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Preface

As conference chairs, it is our pleasure to present this LNCS volume with its contri-
butions on performance and dependability evaluation techniques for computer and
communication systems and their related fields. The papers were presented at the 19th
International GI/ITG Conference on Measurement, Modelling and Evaluation of
Computing Systems (MMB 2018), held during February 26–28, 2018, at
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) in Germany.

The biennial MMB conference started in the early 1980s and has seen a significant
broadening in scope but has also kept its essence: measurements, stochastic modeling,
analysis, and simulation applied to computer and communication systems. From the
methodological perspective, new techniques such a network calculus have been
included and, besides performance, dependability and security have been added. From
an application perspective, the traditional area of networking has been supplemented by
many additional domains such as smart energy systems, smart mobility, social net-
works, and others.

Today we are faced with complex interconnected systems in which information and
communication technology always plays the key role as nerve tissue. This is the case,
for instance, regarding the Internet of Things, cyber-physical systems, future 5G mobile
communication systems, software-defined networking, smart energy systems, con-
nected mobility systems, and countless more examples. MMB provides a means for
assessing important, mostly quantitative system aspects such as the performance,
dependability, and also security of these systems that is ultimately needed for their
proper design.

The technical program was composed by the Program Committee in a thorough review
procedure involving at least three reviewers and after a careful selection process during a
physical meeting. In all, 16 full papers were selected representing very well the broad
spectrum of methodological and applied work. A Special Session on Software-Defined
Networking, organized by Ognjen Dobrijevic, University of Zagreb, Croatia, and Thomas
Zinner, Universität Würzburg, Germany, was included in the program and covered a very
relevant topic in current networking. The program was framed by three distinguished
invited speakers, giving insights into in major application fields:

1. Performance Optimization of 5G Mobile Networks by Prof. Hans van den Berg,
TNO, The Netherlands, who is also affiliated with Twente University and the Centre
for Mathematics and Computer Science in Amsterdam, The Netherlands, and a
recipient of ITC’s Arne Jensen Lifetime Award 2017 for his contributions on
performance modeling and analysis

2. Future Energy Grids – Challenges and Potential for ICT by Prof. Hartmut Schmeck,
Full Professor of Applied Informatics at Karlsruhe Institute of Technology, who is
additionally director of the FZI Research Center for Information Technology, a
shaper of the new discipline “energy informatics,” and a recipient of the Heinrich-
Hertz Prize 2016 from EnBW foundation



3. Autonomous Driving – The “Uncrashable” Car? What It Takes to Make
Self-Driving Vehicles Safe and Reliable Traffic Participants by Dr. Frank Keck,
CEO of ZF Zukunft Mobility GmbH, a company of ZF Friedrichshafen AG, and
former CEO of Automotive Safety Technologies GmbH

All three talks provided insights into the latest technological trends like 5G mobile
communications with new radio, “softwarization,” and network slicing that include
many relevant MMB topics. In particular, the energy transition with smart grids and
smart markets to balance fluctuating supply and demand seems to be made for the
MMB community. Finally, autonomous and connected cars provide a high potential for
simulation as well as analytic performance and dependability evaluation during the
design process.

The technical program additionally offered nine papers about software tools that
were demonstrated during the conference. As a new element, industrial, practical
experience and PhD track papers were included: one industrial paper, one practical
experience report, and two PhD track papers.

As in previous MMB conferences, two satellite workshops were organized covering
highly relevant research topics:

– 4th Workshop on Network Calculus (WoNeCa-4)
– Second International Workshop on Modeling, Analysis, and Management of Social

Networks and Their Applications (SOCNET 2018)

At the beginning of the conference, three tutorials were presented:

– A Modern Perspective on Fault Tree Analysis, by Joost-Pieter Katoen and Matthias
Volk, RWTH Aachen

– IoT — From Praxis to Theory by Florian Metzger and Tobias Hoßfeld, Universität
Duisburg-Essen

– Data Analysis of Measurements with Immanent Dependencies and Heavy-Tailed
Characteristics, by Natalia M. Markovich, Russian Academy of Sciences, and Udo
Krieger, Universität Bamberg

As conference chairs, we express our gratitude to all members of the Program
Committee and all external reviewers for their dedicated service, maintaining the
quality objectives of the conference, and for the timely provision of their valuable
reviews. We express our sincere appreciation to FAU Erlangen-Nürnberg as the
conference host, as well as to all members of the local Organizing Committee of MMB
2018 for their great efforts devoted to the success of the conference. We thank all the
authors for their submitted contributions, all the speakers for their lively presentations,
and all the participants for their contributions to interesting discussions. Finally, it is
our hope that readers will enjoy these MMB 2018 proceedings and use them for their
future research.

February 2018 Reinhard German
Kai-Steffen Hielscher

Udo Krieger

VI Preface



Organization

MMB 2018 was jointly organized by the German Gesellschaft für Informatik (GI) and
Informationstechnische Gesellschaft im VDE (ITG), Technical Committees on
Measurement, Modelling and Evaluation of Computing Systems (MMB) in cooper-
ation with the Department of Computer Science 7 (Computer Networks and
Communication Systems) of Friedrich-Alexander-Universität Erlangen-Nürnberg
(FAU), Germany.

Executive Committee

Conference Chair

Reinhard German

Local Organization Chairs

Kai-Steffen Hielscher
Marco Pruckner

Tools Chair

Markus Siegle

Publication Chair

Udo Krieger

Web Chair

Anatoli Djanatliev

Program Committee

Robert Basmadjian Universität Passau, Germany
Marcel Baunach TU Graz, Austria
Peter Buchholz TU Dortmund, Germany
Hans Daduna Universität Hamburg, Germany
Markus Fidler Leibnitz Universität Hannover, Germany
Anna Förster Universität Bremen, Germany
Reinhard German FAU Erlangen-Nürnberg, Germany
Gerhard Hasslinger Deutsche Telekom AG, Germany
Boudewijn Haverkort University of Twente, The Netherlands
Tobias Hoßfeld Universität Duisburg-Essen, Germany
Holger Hermanns Universität des Saarlands, Germany



Joost-Pieter Katoen RWTH Aachen, Germany
Peter Kemper The College of William and Mary, USA
Samuel Kounev Universität Würzburg, Germany
Udo Krieger Otto-Friedrich-Universität Bamberg, Germany
Kai Lampka Elektrobit Automotive, Germany
Wolfram Lautenschläger Nokia Bell Labs, Germany
Hermann de Meer Universität Passau, Germany
Michael Menth Universität Tübingen, Germany
Peter Reichl Universität Wien, Austria
Anne Remke Universität Münster, Germany
Johannes Riedl Siemens AG, Germany
Oliver Rose Universität der Bundeswehr München, Germany
Ramin Sadre Université Catholique de Louvain, Belgium
Jens Schmitt TU Kaiserslautern, Germany
Markus Siegle Universität der Bundeswehr München, Germany
Helena Szczerbicka Leibniz Universität Hannover, Germany
Andreas Timm-Giel TU Hamburg, Germany
Dietmar Tutsch Universität Wuppertal, Germany
Kurt Tutschku BTH Karlskrona, Sweden
Oliver Waldhorst Hochschule Karlsruhe, Germany
Max Walter Siemens AG, Germany
Verena Wolf Universität des Saarlands, Germany
Bernd Wolfinger Universität Hamburg, Germany
Katinka Wolter Freie Universität Berlin, Germany
Armin Zimmermann TU Ilmenau, Germany

Industrial Track Chair

Thomas Herpel ZF Zukunft Mobility, Germany

Special SDN/NFV Session Organizers

Ognjen Dobrijevic University of Zagreb, Croatia
Thomas Zinner Universität Würzburg, Germany

Additional Reviewers

Michael Backenköhler Universität des Saarlands, Germany
Robert Bauer Karlsruhe Institute of Technology, Germany
Peter Bazan FAU Erlangen-Nürnberg, Germany
Alexander Beifuß Universität Hamburg, Germany
Andreas Blenk TU München, Germany
Simon Eismann Universität Würzburg, Germany
Andreas Fischer Technische Hochschule Deggendorf, Germany
Marija Furdek KTH Royal Institute of Technology, Sweden
Nicholas Gray Universität Würzburg, Germany

VIII Organization



Tomislav Grgic Ericsson Nikola Tesla, Croatia
Frederik Hauser Universität Tübingen, Germany
Florian Heimgärtner Universität Tübingen, Germany
Stefan Herrnleben Universität Würzburg, Germany
Michael Jarschel Nokia Bell Labs, Germany
Marijn Jongerden University of Twente, The Netherlands
Andreas Kassler Karlstads Universitet, Sweden
Stanislav Lange Universität Würzburg, Germany
Anna Lukina TU Wien, Austria
Florian Metzger Universität Duisburg-Essen, Germany
Stefano Petrangeli Universiteit Gent, Belgium
Björn F. Postema University of Twente, The Netherlands
Marco Pruckner FAU Erlangen-Nürnberg, Germany
Mark Schmidt Universität Tübingen, Germany
Norbert Schmitt Universität Würzburg, Germany
Andreas Stockmayer Universität Tübingen, Germany

Organization IX



Abstracts of Invited Talks



Performance Optimization
of 5G Mobile Networks

Hans van den Berg

TNO, University of Twente, CWI Amsterdam,
Anna van Buerenplein 1, 2595 DA The Hague, The Netherlands

J.L.vandenBerg@tno.nl

Abstract. Research on 5G in Europe is boosted by the 5G PPP consortium
consisting of network vendors and operators, system integrators and academia
and other research institutes, working closely together with companies from
important vertical industries. 5G aims at bringing new, distinctive network and
service capabilities fulfilling the needs of the future Internet of Things (IoT). As
such it should sustain enormous data volumes and support critical, highly
demanding communication services for e.g. self-driving cars, robotics in smart
industry, and mobile virtual reality applications. Network ‘softwarization’
through emerging technologies as Software Defined Networking (SDN) and
Network Functions Virtualization (NFV) is introduced to provide the flexibility
needed to reach the required performance and scalability targets in an efficient
way. However, to actually achieve the full potential of future 5G networks huge
challenges regarding network management and performance optimization are
faced. Big data techniques exploiting data coming from network devices in
forms of e.g. device logs and usage histories provide a promising direction to
address these challenges. In the talk we will briefly sketch the 5G PPP ambi-
tions, review the aforementioned research challenges and present (ongoing)
work on some specific 5G network performance optimization problems.



Future Energy Grids – Challenges
and Potential for ICT

Hartmut Schmeck

Institute AIFB, Karlsruhe Institute of Technology (KIT),
76128 Karlsruhe, Germany

hartmut.schmeck@kit.edu

Abstract. The energy system is one of the most critical infrastructures of our
world. The reliable supply of energy is essential for the adequate operation of
almost any process in our private and professional life. Society and industry
would suffer enormously, if the steady balance between demand and supply
could not be guaranteed. The current transition towards energy from renewable
sources is having tremendous effects on this well-established infrastructure. In
particular, the restricted capabilities of controlling the supply of electricity from
weather-dependent energy sources leads to the need for an essential change in
one of the basic principles of the electric power system, which means that it will
no longer be feasible to let the power supply follow the demand but there will be
a strong need to let the demand follow the supply. This can only be achieved by
discovering and exploiting the potential of flexibility of demand and supply in
the best possible way. The talk will illustrate how the major challenges of the
ongoing energy transition create the need for an adequately designed energy
information and control network with distributed intelligence. A fundamental
task in the design of this network consists of making the necessary information
available to the locations where operating and control decisions have to be taken
and to provide appropriate methodology for managing tomorrow’s energy
system in the most efficient and most reliable way. In particular, an assessment
of the potential contribution of flexibility in demand and supply to guaranteeing
the necessary stability and resilience needs appropriate modelling and simula-
tion, based on effective strategies for measuring the current status and behaviour
of relevant grid components.



Autonomous Driving – the “Uncrashable”Car?

What It Takes to Make Self-Driving Vehicles Safe
and Reliable Traffic Participants

Frank Keck

ZF Zukunft Mobility GmbH, Ruppertswies 14, 85092 Kösching, Germany

Abstract. Autonomous driving is in the spotlight of both scientific research and
industrial development. With worldwide constantly growing traffic volumes, the
challenging task in putting self-driving vehicles onto the street is to cross the
chasm between high system availability and low to zero malfunction rates, even
in dense traffic and complex situations on the road. Developing software
functions for driver assistance and vehicle safety for autonomously driving cars
requires the traditional developments processes and methods to be revised. In
this talk, a novel and promising development approach is presented. The
combination of use case based requirement specification, algorithm develop-
ment with machine learning techniques and both simulation based and real-life
testing yields an agile yet sound software development framework for autono-
mous driving functions. Additionally, some thought-provoking impulses are
given on how to achieve a high level of system reliability by exploiting the
capabilities of virtualization at early development stages.



Contents

Full Papers

Time-Based Maintenance Models Under Uncertainty . . . . . . . . . . . . . . . . . . 3
Peter Buchholz, Iryna Dohndorf, and Dimitri Scheftelowitsch

Markov Automata on Discount! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Yuliya Butkova, Ralf Wimmer, and Holger Hermanns

Markov Analysis of Optimum Caching as an Equivalent Alternative
to Belady’s Algorithm Without Look-Ahead. . . . . . . . . . . . . . . . . . . . . . . . 35

Gerhard Hasslinger

Intrusion Detection for Sequence-Based Attacks with Reduced
Traffic Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

Benedikt Ferling, Justyna Chromik, Marco Caselli, and Anne Remke

Hidden Storage in Data Centers: Gaining Flexibility Through
Cooling Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Robert Basmadjian, Yashar Ghiassi-Farrokhfal, and Arun Vishwanath

Performance Benchmarking of Network Function Chain
Placement Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Alexej Grigorjew, Stanislav Lange, Thomas Zinner, and Phuoc Tran-Gia

Towards Optimal Placement of Monitoring Units in Time-Varying
Networks Under Centralized Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Sounak Kar, Rhaban Hark, Amr Rizk, and Ralf Steinmetz

Estimating the Flow Rule Installation Time of SDN Switches When Facing
Control Plane Delay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Anh Nguyen-Ngoc, Stanislav Lange, Stefan Geissler, Thomas Zinner,
and Phuoc Tran-Gia

Dynamic Control of Running Servers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Esa Hyytiä, Douglas Down, Pasi Lassila, and Samuli Aalto

On the Value of Service Demand Estimation for Auto-scaling . . . . . . . . . . . 142
André Bauer, Johannes Grohmann, Nikolas Herbst, and Samuel Kounev

Evaluating a Single-Server Queue with Asynchronous Speed Scaling . . . . . . 157
Alexander Rumyantsev, Polina Zueva, Ksenia Kalinina,
and Alexander Golovin



Active Queue Management Based on Congestion Policing (CP-AQM). . . . . . 173
Michael Menth and Sebastian Veith

Deficit Round Robin with Limited Deficit Savings (DRR-LDS) for Fairness
Among TCP Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

Michael Menth, Marcel Mehl, and Sebastian Veith

Modeling the Performance of ARQ Error Control in an LTE
Transmission System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202

Udo R. Krieger and B. Krishna Kumar

Catching Corner Cases in Network Calculus – Flow Segregation
Can Improve Accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

Steffen Bondorf, Paul Nikolaus, and Jens B. Schmitt

QoE Analysis of the Setup of Different Internet Services for FIFO
Server Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234

Tobias Hoßfeld, Martín Varela, Poul E. Heegaard,
and Lea Skorin-Kapov

Industrial, Practical Experience and PhD Track Papers

VirtuWind – An SDN- and NFV-Based Architecture for Softwarized
Industrial Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251

Ermin Sakic, Vivek Kulkarni, Vasileios Theodorou, Anton Matsiuk,
Simon Kuenzer, Nikolaos E. Petroulakis, and Konstantinos Fysarakis

A Modular Environment to Test SCADA Solutions for Wind Parks . . . . . . . 262
Jannik Hüls and Anne Remke

Evaluation of Single-Hop Beaconing with Congestion Control
in IEEE WAVE and ETSI ITS-G5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273

Thomas Deinlein, Reinhard German, and Anatoli Djanatliev

Practical QoE Evaluation of Adaptive Video Streaming . . . . . . . . . . . . . . . . 283
Sebastian Surminski, Christian Moldovan, and Tobias Hoßfeld

Tool Papers

A Domain-Specific Language and Toolchain for Performance Evaluation
Based on Measurements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295

Freek van den Berg, Jozef Hooman, and Boudewijn R. Haverkort

SLA Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
Falko Bause and Peter Buchholz

XVIII Contents



A Tool for Generating Automata of IEC60870-5-104 Implementations . . . . . 307
Max Kerkers, Justyna J. Chromik, Anne Remke,
and Boudewijn R. Haverkort

A Software Tool for the Compact Solution of the Chemical
Master Equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312

Tuǧrul Dayar and M. Can Orhan

Logical PetriNet A Tool to Model Digital Circuit Petri Nets and Transform
them into Digital Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317

Christoph Brandau and Dietmar Tutsch

ClassCast: A Tool for Class-Based Forecasting . . . . . . . . . . . . . . . . . . . . . . 322
Florian Heimgaertner, Thomas Sachs, and Michael Menth

Collider – Parallel Experiments in Silico . . . . . . . . . . . . . . . . . . . . . . . . . . 327
Dimitri Scheftelowitsch

FunSpec4DTMC – A Tool for Modelling Discrete-Time Markov Chains
Using Functional Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 332

Frederik Hauser, Dominik Krauß, and Michael Menth

Model-Based System Design and Evaluation of Image Processing
Architectures with SimTAny Framework . . . . . . . . . . . . . . . . . . . . . . . . . . 338

Anna Deitsch and Vitali Schneider

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

Contents XIX


	Preface
	Organization
	Abstracts of Invited Talks
	Performance Optimization of 5G Mobile Networks
	Future Energy Grids – Challenges and Potential for ICT
	Autonomous Driving – the “Uncrashable” Car? What It Takes to Make Self-Driving Vehicles Safe and Reliable Traffic Participants
	Contents



