
Lecture Notes in Computer Science 12846

Founding Editors

Gerhard Goos
Karlsruhe Institute of Technology, Karlsruhe, Germany

Juris Hartmanis
Cornell University, Ithaca, NY, USA

Editorial Board Members

Elisa Bertino
Purdue University, West Lafayette, IN, USA

Wen Gao
Peking University, Beijing, China

Bernhard Steffen
TU Dortmund University, Dortmund, Germany

Gerhard Woeginger
RWTH Aachen, Aachen, Germany

Moti Yung
Columbia University, New York, NY, USA

https://orcid.org/0000-0001-9619-1558
https://orcid.org/0000-0001-8816-2693


More information about this subseries at http://www.springer.com/series/7407

http://www.springer.com/series/7407


Alessandro Abate • Andrea Marin (Eds.)

Quantitative Evaluation
of Systems
18th International Conference, QEST 2021
Paris, France, August 23–27, 2021
Proceedings

123



Editors
Alessandro Abate
University of Oxford
Oxford, UK

Andrea Marin
Ca’ Foscari University of Venice
Venice, Italy

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Computer Science
ISBN 978-3-030-85171-2 ISBN 978-3-030-85172-9 (eBook)
https://doi.org/10.1007/978-3-030-85172-9

LNCS Sublibrary: SL1 – Theoretical Computer Science and General Issues

© Springer Nature Switzerland AG 2021, corrected publication 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, 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.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, expressed or implied, with respect to the material contained herein or for any errors or
omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://orcid.org/0000-0002-5627-9093
https://doi.org/10.1007/978-3-030-85172-9


Preface

It gives us great pleasure to open these proceedings of the 18th International Confer-
ence on Quantitative Evaluation of SysTems. QEST 2021 was hosted within QONF-
EST 2021, and held virtually during August 23–27, 2021. The event was co-located
with CONCUR, FORMATS, FMICS, and other workshops.

The QEST conference series has a long and rich history, as can be seen at https://
www.qest.org. Most recently, it was held in Vienna (Austria, in virtual mode),
Glasgow (UK), Beijing (China), Berlin (Germany), and Quebec City (Canada). Further
information on QEST 2021 can be found on the conference webpage at https://www.
qest.org/qest2021/.

The 34 members of the International Program Committee (PC) helped to provide at
least three reviews for each of the 47 submitted contributions. Based on the reviews and
PC discussions, 23 high-quality papers - two of them as short contributions and two
of them as tool papers - were accepted to be presented during the conference. The
overall acceptance rate for the conference was thus just below 50%. The contributions
were bundled into eight thematic sessions, covering the following topics in verification
and evaluation: Probabilistic Model Checking, Learning and Verification, Abstractions
and Aggregations, Stochastic Models, Quantitative Models and Metamodels, Queueing
Systems, Simulation, and Performance Evaluation. These contributions appear as
papers in the ensuing proceedings.

The program chairs plan to edit a special issue of the journal ACM TOMACS,
where the authors of selected papers will be invited to contribute significantly revised
and extended versions of their manuscripts containing new results.

QEST 2021 did not host a poster session (as is common for the conferences in the
series) due to difficulty of interaction and limited time in the virtual format, but Best
Paper awards were presented, according to QEST policies and tradition.

A highlight of QEST 2021 was the presence of two high-profile invited speakers,
amongst those of QONFEST:

– Boudewijn Haverkort from Tilburg University the Netherlands, giving a lecture on
the topic of “Performance Evaluation: Model or Problem Driven?”.

– François Baccelli from Inria, France, and the University of Texas at Austin, USA,
contributing with a seminar on the topic of “Stochastic Geometry based Perfor-
mance Analysis of Wireless Networks”.

Short contributions on the topics of the two keynotes appear in these proceedings.
Another highlight of QEST 2021 was the introduction of an optional Repeatability

Artifact Evaluation process for accepted papers, providing to authors feedback on their
shared codebase associated to the submitted article. This initiative was much in line
with similar ones at cognate verification conferences, and was aimed at increasing the
open sharing of reproducible scientific software-generated results. A total of 14 papers
participated in the repeatability evaluation (this was obligatory for tool papers), 12 of

https://www.qest.org
https://www.qest.org
https://www.qest.org/qest2021/
https://www.qest.org/qest2021/


which were finally found to be repeatable (up to different degrees of completeness). A
special badge marks them in the ensuing proceedings. The repeatability evaluation
committee was co-chaired by Arnd Hartmanns and David Safranek.

A few words of acknowledgment are due. First and foremost, thanks to the authors
for entrusting their best work to QEST 2021. The review process clearly showed that
the conference was able to put the bar for acceptance really high, which makes us very
proud. Our thanks go to the QEST steering committee and previous conference chairs
for their help and feedback on the organization process. We were also particularly
pleased with the interest in the repeatability evaluation, and thank the repeatability
evaluation committee and chairs (Arnd Hartmanns and David Safranek) for the truly
exemplar work, and all the authors who participated in this exercise, which was novel
for QEST. Sincere thanks to the local organizing committee (in particular, Benoit
Barbot for the administration of QONFEST), to the steering committee of the QEST
conference series (in particular its chair, Enrico Vicario), and to Marco Paolieri for the
conference website and for the event publicity.

Finally, we wish to thank all the PC members and additional reviewers for their
hard work in ensuring the quality of the contributions to QEST 2021, and to all the
participants for contributing to this memorable event.

August 2021 Alessandro Abate
Andrea Marin

vi Preface



Organization

Program Committee Co-chairs

Alessandro Abate University of Oxford, UK
Andrea Marin Ca’ Foscari University of Venice, Italy

Program Committee

Ebru Aydin Gol Middle East Technical University, Turkey
Luca Bortolussi University of Trieste, Italy
Davide Bresolin University of Padua, Italy
Peter Buchholz TU Dortmund, Germany
Laura Carnevali University of Florence, Italy
Giuliano Casale Imperial College London, UK
Pedro R. D’Argenio Universidad Nacional de Córdoba and CONICET,

Argentina
Susanna Donatelli University of Turin, Italy
Maryam Elahi Mount Royal University, Canada
Marco Gribaudo Politecnico of Milan, Italy
Ichiro Hasuo National Institute of Informatics, Japan
András Horváth University of Turin, Italy
David N. Jansen Chinese Academy of Sciences, China
Nils Jansen Radboud University, The Netherlands
Peter Kemper William & Mary College, USA
William Knottenbelt Imperial College London, UK
Jan Kretinsky Technical University of Munich, Germany
Gethin Norman University of Glasgow, UK
Meeko Oishi University of New Mexico, USA
Marco Paolieri University of Southern California, USA
Dave Parker University of Birmingham, UK
Tuan Phung-Duc University of Tsukuba, Japan
Elizabeth Polgreen University of Edinburgh, UK
Sylvie Putot LIX, Ecole Polytechnique, France
Anne Remke University of Muenster, Germany
Sabina Rossi University Ca’ Foscari Venice, Italy
Miklos Telek Budapest University of Technology and Economics,

Hungary
Ufuk Topcu University of Texas at Austin, USA
Mirco Tribastone IMT School for Advanced Studies Lucca, Italy
Benny Van Houdt University of Antwerp, Belgium
Verena Wolf Saarland University, Germany



Katinka Wolter FU Berlin, Germany
Lijun Zhang Chinese Academy of Science, China
Paolo Zuliani Newcastle University, UK

Repeatability/Artifact Evaluation Committee

Arnd Hartmanns (Chair) University of Twente, The Netherlands
David Safranek (Chair) Masaryk University, Czech Republic
Elvio Gilberto Amparore University of Turin, Italy
James Fox University of Oxford, UK
Anastasis Georgoulas University College London, UK
Mirco Giacobbe University of Oxford, UK
Matej Hajnal Masaryk University, Czech Republic
Mohammadhosein

Hasanbeig
University of Oxford, UK

Pushpak Jagtap KTH Royal Institute of Technology, Sweden
Sebastian Junges University of California, Berkeley, USA
Bram Kohlen University of Twente, The Netherlands
Luca Laurenti TU Delft, The Netherlands
Riccardo Pinciroli Gran Sasso Science Institute, Italy
Fedor Shmarov University of Manchester, UK
Simone Silvetti Esteco SpA, Italy
Matej Trojak Masaryk University, Czech Republic

Additional Reviewers

Amparore, Elvio
Azeem, Muqsit
Bacci, Edoardo
Backenköhler, Michael
Badings, Thom
Bharadwaj, Sudarshanan
Budde, Carlos E.
Cairoli, Francesca
Carbone, Ginevra
Cubuktepe, Murat
Degiovanni, Renzo
Delahaye, Benoit
Eisentraut, Julia
Fu, Jie
Gros, Timo
Grossmann, Gerrit
Groß, Dennis

Horvath, Illes
Incerto, Emilio
Junges, Sebastian
Krüger, Thilo
Linard, Alexis
Liu, Depeng
Menzel, Verena
Meszaros, Andras
Mohr, Stefanie
Niehage, Mathis
Ortiz, Kendric
Peng, Guang
Piazza, Carla
Pilch, Carina
Pinchinat, Sophie
Priore, Shawn
Putruele, Luciano

viii Organization



Ramírez-Cruz, Yunior
Randone, Francesca
Roy, Diptarko
Savas, Yagiz
Schmidl, Christoph
Sedwards, Sean

Sivaramakrishnan, Vignesh
Thorpe, Adam
Trubiani, Catia
Vandin, Andrea
Yu, Yue

Organization ix



Stochastic Geometry Based Performance
Analysis of Wireless Networks

(Abstract of Keynote)

François Baccelli

Inria Paris, France, and UT Austin, USA
francois.baccelli@inria.fr

Extended Abstract

Stochastic Geometry is commonly used for analyzing spectrum sharing in large
wireless networks. In this approach, network elements, such as users and base stations,
are represented as point processes in the Euclidean plane, and interference fields as
spatial shot-noise processes. The analytical machinery of stochastic geometry and basic
formulas of information theory can then be combined to predict important spatial
statistics of such networks.

The talk will first exemplify this approach by showing how to derive the distri-
bution of the Shannon rates obtained by users in two fundamental models, the Poisson
dipole model, which is a mathematical abstraction for a large device to device network,
and the Poisson-Voronoi model which is an abstraction for a large cellular network. A
few variants of these now classical models will be also discussed, like multi-tier
cellular networks, or networks leveraging beam-forming.

The talk will then exemplify how to introduce birth-and-death type dynamics in this
stochastic geometry framework. This will be illustrated through recent results on the
simplest model in this class. In this model, users arrive according to a Poisson rain
process on the Euclidean plane and leave with a stochastic intensity proportional to
their instantaneous Shannon rate.
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