MontiArc - Architectural Modeling and Simulation
of Interactive Distributed Systems

Von der Fakultit fiir Mathematik, Informatik und Naturwissenschaften der
RWTH Aachen University zur Erlangung des akademischen Grades
eines Doktors der Naturwissenschaften genehmigte Dissertation

vorgelegt von
Dipl.-Wirt.-Inf.

Arne Haber
aus Wolfsburg

Berichter:  Universititsprofessor Dr. rer. nat. Bernhard Rumpe
Universitétsprofessorin Dr.-Ing. Ina Schaefer

Tag der miindlichen Priifung: 22. Mirz 2016

Diese Dissertation ist auf den Internetseiten der Hochschulbibliothek online verfiigbar.






Aachener Informatik-Berichte, Software Engineering

herausgegebenvon
Prof. Dr. rer. nat. Bernhard Rumpe
Software Engineering
RWTH Aachen University

Band 24

Arne Haber

MontiArc - Architectural Modeling and Simulation
of Interactive Distributed Systems

Shaker Verlag
Aachen 2016



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: D 82 (Diss. RWTH Aachen University, 2016)

Copyright Shaker Verlag 2016

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
ofthe publishers.

Printed in Germany.

ISBN 978-3-8440-4697-7

ISSN 1869-9170

Shaker Verlag GmbH « P.O.BOX 101818 « D-52018 Aachen

Phone: 0049/2407/9596-0 - Telefax: 0049/2407/9596-9
Internet: www.shaker.de ¢ e-mail:info@shaker.de



Abstract

Software architecture is the essence of a system and determines important functional as well
as non-functional properties [BCKO03]. It decomposes the system into small, manageable sub-
systems respectively components that interact over well defined interfaces. Formal architecture
description languages (ADLs) offer great potential to model and analyse the architecture of a
system, predict the overall performance of a system using simulations, and even allow to auto-
matically generate parts of the implementation.

Nevertheless, ADLs are rather not used in industrial practice since several problems of ar-
chitectural modeling hinder to exploit their potential to the full extend. Either an ADL is too
general to provide enough information for formal analyses, or it is tailored well to a specific
domain and development process, so it cannot be easily applied to another context. Beside lan-
guage barriers caused by uncommon languages, most ADLs are regarded to be complex and
heavyweight [MLM™13]. Good modeling tools are missing [Pan10] and existing tools cannot
be easily integrated into existing tool chains [WHOS5]. Also, incremental modeling and model
reuse is most often not supported.

This thesis elaborates the design of an ADL that copes with these impediments of architec-
tural modeling in practice. Therefore, the design of a lightweight and easy to learn ADL is
derived which also provides well defined extension points to be adapted to a certain domain
or development process. Controlled reuse of architectural models is explored. Furthermore, it
is investigated how architectural modeling can be enriched with agile development methods to
support incremental modeling and the validation of system architectures.

Therefore, a detailed set of requirements for architectural modeling and the simulation of sys-
tem architectures is defined. Based on these requirements, MontiArc, a concrete ADL to model
logical architectures of distributed, interactive systems, is derived. The language is based on
the mathematical FOCUS [BSO01] framework, which allows to simulate modeled systems in an
event-based style. Code generators and a simulation framework provide means to continuously
refine and test architectural models.

The language and the corresponding tools provide extension points to easily add new features
to the language or even adapt it to a new domain. For this purpose, a corresponding language
extension method is presented to extend the syntax, language processing tools, and code genera-
tors of the ADL. Furthermore, a lightweight model library concept is presented which allows to
develop and reuse component models and their implementation in a controlled and transparent
way. The developed language, the simulator, and the language extension techniques have been
examined in several case studies which either used or extended MontiArc.
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