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Preface

The increasing complexity of software and hardware systems and their ever more
central role in society poses many challenges concerning their reliability, safety, cor-
rectness, and robustness. Based on a variety of fundamental concepts from theoretical
computer science, formal methods techniques aim at making a significant contribution
to better quality systems. The development and use of formal methods aspire to
mathematically sound methods and tools for system analysis and verification.

This volume contains the selected and revised papers of the 9th IPM International
Conference on Fundamentals of Software Engineering (FSEN 2021). Due to the
continuing effects of the COVID-19 pandemic, this event was held as a virtual event
and run from Tehran, Iran, during May 19-21, 2021. This biennial event is organized
by the School of Computer Science at the Institute for Research in Fundamental
Sciences (IPM) in Iran in cooperation with ACM SIGSOFT and IFIP Working Group
2.2. The topics of interest in FSEN span over all aspects of formal methods, especially
those related to advancing the application of formal methods in the software industry
and promoting their integration with practical engineering techniques.

The Program Committee of FSEN 2021 consisted of 42 top researchers from 16
countries. This edition of FSEN received 38 submissions from 18 countries. Each
submission was reviewed by at least three independent referees, for its quality, origi-
nality, contribution, clarity of presentation, and its relevance to the conference topics.
After thorough discussions on each individual paper, the Programme Committee has
accepted 12 regular full papers and 4 short papers for inclusion in the present
proceedings.

Many people contributed to make FSEN 2021 a success. We would like to thank the
two distinguished keynote speakers that gave their excellent and stimulating presen-
tations at FSEN 2021: Marta Kwiatkowska and Mira Mezini. We also would like to
thank the many authors that submitted high-quality papers. Special thanks also go to
the Institute for Research in Fundamental Sciences (IPM) in Tehran, Iran, for their
financial support and to the local organization team of FSEN 2021 that ran this virtual
edition of the conference in an excellent way, including the exceptional virtual guided
tours through some of the most magnificent places of Iran. Many thanks also go to: the
General Chairs Farhad Arbab and Pejman Lotfi-Kamran and the Steering Committee of
FSEN, especially its Chair Marjan Sirjani, for their valuable support and feedback
during all phases of the organization; the members of the Program Committee for their
time, effort, and excellent and timely contributions to ensure that FSEN remains a
high-quality international conference; and to the Publicity Chair Maurice ter Beek for
his excellent job in advertising the conference. We are also grateful to IFIP, the IFIP
Working Group 2.2, and ACM for their continuing support of the FSEN conference
series. Furthermore, we thank the providers of the EasyChair conference management
system, whose tool greatly helped us run the review process and facilitate the prepa-
ration of these proceedings. Finally, we are indebted to all conference attendees for
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their active and lively participation in the FSEN research community, ultimately
contributing to the success of this special conference series.

August 2021 Hossein Hojjat
Mieke Massink



Conference Chairs

Hossein Hojjat
Mieke Massink

Publicity Chair

Maurice H. ter Beek

Program Committee

Erika Abraham
Gul Agha
Ebru Aydin Gol
Christel Baier
Ezio Bartocci
Marcello Bonsangue
Mario Bravetti
Michael Butler
Rocco De Nicola
Erik De Vink
Giovanna Di Marzo
Serugendo
Alessandra Di Pierro
Ali Ebnenasir
Fathiyeh Faghih
Wan Fokkink
Adrian Francalanza
Fatemeh Ghassemi
Jan Friso Groote
Hassan Haghighi
Osman Hasan

Hossein Hojjat
Mohammad Izadi
Narges Khakpour
Ehsan Khamespanah
Ramtin Khosravi
Eva Kiihn

Zhiming Liu

Mieke Massink

Organization

Tehran Institute for Advanced Studies, Iran
CNR-ISTI, Italy

CNR-ISTI, Italy

RWTH Aachen University, Germany

University of Illinois at Urbana-Champaign, USA
Middle East Technical University, Turkey
Technical University of Dresden, Germany
Vienna University of Technology, Austria
University of Leiden, The Netherlands

University of Bologna, Italy

University of Southampton, UK

IMT School for Advanced Studies Lucca, Italy
Eindhoven University of Technology, The Netherlands
University of Geneva, Switzerland

University of Verona, Italy

Michigan Technological University, USA

McMaster University, Canada

Free University of Amsterdam, The Netherlands

University of Malta, Malta

University of Tehran, Iran

Eindhoven University of Technology, The Netherlands

Shahid Beheshti University, Iran

National University of Sciences and Technology
(NUST), Pakistan

Tehran Institute for Advanced Studies, Iran

Sharif University of Technology, Iran

Linnaeus University, Sweden

University of Tehran, Iran

University of Tehran, Iran

Vienna University of Technology, Austria

Southwest University, China

CNR-ISTI, Italy



viii Organization

Emanuela Merelli

Hassan
Mirian-Hosseinabadi

Mohammadreza Mousavi

Ali Movaghar

Jose Proenca

Wolfgang Reisig

Philipp Ruemmer

Gwen Salaiin

Cristina Seceleanu

Marjan Sirjani

Marielle Stoelinga

Meng Sun

Carolyn Talcott

Martin Wirsing

Lijun Zhang

Peter Olveczky

Steering Committee

Farhad Arbab
Christel Baier

Frank de Boer

Ali Movaghar

Hamid Sarbazi-azad
Marjan Sirjani (Chair)
Carolyn Talcott
Martin Wirsing

Additional Reviewers

Abbaspour Asadollah, Sara
Afsharchi, Mohsen
Aghamohammadi, Alireza
Bacchiani, Lorenzo
Backeman, Peter

Bagheri, Maryam

Bella, Giampaolo

Bruni, Roberto

Carra, Damiano

Cledou, Guillermina
Crass, Stefan

De Masellis, Riccardo
Esen, Zafer

University of Camerino, Italy
Sharif University of Technology, Iran

King’s College London, UK

Sharif University of Technology, Iran

CISTER-ISEP and HASLab-INESC TEC, Portugal

Humboldt-Universitdt zu Berlin, Germany

Uppsala University, Sweden

University of Grenoble Alpes, France

Milardalen University, Sweden

Milardalen University, Sweden

University of Twente, The Netherlands

Peking University, China

SRI International, USA

Ludwig Maximilian University of Munich, Germany

Institute of Software, Chinese Academy of Sciences,
China

University of Oslo, Norway

CWI and Leiden University, The Netherlands
Technical University of Dresden, Germany

CWI and Leiden University, The Netherlands
Sharif University of Technology, Iran

IPM and Sharif University of Technology, Iran
Mailardalen University, Sweden

SRI International, USA

Ludwig Maximilians University Munich, Germany

Galletta, Letterio
Habibi, Elahe

Jansen, David N.
Latella, Diego
Laveaux, Maurice

Lu, Yuteng
Mahmoudzadeh, Elham
Malm, Jean

Martens, Jan

Moradi, Fereidoun
Mukherjee, Dipayan
Salehi Fathabadi, Asieh
Sengstschmid, Martina



Snook, Colin
Striiber, Daniel
Timmers, Ferry
Tini, Simone
Turrini, Andrea

Organization

van Spaendonck, Flip
Yang, Yilong
Zameni, Tannaz
Zhang, Xiyue

ix



Contents

Coordination

Protocol Scheduling. . . . ... ... ... . 3
Kasper Dokter and Farhad Arbab

Automated Replication of Tuple Spaces via Static Analysis . .. .......... 18
Aline Uwimbabazi, Omar Inverso, and Rocco De Nicola

Incremental Refinement of Goal Models with Contracts. . . .. ........... 35
Piergiuseppe Mallozzi, Pierluigi Nuzzo, and Patrizio Pelliccione
Logic

Adding Proof Calculi to Epistemic Logics with Structured Knowledge . . . . . 53
Mario Benevides, Alexandre Madeira, and Manuel A. Martins

Introducing Interval Differential Dynamic Logic . . ................... 69
Daniel Figueiredo

A Program Logic for Fresh Name Generation. . .. ................... 76
Harold Pancho Eliott and Martin Berger

Event-Driven Temporal Logic Pattern for Control Software Requirements
Specification. . . . .. ... 92
Vladimir Zyubin, Igor Anureev, Natalia Garanina, Sergey Staroletov,
Andrei Rozov, and Tatiana Liakh

Extending OCL with Map and Function Types. .. ................... 108
Kevin Lano and Shekoufeh Kolahdouz-Rahimi
Networks

Deadlock in Packet Switching Networks . . .......... ... ... ... .... 127
Anna Stramaglia, Jeroen J. A. Keiren, and Hans Zantema

Runtime Monitoring Processes Across Blockchains. . ................. 142
Shaun Azzopardi, Joshua Ellul, and Gordon J. Pace

Solving Systems of Bilinear Equations for Transition Rate Reconstruction . .. 157
Amin Soltanieh and Markus Siegle



Xii Contents

Parallel Computation

Term Rewriting on GPUs. . .. ... ... .. .. . ..

Johri van Eerd, Jan Friso Groote, Pieter Hijma, Jan Martens,
and Anton Wijs

Promise Plus: Flexible Synchronization for Parallel Computations

Amaury Maillé, Ludovic Henrio, and Matthieu Moy

Testing

Towards Automatic Test Case Generation for Industrial Software Systems

Based on Functional Specifications . . .. ......... ... ... ... ... . ...

Arvin Zakeriyan, Ramtin Khosravi, Hadi Safari,
and Ehsan Khamespanah

Compressing Automatically Generated Unit Test Suites Through Test

Parameterization . . . . . .. . ... ... e

Aidin Azamnouri and Samad Paydar

Systematic Extraction of Tests from Object-Oriented Programs. . ... ......

Mohammad Ghoreshi and Hassan Haghighi

Author Index . . .. ... . ... . . .. e



	Preface
	Organization
	Contents



