Manfred Nagl (Ed.)

Building
Tightly Integrated Software

Development Environments:
The IPSEN Approach

®); Springer



Lecture Notes in Computer Science 1170

Edited by G. Goos, J. Hartmanis and J. van Leeuwen

Advisory Board: W. Brauer D. Gries J. Stoer



Series Editors
Gerhard Goos, Karlsruhe University, Germany
Juris Hartmanis, Cornell University, NY, USA

Jan van Leeuwen, Utrecht University, The Netherlands

Volume Editor

Manfred Nagl

RWTH Aachen, Lehrstuhl fiir Informatik IT1
D-52056 Aachen, Germany

E-mail: nagl@i3.informatik.rwth-aachen.de

Cataloging-in-Publication data applied for

Die Deutsche Bibliothek - CIP-Einheitsaufnahme

Building tightly integrated software development environments:
the IPSEN approach / Manfred Nagl (ed.). - Berlin ;
Heidelberg ; New York ; Barcelona ; Budapest ; Hong Kong ;
London ; Milan ; Paris ; Santa Clara ; Singapore ; Tokyo :
Springer, 1996

(Lecture notes in computer science ; Vol. 1170)

ISBN 3-540-61985-2
NE: Nagl, Manfred [Hrsg.]; GT

CR Subject Classification (1991): D.2, G.2.2, D.3.1,K.6.3,F4.2

ISSN 0302-9743
ISBN 3-540-61985-2 Springer-Verlag Berlin Heidelberg New York

This work is subject to copyright. Al rights are reserved, whether the whole or part of the material is

concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,

in its current version, and permission for use must always be obtained from Springer - Verlag. Violations are

liable for prosecution under the German Copyright Law.

© Springer-Verlag Berlin Heidelberg 1996
Printed in Germany

Typesetting: Camera-ready by author
SPIN 10549145 06/3142-543210  Printed on acid-free paper



Preface

This book is a state-of-the-art report on the IPSEN project which aims to introduce a new
quality in integration between tools devoted to the development and maintenance of large
software systems. Although there are different subprojects for software development envi-
ronments and also for environments outside the software context investigated in the group,
and different grants have supported our work, we inaccurately speak about the IPSEN proj-
ect in the following book. Indeed, it is more a group of related projects which produced a
series of prototypes than one single environment demonstrating all we have achieved. IP-
SEN is an acronym for Integrated Software Project Support Environment. "l_“he project is
long lasting and has required considerable human effort. The results produced in this project
are collected in this book.

We shall learn later in this book that integration has different facets which we shall care-
fully explain in chapters 1-4. To give an impression at the very beginning: By integration
we mean tight integration on and of software documents which is achieved by specific
tools. Integration is not only on coarse-grained document level but also on the level of syn-
tactical and semantical units within these documents. Therefore, integration especially
means fine-grained integration for different tools on one document and, even more impor-
tant, between different documents by integration tools. We shall carefully argue in chapter
1 that it is especially this kind of integration which is needed for maintenance and other key
activities of software engineering. In chapter 2 we demonstrate how this kind of integration
appears from the user’s perspective.

The specification of what is going on inside the IPSEN software development environ-
ment(s) is done by viewing any document/configuration the user is dealing with internally
as a graph belonging to a graph class or a complex of graphs. The tool activities are mapped
onto activities of graph processors. A formal specification is given by graph rewriting sys-
tems, in short graph grammars. A language for expressing such specifications and an envi-
ronment for handling them, called PROGRES, has been developed, and a lot of methodolo-
gy knowledge of how to write down specifications has been found. From a specification
the realization of tools is mechanically derived. This overall approach was called graph
technology and is the most specific aspect of IPSEN. It is this graph technology which dis-
tinguishes this project from most other software development environment projects (see
chapter 3).

Another highlight of IPSEN is the results on software engineering level, discussed in de-
tail in chapter 4, based on the IPSEN software architecture. The understanding of the term
“architecture” is different from that of other authors: An architecture is not a rough draft
but an exact plan across all different logical layers of the software system. For the IPSEN
system we present its framework architecture, discuss its standard components, and de-
scribe a machinery for deriving its specific components. Furthermore, tools to support this
machinery are also discussed. The software engineering results are given in chapter 4.

The main concern of this book is to show uniformity throughout different logical levels.
These levels are language definition, behavior of tools, internal graph grammar modeling,
architectural design, and implementation. The uniformity investigation and the traceability
it implies through all these levels may be the key result of the IPSEN approach.

The book and its results are (hopefully) interesting to the software development environ-
ment community mainly for the following reasons: (a) The project has produced a lot of
practical results in the form of available prototypes showing this new kind of integration,
internal modeling, and tool production. These prototypes have demonstrated that it is
worthwhile and possible to transfer the underlying ideas to industrial practice. The project
alsohas (b) a theoretical side which demonstrates that theory is necessary for good practice,
inthis case the practice of tool building. This has two reasons: There is no way to getreliable
complex tools without specifying formally the internal behavior of a software development
environment. Furthermore, the process of developing software tools and environments can
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only be made more efficient if handcoding is replaced by more intelligent production mech-
anisms. This, however, is not possible without a theoretical background and basis of corre-
sponding specifications.

The IPSEN project is a university or research project. Therefore, the aim was not to pro-
~ duce industrial tools, although prototypes are efficient and stable. The aim, furthermore,
was not to gain completeness, i.e. to support all activities of development and maintenance
of software, although a remarkable set of tools has been realized. Being researchers, our
interest centered more on learmning about how new tools have to behave, to be modeled inter-
nally, to be realized, and how realization effort can be reduced, than implementing one tool
after the other. Therefore, a new tool was only built if we expected to get new insight in one
or more of the above questions. This, however, does not mean that the tools we have built
are only valuable for research. In the numerous demonstrations we have given, application
programmers were especially enthusiastic in their responses, telling us that they would like
to have IPSEN-like tools for their practical work. Nevertheless, the process of transforming
results to industrial practice is still in its infancy. However, it has started.

Although the IPSEN project mainly deals with software development environments, the
approach taken can also be applied to any interactive system on complex, structured, and
tightly connected objects developed in a group, as is the case with software documents and
software projects. We have some results proving this claim.

The IPSEN approach or project has different facets which are shown in the respective
chapters of this book. We summarize them in order so as to clarify the range of discussion.
IPSEN is:

(a) a certain idea of how tools of an integrated (software) development environment
should behave,

(b) an approach using one key idea, namely that of complex interrelated objects (graphs)
at all levels of (software) development environments: language definition, tool behavior,
conceptual internal modeling, and realization,

(c) the key modeling idea of separation (separate structures) and integration (fine-grained
links between structures) being applicable to different technical grains as documents, sub-
configurations, configurations, but also for management information and the interrelation
of technical and management information,

(d) a uniform conceptual modeling approach, which makes the internal specification
clearer, easier to build up, and maintain and which is the prerequisite for any “intelligence”
in the tool production process,

(e) a specification language for the internal specification of tools together with corre-
sponding tools (PROGRES and its environment),

(f) aset of environments built according to these ideas which have been demonstrated at
many sites,

(g) an approach to configure integrated environments which all share the same architec-
tural framework and corresponding basic blocks,

(h) an approach to generate specific components within this framework and to realize the
corresponding generator tools, i.e. IPSEN is a meta-SDE environment,

(i) an endeavor to build a universal administration component which can be taken to
cover the coordination aspects of any (software) project,

(j) a platform project for integrated and distributed environments for data, control, and
representation integration, especially an underlying object storage,

(k) an approach which can be transferred to other disciplines outside the software devel-
opment environment world (e.g. CIM, classification and retrieval systems, intelligent text
systems, etc.), ' .

(1) aneffortto make languages or methods used in software engineering clear and precise,
to learn how to use them, and to build tools for them.
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The detailed description of these facets (besides the language and method work) for the
scientific world and, especially, for the software development environments community 1s
the main goal of this book.

This book is an effort for the scientific community. It presents material in order to learn,
to a certain extent, about software development environments in general and IPSEN in par-
ticular. This book should help to spread the essential ideas of IPSEN within the (software)
development environments community but also in areas outside of environments.

Besides these outside goals the book also has some internal goals for the IPSEN group
itself. Up to now we have had no compendium for new group members at the Ph.D. candi-
date or Master’s level to enable them to familiarize themselves with the established results.
Furthermore, it was discovered that the preparation of this book, with the knowledge gained
during that process, was very stimulating.

After having introduced the aims of this book let me list a number of items the book does
not handle:

(1) It is not a textbook on software development environments in general. It is a mono-
graph devoted to the IPSEN approach and it discusses (some of the numerous) other ap-
proaches only to the extent necessary for characterizing IPSEN. There are also monographs
on special topics of the project (/8. Na 79, 4. Schi 86, 5. Eng 86, 4. Lew 88c, 2. ES 89, 5.
Schii 91a, 4. Wes 91a, 7. Jan 92, 7. Bor 94, 4. Lef 95, 7. Bee 95, 5. Ziin 96, 4. Koh 96/).

(2) This is not a method book. Some of the existing methods (better termed notations) for
the different working areas are introduced because they are the basis for tools. However,
they are only introduced by examples and not given formally, and only to the extent needed
for the corresponding tool discussions.

All persons on the list on the next page have contributed considerably to the success of
the IPSEN project. They have contributed by finished or ongoing Ph.D. thesis work, by
Master’s theses, and as programmers. The commitment of all these members as developers
of ideas, concepts, languages, mechanisms, components, and prototypes is gratefully ac-
knowledged. Especially, the contributions of P. Klein, Dr. A. Schiirr, and Dr. B. Westfechtel
made it possible to edit this book. Furthermore, the careful text preparation work done by
A. Fleck, M. Schiirr, and R.P. Rssel is responsible for the layout of this volume. Finally,
A. Johnston was responsible for improving our English.

The following grants given by national and international research organizations have di-
rectly or indirectly given considerable support to the IPSEN project and, therefore, have
layed the financial basis for the results of this book:

- German Research Council (DFG): project ‘Software Workbench’; project ‘Graph Gram-
mar Specifications’; project ‘Software Architectures for Interactive Systems’; project ‘SU-
KITS’, subproject ‘CIM Manager’; project ‘Graduate College Computer Science and Engi-
neering’, subproject ‘Administration of Development’,

- European Community: ESPRIT-project ‘COMPLEMENT’, subproject ‘Requirements
Engineering and Programming in the Large’, together with CAP debis Aachen,

- German Ministry for Research and Technology: project ‘European Software Factory’,
subproject ‘Requirements Engineering Tools’, together with CAP debis Aachen; project
‘Reengineering of Client/Server Applications’, together with AMI and GEZ,

- Stiftung Volkswagenwerk: project ‘Intelligent Editors for Technical Documentation’,

- Ministry for Science and Research of North-Rhine Westphalia: project “Tool Generators’;
participation in ‘Client/Server Applications’; project ‘Software Reuse’.

Finally, the basic support given by the state of Lower Saxony, when the group was at the
University of Osnabrlick, and by the state of North-Rhine Westphalia, the group since 1986
being located at Aachen University of Technology, is gratefully acknowledged.

Aachen, September 1996 Manfred Nagl
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