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J. Hromkovič N. Jones T. Leighton M. Nivat
C. Papadimitriou D. Scott



H. Ehrig · K. Ehrig
U. Prange · G. Taentzer

Fundamentals
of Algebraic
Graph Transformation

With 41 Figures

123



Authors

Prof. Dr. Hartmut Ehrig
Dr. Karsten Ehrig
Ulrike Prange
Dr. Gabriele Taentzer

Technical University of Berlin
Institute for Software Engineering
and Theoretical Computer Science
Franklinstr. 28/29
10587 Berlin, Germany

ehrig@cs.tu-berlin.de
karstene@cs.tu-berlin.de
uprange@cs.tu-berlin.de
gabi@cs.tu-berlin.de

Series Editors

Prof. Dr. Wilfried Brauer
Institut für Informatik der TUM
Boltzmannstr. 3
85748 Garching, Germany
brauer@informatik.tu-muenchen.de

Prof. Dr. Grzegorz Rozenberg
Leiden Institute of Advanced
Computer Science
University of Leiden
Niels Bohrweg 1
2333 CA Leiden, The Netherlands
rozenber@liacs.nl

Prof. Dr. Arto Salomaa
Turku Centre of
Computer Science
Lemminkäisenkatu 14 A
20520 Turku, Finland
asalomaa@utu.fi

Library of Congress Control Number: 2005938509

ACM Computing Classification (1998): D.1.7, D.2.1, D.3.1, F.4.2, F.4.3, G.2.2, I.1.

ISBN-10 3-540-31187-4 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-31187-4 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is concerned,
specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction on
microfilm 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. Violations are liable for prosecution under the German Copyright
Law.

Springer is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2006
Printed in Germany

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply, even in
the absence of a specific statement, that such names are exempt from the relevant protective laws and regulations and
therefore free for general use.

Cover Design: KünkelLopka, Heidelberg
Typesetting: by the Authors
Production: LE-TEX Jelonek, Schmidt & Vöckler GbR, Leipzig

Printed on acid-free paper 45/3142/YL 5 4 3 2 1 0



Preface

In the late 1960s and early 1970s, the concepts of graph transformation and
graph grammars started to become of interest in picture processing and com-
puter science. The main idea was to generalize well-known rewriting tech-
niques from strings and trees to graphs, leading to graph transformations and
graph grammars. In particular, the concepts of algebraic graph transforma-
tion gained considerable importance in the early years and have done so even
more in the last decade. Today, algebraic graph transformation techniques are
playing a central role in theoretical computer science, as well as in several ap-
plied areas, such as software engineering, concurrent and distributed systems,
and visual modeling techniques and model transformations.

The aim of this book is to present the fundamentals of algebraic graph
transformation techniques for the purposes of teaching, research, and devel-
opment, with respect to the following aspects:

1. Fundamentals in the sense of an introduction with a detailed motivation
to algebraic graph transformation, including the main constructions and
results, as well as their generalization to high-level replacement systems,
with a wide range of applications in computer science and related areas.

2. Fundamentals in the sense of mathematical theories, which are the basis
for precise definitions, constructions, and results, and for the implementa-
tion of algebraic graph transformation in a tool environment called AGG.

3. Fundamentals in the sense of the integration of data types and process
specification techniques, where the concepts of algebraic data types are
integrated with graph rewriting, leading to the concept of typed attributed
graph transformation.

In accordance with these aims, the book is organized in four parts:

• Part I: Introduction to Graph Transformation Systems, where graph trans-
formations based on classical graphs are introduced and the main construc-
tions and results are motivated in detail.
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• Part II: Adhesive High-Level Replacement Categories and Systems, where
the theory is presented in a categorical framework with applications to a
large variety of high-level structures, especially transformation systems for
various kinds of graphs and Petri nets.

• Part III: Typed Attributed Graph Transformation Systems, where the con-
cepts of typed attributed graphs are carefully introduced and the main
results are obtained as instantiations of Part II.

• Part IV: Case Study on Model Transformation, and Tool Support by AGG,
where the concepts of typed attributed graph transformation are applied
in a separate case study to visual model transformation, and it is shown
how the theory is implemented in the AGG tool.

The book is organized in such a way that the reader can switch, after
the introduction in Part I, immediately to Part III; however, the concepts
and results in both of these parts are instantiations of the categorical theory
presented in Part II.

The material of this book is based on a theory of algebraic graph trans-
formation developed at the Technical University of Berlin in cooperation with
several international partners in the EU projects COMPUGRAPH, GET-
GRATS, APPLIGRAPH and SEGRAVIS. This material can also be seen as
being in the tradition of algebraic specification techniques, described in the
EATCS series of Monographs in Theoretical Computer Science.

We are most thankful to Hans-Jörg Kreowski, Michael Pfender, Hans-
Jürgen Schneider, Barry Rosen, and Grzegorz Rozenberg for creating the al-
gebraic approach to graph transformation in fruitful cooperation with the first
author in the 1970s. For the main contributions to the algebraic approach in
subsequent years, we would like to thank in addition Paolo Baldan, Roswitha
Bardohl, Paolo Bottoni, Andrea Corradini, Gregor Engels, Claudia Ermel,
Ingrid Fischer, Annegret Habel, Reiko Heckel, Berthold Hoffmann, Manuel
Koch, Barbara König, Martin Korff, Jochen Küster, Juan de Lara, Leen Lam-
bers, Michael Löwe, Ugo Montanari, Mark Minas, Fernando Orejas, Julia Pad-
berg, Karl-Heinz Pennemann, Francesco Parisi-Presicce, Detlef Plump, Leila
Ribeiro, Francesca Rossi, Olga Runge, Andy Schürr, Pawel Sobociński, Daniel
Varró, Szilvia Varró-Gyapay, Annika Wagner, and Dietmar Wolz.

We would especially like to thank Reiko Heckel for several useful comments
concerning the overall structure of the book.

A draft version of the book was carefully studied by the participants of a
compact seminar on “Fundamentals of Algebraic Graph Transformation” for
advanced students and young researchers in the SEGRAVIS TMR network.
We are most grateful to the following members of this seminar, whose com-
ments led to several useful improvements in the final version of this book:
Paolo Baldan, Enrico Biermann, Benjamin Braatz, Esther Guerra, Stefan
Hänsgen, Frank Herrmann, Markus Klein, Barbara König, Sebastian Kuh-
nert, Juan de Lara, Tihamer Levendovsky, Katharina Mehner, Tony Modica,
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Mattia Monga, Allesandra Raffaetta, Guilherme Rangel, Giovanni Toffetti
Carughi, Daniel Varró, Szilvia Varró-Gyapay, and Jessica Winkelmann.

Finally, we thank Grzegorz Rozenberg and all the other editors of the
EATCS monograph series, and those at Springer-Verlag, especially Ronan
Nugent, for smooth publication.

Berlin, Summer 2005 Hartmut Ehrig
Karsten Ehrig
Ulrike Prange

Gabriele Taentzer
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