACM, New York, Mai 1997, pp.
81-88.

P.W. Fach, “Design Reuse through Frameworks and patterns”,

L. Rising, “Patterns in postmortems”, Twenty-Third Annual Inter-
national Computer Software and Applications Conference, IEEE

M. Fredj and O. Roudies, “A pattern based approach for require-
ments engineering”, 10th International Workshop on database &
Expert Systems Applications,. IEEE Computer Society, Florence,

IEEE Software Vol.17 N°.4, IEEE Computer Society, Los Alam-
itos, July/August 2000, pp. 33-39.

]
M. Morisio, C. Tully, and M. Ezran, “Diversity in Reuse Process-

order to create an appropriate process by the combination of the es”, IEEE Software Vol.17 N°.4, IEEE Computer Society, Los
single components. Parameters to be used in the packages musf\lamitos July/August 2000, pp. 56-63.
be identified properly, values must be defined and the coupi%%]

parameter-value have to be updated when needed. From the

V. R. Basili, G. Caldiera, and D. Rombach, “The Experience Fac-
tory”, Encyclopedia of Sofwtare Engineering — 2 Volume

realization of the system we aim at elaborating solutions for set 1994, pp. 469-476.

these problems and validating them by their application.

[14]
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Data Architecture

A Disquisition on The Performance Behaviour of Binary Search Tree Data Structures

Dominique A. Heger

From a performance perspective, applicastructures support 2 primary application catedhreaded red-black tree environment. Of the
tions and operating systems are faced with thgories. First, they may represent hierarchicaliscussed data structures, the AA and the red-
challenge to store data items in structures thagtructures and second, they may be utilized twack tree represent balanced structures,
allow processing fundamental operationsmplement efficient data storage and retrievathere all the individual operations (insert,
such as insert, search, or remove constructaechanisms. In a generic setup, the individuaémove, search) are bounded by an asymptot-
as efficiently as possible. Over the years, tiee components consist of 3 fields. First, & upper bound o®(log n) In the case of the
variety of structures have been proposediata field that holds the key. Second, a pointéneap, the radix, and the skip-list implementa-
focusing on the efficient representation ofo the root-node of the left subtree and third, #on, the underlying unbalanced binary search
data items. Some of the structures includgointer to the root-node of the right subtree. ltree structures result in performing the indi-
direct addressing schemes such as hasluch a tree representation, NULL-pointersidual operations in an expected time com-
tables, while others incorporate comparisorindicate empty subtrees, and the argument catexity of O(log n)as well. With theses 3 data
schemes such as binary search trees. THi® made that this representation is not spacgructures though, an ergodicity d@(n)
study briefly elaborates on the internal charefficient, as most of the pointers are referenexists. Some other tree constructs such as
acteristics of 5 tree-based data structures anithg NULL. An alternative to such a design isAVL trees [5] or hash-based solutions were
focuses on their performance behaviouknown as a threaded binary tree structure,ret incorporated into this study. The reader is
under various workload conditions. The contree construct that utilizes the space more afeferred to [27] for a comprehensive discus-
ducted empirical studies revolve aroundectively [12]. Instead of pointing to NULL, sion on dynamic hashing.
expected run-time performance, as well athe leaf node pointers are linked to expedite
key-comparison and rotational behaviour.lookup and tree traversal operations. In gene2-Red-Black Trees
The goal was to identify the most efficient datal, the challenge faced is to differentiate Binary search trees perform best when they
structure under different workload scenariosamong the high-level tree features and operare either balanced, or the path length from
The 5 data structures chosen for this studyons, as well as the representation model, the root to any leaf node is within some
represent 2 balanced (AA and red-black) andn effective way that does not break the algtounds. The red-black tree algorithm repre-
3 unbalanced (treap, skip list, and radix)rithms. Another venerable issue is that the trezents a method fdrvalancingtrees [5]. Red-
binary search tree implementations, respedalancing mechanisms (the maintenandaack trees are a variation of the classic binary
tively. operations per se) are from a performance

perspective rather expensive, as well as com-

Keywords: Data Structures, Performanceplex to implement. The goal of this study wa:
Binary Tree threefold. First, to quantify the performance

behaviour of the red-black, the AA, the treap
1 Introduction the skip-list, and the radix tree data structure

Binary search trees are the most basic (noonder varying workload conditions [5][17]
linear) data structures utilized in the realm of20][21]. The focus was on implementation
application and operating system developsomplexity, expected time complexity, key
ment. Their wide range of applicability can becomparison, as well as on the restructurin
explained by their fundamentally hierarchicalbperations (in the case of the 2 balanced bin
nature, a property induced by their recursivey search tree implementations). Second, 1
definition. A binary tree structure can beanalyse the impact that some rather simp
defined as a finite set of nodes that are eitheonde-changes in the treap implementatio
empty or consist of a root and the elements dfave on the key comparison behaviour. Thirc
two disjoint binary trees, referred to as the letb quantify the performance delta of the tre
and right subtrees of the root. Binary tre¢raversal operation in a threaded and a no
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search trees (BST) that utilize a rather effistack free solution that is beneficial if lookug Operation Time Complexity
cient mechanism for keeping the tree irffind) and tree traversal operations domina Find/Search/Access Oflog 1)
balance. The name derives from the fact th#fte workload.

each node is coloure®d or black and that Insert O(log n)
the colour of the node is instrumental in dete AA-Tree Data Structure Delete O(log n)
mining the balance of the tree. During insert Andersson [1] introduced the AA-Tree ["Roi oo per update 2

and delete operations, nodes may be rotateddesign in 1993, as basically a quest to prese

maintain the tree balance. In general, bothew maintenance algorithms for balanced tre Update _=r00t(ss5UbtreeS Olear)

awerage and worst-case search time complestructures. Additional work by Weiss (1996 —
ity equals toO(log n) More specifically, the resulted into a much broader dissemination « | Update —rot. subtrees | - O(logk+1*n)

red-black tree design incorporates the follonthe AA-Tree design [21]. The AA-Tree is = Ofs log’k s)
ing properties: considered as a simpler to code variant of tt | Joining 2trees (sizesm | O(log max{m,n})
1 Every node is coloured red or black red-black tree and satisfies the following &n)
2. The root node has to be black properties: Splitting a tree (into | O(log max{m,n})
3. Every leaf is a NIL node, and is coloured.. Every node is coloured red or black size m & n)
black 2. The root node has to be black
4.1f a node is red, then both its children ar8. Every leaf is a NIL node, and is colouret Table 1: Treap Performance
black black Characteristics — Generic Operations.
5. Every simple path from a node to a ded.If a node is red, then both its children ar
scendant leaf contains the same number ofblack
black nodes 5.Every simple path from a node to
The number of black nodes on a path from descendant leaf contains the same numbeperations are part of the AA insert and delete
the root to a leaf is known as thiack-height  of black nodes maintenance set. All the unbalanced situa-
of a tree. The properties mentioned abow. Left children may not be red. tions that are imaginable in an AA-Tree based

guarantee that any path from the root to a leaf The advantages of an AA-Tree desigiscenario can be eliminated by a sequence of at
is no more than twice as long as any other. Alcompared to red-black trees) are that half thmost 3 skew and 2 split operations, respec-
operations on the tree must maintain the propestructuring cases are eliminated, and thavely. This statement holds true based on the
erties listed above. In particular, operationthe delete operation is substantially simplifact that the maintenance work may affect a
that insert or delete items must abide withified. In other words, if an internal node hagigher level, and therefore has to be propagat-
these very specific rules [5]. The amount obnly one child, that child has to be a red rightd upward in a recursive manner. The fact that
memory required to store a red-black nodehild. Further, it is always possible to replacéhe left children may not be red greatly simpli-
should be kept to a minimum. This is especiak node with the smallest child in the righfies the delete operation (compared to the red-
ly true if many small nodes are being allocatsubtree, as it either will represent a leaf nodadack paradigm), and therefore an AA-Tree
ed. In most cases, each red-black tree nodeit will have a red child. In the AA design,solution should be considered if delete opera-
has a left, a right, and parent pointer. In addihe balancing information is stored in eachions represent a significant portion of the
tion, the colour of each node has to be recordode aghe level The actual level is defined actual workload profile.

ed. Although this requires only one bit, mordoy the rules that (1) if a node is a leaf, its level

space may be allocated to ensure that the sigeset to 1. (2) If a node is red, its level equal$ Treap Data Structure

of the structure is properly aligned. To reiterto the level of its parent. (3) If a node is black, A treapis the basic data structure underly-
ate, on a static red-black tree implementatioits level equals to 1 less than the level of itsig randomized search trees. The name itself
the operationsminimum maximum search parents. The level represents the number oéfers to synthesizing a tree and a heap struc-
successqrpredecessorcan be executed in left links to a NULL (or NIL) reference. The ture [5], [19]. More specifically, assuming
O(log n)time. Tree maintenance operation®\A design further introduces the term horithat x represents a set of items where each
such as insert or delete require dynamigontal link, in the sense thaharizontal link item is associated withleyand apriority. A
changes to the tree structure, and thereforepresents a connection between a node antteapfor a setx represents a special case of a
require rather sophisticated implementationshild with equal levels. In other words, hori-binary search tree, in which the node set is
to meet the@(log n)time criteria. It has to be zontal links can be referred to as right refer-

pointed out that a simple rotation is beingnces.

executed inO(1)time. A threaded (red-black) Based on the AA design, (1) it is not possi
search tree represents a data structure whéte to have 2 consecutive horizontal links il

the un-utilized child pointers are used to poirthe tree. (2) Nodes at level 2 or higher have Operation Time Complexity
to either the successor (right child pointer) odhave 2 children, and (3) that if a node has Insert with handle o(l)
the predecessor (left child pointer) nodesjght horizontal links, its 2 children have to be [ pejete with handle o(1)
respectively. From an implementation perat the same level. Compared to the red-blas .

. . : . Finger search over O(log d)
spective, the pointers have to fleggedto tree implementation, the vast number c distance d

disclose if they represent a normal or a threadebalancing cases is simplified in the A/
ing scenario [5]. One of the benefits of threaddesign by utilizing two rather simple mainte:
ing a tree structure is that it is feasible to prosiance operations labelled skewand split.  Note: handle, finger, split, and join operations
ess an in-order traversal in constant space, Ese skew operation removes left horizonte"duire additional pointers.

it is not necessary to remember the entire palinks, whereas the split operation address:

from the root to the current position. Therethe issue of removing consecutive horizont: Table 2: Treap Performance —

fore, a threaded tree structure representsliaks (that are by design not allowed). BottAdvanced Operations.
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560000 Inzan Oparstion - Descending Osdar !<eys inxlarg smaller thqn the keysthergfore the conclusion that the time com-
s108 b ' in x2. The implementation of the plexity equals toO(log n) The number of
T b join operation creates a dummydownward rotations during a delete operation
? 41—:& ' root item, where the left subtreeequals to the sum of the length of the right
2wk a0 L consists okl and the right subtree spine of the left subtree gf and the left spine
5 Y representg2. In a second step, theof the right subtree ok, respectively. A
é T join operation performs a delete orscenario that (in expectation) + 2 for a
I - 5 the dummy root item, finalizing randomized binary search tree.
g Yk 2100 the combined treap structure. In
some circumstancesdiandles or 5 Skip List Data Structure
0 i | fingersare being used to expedite A skip list represents an ordered linked list,

2 5 some of the maintenancein which every node contains a variable
5000 X X El}f tp. X rd X sk i:é,::',:,:, operations. To illustrate, in thenumber of links to other nodes in the structure

. T case that a handle is referring to §13][16]. To illustrate, the™ link of a given
Number of Nodes Le . . . .
S specific node, deleting the node node points to subsequent nodes in the list,
¥ 44 Tems can be accomplished by onlyand by design, skips over some number of
Trzp rotating it down into a leaf position intermediary nodes. Therefore, these skipped
—&— Radix

and freeing the item, circumvent-nodes have fewer than n links associated. As
ing the otherwise necessary searcmost nodes have a variable number of links, a
operation. In a similar fashion, toskip list can be referred to as a collection of
insert a new iter where a handle linked lists of different levels. In order to
to either the successor or the predquickly traverse the structure, seeking for
ecessoy of nodex s available, the some target key, the search operation seeks on
arrangedn order (in respect to the keys) assearch for the location farcan start at the ref- the upper level list until either the target data
well as inheap fashion(in regards to the erence poiny (instead of at the root item). is encountered, or the operation locates a hode
priority). Further, assuming thatrepresents The termfinger searctor a node y in a treap with a key that is smaller than the target. At
the treap structure storing a set of iterms refers to following the unique path between this point, that particular node links to a sub-
Given the scenario where the key of an item &ndy, where nod& incorporates a handle thatsequent node. In this case, the search contin-
known, the location in can easily be deter- points to it. Another aspect of treap impleues by repeating the same procedure (now
mined via a simple search tree algorithm. In mentations is that split and joint operationstarting at the node that incorporates the
treap, the access or search time is proportiornzdn be processed more efficiently if handlesmaller value than the target) and by continu-
to the depth of an element in the tree. Aare available to the min and max key items, réag on the skip list. Skip lists can be consid-
insert of a new iterzinto t basically consists spectively. A randomized search tree thared as a probabilistic alternative to balanced
of a 2-step process. The first step consists storesitems reveals the expected asymptotitrees.

utilizing the item’s key to attach toat the upper bound time complexity (see Table 1 and Skip lists have balance properties that are
appropriate leaf position and second, to uskble 2). similar to the search trees that are built via
the priority ofzto rotate the new entry up in The time complexity for a successfulrandom insertions. Balancing a data structure
the structure until the item locates the paremsearch operation in a treap environment isprobabilistically is easier than explicitly
node that has a larger priority. The process gfoportional to the number of

deleting an itenz from a treap structuterep- ancestors ok, and can be e

resents the reversed scenario. The first stppessed a®(log n) An unsuc

Skipl

Figure 1: Insert Operations.

consists of locating the item, and second toessful search for a key t Search Oparation - Descanding Ordar
rotate the item down in the tree structure untfalls between the keys of s 1530000 1 5 1f T -
it becomes a leaf, where the item can beessive itemsq & x*) takes o v
removed. an expected time complexity = 4+
In some implementations, treaplit and O(log n)as well [14]. In order 1 i ;(1__;5 110° _
join operations may be necessary. A splinsertan item into a treap, t g v
operation is used to separate a set of itemdirst step is to locate its leaf = -
into 2 setsX1andx2). The separation utilizes sition (based on its key valu % Ee-’_a ' ;
a heuristic where items are being placed in trend in second step to rotate g oy W 7]
2 sets based on the item’s key values in coritem up in the tree structt a ’
parison to the key of a reference elenseffo based on its priority. Ti o L
accomplish the split, the operation inserts anumber of rotations can at m pc ' A
item with keya that is affiliated with an infi- be equal to the search pi w00 R ex &5 ;:'3'; — i:»ln»::;»}:l
nite priority. Based on the heap-order propehence the time to insert an it ) T T
ty, the new item has to represent the root of thie proportional to the tin Number of Nodas
heap. Based on thie-order property, the left required to complete an t E ijf’ff"
subtree represents the tredp whereas the successful search, which as Treap
right subtree represents the tre&pln a sim- ready discussed (in expectati —%— Radix

ilar fashion, the join operation is utilized toequals t@D(log n) In the case | Skigl
combine the two setsl andx2 into a single a delete operation, the inse
construct. The assumption made is that theperation is being inverte  Figure 2: Search Operations.
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2350000 Remove Operation - Descending Order search key are examineaihd ei- prehensive discussion on radix trees, extendi-
' ther the left or the right pointer ble hashing, B-Trees, and performance.
Y b to a child node is being activated

”;? 1:"5 according to the specific bit val- 7 Benchmark Results
2w ue. Therefore, unlike the digital To conduct the performance comparison,
_5 T search tree, the radix search treall the data structures were implemented in
2 T does not have to encounter anyANSI C The implementation of the data struc-
_E; ;61 key comparison overhead per sdures were based on work conducted in

at each node that is being tra{5][12][16][17][21]. Where applicable, the
versed. Instead, the traverse opsame random number generator and the same
eration continues until the corre-seed were used throughout the study. All the
sponding bit in a child node’s data structures were exposed to the same

=]

510 1107

SO0 X b, X e X tp, X od X sk 100000 link filedis zero. The child link workload scenarios. The analysis was decom-
rsmber af Modss entity refers to a two-bit field en- posed in 3 sections. Section 1 focused on the
+—+ RadBlack try, where bits 0 and 1 specifyindividual insert, search, and remove per-
¥ A4 Tres the child pointers. In either case formance. The operations were benchmarked
Trap if the bit value equals to zero, theeither in an ascending, descending, or random
—&— Radix . . . .
Skigl pointer references either NULL order while scaling the number of nodes from

or points to a data item. Other-5,000 to 100,000. Next to the response time
wise, if the bit is 1, the pointer comparison, the study introduced the term
references another node in theggegate structure performance factor
radix tree. In other words, if the describing the mean performance of a data
child link field equals to 0, either structure as quantified over the set of invoca-
a NULL pointer or a data item tion scenarios used in this study. To illustrate,
maintaining the balance. For many applicahas been located. Further, the root nodée insert performance was quantified based
tions, skip lists represent a more naturalways remains in the radix search tree, evem ascending, descending, and random data
layout than tree structures, and therefore anethe case when there are no items in the tregdistributions. Therefore, the overall consist-
generally leading towards simpler algorithmskFrom a performance perspective, the numbency factor for the insert operation incorpo-
The ramification is that the simplicity of skipof nodes, as well as the length of the key valuates the 3 invocation scenarios. Section 1
list algorithms allows easier implementationsgovern the efficiency of a radix tree. In geneifurther discusses the performance behaviour
and provides in some cases a (constant factai) large key values have a rather detrimenthhsed on a mixed workload profile, consisting
speed improvement compared to the balancé@dpact on performance. of a chain of insert, search, and remove oper-
and self-adjusting tree algorithms. Skip lists Along these lines, the radix sort is a ratheations, respectively. Section 2 quantified the
are rather space efficient. They can easily lgwod illustration of how lists and deques cadata structure performance focusing on the
configured to hold (on average) 1 1/3 pointerse combined with other container’s [5]. In thenaumber of key comparisons and (where appli-
per element, and do not require balance e@ase of a radix sort, a vector of deques isable) the number of rotate operations. For the
priority information to be stored within eachmanipulated, similar to a hash table. In a radixeap data structure, code changes surround-
node. The varying size of the nodes may bsort, the values are successively
regarded as a disadvantage of skip lists. As @sdered on a pedigit positior
skip list is balanced in a probabilistic fashiorbasis, normally from right to le
(by using a random number generator), thgstraight radix sort). This is ¢
awerage search, insert, and delete operationsmplished by copying the v Minad Wodkloed
are processed in an expected time complexiges into buckets, where the 1430000 |
of O(log n) The probability of encountering dex for the bucket is determir
significantly worse performance is rathebased on the position of the d
slim, but nevertheless exists. In other word$eing sorted. The straight ra
as the balance criteria is chosen randomly, tisert algorithm operates @(nk;
chance of encountering th&(n) worst case time, wheren represents tt
scenario is very small, as any input sequenceimber of items, ankirefers tc
into a skip list will not consistently producethe average key length. 1
the worst case performance scenario. greatest disadvantage of a r¢ ///'
sort algorithm is that the imp )
6 Radix Tree Data Structure mentation can not be constrt [ .
A standard radix search tree design is simed to executén place There 00 %o EE f o5 1 sk 13.1:.3.3.3.
lar to a digital search tree [2][5][21]. Howev-fore, O(n) additional memor ) - T T
er, in a radix search tree, all data items aspace is required. Furthermor Mumber of Nodas
stored as leave objects, and therefore thadix sort implementation r E i?f:ﬁi‘j‘
internal nodes of the radix tree do not havguires 1 pass for each symbc Treap
any key values associated with them. An intethe key, and therefore is rat —&— Fadin
nal node's child represents either anothémefficient if long key values a Skigl
internal node or an actual data item. During processed. The reader is enc
search operation, thimdividual bits in the aged to consult [26] for a co ~ Figure 4: Mixed Workload.

Figure 3: Remove Operations.
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ir;g the dplf]lcement ohf thequal?ty the less Nodes Operation Treap Radix Skip
than and thegreater t anop(.eratlons. are pro-. nsert 98771 299,953 247439
posed and analysed. Section 3 discusses

performance of the tree traversal operatiol 10,000 Search 169,977 | 320,032 | 251,764
comparing a standard red-black tree and Remove 108,758 309,974 184,254
threaded red-b!ack tree implementation. Insert 555109 | 1499.955 | 1.420,190

The test environments for the benchmark S

in Section 1 and 2 consisted of a single CPl 50,000 earch 1,007,434 | 1,600,032 | 1,489,230
256MB memory, Linux 2.6 system that was Remove 605,099 | 1,549,975 | 1,512,343
equipped with a single disk configured witk Insert 1,219,770 | 2,999,956 | 2,932,223
the XFS file system. For the benchmark

described in Section 3, a 4-way, 1GB memor 100,000 Search 2,070,369 | 3,200,032 | 2,969,512
system, configured with a 5-disk RAID-5 I/0O Remove | 1,319,758 | 3,099,975 | 2,865,642

subsystem that utilized the Linux 2.6 and th

JFS file system was used. All the benchmariTable 3: Key Comparisons — Unbalanced Data Structures.
were executed 100 times. The performanc

numbers reported in this study reflect th

mean over all the test runs.

The benchmarks conduced revolving théures trailed by 530 milliseconds, 725 milli-
search operations in a descending ordseconds, and 790 milliseconds for the skip
: revealed a similar picture (Figure 2). From dst, the AA, and the red-black tree structures,
Operations mean response time perspective, the treapspectively.

The basic data structure benchmarks Wetgta structure outperformed the skip list, as From a consistency perspective (smallest
conducted on the single CPU system. In thge|| as the radix tree, whereas the latter twdelta between the search scenarios), the radix
case where the nodes were inserted Wgta structures were able to outperform thieee outperformed the red-black and the AA
descending order, the treap outperformed thgore complex red-black and AA tree structree, which outperformed the treap and the
other data structures by a rather significaqfires. At the 100,000-node level, the deltakip list. At the 100,000-node level, the delta
margin (Figure 1). As discussed, the treagetween the fastest (the treap) and the slowésitween the ascending and the descending
reflects a light-way data structure compared {@nhe red-black tree) data structure was 96€earch operations was 10 milliseconds for the
either a red-black or the AA implementationmjjiseconds. At the 10,000-node level, theadix tree, 150 milliseconds for the red-black
respectively. Therefor, the insert operationgifference between the most (the treap) artdee, and 380 milliseconds for the treap,
are completed more efficiently, as the expefne |east (AA and skip list) efficient imple-respectively. Benchmarking the remove oper-
sive maintenance functions embedded in thgentations equalled to 40 milliseconds. Thations in descending order revealed that the
balanced data structures are much MO&arch benchmarks conducted in ascenditigap was once again capable of outperform-
relaxed in a treap implementation. The deltgyger disclosed a similar behaviour as experig the other 4 data structures (Figure 3). The
between the fastest (the treap) and the slowgs{ced for the insert operations (see Appendirean delta between the treap and the slowest
(the AA tree) structure equalled to 430 milli-p) The radix tree outperformed the treapstructure (red-black tree) at the 100,000-node
seconds (at the 100,000-node level). At thghich outperformed the other 3 implementalevel equalled to 1,430 milliseconds. At the
10,000-node level, all 5 data structures reporfipns, At the 100,000-node level, quantifyingL0,000-node level, the difference between the
ed mean response time values within 1fhe aggregatestructure performance factor treap and the least efficient implementation
milliseconds. In the case the nodes werghowed the radix tree and the treap in a dedskip list) equalled to 90 milliseconds. Ana-

either inserted in an ascending or randofReat, At the same time, the other 3 data strulysing the remove performance in ascending
order, the radix tree proved to be the most

efficient solution (Appendix A).
From astructure performance factgrer-
spective, at the 100,000-node level, the rad

7.1 Insert, Search, and Remove

tree’s insert operations outperformed the otl -

er data structures. Further analysing the flu Nodes Operation AA Red-Black
tuation among the different insert scenaric Insert 168,244 211,383

(ascending, descending, and random) r 10,000 Search 114,707 128,853

vealed that the red-black tree performed ma

consistently. At the 100,000-node level, th Remove 114,037 103,671

fluctuation among the ascending, the dt Insert 1,016,999 1,286,225
scending, and the random insert operatiol 50,000 Search 685,766 754,794

was approximately 40 milliseconds. This ca Remove 697,229 639,197

be compared to a delta of 440 and 13_0 mill nsert 2183976 2772.389
seconds for the treap and the radix tre

respectively. The insert benchmarks disclose 100,000 Search 1,471,511 1,609,564
that the skip list and the AA tree experience Remove 1,494,441 1,378,359

scalability issues, especially in the randor

Insert scenario. Table 4: Key Comparisons — Balanced Structures.
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Nodes Operation AA Red-Black ".1 ordgr :]0 fgrther irlivehstigate the key com-
parison behaviour, and the impact on response
Ins.,ert 9,982 9,976 time, the study varied (in the treap solution)
10,000 Height 18 24 the order in which thequality theless than
Remove 3,340 2,489 and thegreater thanoperations were proc-
Insert 49.976 49,971 essed. The fpllowing pseudo code documents
) the 2 experiments conducted for the treap
50,000 Height 21 2 search operation.
Remove 16,676 12,468 Option 1:
Insert 99,987 99,969 1 fkey_searched = key_current then found
100,000 Height 2 31 2elseif key_searched <key_current go to left child
3 else go right
Remove 33,339 24,985
Option 2:
Table 5: Height and Rotations — Balanced Structures. 1 f key_searched = key_current then found
2 else if key_searched > key_current go to right
child
3 else go left

order disclosed the treap as the most efficientOverall, the red-black tree performed well The benchmarks conduced for the treap
implementation (Appendix A). As the mathe-at every node level, as the data structure waearch operation (at various node levels and
matical and structural analysis of the redeapable of outperforming the more light-wayrandom input sets) revealed that option 2 out-
black and the AA tree design suggested, thmplementations of the radix tree and the skiperformed option 1 (response time wise) by

AA tree outperformed the red-black impledist at every measured data point. approximately 4%. The study further showed
mentation in every remove scenario that was that moving the comparison in line 1 further
benchmarked in this study. Analysing th&.2 Key Comparisons and Rotations down and executing the greater than operation

aggregatestructure performance factat the The next few experiments in this studyfirst, results in fewer key comparisons but a
100,000-node level showed the treap with thecused on the number of key comparisonsigher overall response time.
lowest mean response time, followed by thperformed by the data structures while For the red-black and the AA structures,
radix, the skip list, the AA, and the red-blackprocessing a certain workload. The results ifiable 5 discusses the height and the number
tree. Table 3 and 4 outline key comparisons for af rotations executed at different node levels
From a consistency perspective (smallestescending permutation, attempting to modevith a descending input set. Both structures
delta between the remove scenarios), thee realistic situation where the inserted eleevealed almost identical numbers of rota-
radix and the red-black tree outperformed thments are in a nearly sorted order. Evaluatirtgons while inserting the data items. While
other 3 implementations, underlying thehe mean number of key comparisons (acrogsocessing remove operations, the red-black
robustness of these data structures undee 3 operations) showed the treap as the maste executed approximately 25% less rota-
different operation patterns. To further quantiefficient implementation at all the benchtions than the AA implementation. In all the
fy the performance behaviour of these datmarked node levels. The radix tree represertenchmarks utilizing ordered data sets, the
structures, the study utilized a mixed workthe structure that processes the most kéyA tree presented a significantly flatter tree
load profile. The profile triggered a chain ofactual bit) comparisons. Despite processinigierarchy than the red-black implementation.
insert (100% of the nodes in ascending ordempore key comparisons, the simplified AAAs outlined in Table 5, a height delta of 6, 8,
search (randomly for 10% of the nodes)emove function outperforms the red-blacland 9 at the 10,000, the 50,000, and the
remove (randomly for 50% of the nodes), anttee implementation from a response tim&00,000 node-levels was reported. Studies
search (randomly for 10% of the nodes) opeperspective. As the design suggests, the cdnducted on a random data set revealed that
ations. The conduced benchmark runs showéalanced tree structures disclose the lowettte red-black tree executed on the insert as
that at every node level, the treap outperumber of key comparisons for the searctvell as the remove operations fewer rotations
formed the other 4 data structures (Figure 4dperation. The number of key comparisonthan the AA tree. Further, with a random
At the 100,000-node mark, the treap outpeprocessed by the 2 balanced structures (whiample set, the height of the tree structures
formed the slowest data structure (radix tre@perating on remove scenarios) are in linenly varied by 2, 3, and 3 at the 10,000, the
by 820 milliseconds. Decomposing the conwith the most efficient (treap) unbalanced0,000, and the 100,000-node levels, respec-
ducted test runs into a small (5,000 to 50,008ata structure, and clearly outperform thévely (see Table 5).
nodes) and a large (greater than 50,000 up ather 2 (radix and skip list) solutions. The re- The benchmarks revealed that the compiler,
100,000 nodes) category, and conducting thmalancing operations necessary in these 2 ddte systems architecture, and the time com-
analysis accordingly did not change thatructures though squander that advantagaexity of the key comparisons significantly
performance picture in any significant way. Irwhich is reflected in the response time behaimpacts the response time behaviour. The
the small mixed workload category, the treapur (Figure 3). Evaluating the key comparisearch operations for all the tree-based struc-
represents the most efficient implementatiorson behaviour on random data sets revealagtes were essentially identical. Despite the
whereas the radix tree encounters a rathtrat the 2 balanced data structures outpesimilar search solutions, methods that execut-
steep increase in response time at the 20,0ffmed the 3 unbalanced solutions. The anaéd fewer key comparison operations not
and the 50,000-node levels, respectively. Thesis showed that the red-black tree slightlplways revealed the most efficient response
same behaviour is reflected in the large mixeellged the AA implementation at all thetime behaviour. Processing 50,000 search
workload category. benchmarked node levels (see Table 3 amgberations in ascending order resulted in
Table 4). 1,600,032 and 1,067,079 key comparisons for
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Tre2 Traversal (Descending) for the tree data structures. Intures, the treap outperformed the radix tree

e ' ' ' other words, the theoreticaland the skip list in the mixed workload

study of the tree structures andscenarios, whereas the radix tree represented
";? ' the resulting performance the least efficient solution of all the bench-
2 v claims were highlighted marked data structures. This study further
_5 -'Y—:m 5000 — through the conducted bench-discussed the performance gain that is possi-
Eac marks. To illustrate, the AA ble by re-ordering the logical operations used
E__ implementation was capablein the data structures, and addressed the
= of outperforming the red- impact of compiler, systems architecture, and

black tree structure in all the time complexity on the response time behav-

o remove cases. To summarizejour.

5 -1-:I4

¢ 2 10° in the mixed workload envi-

1107 15107 24U
200000

5000 M_sbd 3 shrd
ture outperformed the other 4[1]
implementations by a rather
significant margin. In the in-
sert scenarios, the radix and?]
the ftreap structure outper-
formed the more complex AA [3]
and red-black data structures.
the radix tree and the treap data structure&,similar picture was drawn by the search op-

respectively. From a response time perspeeration based benchmarks. It is interesting to

1 1
Numbar of Modas

+— md-black

#—# threaded rad-black

Figure 5: Tree Traversal.
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News & Events

CEPIS Present in the European e-Skills 2004 Conference
Long Term Strategies for E-Skills Development in Europe (Press Release)

The European Union should adopt gpartners (EICTA, Uni Europa and Europeamain source of new employment in a time
comprehensive strategy for improving ICTMetal Workers Federation). when more traditional sectors have been shed-
skills and training across all sectors, at all The Synthesis Report of the European aling employment opportunities. Mismatches
levels and for all citizens. This was one of th8kills Forum “E-Skills in Europe: Towards and skill gaps persist however as many ICT
main messages of the European e-Skills 202910 and beyond” which constituted the basisbs remain vacant due to the lack of qualified
Conference which ended Tuesday, 21 Septefar the discussions during this event pinpointpersonnel. The number of current ICT
ber at Cedefop in Thessaloniki, Greece. Mored the threats of moving European ICT jobs tspecialists in Europe is 3.7 million and is
than 150 experts took part in this major eventpw-cost countries such as India and Chinastimated to reach 5.1 million by 2010.
two years after the European e-Skills Summ(bffshore or international outsourcing). For Among priority actions discussed for 2005,
organised by the Commission and the Danistxample, it is expected that by 2010 abouhe European e-Skills 2004 Conference also
Presidency in Copenhagen in 2002. 272.000 jobs will be lost in the UK alone dueconcluded that the European Commission

to international outsourcing. There is a tenshould support alongside Cedefop and indus-

Among the participants, there were severalency for companies to outsource servicesy partners a “European level ICT skills
representatives of EU Member States arslich as call centres, commercial handling andeta- or reference framework” for better
acceding countries, of five Directoratesaccounting, to countries with low labourplanning of investments in training and skills
General of the European Commission (Entecosts. Central and Eastern European Couand must also further develop common princi-
prise and Industry, Education and Culturetries and the new Member states, notably thges for quality standards and for certification,
Employment and Social Affairs, InformationCzech Republic, are increasingly attractingvhether public or private, profit or non-profit
Society and Eurostat) as well as the Europedoreign direct investments from ICT compa-oriented. For these purposes it was proposed
Investment Bank, senior executives frommies because of their comparatively loweto create a European network of e-skills
leading ICT companies such as Microsoftievel of salaries and relative high skill level ofexperts and a policy advisory group to devel-
Nokia, Cisco Systems, IBM, Certiport,their labour force. Highly skilled people areop foresight scenarios and further promote e-
CompTIA etc. and researchers, academic amdso being recruited in Europe, however, akills policies at the European level. The con-
training world, representatives of Europeatower speed. ference also proposed the creation of a Euro-
and international professional ICT associa- This creates a serious dilemma for the Eldean ICT career portal and of a central link
tions (Council of European of ProfessionaMember States. On the one hand, their firmzetween all educational institutions working
Informatics Professionals), consortia (Careazan lower labour costs by moving (in part om ICT, whether public or private.

Space, e-Skills Certification Consortium, eentirely) to low-cost countries, and thus More information at

Learning Industry Group, Project Manageimprove competitiveness internationally. Bukhttp://www.eskills2004.org/>.

ment Institute) and delegations of the socialt the same time, losing jobs in the ICT sector September 24, 2004
threatens social cohesion: ICT has been the
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EUCIP News

Norway: EUCIP! and Abelia — Measuring Life Long Learning

Abelia (the Association of Norwegian ICT Test, EUCIP Norway, NITH and Energibed-sen, in conjunction with one of Norway’s
and Knowledge-based enterprises) was hasftenes Landsforening (EBL). largest learning providers NITH who are
to the conference “Measuring Life Long The schedule contained sessions on netecredited to run the EUCIP programme in
Learning” held on 14 September in Oslo irbased and interactive testing and a presentderway.
conjunction with partners Mintra AS, Norsktion about EUCIP by Renny Bakke Amund- 13th September 2004

The 9th World Multi-Conference on Systemics, Cybernetics and Informatics: Call for Papers

This conference will take place in Orlando, The conference’s Call for papers can be We are emphasizing the area of Wire-
Florida, USA, from July 10-13, 2005. found at <http://www.iiisci.org/sci2005/ less/Mobile computing.

SCI 2005 is an international forum forwebsite/callforpapers.asp>. You can find information about the suggest-
scientists and engineers, researchers and;The best 10% of the papers will be pubed steps to organize an invited session in the
consultants, theoreticians and practitioners iished in Volume 3 of SCI Journal, <http:/Call for Papers and in the conference web
the fields of Systemics, Cybernetics andvww.iiisci.org/Journal/SCl/Home.asp>. 12page: <http://www.iiisci.org/sci2005>.
Informatics. It is a forum for focusing into issues of the volumes 1 and 2 of the Journal If by any reasons you are not able to access
specific disciplinary research, as well as fohave been sent to about 200 university arttie page mentioned above, please, try the
multi, inter and trans-disciplinary studies andesearch libraries. Free subscriptions, for ®llowing pages:
projects. One of its aims is to relate disciyears, are being considered for the organizahttp://www.iiis.org/sci2005>.
plines fostering analogical thinking andtions of the Journals’ authors. More information at
hence, producing input to the logical thinking. <http://www.iiisci.org/sci2005>.

1. EUCIP (European Certification of Infor-  professional development. EUCIP has fication will enable existing IT profes-
mation professionals, <http://www.eucip. been developed as an independent, glo- sionals to document their competencies
com>) is a new pan-European qualifica- bally recognised scheme for IT profes- and skill sets for employers or prospec-
tion scheme, promoted by CEPIS, for sionals in a similar fashion to the ECDL tive employers and in addition, increase
people entering the IT profession and for (European Computer Driving Licence) their market value.

IT professionals wishing to continue their  which is aimed at the IT User. The quali-
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IT and Disabilities

Braille and The Pleasure of Reading: We Blind People Want to Continue Reading with Our Fingers
Carmen Bonet-Borras

© Novética 2004
This paper was first published, in its original Spanish version, under tHetiBeaille y el placer de la lectura: los ciegos queremos seguir
leyendo con los dedosby Novatica (issue no. 169, May—June 2004, pp. 67-R@)atica, <http://www.ati.es/novatica>, a founding member
of UPENET, and publisher dJPGRADE on behalf of CEPIS, is the bimonthly journal and magazine of the Spanish CEPIS society ATI
(Asociacion de Técnicos de Informatiedattp://www.ati.es>.)

In this article the author describes her lonc
experience as a user of Braille, the languag
for the blind, and of other technological aids v LI

2.

for the blind. The author expresses her love ( E I m mn e p g r s
Braille and her conviction that, in spite of all e T S ST
the major technological advances there hav '

been in this field, Braille will continue to be w ¥ w X y Z
an essential tool for the human and intellectu i : : ;
al development of people who suffer fror

visual impairment, and a gateway to enjoyFjgure 2: The Alphabet Braille — Spanish Version (Source: The Caragol Foundation).
ment and culture.

Keywords: Braille, Blindness, Personal
Experience, Digital Technologies Aiding the
Visual Impairment, Visually Impaired PeopleFigure 1). | am, therefore, an experiencedmaller or thinnetetters, or use characters of
user, though | am not an expert in disabilitiea more complicated design.
1. Presentation and new technologies. I remember theOptacon (Optical-to-
This article is based on my personal experi- Tactile Converter), which was probably the
ence over many years as an IT profession2lWhat Is the Braille System? first device to put electronic technology at the
and a user of special tools for the visually When in the first half of the 19th centuryservice of blind people. It was, and in fact still
impaired due to my having been totally blindvhile he was barely an adolescent, this (I still use mine) a machine developed in
since the age of six (see photo of the author Frenchman Louis Braille laid the foundationsl963 at Stanford University, California, by
for the system of reading and writing namedérof. John Linvill, which worked by scanning
after him, the Braille system, a code in whiclprinted paper and making hundreds of little
letters are represented by raised dots (Figure
2), he could not have suspected that nearlv

A

Figure 1: Photo of The Author at Age 6,

for Her ONCE (Spanish National
Organization for the Blind) Card.

© CEPIS

two centuries later it would still be a suffi-
ciently interesting and topical subject to be
worthy of your attention in this journal.
During the intervening time, blind people all
over the world have been using the Braille
method to read and write, and no other sy:
tem has ever threatened to replace it. And,
my opinion, this is no accident; the fact is, the
system is hard to improve on. For those of u
without sight, what could be better than tc
read with our hands and, our fingers being th
way they are, we are not equipped to us

Carmen Bonet-Borrdshas a BSc in
Mathematics from th&niversidad Com-
plutense de MadridSpain. She is Sys-
tems Engineer at IBM Espafia, member
of ONCE (rganizacion Nacional de
Ciegos de Espafia Spanish National
Organisation for the Blind), and member
of the Working Group on Informatics and
Disabilities of the Spanish CEPIS society
ATI (Asociacion de Técnicos de Infor-
matica) <carmen.bonet@is.ibm.com>
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izacion Nacional de Ciegos de Espafa  Another group of blind people who would
Spanish National Organisation for the Blindfind life very difficult without Braille are
<http://www.once.es>) is addressing thisnusicians and music students. Musical nota-
problem, so | expect some progress to ken is complex enough to begin with, but
made in this area soon. when it comes to converting all the informa-
Innovative new ways of producing thetion contained in a five-line staff into dots, |
raised dots used in the Braille system are alsannot even begin to imagine what it would be
being tried out. The normal method up untilike ‘listening’ to an entire score.
now has been to perforate the paper, but there
has been a constant search for alternatiZ?2 Braille and Daily Life
methods which, little by little, is bearing fruit. But is Braille so important? Braille is by
The application of new serigraphic techiurns convenient, necessary or indispensable,
niques, whereby tiny drops of very specialrom first thing in the morning to the last thing
Figure 3: The Optacon Device (1978 plastic subs_tances are stuck _to the_ paper an n_ight. !f, as | believe we should, we intend
Version). order to achieve an equally legible relief printto give blind people the greatest degree of self
ing effect, is particularly interesting. Thissufficiency in their everyday life (as in any
technique is being used for visiting cards, foother facet of life), such self sufficiency will
example, and it may be a good alternative fdpe all the more viable and real the more
pins in the shape of the letters vibrate on a pagrtain situations such as labelling on cardenowledge they have of their environment
under the user’s index fingertip (Figure 3). board, or for other cases where the text @nd the less they have to depend on the help of

However, this device had a very short lifeshort and repetitive. a sighted person.
it came on the market in the late 70s and was So, if the first thing we do after getting up
useful to some of us for a while. It was the tod.1 Who Uses Braille? is to get under the shower, what better way to

with which | started out on my career as an IT Braille is a reading and writing system forstart the day than by being able to identify the
professional, although, in spite of its great inall visually impaired people whose residuashower gel or hair conditioner by its name,
trinsic value as a tool enabling blind people twision is not sufficient to make use of theprinted on the containers in Braille by the
read printed texts directly, it did not reallymethods available to people with unimpairedhanufacturers? If | have two similar pairs of
catch on, mainly due to its poor performancesight. We should also include in that grouprousers and | don’t want to put the wrong pair
Because of the complex shape of letters anisually impaired people who, while still ableon by mistake, the one which doesn’t go with
the variables created by varying print qualityto manage a pen, have been diagnosed as hihe coloured sweater I've picked out to wear,
different types of paper, etc., the readingng a certain risk of their residual vision beingvouldn't it be good if easily confused clothes
speed attained by most users was not highduced or lost altogether. could be labelled in Braille with their colours?
enough to meet their everyday needs. And It is true that there is a certain relatiorif | want to choose between full fat and semi-
over time, new developments offering accedsetween age and the difficulty of learningskimmed milk, or pick out the CD | want to
to reading materials have taken its place. Braille due to physiological reasons, since thisten to, | have no option but to label them, in
Meanwhile, Braille lives on. sense of touch of an adult’s finger does ndraille of course, because | can think of no
And not only does it live on, but it has beemevelop in the same way as that of a childther way round the problem. And so on,
given new life, has been renewed and is groviFhis may give rise to a degree of resistance throughout the whole day.
ing under the influence of the new technolosome adults with acquired blindness, to the Packaged foods, canned and bottled foods,
gies. The arrival of computers gave rise to thextent that the sense of touch of a person whenft drinks... should all reach the shops appro-
idea of computerized Braille and whole nevgoes blind very late in life may not everpriately labelled in Braille, especially medi-
horizons opened up. The number of differerdevelop enough to cope with Braille at allcines due to the particularly dangerous conse-
characters which can be represented by 6 dd&sit, in any event, everyone should try to learquences of a mix up.
is 64. For literature, by using the trick ofit, since everyone, whether blind or sighted, With perseverance and effort, and by using
sometimes doubling up characters, this washould be able to read and write. We should dour memory to the full, trying to be very
enough, but for computer use it is simply nogverything in our power to prevent adults whardered and systematic, and inculcating the
sufficient. For a start, doubling up charactern®se their sight from becoming what we havgeople with whom we live with the same
is not viable because it causes an imbalanceme to callfunctional illiterates in other attitudes, we can alleviate the problem of not
between the original text and the Braillewords, people who know how to read andbeing able to read. But there can be no doubt
representation (screen, Braille display)write but are unable to make use of that skilthat the correct identification of the things
which could create problems, and there aMe should therefore make a special effort taround us would be a major contribution to
also far more characters to represent. Thweak down the resistance to learning dodur quality of life.
solution was to switch to an 8 dot Braillesufferers of late onset blindness, and involve This idea is far from being a fantasy. Prod-
system, giving 256 characters, which is anotland commit them to learning Braille byucts from brands such as Pescanova (frozen
er kettle of fish altogether. making every possible resource available timods) or Dofia Jimena (confectionery and
But there is an unresolved issue concernirthem. biscuits), Sanex (soap) or some models of
Braille: each country has drawn up its own There is another group of people for whoniNewpol washing machines, plus a number of
character correspondence table and there istfue use of Braille is even more vital. These am@edicines, have turned this idea into a reality.
urgent need for these tables to be standardistag deaf and blind, for whom listening as &Ve need to keep up the pressure so this
and for the differences between one countrsubstitute for reading in order to access theecomes the rule rather than the exception. A
and another to be ironed out as soon as possfitten word is not an option. good example to follow is that of lifts: there is
ble. | recently heard that the ONC@&rgan- a regulation regarding safety measures,
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dimensions, the control panel... and it is nicepeaking and listening, are the ways we In order to make a radical change to the way
to be able to go to a building and reach thexpress ourselves through language, wayswe read: browsing, querying...
door you want without it having to be on thevhich we should not and cannot give up. Bibliographical production, whether in
ground floor. Reading with our fingers makes it possible foBraille or in print, is inextricably linked to

It is up to blind people to be skilled inus to read at our own pace, with our own intatechnology, and blind users wishing to make
Braille and benefit from this effort. That waynation, and allows us to appreciate the stylese of the material produced by this technolo-
we can avoid having to change the menu at tl&d content of what we are reading, therelyy will also need to evolve and adapt to new
last minute because that can of tomato sauceeating that dual link with the written wordways of reading. In addition to the normal
we opened for spaghetti turned out to be gre¢hat cannot be achieved by any other methothethods involving paper or cassettes they will
beans. Reading, as a gateway to culture, studyhen we read with our ears, firstly we ar@eed to use standalone devices or, better still,
and as a leisure activity in general, plays adeprived of knowing how something is writ-PCs, even if this involves making an extra
important role in everyday life, and if you carten, and secondly, we lose a certain amount effort to acquire general computer skills and

read in Braille, so much the better. the content, since the text has already beégarn how to handle adaptations for blind
partly ‘interpreted’ by the person reading ifpeople or visually impaired users (at user
2.3 Reading by Listening out loud. And worse still if it's a machine level, naturally, not at expert level; we'll leave

Isn't listening to a talking book reading? Ifreading the text (a technology already in athat for the producers). Given that all
we look up the Spanish wortker (read),oir  advanced stage of development); then we witlublished material is stored on a digital medi-
(hear), andescuchar(listen) in the Spanish have all the functionality we need, but as foum, if this medium were available to blind

Royal Academy dictionary, 2001 edition, wepleasure... people then logically we would have potential
find the following definitions: In my case at least, if what | have to read iaccess to everything that is ever published.
Leer(From the Latirlegere. ewen slightly complicated, includes a largeBut the issue is not so simple.

1. Vb tr. To look at something written ornumber of figures or requires a certain degree
printed while understanding the meaning obf analysis, memorisation or study, reading 8.2 What Medium Should A Publication Be
the characters used. in Braille allows me to perform at a muchStored On So That A Visually Impaired

2. Vb tr. To understand the sense of anigher level than if | have to listen to it; listen-Reader Can Access It?
kind of graphic representation. To read th&ng only works for me when it's an easy and An analysis of the great variety of digital

time, a musical score, a plan. superficial text, because | find it very hard tenedia around these days — text format, graph-
3. Vb tr. To understand or interpret a text irawoid distractions, and if I'm just a little tired, ics format, Internet file (basically HTML),

a certain way. I drop off into a delicious snooze, especially ipreprint layout... — is far beyond the scope of
Oir (From the Latiraudire). the reader has a pleasant voice. I've askedtfds article. The choice of medium is up to the

1. Vb tr. To perceive sounds with the ear. great many of my colleagues about thiproducer of the material, since there are all

Escuchar(From the vulgar Latiascultare  matter, and all of them who are at least minkinds of manipulation tools capable of
Latin auscultarg. mally fluent in Braille agree with me. converting any input source —keyboard,

1. Vb tr. To pay attention to what is heard. And by the way, reading with your ears caiscanner, voice — into the desired format,

We can see that according to the first tw@ome in handy when you have a big pile oflepending on various criteria, not the least of
definitions of the wordker (read), the answer ironing to do; there’s a time and a place fowhich is personal preference.

to the above question would be no, bugwverything! Let's leave that part of the problem to be
according to the third definition the answer solved by the tools which serve as an interface
would be yes. Far from being contradictory3 Technology at The Service of The Visually between the computer and the visually
the two answers are in fact complementary. Impaired Readers impaired person, and let us focus on the range
is a matter of addition, not confrontation. The of products that those interfaces allow us to
most important thing, over and above any ott8.1 How Can Technology Help Me when  use, bearing in mind that our choice of solu-
er consideration, is to access information, ariin Reading? tion is also conditioned by which interface

if we are discovering the literal content of a To a greater or lesser extent, technology i®ol we use, which in turn is dependent on our
book, there can be no objection to calling thatlready present in the day to day life of evergperating system, while even the computer
reading, whatever the method used to accessitizen, including those with impaired vision,itself (type, make) can have an influence. In
book. Nevertheless, since everything is reland has an influence, not always, and neother words, we need be careful not to make
tive, | would choose listening as better thanecessarily a positive one, but a considerabdsveeping generalisations but rather speak in
nothing, but | would go for reading overinfluence nonetheless, on everything we do.térms of probabilities. At the moment, and |
listening every time. will leave it to the sociologists to assess anstress ‘at the moment’, because of the break-
Ideally each user would be able to choosanalyse this general influence: in this articletheck speed of development of software and
something which doesn’t happen very ofterwill limit myself to analysing where we areeven the very operating systems themselves,
After many years’ experience of doing botrand where we want to go with regard to textare can access information in Microsoft Word,
things, | am in no doubt about my prioritiesand access to texts. And the first thing we ne&tlordpad, Notepad, PDF, TFL, Daisy, HTML
and | have to admit that, although there matp understand is that this issue cannot be deald others.
be occasions when | decide to read by listemvith in isolation from the general context.
ing, these are few and far between, becauseThese days we make use of technology f&.3 What Aids Does A Visually Impaired
you can get into a book more by using youall reading associated activities: Person Have Access To?
hands than using your ears. * In order to produce reading material Depending on a number of factors, such as
Human beings are characterised by ourln order to produce alternative readingesidual vision, degree of computer literacy,
ability to think and express ourselves through mechanisms to replace paper or audio cadisposable income, training, personal prefer-
language. Reading and writing, together with settes ences, users will try to read in whatever way
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they find easiest or most pleasurable, ar

there are a number of different kinds of inter

faces to choose from:

« Computer installed screen magpnifier.

e Computer installed voice synthesizec
screen reader.

« Computer connected Braille display.

« Braille printer for producing paper books.

« Standalone voice device.

1,500 screen readers with Jaws software from
the company Freedom Scientific <http://
www. freedomscientific.com>. Some 1,100
Braille displays are supported by this chosen
screen reader package.

With regard to printers, ONCE supplies a
personal model, thBortaThiel which prints
‘interpoint’ (doublesided) Braille at 14 char-
acters per second, at a cost of around 1,500 to

« Standalone Braille device. 2,000 euros, depending on the customer (in
« Computer installed voice operated Interne Figure 4: Ecoplus 80 Braille Display. this case not exclusively in the Spanish
browser. market). Plus a couple of professional
Each type of interface has its pros and cor models: thelmpacto Textpwhich can print
which | will not be going into either exhaus- 250 characters per second (i.e. 800 pages an
tively or systematically. | will, however, be weighty nowadays as when they first cambeour) without a graphics connector, and the
mentioning them all briefly with a relevantout. Impacto 600 which is made to order and is
example, keeping the focus always on reading They do not normally have batteriessomewhat slower but does have a graphics
as my main purpose. although there are some on the market whiaonnector. For either device the price ranges

At the risk of stating the obvious, let me sagome equipped with them. 70 or 80 charactérom between 13,000 and 14,000 euros. There
that no one interface is better than anothedevices could be said to be transportablé currently nothing available in the mid-price
each reader should be able to use whichevirough not really portable. Each cell is aange, although older models of Thiel printers
interface is best suited to his or her particulaeparate element within the display. They amover this need.
circumstances. built using highly resistant ceramic compo- Something which never ceases to amaze is

Nowadays the range of available productsents which are mainly what makes thestnat, after all the years Windows has dominat-
covers every possible facet of the problentdevices so expensive. ed the market, drivers for printers under
However, it is clear from the outset that 20 character displays tend to be used dWindows have only become available rela-
Braille is losing the battle to voice. Whilestandalone devices such as notebooks, orgdively recently. ONCE’s bibliographic pro-
users of voice screen readers can, in the maisers. For computer use the larger models adeiction centres are still working under MS-
make use ordinary technology applied to thaecommended; these currently tend to have TBOS, although they are now finally planning
purpose, any solution using Braille requires atharacters rather than 80, because that 12.%#6witch to Windows.
least some specialized technology, whicheduction enables manufacturers to bring
inevitably pushes up the final cost. Since aljown the price, weight and size, and for th8.5 How Do The New Forms of Reading
or nearly all, Braille users can also hear, voic@/indows environment it is considered to bd&enefit A Visually Impaired Person?
based solutions tend to come out on top. If waufficient. In Spain, the supplier of Braille Braille books have been, are, and will
look just at standalone devices for blind peadisplays is ONCE, which assembles andlways be big and beautiful, and so it contin-
ple, voice solutions far outstrip Braille basedlistributes them exclusively for the Spanisiues to be a practical impossibility to keep a
ones, both in quantity and in price. And therenarket. The model they are currently supplyibrary of Braille books at home. However, if
are a hundred talking Braille devices in circuing is the 80 character Eco Plus shown here the storage medium is a CD, how many books
lation for every device with a Braille output.Figure 4 (smaller models were ruled out dueould we keep? A whole shedload, if you'll
However, neither the number of users nor th their poor price/quality ratio). They arepardon the expression. And if we can read that
cost should be the priority factor with regarahortly to bring out the 70 character Satellit€D by using device X which will also provide
to the research and marketing of these kindBsplay, selling for around 4,500 euros. us with a Braille version, we will have discov-
of aids, or the transcription of books into The first Braille displays to come on theered the first huge advantage. If, on top of
Braille. Instead we need to create mechanarket were connected to the computer hihat, some of those CDs contain a dictionary
nisms, funded by state subsidies, or subsidibardware (i.e. by a card). Nowadays ther an encyclopaedia, we will have another in-
from other suitable organisations, such as thiesign has changed and they are noeredible advantage: that of putting reference
ONCE (Spanish National Organisation for thenanaged by software, and are under thHmooks within the reach of most blind people.
Blind), to counteract this trend and therebgontrol of the screen reader; in other wordg his is a substantial change which will benefit
prevent the use of Braille from being limitedit's the screen reader that controls the devica. great many groups of people, especially
to those who are both visually impaired and’his means that in order to use Braille yostudents.
wealthy, circumstances which do not necedrave to begin by operating a screen readerAnother fundamental improvement is the
sarily go hand in hand. which provides voice options, with the resulpossibility of accessing the content of a book

that the step of ‘adding’ Braille will often be wherever you want — at a particular chapter or
3.4 What Braille Displays Or Printers Are  skipped. It also requires the existence of at the index — and, in general, move around
on The Market Nowadays? driver to enable the screen reader to recognifee book with an ease which is simply not

Braille displays are devices which can bé¢he display; in other words, users will be limpossible with an audio cassette or a printed
connected to a computer to enable users ited in their choice of Braille displays to thosébook. In short, thanks to technology we will
read the text which appears on the screen finat their chosen screen reader can recognidee able to, and in fact we already can, read
Braille. Their size will depend on the number The ONCE has already distributed amongiore and better. And any effort we need to
of characters they can represent at any ofts members, either for purchase (the leastake to adapt to a more complicated way of
time (20, 40, 70, 80). Their weight has beenommon option), or as a workstation adaptananaging reading material will be more than
steadily coming down and they are not ason, or as a study station adaptation, somepaid.
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4 Digital Libraries Tudor England. The first edition was innew playing systems that will be needed in the
1599. future.

4.1 Where Can Digitalized Books Be Found  The Cervantes Virtual Centre has also Within the consortium there are two kinds

(Including on the Internet)? published online an anthology of texts asf members, full members (like ONCE), and

| am sure there is no topic in the worldlecommended reading intended for studengssociate members. The difference between
about which there is no information or docuef Spanish as a foreign language. The sectidhe two types of members lies basically in the
mentation available on the Internet, so | ans called Lecturas paso a pasand can be rights to use the software developed through
equally sure that there are books on the Inteiound at <http://cvc. cervantes.es/aula/ the consortium. For full members there is no
net. And there are. There are several wakadings/>. limit to the number of licences they can use.
pages where books are to be found, respond-There are other digital libraries in Spanish Alongside this software, some countries
ing to different criteria, in different formats, on the Web, the best known of which is théave also developed related programmes,
etc. etc., but books nonetheless, and a faifiguel de Cervantes Virtual Library, <http://which, as is the case of the Swedish state
number of them at that. But not only on thevww.cervantesvirtual.com/>, with its infantlibrary TPB (Library of Talking Books and
Internet. They are to be found in other formand youth section, <http://www. cervantesvirBraille,  <http://www.tpb.se/english/index.

too. tual.com/portal/platero/>. We should alsditm>) or the Japonese JSRPD (Japanese Soci-
I will tell what | know as a user interestedmention Libros en Red, <http://librosenredety for Rehabilitation of Persons with Disabil-

in reading and technology, but before | begirgom>, and El Alpeh.com, <http://Aww. ities, <http://www.jsrpd.jp/index_e. html>),

I would like to make a plea for an exhaustivelaleph.com/>. are distributed to consortium members at no

and organised study of what there is, so we cost. These include programmes for playing

can all benefit from the efforts being made by.2 Will | Be Able To Read, Legally, digital talking books on a computer, such as

various groups in several different direction&Everything | Want to? the Player 2000 from TPB, or for the produc-

with the aim of creating digital libraries, pub- An important issue we still need to resolvetion of talking books, like the Japanese
licizing there existence, and making a widat least here in Spain, is the matter of copysigtuna.
ranging and comprehensive bibliographicight. First we need to set up the necessaryOther countries are developing tools to
collection available to blind people everydegal channels and, at the same time, reacbver all aspects of talking book production,
where. agreements with the publishing houses, arglich as the special editor created by the
| view positively all the efforts made by thewith the authors themselves if need be, to finBanish Library for the Blind, DBB Oan-
ONCE and other institutions who are address: solution so that whenever a book isnarks Blindebibliotek <http://www.dbb.dk/
ing this task so that we blind people can reagublished, it is transmitted by the agreednglish/>). In some cases these tools are free
but it is no secret that there is an overwhelnehannel to a digital library accessible to blinédnd in others you have to pay — it varies from
ing disproportion between the number opeople, where the appropriate conversions apuntry to country — though it should be noted
books published and the number that amdaptations can be made, in order to guaratirat the abovementioned programmes are
awailable to blind people, and that there isee both its protection and its accessibility. Asisually in the original language and in some
normally a long wait between wanting to read understand it, this is absolutely viable todagases in English. One important aspect of this
a book and actually managing to read it, espedth the technological resources we alreadgroject is the possibility of using voice syn-
cially if the book has only just been publishedhave, although it may not necessarily be #hesisers to ‘record’ the books, which is a

Or that there is an enormous lack of dictionasimple task. great technological aid to reducing production

ies and encyclopaedias or reference books in costs.

general. 4.3 Are There Already Digital Libraries Based on this format, the library Book-
For Visually Impaired People? share, in the United States <http://www.

4.1.1 A Few References of Spanish Literary  Although the degree of implementationbookshare.org/web/Welcome.html>, is

Works Available Online varies from country to country, the answer talready up and running and providing a free

» The Cervantes Virtual Centre (Cervantethe question is yes. In 1996, in response toszrvice for US citizens, while, the Japanese
Institute) includes the following works in itsclear need, the DAISY Consortium <http://land the Swedes are also already in full
collection"Clasicos hispanicos" www.daisy.org> was set up with a very speproduction.
<http://cvc.cervantes.es/obref/clasicos/>: cific purpose: to define an international stand- In Spain, the ONCE already has more than

» Anon: Historia de Enrique, fi de Oliva ard for the production, exchange and use @500 titles prepared. Currently all their

Critical edition by José Manuel Fradejagshe new generation of digital talking books. recordings are created in this format and be-

Rueda. Text and edition based on the first As a result, the standard known as DAISY{ore too long we can expect the trial period to

edition of 1498. an acronym of Digital Audio based Informa-be deemed completed, whereupon this type of

Gustavo Adolfo BécqueRimas Annotated tion System, was created. This standanglking book should be made available to all

critical edition by Luis Caparrés Esperante complies with specifications for textual infor-the organisation’s members.

Miguel de Cervantesbon Quijote de la mation and its structure set out in the stand- There are several types of talking book

Mancha Critical edition with commentary ards published by the World Wide Welbplayers on the market, such as those produced

by Francisco Rico, published by theConsortium, <http//www.w3c.org>. The con-by the Canadian company Visuaide, <http://

Cervantes Institute. sortium is a non-profit organization workingwww.visuaide.com/>, or the Japanese
« Lope de VegaEl perro del hortelanoEdit-  with third party companies, which over thePlextor. The Victor, from Visuaide, is a desk-
ed by Rosa Navarro Duran. years has been developing the tools requireédp reading device which is very user friendly,

« John MinsheuDialogos Published by the for the production and distribution of digitalwith large and well separated keys making for
Cervantes Institute under the direction ofalking books, from workstations and tools foeasy operation — | see it as the modern version
Jesus Antonio Gil. A bilingual book, origi- converting old analogical talking books, to thef the traditional cassette player.
nally, which was used to teach Spanish in
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Plextalk, from Plextor, <http://www. — W

plextalk.com/europe/>, is a reader-recorde
which can be used both as a player and a:
creator of DAISY books (figure 5). It has beel
equipped with more functionalities and it is
rather more complicated than the previous
one if you want to make use of all its capabilspread all over the Spanish speaking world &lsat they failed because | believe they were
ities. It can be connected to and operated viarell as in countries where there are studentioing a good job.
computer. Braille, however, is the great absemf Spanish.
tee in this device. We will have to wait. Last November, in Colombia, ahead of 14@.6 Are There Any New Projects Underway
other projects, Tiflolibros won the Betinho(‘Hybrid’ Books)?
4.4 Are There Any More Libraries for The  Communications Prize recognising people- Some time ago now, a new idea emerged
Blind? centred technology initiatives in Latin Amer-from Hungary which is now being developed
Our Argentinean colleagues have set up @oa and the Caribbean, awarded by the Assby various projects. The idea is to implement
interesting experiment, which, to the battleiation for Progressive Communications.  a system using what we might call ‘hybrid’ or
cry of “let’'s scan and read, we are all broth- mixed technology in such a way that any book
ers’ have created a library callédflolibros 4.5 Are Only We Blind People Interested in created by that technology could be read
which has just turned four years old andigital Books? either by voice or by Braille. If this project
already has more than 9,000 titles. This By no means. If that were the case, thereomes to fruition, we would no longer have to
library can be found at <http://www. wouldn't already be so much bibliographicchoose between voice and Braille when
tiflolibros.com.ar> (Figure 6). They are doingmaterial on the Web. However, | would saydapting a book for blind readers.
a magnificent job since, as well as sharinthat this is a culture which is changing, albeit These initiatives originally received fund-
experiences and pooling the expertise of a@ery slowly. While bibliophiles continue to ing from the European Copernicus project.
large number of people, they have creatgarefer printed books, with their characteristid.ater, in various stages, the country itself
some proprietary software for the protectiosmell and feel, the use of digital formats fofinanced the development of a special player
of books which should not be accessible tdictionaries, encyclopaedias and referenand the production of several books. Later
eweryone. These books are created in a formbboks in general is becoming ever morstill, from France, the project Culture 2000
known as.TFL and require special software toommonplace. funded the development of a tactile compo-
read them. This software is provided free of At this point in time, the only digital book- nent, the 3T-book, <http://www.Braillenet.
charge to the library’s readers, and to registeellers that | have ever heard of has unfortwrg/Tbook/traduc.htm>. Now, once again
as a reader you have to provide documentanately had to close down. The publishingvith local funding, they are currently working
proof of your disability, thereby guardinghouse RD Textos was created with the duain adapting the browser to an electronic
against copyright infringements by unauthorpurpose of creating a virtual bookshop, i.e. asrganizer type device. Among the benefits
ised users. They have already successfultybusiness, and providing a service to blind @axpected from this hybrid technology are:
signed an agreement with at least one publistisually impaired people by selling books at The user can make searches for sequences
ing house. And their effort is all the moremodest prices in both HTML and in Braille. recorded in human voice.
laudable given the fact that they are workinghis publishing house, set up with every legal The user can read texts recorded in human
on a volunteer basis. The books in this librargngle covered, including copyright, failed due voice on a Braille display.
are generated in various formats: Word, M0 a lack of turnover. The bibliographice It is already prepared for use with various
DOS, HTML, Braille, Adobe PDF, as well ascollections that they had prepared, which are browsers.
the special format we mentioned earlier,. TFLno longer under copyright, have been donatedTools are already available for creating
They can only be read via a computer so thte the Manuel Caragol Foundation, <http:// books in this format in Hungarian, French
way they are read will depend on the interfaceww.funcaragol.org/>, which has published and Italian.
the user has, i.e. Braille, voice, or charactehem on the Web, from where they can now beBlind people can use digital book creation
enlargement. They currently have 900 readedownloaded free of charge. | am really sorry tools in this format.

Figure 6: Argentinean Portal Tiflolibros, <http://www.tiflolibros.com.ar>.
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There is already a prototype of the readés Conclusion: Braille as Pleasure And Cul- We blind people also deserve to savour the
with a Braille keyboard, CD-ROM, and severture pleasure of reading José Hierro or José
al CDs in the three available languages Can Braille be a source of enjoyment? $aramago but, without Braille, it would be
(French, Italian and Hungarian). In my opinthink the answer is clear throughout thidike looking at faded, discoloured painting.
ion this is a very interesting project, becausarticle, but before | close, let me repeat thatNlow, with the aid of technology, the aim of
being able to decide on the fly how you wanwvholeheartedly support Braille as provider ofeading any book right away should become
to read will make it possible to get the best oytleasure, leisure and enjoyment; reading tsue for blind people.
of both worlds. Why force a decision if it canone of the treasures which | would not give up In the pursuit of standardisation, for the
be avoided? for the world. To touch a book, feel it undersake of the blind, let's read.

my fingers, caress it and immerse myselfin all Translation bySteve Turpin
the wonderful literature that has been written.
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Information Technology in Todays’ Organizations

Is The IT Productivity Paradox Resolved?
Kyriakos E. Georgiou

© Pliroforiki 2004
This paper was first published, in English,Riyoforiki (9th issue, September 2004, pp. 23-B8yoforiki , (“Informatics” in Greek), a found-
ing member oUPENET (Upgrade European Network), is a journal published, in Greek or English, by the Cyprus CEPIS society CCS (Cyprus
Computer Society, <http://www.ccs.org.cy/about/>)

This article addresses the issue of the Infoservices whilst inputs can be human or matend Frank Lichtenberg of Columbia Universi-
mation Technology (IT) Productivity Paradox.rial resources transformed in the process. Prty. In California Kenneth L. Kraemer, Vijay
The paradox was formed as a result of thductivity is directly related to efficiency andGurbaxani, Nigel Melville and Ronald V.
apparent failure of substantial investments irffectiveness. Ramirez associated with the Centre for
IT to produce the desired results. The main Efficiency refers to the optimal utilization Research on Information Technology and
school of thought in the USA uses economaetf existing resources. In economics efficiencrganizations (CRITO) at the University of
ric studies to measure the effect of IT on this the ratio of what an organization actuallyCalifornia at Irvine, <http://www.crito.uci.
performance of firms, sectors of the econonproduces and what it could optimally producedu/2>. These researchers have conducted
and the economy as a whole. This line of wonkith its existing resources, knowledge, anéxtensive research, utilizing econometric
comes under criticism from the Europearability. Effectiveness refers at a minimumanalysis of multifactor productivity, in the
(read British) school of thought that considemwith the achievement of the goals of th&JSA. This type of work, though, has come
it as too simplistic and one dimensional. MosDrganization. A more proper definition attrib-under some criticism from other researchers
recent research work suggest a highly positiveted to Peter F. Drucker (1995) is the ability tin the field most of them in the UK [Dan
relationship between investment in IT and orexpand the limits of the organization in term&fkemenyi & Frank Bannister, 1999], [L. P.
ganizational performance. The main emphasf the opportunities to produce revenues, td/ilicocks and S. Lester, 1996, 1997] and
sis of the research these days is to determicecate markets and to change the econonjitean Noel Ezingeard 1998].
the business value of IT. characteristics of existing products and mar- Recent research has shown that longitudi-

kets. In the long term effectiveness is muchal three-to-five year firm level studies

Keywords: Business Value of IT, Econom- more important for sustained productivity. demonstrate better results than single year
ics, Information Technology, Information Traditional measures of productivity whichstudies, or macroeconomic studies of sectors
Technology Paradox, Productivity, Produchas its roots in industrial engineering anaf the economy or the whole economy [Hitt,
tion Functions. agriculture do not address properly intangibl&996], [Mooney 1996], [Shu 1998], [Bryn-

factors such as product and service qualitjplfsson, E. and Hitt, L.M.1995a], [Brynjolfs-
Introduction variety and reliability and customer satisfacson, E. and Hitt, L.M.,1995b], [Brynjolfsson,

The issue of the effects, if any, that Infortion. These intangible factors are key eleE. and Hitt, L.M.,1996]. It appears that there
mation Technology (IT) has on the productiviments of competitive success in the strateggre at least four reasons for the positive results
ity of organisations has been one of the mosand marketing literature. of more recent studies:
critical issues in the IT field [Blake, 1994], (a) The sophistication of the research has
[Brancheau. et. al, 1996]. The topic has exFhe Theoretical Background ewlved substantially;
tended beyond the boundaries of academiaVirtually all the studies before the late(b)IT has matured and is now a much more
and it has captured the attention of the pred980's do not show a significant positive powerful and useful set of tools;

[Bowen, W. 1986, Magnet 1994], Businessmpact of IT on the productivity of organisa-
Week 1993], the mass electronic media asns. This phenomenon led Dr. Robert Solow
well as the policy makers all over the globeof MIT back in 1987 to comment that com-

The term “information technology paradox”puters can be seéaverywhere except in the
has entered the lexicons and everyday converroductivity statistics’{Solow). More recent-
sations. Organisations, researchers, polidy there was a shift in this thinking since mos
makers and the press have begun to questimtent studies show a positive relationshi
the benefits for organisations from their subbetween investment in IT and the productivi:
stantial investments in IT. ty of the firm.

Researchers in the field among others
Productivity include Erik Brynjolfsoon of MIT and his as-

Productivity is a measure of performanceociates at the MIT Centre of e-Business

and the only measure of competitiveness. (khttp://ebusiness.mit.edu/>) and Lorin Hitt
can be defined as the relationship between tbé the University of Pennsylvania, Wharton
inputs applied and the outputs that result, th&chool of Business, associated with the MI”
is to say, the ratio of outputs to inputs. Outputeam. In New York Yanis Bakos of the Univer-
can be any combination of goods, products, @ity of New York Stern School of Business

8¢ UPGRADE vol. v, No. 5, October 2004

Kyriakos E. Georgiouis one of the
editors ofPliroforiki, the journal of the
Cyprus Computer Society (CCS). He is a
Senior Manager for Professional Servic-
es for NetU Consultants. He occasionally
teaches management courses in local
colleges. He has a Bachelors degree in
Mechanical Engineering and a MBA,
both from the University of Houston,
Houston, Texas, USA. The efficient and
effective use of IT in organizations is one
of his main professional and academic
interests. <Kyriakosg@netu.com.cy>

© CEPIS


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.upgrade-cepis.org

UPENET

(c) Organisations as a whole have been mopeoduction theory provides an excellent methby another. The most common substitution is
successful in using IT in the context ofod for measuring the efficient application heapital and outsourcing services for Labour.
achieving business objectives; and writes “the bottom line of any technology isIn a more formal presentation as a production

(d)In most cases successful IT implementazot how it changes work, but whether ifunction (F) these relations can be presented
tion is coupled with organizational changeincreases productivityRemenyi and Bannis- as:

Organizational change programs includéer (1999) on the other hand quoting a similar Y=F(KLEMS)(1)

employee participation programs, Totapoint from the same article suggest tfdtis In studies of the productivity of IT the two

Quality Programs and Process Reengiarrow perspective is (perhaps deliberatelyjnost important independent variables are

neering. limited in its understanding of the nature of ITCapital (K) and Labour (L) that have two

The first studies on IT productivity origi- value”. Along the same lines Ezingeardcomponents each. One componentis associat-
nated back in the 1970's. However there is @998) suggests that there is now a recogred with the use of IT identified by (1) and the
general agreement among the research cotien that evaluation should be concerned withther refers to non IT related forms of capital

munity that those early years are not reallynore than simple ‘efficiency’ metrics. Aca-or labour identified by (0).

representative. In the 1980’s and early 1990&emic techniques and constructs have yet tol believe that an extension of the theory

when the term the “IT productivity paradox”’be widely adopted by practitioners. Thevould be to examine how purchased services

was coined by Baily and Gordon (1988) mostmphasis in research should be placed on tfautsourced services) affect the productivity
of the studies showed negative correlatiormpact that IT has on the entire organisationof firms. This is important since outsourcing
between capital expenditures on IT and meas-In any case the following statements arBas become an integral part of the application
ured productivity gains. Over the years sincpractically universally accepted: of IT. Jablonski (1995) uses a production
then, the balance has shifted towards mode The findings of IT productivity impactsfunction that includes capital, labour and
positive results. research are inconclusive. This is a majantermediate purchases to measure multifac-
Most researchers, though, it seems that they theme of all the research in the field and tor productivity in the U.S. textiles sector.
have a more or less ideological position on is precisely the issue that gave rise to th&lso Brynjolfsson and Hitt (2000) in a MIT
either side of the argument and most of their term “Productivity Paradox”. Working Paper are extending their previous
work is in support of this a priori ‘ideclogical’ 2. Firm level research offers more meaningfuiork and include Research and Development
position. As Bakos (1995), statfwe) put to results in terms of accuracy and reliabilitf R&D) as the third independent variable. On

rest once and for all the old idea that comput- as opposed to economy, industry anthe other hand energy (E) and Materials (M)

ers are not productive” Quinn and Baily sector levels research. The reason for thege of lesser significance especially when it

(1994) add the point th&(if) managers did is that beyond the firm level the datacomes to firms in the service sector of the

not think IT improved performance, they becomes difficult to use because it coneconomy. In this case the production function

would not have continued to invest so heavi- tains items that cancel each other out.  should include purchased services (S) and it
ly”. 3. Longitudinal designs are more appropriatshould look like this:
Itis fair to say that the empirical results that rather than single year or cross- sectional Y =F (KO, K1, LO, L1,S0,S1) (2)

most academic researchers, in the USA, reach ones. Longitudinal designs are more in The Cobb-Douglas model is used nearly

these days show positive returns on IT invest- line with the process nature of the ITexclusively in previous IT Business Value

ment. The work of Bryjolfsson and Hitt implementation. research at the firm level [Bryjolfsson and Hitt

(1993; 1994; 1996) and Lichtenberg (199534. More recent research is more probable t096], [Gurbaxani, et al. 1998], [Lichtenberg

among others are along these lines. On the show a positive correlation between in1995]. Empirical research has proved that this

other hand the work of Paul Strassman (1985; vestment in IT and business performancemodel is a reasonable model for estimating

1990; 1997) and Stephen Roach (1989a; the returns to IT investment. A basic Cobb-

1889b; 1996) point in the opposite direction.The Econometric Model Douglas production function has the follow-
There are two fundamental research ques-The development of reliable, consistent anohg form:

tions: meaningful techniques for assessing the relay = A K0P K1P2 o3 | 1P4 5@ s1#6 (3)

1. Does IT offer the potential to enhance praionship between investments in Information The term A is the technical efficiency of a
ductivity and firm performance? Technology (IT) and firm performance is aor Multifactor Productivity (MFP). MFP

2. If IT provides potential benefits how dovery crucial issue since it lies in the centre dofignifies contribution to output that is not
organizations manage and use IT tthe research in this field. The emphasis of treccounted for by inputs to production. By
enhance productivity and create value? literature review is oexpostmeasurement of taking logs the Cobb-Douglas model would
In general the field is influenced bythe impacts of IT investments on firmtake the form:

research carried out in the USA and ngperformance rather thaxanteevaluation of Log(Y) =a + [31logKO +(32logK1 +{33logL0

enough attention is paid to research carrigtie potential impact of proposed IT systems. + 4LogL1 +(5logS0 +36logS1 (4)

out in the United Kingdom. Established prac- The role of firms in the economy is to In more complete form equation (4) has

titioners in the field there include Professorproduce goods and services called in genetiicree control variables that account for time

Arthur Money, Dan Remenyi and Twite, A.terms “outputs of production”, utilising a (t), industry (j) and the specific firm (i). By

[Remenyi et al. 1993], Jean Noel Ezingeardumber of inputs that can be grouped into fiveatroducing these variables the production

(1998) associated with Henley College bugroups namely capital (K), labour (L), energyfunction takes the form:

also L.P. Willcocks and S. Lester (1996, 1997)), materials (M) and purchased services (S).og(Ytij) = ay;j + Bllog KO + B2logK1l; +

associated with Oxford just to name a few. Using different quantities of each production B3logL0y + B4LogLly; + B5logSQ; +
Most British researchers are critical of thenput that best suit its needs a firm tries to |36logSJﬁj (5)

economic approach that American researcltompete in the market and produce the mostThe coefficients [§i) represent the output

ers prefer. Brynjolfsson (1993) for instance imptimum product mix. In this presentatiorelasticity of input i and their estimation repre-

order to reinforce the point that the economione form of production input can be replaced
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sents the contribution of IT investment to firm
output.

Bi=dlog (Y)/dlog X =
(dY / dX) ( XIY) = MP ( X/Y)

Conclusion
Like in any research the application of pro-

The Cobb-Douglas production functions Where MP is the marginal product of vari-duction theory to firm level studies has certain

has two general assumptions: able X.

strengths and potential short comings, mainly

1. The elasticity of substitution is assumed to There are a number of hypotheses that otiee linearity of the function. Although the
be constant and unitary. This implies thatan draw based on these formulations but fonethod is quite robust, reliable and estab-
an n percent change in the marginal rate d¢ifie purpose of this exercise we concentrate dished the search for the perfect productivity
technical substitution will yield a n percentthose that have proven more powerful ancheasure is still an elusive target, especially in

change in input mix. interesting [Money, 1996],
2. It exhibits constant returns to scale that i$995], [Bryjolfsson and Hitt, 1993]
if all inputs increase by a factor n then out-
put increases by factor n. Hypothesis 1. The marginal product of IT
And B1+pB2 +B3 +B4 +B5+pB6 =1 => capital (K4) is positive.
> Bi=1(6) More formally we test the hypothesis
Reading through the literature review a Ho:Bo<0
reader can truly appreciate the methodologi- Against the alternative hypothesis
cal and theoretical issues that form the core of Hy:B,>0
the research. This type of research is carried
out using essentially secondary data and théypothesis 2. The marginal product of IT
researcher has to make a lot of assumptionsaapital (K1) is significantly higher than the
order to fit the data into the model. Thesenarginal product of non-IT capital (K o)
assumptions and the way they operationaliselative to their rental price.
their variables at the end of the day can have a MP, / MPy < Ri/Rg
significant effect on the result of the research. More formally we test the hypothesis
Also the sample size can be problematic as Hg:Bo— (R K/ RyKp)B1<0
many of the studies are based on a limited Against the alternative hypothesis
sample size of even less than 50 observations. Hq:Bo— (R K1/ RyKg)B1>0
| believe that primary data from a respectable
sample size of at least 100 organisations ovelypothesis 3. The marginal product of IT
a three to five year period interval within thdabour (L ;) is positive.
context of a given economy will probably More formally we test the hypothesis

provide a better set of data for running this Ho:Bs<0
type of analysis. Against the alternative hypothesis
Both Brynjolfsson-Hitt and Lichtenberg in Hi:Bs>0

their respective work are using sales revenues

as their output variable of the productiorHypothesis 4. The marginal product of IT
function. Other researchers such as Stewdrabour (L ,) is significantly higher than the
(1991), Drucker (1995) and Strassmanmarginal product of non-IT labour (L )
(1997) and Ramirez (2003) suggest that EVAelative to their respective wage rates.
(Economic Value Added) is a more appropri- More formally we test the hypothesis
ate and objective measure of an organisation’s Hg:Bs— (W L1/ WyLg)B3<0
productivity and performance and they also Against the alternative hypothesis
suggest that it is used as the output or depend- Hj; :B4— (W L1/ WyLg) B3>0

ed variable. EVA is defined as the return on

capital minus the Weighted Average Cost dflypothesis 5. The marginal product of IT
Capital (WACC) multiplied by the capital Services ($) is positive.

outstanding at the beginning of the year More formally we test the hypothesis

(Steward, 1991). Ho:Bg<0
Against the alternative hypothesis
The Hypotheses Hi:Bg>0

The core research question is the relation-
ship between investments is IT and firm levalypothesis 6. The marginal product of IT
productivity. Based on the model develope&ervices () is significantly higher than the
in the previous section a number of hypothanarginal product of non-IT Services ()
ses can be formulated to provide the desireelative to their rental price.
answers. The hypotheses evolve around theMore formally we test the hypothesis
marginal products, or the related parameter of  Hg:Bg— (R S/ Ry ) PB5<0
the output elasticity of the independent varia- Against the alternative hypothesis
bles. Hy:Bs— (RS /RyS)Bs>0

By taking derivatives of equation (5) the
output elasticity of input X becomes
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[Lichtenberga relatively new field such as IT. Intangible

attributes such as service and product quality
are hard to quantify and measure and there is
always the argument that, unlike work in a
production environment, measuring produc-
tivity in a knowledge work environment is not
appropriate. All these factors add to the
complexity of the issue but do not subtract
from its importance.

The econometric approach is one of a
“black box” where the researcher knows very
little of what actually goes on within the
“black box”, that is, the firms in question. In
the next instalment of the article we are going
to explore some of the issues, strategic and
behavioural, that take place within the “black
box” and explore the business value of IT.
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