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SNE Aims & Scope 
Simulation Notes Europe (SNE) provides an international, 
high-quality forum for presentation of new ideas and ap-
proaches in simulation - from modelling to experiment analy-
sis, from implementation to verification, from validation to 
identification, from numerics to visualisation - in context of 
the simulation process.  
SNE seeks to serve scientists, researchers, developers and users 
of the simulation process across a variety of theoretical and 
applied fields in pursuit of novel ideas in simulation and to 
enable the exchange of experience and knowledge through de-
scriptions of specific applications. SNE follows the recent de-
velopments and trends of modelling and simulation in new 
and/or joining application areas, as complex systems and big 
data. SNE puts special emphasis on the overall view in simula-
tion, and on comparative investigations, as benchmarks and 
comparisons in methodology and application. For this pur-
pose, SNE documents the ARGESIM Benchmarks on Modelling 
Approaches and Simulation Implementations with publication 
of definitions, solutions and discussions. SNE welcomes also 
contributions in education in/for/with simulation.  

A News Section in SNE provides information on EUROSIM 
Simulation Societies and Simulation Groups. 

SNE, primarily an electronic journal, follows an open ac-
cess strategy, with free download in basic layout. SNE is the 
official membership journal of EUROSIM, the Federation of 
European Simulation Societies and Simulation Groups – 
www.eurosim.info. Members of EUROSIM societies are enti-
tled to download SNE in an elaborate and extended layout, and 
to access additional sources of benchmark publications, model 
sources, etc. Print SNE is available for specific groups of EU-
ROSIM societies, and starting with Volume 27 (2017) as print-
on-demand from TU Verlag, TU Wien. SNE is DOI indexed 
by CrossRef, identified by DOI prefix 10.11128, assigned to 
the SNE publisher ARGESIM (www.argesim.org). 
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been published and have not being considered for publication 
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Editorial 
Dear Readers – The SNE Special Issue ‘EUROSIM Promotion’ was initiated by the EUROSIM Board on the occasion of the board 
meeting in Budapest, September 2018. Its aim is to promote the various activities of EUROSIM: the EUROSIM Congress, publications 
of activities of EUROSIM member societies in SNE, and the publication of the ARGESIM/EUROSIM Benchmarks. Representatives of the 
active EUROSIM societies have invited, reviewed, and prepared very interesting contributions. Most of these contributions have been 
published in SNE 28(4), December 2018 – ‘Special Issue EUROSIM Promotion’. Because of the big response on the call for the special 
issue, we had to continue with the contributions in SNE 29(1), March 2019 -– ‘Special Issue EUROSIM Promotion cont. 
The electronic versions of both special issues will be announced via the EUROSIM mailing list and the printed versions will be part of 
the handouts at the EUROSIM Congress 2019 in Spain (see next page). 
Two novelties for the ARGESIM Benchmarks are coming along with these special issues. First, the contributions to the ARGESIM Bench-
marks are enriched by a broader variety of contribution types (Solution – Report – Study) and by an educational component (as it has 
turned out that the Benchmark Definitions are frequently used as basis for exercises in simulation education (details see the benchmark 
overview contribution in this issue). And second, the SNE Editorial Office has introduced a new classification for the benchmarks: a 
three-step classification consisting of  i) general benchmark type (continuous, discrete, …), ii) modelling aspects (state events, implicit-
ness, higher modelling approaches as Modelica, System Dynamics, etc.), and iii) simulation experiments with the model (necessary and 
suggested). This content classification is extended by an educational classification, indicating the educational suitability for modelling, 
and for implementation and the addressed education level. 
    I would like to thank all authors for their contributions, and I would like to thank the Special Issue Editors for their very successful 
work. And last but not least thanks to the SNE Editorial Office for layout, typesetting, and publishing work with DOI indexing – allow-
ing publication in time. Hope to see July in July in La Rioja at the EUROSIM Congress ! 

Felix Breitenecker, SNE Editor-in-Chief, eic@sne-journal.org; felix.breitenecker@tuwien.ac.at 
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N S E 
Editorial SNE Special Issue ‘EUROSIM Promotion cont.’ 

Dear Readers,  
This SNE issue SNE 29(1) Special Issue EUROSIM Pro-
motion cont. continues the SNE special issue SNE 28(4) 
Special Issue EUROSIM Promotion. Because of the big 
response on the call for a special issue, publication of 
contributions had to be continued in this SNE issue. Both 
issues intend to promote the efforts of EUROSIM in dis-
tributing information on development on modelling and 
simulation – by means of the EUROSIM Congress, by 
means of EUROSIM’s scientific journal SNE Simulation 
Notes Europe, by means of the work in EUROSIM’s mem-
ber societies, and by means of the EUROSIM/ARGESIM 
Benchmarks on Modelling Approaches and Simulation 
Implementations. 

The triennial EUROSIM Congress is the main event of 
EUROSIM, the Federation of European Simulation Socie-
ties and Simulation Groups, with a long tradition since 
1992, or 1986 resp., organized by one of EUROSIM’s 
member societies. For July 2019 the Spanish Simulation 
Society CEA-SMSG invites experts in modelling and sim-
ulation to participate in the 10th EUROSIM Congress in Lo-
groño, La Rioja, Spain. The organizers are preparing a 
thrilling programme: science, culture and social events 
(visit the congress website www.eurosim 2019.com or 
visit the News Section in this issue). EUROSIM and EU-
ROSIM’s member societies are promoting the congress by 
several activities. This SNE special issue will be part of 
the congress handouts, intending to attract authors to 
publish in EUROSIM’s scientific journal, which is also 
open for post-conference publication of contributions to 
conferences of EUROSIM Societies. 

Members of the EUROSIM Societies are working in 
very different thematic areas of modelling and simula-
tion, and in different working environments – industry, 
research centers, universities, development companies, 
etc. For the SNE special issues, the publication coordina-
tors of the most active societies have selected contribu-
tions which show this broad spectrum of modelling and 
simulation.  

Contributions from CEA-SMSG, the Spanish Model-
ling and Simulation Group – organizer of EUROSIM Con-
gress 2019, from SIMS, the Scandinavian Simulation So-
ciety (acting in Sweden, Norway, Denmark, Finland, and 
Iceland), from UKSIM (UKSIM is active in Great Britain 
and on international level), and partly from ASIM, the Ger-
man Simulation Society (acting in Germany, Austria, and 
Switzerland) and from ARGESIM, the Austrian non-profit 
society for organization of simulation activities and pub-
lisher of SNE, have been already published in SNE 28(4). 

The contributions for this issue have been provided 
by ASIM, DBSS, KA-SIM, and ARGESIM. DBSS, the Dutch 
Benelux Simulation Society, candidate organizer of the EU-
ROSIM 2022 Congress, has decided for a contribution on a 
simulation-based framework for establishing capacity 
boundaries at airports – a very interesting Overview Note. 

KA-SIM, the Kosovo Simulation Society, part of KA-CASE, 
the Kosova Association of Control (NMO of IFAC), has seized 
the offer for postconference publication in SNE. This issue 
presents a Short Note contribution from UBT Conference 
2018, Pristina, on data mining for forecasting freight train de-
lays (further postconference contributions in the next issues). 

ASIM, the German Simulation Society (acting in Ger-
many, Austria, and Switzerland), has also seized the postcon-
ference publication offer and has selected four contributions 
from the ASIM Workshop GMMS/STS Braunschweig, Febru-
ary 2019, which has been hosted by DLR Braunschweig (Ger-
man Aerospace Center). Due to the host, the workshop pre-
sented a majority of contributions on aviation, two contribu-
tions published in this SNE issue: an Overview Note on the 
Virtual Test Aircraft Benchmark, and a Technical Note on an 
aircraft cabin simulation environment. Furthermore, a Soft-
ware Note on comparison of variant managers for simulation 
models and an Educational Note on probabilistic state space 
models have been provided for this issue (further postconfer-
ence publications in the next SNE issues). 

And last but not least, the SNE Benchmark Editorial 
Board of ARGESIM has compiled an overview on develop-
ment of the ARGESIM Benchmarks, presenting a new bench-
mark classification and an investigation on the educational 
suitability of the benchmarks.  

The editors of this special issue would like to thank all 
colleagues from the EUROSIM Societies for selecting the 
contributions, and for providing the peer review. Further-
more, the editors express their hope that this issue indeed 
promotes the EUROSIM activities and animates simulation-
ists to attend the EUROSIM Congress 2019 in Spain. 
 

Emilio Jiménez, EUROSIM President, Organizer EUROSIM 
Congress 2019 in La Rioja, Spain (CEA-SMSG) 

Juan Ignacio Latorre, Organizer EUROSIM Congress 2019 
 in La Rioja, Spain (CEA-SMSG) 

Felix Breitenecker, EUROSIM Treasurer, Past President,  
Editor-in-Chief SNE (ARGESIM, ASIM) 

Miguel Mujica Mota, EUROSIM Secretary,  
Candidate Organizer EUROSIM Congress 2022 (DBSS) 

Edmond Hajrizi, KA-SIM President,  
Organizer UBT Conference Series (KA-SIM) 

Thorsten Pawletta, ASIM Vice President, SNE Benchmark 
Editorial Board (ASIM) 

Umut Durak, ASIM Board Member, Organizer of ASIM 
Workshop GMMS/STS 2019 

We hope to see you all at the EUROSIM Congress 2019! 
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Abstract. This paper presents the newly introduced
Virtual Test Aircraft (VIRTTAC) model for use in bench-
marks for aeronautics research. This model is shared in
a black-box form and the core of an open-source bench-
mark suite. The model needs to remain undisclosed to
fulfill its purpose but the principles underlying its inter-
nal structure are described in the paper. They permit
to ensure that the model equations, parameters, and
states are not accessible to the user, that the model can
be easily ported to other simulation environments than
MATLAB/Simulink, and that it is well maintainable on the
long-term.

Introduction

One of the major goals of research and innovation in

aviation is to enhance the overall air traffic safety and

to make traveling even more comfortable for both pi-

lots and passengers. Novel aircraft safety and con-

trol features are normally developed for a distinct air-

craft type due to e.g. a certain demand from the air-

craft manufacturer or its availability for research fa-

cilities in terms of the existence of high-quality sim-

ulation models or flight testing capabilities. In the

last years, numerous interesting and noticeable inno-

vations to enhance aviation safety have been published

for different aircraft types. For example, a very small

study of developments in the field of aircraft flight

envelope protection revealed that 12 different aircraft

types or models were used in numerous publications

[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17].

Hence, comparison of all the different developments

is very difficult. Furthermore, the assessment of the

applicability of a published new methodology for a

different type of aircraft is very difficult as normally

the reader’s knowledge about the underlying system is

quite small. To overcome this problem and provide a

common simulation model to the research community,

NASA introduced in 2011 a generic aircraft simula-

tion model called the “Transport Class Model” (TCM)

derived from a sub-scale “Generic Transport Model”

(GTM) simulation[18]. It is a fully functioning aircraft

simulation including realistic engine and actuator be-

havior, sensor models and a flight control system. Al-

though a significant number of failure scenarios were

considered, computed and tested in CFD and wind tun-

nels [19], only a few of them were implemented in the

distributed Simulink simulation model.

Moreover, the problem of comparability between

various new developments is also present within the

field of aircraft system identification. Various algo-

rithms for parameter estimation and simulation model

identification as well as related software tools have been

developed during the last decades, but most of them

were tested and verified for different aircraft. For ex-

ample, Refs. [20, 21, 22, 23, 24, 25, 26, 27, 28, 29,

30, 31, 32, 33, 34, 35, 36, 37, 38] show results of var-

ious system identification techniques for more than 20

different aircraft types. Consequently, there is the prob-

lem to assess the quality of each methodology as there

is no common base for an objective evaluation. The

proposed high-quality model will be made available to

all developers and will constitute a good complement to

the already existing/available models.

This paper presents a new generic benchmark model

that can be freely downloaded and used by the com-

munity for all kinds of investigations and in particular

for defining benchmark applications to compare vari-

ous approaches. This model is called VIRTTAC-Castor

and is the first member of a model family called VIRT-

TAC, see Sections 1 and 2. The way this model works

internally and the main choices made for the internal

architecture of the current model implementation are

SNE 29(1) – 3/2019
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presented in Section 3. The conditions of use and li-

censes are mentioned in Section 4. The foreseen appli-

cations (see Section 5) include but are not restricted to

supporting the investigations related to the estimation of

the reduced flight envelope, fault-tolerant aircraft flight

control, or the development of enhanced system identi-

fication techniques. It is built based on the knowledge

gained at DLR over several decades of flight research,

including all aspects of model building based on wind

tunnel and CFD data as well as from flight testing (see

[39] and references therein). By distributing this bench-

mark model and scenarios the authors intend to share

some of this knowledge with the community and to help

building comparisons across techniques used by differ-

ent research groups.

1 VIRTTAC: VIRtual TesT AirCraft
– Motivation and Objectives

1.1 Motivation

The whole idea of creating VIRTTAC comes from the

observation of the authors that in the area of flight dy-

namics and flight control there is a lack of commonly

available, good and realistic benchmark models close

to real aircraft behavior and characteristics. Most engi-

neers and researchers are developing and/or using pro-

prietary models for their work, but they often cannot

share these models. Very often these restrictions result

from the vehicles themselves and the fact that the man-

ufacturer consider that these models might reveal some

trade secrets or that they might lose some control over

the investigations made based on the models of their ve-

hicles. Within very large companies and organizations

other types of issues can often be observed: dilution of

responsibilities across several sub-organizations, inter-

nal dynamics, lack of incentive for long-term actions

(constant changes in the intermediary management lev-

els), often leading individuals to the conclusion that re-

leasing some models and information is a potential risk

for their career with little to no expected personal bene-

fit.

Apart from slowing down research and innovation,

this situation is also problematic in the sense that good

science thrives through comparing hypotheses with ob-

servations and through independent validation of the re-

sults by different teams. Reproducibility of the results

and cross-checking have been one of the corner stones

in science and will remain so. Engineering-related dis-

ciplines differ from more fundamental science in the

sense that its actual goal is less to produce new knowl-

edge than to create something of economical or strate-

gical value from the current body of knowledge. Whilst

new knowledge might be produced along the way, the

context strongly drives engineering work towards a fu-

ture return on investment. In this context, openness is

mainly seen as a potential future loss of revenue and as

potentially endangering the currently foreseeable rev-

enues (e.g. through additional risks). In order to sup-

port research and science in their domains, the authors

decided to build and provide VIRTTAC to the entire

community.

1.2 Objectives

VIRTTAC is developed with two main objectives in

mind.

1. Provide high-quality representative models to en-

gineers and researchers who need some but do not

have access to the kind of research infrastructure

that the authors have access to.

2. Provide a wide range of benchmarks to the com-

munity with various complexity levels, including

some which include as many real-world effects

as possible. The objective for the most complex

benchmarks is that it should never be possible to

pass them successfully but fail in the real-world

due to effects that could not be tested with VIRT-

TAC. Whilst the objective is to build complete

benchmarks, the current work focuses on the de-

velopment of the dynamic aircraft model at the

heart of these benchmarks.

This last element “never pass the most complex

benchmark if it fails in practice” directly leads to the

need for representative system architectures and for

modeling of all kinds of real-world effects. Information

that would not be available in practice should also be

hidden from the users by VIRTTAC in order to ensure

that it cannot be exploited. This includes information on

the internal working of the models, their exact structure,

parameter values, etc. This also includes all values that

are required for performing the simulations but which

would not be available in practice (e.g. information for

which no sensor exists or is installed/available in a real

aircraft).

SNE 29(1) – 3/2019
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“VIRTTAC users are basically aeronautical engineers
who are confronted with a new aircraft.

They can flight-test the aircraft and learn how it flies,
but there is still a difficulty to predict how it behaves

and they cannot access physical quantities unless there
is a sensor measuring them.”

Most users have prior knowledge about flight me-

chanics/dynamics and control and should use it. The

behavior of VIRTTAC will be very familiar to flight

dynamics specialists, since the vehicle behaves like an

aircraft. However, no equations and no aerodynamic

coefficient derivatives will be made available. Precise

knowledge of the aircraft can be gained by “virtually

flight-testing” it (i.e. performing simulations). Knowl-

edge can be exchanged with the rest of the community

(e.g. through exchange of identified models) and is en-

couraged. The authors intend, aside from the website

where VIRTTAC and its updates can be downloaded, to

organize with the interested parties an exchange plat-

form for the community and gather information regard-

ing all investigations that were performed by VIRT-

TAC.

In the long term, the authors expect to build sev-

eral models with slightly different characteristics and

behaviors. For each of these models a rough descrip-

tion of the model will be provided. This description

will include some basic description of the shape of the

aircraft and its geometry and can be imagined as what

a specialist would notice by looking at the aircraft. A

few key technical specifications will be provided too.

It is not intended for users to generate alternative data

sets on the aircraft from other sources than the provided

simulation model, therefore no detailed design data of

any kind will be provided (no CAD geometry, structure

design, etc.). The simulation is based on a nonlinear

rigid-body model, which is meant to be valid for a pre-

defined flight envelope and will include several high-lift

configurations and additional effects like stall or ground

effect in its final version. The aircraft briefly described

in the present paper is the first of the VIRTTAC fam-

ily. As it will receive some siblings, a simple naming

nomenclature is introduced.

1.3 The VIRTTAC Family: Naming Conventions

VIRTTAC is meant to become a family composed of

several models. The idea of using a naming nomen-

clature for the whole VIRTTAC family has been con-

sidered and rejected, at least for now, due to the diffi-

culty of ensuring that this nomenclature will be precise

enough to differentiate the models that would be inte-

grated in the future and also stable over time, such that

the references made to one or the other model stay valid

over extended periods of time.

As the number of models and variants expected to

be developed and shared within the community will re-

main relatively low (most likely below 15), it was de-

cided to give names to these models and to maintain

a directory with the corresponding information for each

of them. The individual names will be chosen such that:

1. They can be relatively easily pronounced by a wide

range of speakers and easily distinguished even if

pronounced by a non-native speaker.

2. They can be easily found with a search engine.

For this a web search using both “VIRTTAC” and

the name of the configuration should lead only or

mostly to documents related to that aircraft model,

for instance past publications using this model.

Whilst the authors might chose other types of

names in the future, these requirements should be sat-

isfied with many star and galaxy names. The name

VIRTTAC-Castor is chosen for the first aircraft of the

VIRTTAC family introduced hereafter. This aircraft is

a twin-turbofan configuration in the 100-passenger cat-

egory. A twin-turboprop variant of this aircraft is fore-

seen and the name VIRTTAC-Pollux is already reserved

for it.

2 VIRTTAC-Castor Model
2.1 Aircraft Geometry and Configuration

VIRTTAC-Castor represents a generic short- to

medium-haul transport aircraft for around 100 passen-

gers with a high wing (small anhedral) and a T-tail

configuration. This configuration has been completely

created from scratch for VIRTTAC. It has a configu-

ration that remembers the Dornier 328 JET but is sig-

nificantly larger. It is somewhat between a BAe 146-

200 / AVRO RJ85 and a BAe 146-300 / AVRO RJ100 in

terms of size, but only has two turbofan engines.

Note that, even if DLR did identify models for the

Dornier 328 [26] the herein proposed model was not

derived from these data. As already mentioned, this

configuration will receive a sibling (VIRTTAC-Pollux)

later that will be based on two turboprop engines, lead-

ing to different engine dynamic behavior as well as
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greater coupling of the engines and the aerodynamics

due to the propeller slipstream.

An artistic illustration of the VIRTTAC-Castor is

given in figure 1 and as well in figure 2 as three-side

view. This illustration is provided for a common un-

derstanding of the modeled aircraft but no CAD model

and precise geometry is given/distributed (at least for

now). This aircraft was not produced through a com-

plete pre-design process but its dimensions and charac-

teristics should correspond to a short-to-medium range

commercial air transportation role with a capacity of

around 100 passengers. Table 1 provides an overview

on its current dimensions and characteristics, which is

not complete but can give the user the necessary infor-

mation for subsequent model use.

2.2 Aircraft Aerodynamics

The aircraft model’s aerodynamics contain formula-

tions to consider nonlinear and unsteady effects of wing

and empennage. The model benefits from DLR’s large

experience in modeling and identifying complex aero-

dynamic models for different airplanes, regions of the

corresponding flight envelope and distinct applications

in simulation [40, 41, 26]. The aerodynamic model

is primarily formulated as a derivative model but in-

cludes several specific and complex extensions to en-

hance the model’s capabilities. It allows for example to

cover unsteady trailing edge flow separation, which al-

lows to model the normal stall behavior for an aircraft

configuration as given in figure 1. The aerodynamic

model formulation further allows to easily implement

failure cases of an aerodynamic degradation of various

sources as defined in section 2.7. A ground effect model

(ground currently always at the elevation of 0 meters) is

already included.

Figure 1: Artistic illustration of the VIRTTAC-Castor
configuration.

AC length 30.0 m

wing span 28.0 m

horizontal tail span 10.4 m

wing area 75.0 m2

horizontal tail area 20.0 m2

wing aspect ratio 10.4

mean aerodynamic chord 2.17 m

max. take-off weight 56 000 kg

empty weight 33 000 kg

max. fuel weight 16 000 kg

max. payload / PAX weight 12 000 kg

max. range 5 500 km

max. altitude 35 000 ft

max. operating Mach number 0.76

cruise Mach number 0.725

Table 1: Overall dimensions and characteristics of
VIRTTAC-Castor.

2.3 Propulsion

The VIRTTAC-Castor model includes two turbofan en-

gine models which can be controlled separately. The

engine command inputs virtually correspond to a N1

(engine fan shaft rotation speed) expressed in %. The

dynamic model will therefore correspond to the behav-

ior of the engine plus the corresponding FADEC.

In the long-term quite good engine dynamic mod-

els will be integrated in VIRTTAC-Castor and in all or

most models in the VIRTTAC family. However, a sig-

nificant amount of work is still required from the au-

thors in order to finish building up these models and

to integrate them into the VIRTTAC structure. As a

consequence, the first versions of VIRTTAC-Castor are

expected to be delivered with much simpler prelimi-

nary models. These models will be representative for

most scenarios, but as soon as the user-implemented

flight control system will be very dependent on the en-

gines’ transient response, the validity of results will

have to be checked. For instance, no serious devel-

opment and tuning of a control law or autopilot based

only on the engines (i.e. a propulsion-controlled air-

craft or PCA as in [42, 43, 44, 45]) will be possible

with the preliminary model. Simple relatively low-gain

autothrust/autothrottle functions would however not be

too strongly affected.
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(a) top view

(b) front view

(c) side view

Figure 2: Artistic illustration of the VIRTTAC-Castor
configuration, multiview projection.

2.4 Flight Controls

The simulation model of VIRTTAC-Castor contains

several control surfaces including various spoilers on

the wing which may be more than usual for this size

of airplane. In detail, the model provides:

• trimable horizontal stabilizer

• left and right elevators

• left and right ailerons

• rudder

• five spoilers on each side (four roll spoil-

ers/airbrakes and one ground spoiler)

Actuator models are included for all control sur-

faces. Limits (deflection, deflection rate, and acceler-

ation) are included. The actual control surface deflec-

tion is measured internally by the actuator and provided

as output of the VIRTTAC-Castor model. The com-

manded signal and the measured deflection can there-

fore be compared; for instance users might want to

compare them within a flight control system fault detec-

tion logic. Numerous possible faults will be integrated

in the actuator models and be added over time, see sec-

tion 2.7 hereafter.

2.5 Sensor models

Sensor models are a crucial element for VIRTTAC: they

are the only way to know what is happening to the

aircraft during the simulation. The physical quantities

measured, the sensor characteristics (e.g. calibration,

noise, dynamic behavior, quantization errors) as well as

all the real-world issues related to where and how they

are installed on the airframe will be defined as closely

as possible to the state-of-the-art regular aircraft instru-

mentation. Currently, the authors are considering fu-

ture inclusion of better sensors, which would resemble

a complementary flight test instrumentation (FTI) and

could be used for system identification studies. If FTI-

like sensors were included in VIRTTAC in the future,

these sensors should not be used for flight control, flight

control adaptation, or fault detection and isolation stud-

ies as they would not normally be available on the air-

craft in regular operations.

The usual list of measurements provided by air data

and inertial reference systems on Part/CS-25 airplanes

is available for VIRTTAC(-Castor). This includes at-

titude angles, rotational rates, accelerations, inertial

velocity vector, static and total pressure and vertical

speed, the various airspeeds, inflow angles (α , β ), air

temperature, etc. and many derived quantities. For each

available measurement sensor characteristics and real-

world effects are considered. When it is common prac-

tice to have redundancies in the regular aircraft instru-

mentation, several sensors will also be modeled. The re-

lationships used in practice to derive the physical quan-

tities that are not directly measured will be modeled

such that the propagation of faulty measurements can

be correctly simulated during faulty scenarios.

For now, VIRTTAC-Castor contains three inertial

reference units providing the corresponding measure-

ments of accelerations, rotational rates and attitude.

Furthermore, there are four air data systems measur-

ing angle of attack, angle of sideslip, and calibrated air-

speed as well as static pressure, static temperature and

barometric altitude1.

1with VIRTTAC-Castor version 0.5-alpha
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2.6 Landing gear

The influence of the landing gear on the aerodynamics

is already included, but the gear itself, the wheel and tire

dynamics as well as the braking system are not imple-

mented yet. In the future, VIRTTAC will also include

models for the landing gears and their systems as well

as more realistic ground elevation profiles and runway

characteristics.

2.7 Test scenarios and failure cases

For the first version of the benchmark model several

test scenarios and failure cases are already available and

will be extended in the future. The currently foreseen

set of scenarios mainly contains aerodynamic degrada-

tion and control surface actuator failures:

Wing Ice Case
Ice can have hazardous effects on the aircraft’s flight

characteristics. Large accumulations on the wing –

mainly mostly near the wing leading edge – increase the

drag and reduce the maximum angle of attack and con-

sequently increase the stall speed. This has a direct in-

fluence on the safe flight envelope and poses a threat to

crew and passengers. VIRTTAC-Castor (and probably

most future VIRTTAC family models) will be capable

of considering the effects of a generic wing ice accu-

mulation in terms of the resulting aerodynamic degra-

dation. The timely increase of degradation resp. ac-

cumulation as well as a de-icing can be triggered by

the user whereas the details about the degradation itself

are part of the closed model to allow a fair and realis-

tic test of new developments like detection algorithms

or robust flight controllers. The corresponding knowl-

edge about the expectable effects and a realistic amount

of degradation is derived from previous icing research

at DLR [46, 47] where high-quality simulation models

were identified from flight data.

Horizontal Tail Damage & Icing
The model will include changes of dynamic behavior

caused by a partial loss (various levels) of one side of

the HTP similar to [48] resulting in a changed controlla-

bility of the aircraft. Partial damage at the HTP or VTP

leading edge as well as local icing of the empennage

will probably be included in the future.

Actuator Faults
Faults in the actuators will be included in the fu-

ture. Each actuator will be controlled independently

(ailerons, elevators, rudder, spoilers) and possibly be

subject to faults. The faults cases that will be im-

plemented include the typical actuator faults such as

hardover, runaway, frozen at a given position, change

in dynamic behavior, etc.

Engine Bird Strike
Bird strike damage to engines is considered for later in-

clusion in VIRTTAC-Castor. Simulation models were

developed at DLR for the EU FP7 Man4Gen project

[49, 50], which could be adapted for the VIRTTAC-

Castor turbofan engine, once its nominal version will

be available. These models are relatively simple and the

variability of the effects of bird strikes in engines makes

it very difficult, if not impossible, to build a generically

valid model for such events. Investigating the adverse

consequences of such failures onto advanced fault de-

tection algorithms and their robustness against them is

certainly interesting. This would be possible when such

engine fault models will be integrated into VIRTTAC.

3 Implementation Challenges
3.1 Need for a Black-Box implementation

The internal implementation of the VIRTTAC dynamic

models is hidden from the user (black-box), which per-

mits to prevent users from accessing any information

which would not be available in practice. In the MAT-

LAB/Simulink environment this is done by encapsulat-

ing the dynamic model in a Simulink s-function. This

has also the advantage of significantly speeding-up the

simulations while still letting the users be able to in-

clude their part (e.g. a flight control system) around

the VIRTTAC flight mechanics models. At the time

of writing this paper, the current implementation of the

VIRTTAC-Castor model runs about 50 times faster than

real-time on a Desktop PC with MATLAB/Simulink

R2007b 32bit under Windows 7 Enterprise SP1 and

with an Intel Core i7-2600 @3.4 GHz.
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3.2 Availability beyond MATLAB/Simulink

The authors (and designers of VIRTTAC) also aim at

ensuring the wide availability of the VIRTTAC mod-

els and their long-term maintainability. The wide avail-

ability includes the possibility to bring VIRTTAC to

other environments, including other scientific software

suites than MATLAB/Simulink. The internal imple-

mentation therefore makes a clear separation between

the MATLAB/Simulink-specific features/APIs and the

code responsible for the trim and simulation of the air-

craft. The former is confined to the s-function code

which is only a wrapper for the actual dynamic model

(the latter). The latter is implemented in a library to

which the s-function is statically linked. This decom-

position should permit to create VIRTTAC implemen-

tations which could be used with a large variety of other

tools, such as Scilab/Xcos or even using the Python pro-

gramming language. The authors want to have the pos-

sibility of offering VIRTTAC for other tools than MAT-

LAB/Simulink with a reasonably low amount of work;

however, it is crucial to ensure that the capabilities pro-

vided by VIRTTAC and its specific benchmarks remain

the same for all these implementations. A benchmark

scenario will only be officially supported by the authors

if it is available for all supported implementations, or if

there is a valid technical reason for not doing it. A valid

technical reason might be that the benchmark scenario

includes VIRTTAC and another component which can-

not be ported to the other tools/platforms (e.g. due to

intellectual property restrictions or if porting this com-

ponent would require an unreasonable effort).

3.3 Modularity for Long-Termmaintainability

The long-term maintainability includes the need for

a modular internal structure of the simulation code.

This is done by using a general structure, whereby

the different model parts can be defined separately and

“connected” to each other. This makes the modeling

paradigm used inside the VIRTTAC models similar to

the one used in graphical modeling tools, like Simulink

or Xcos. No graphical editor has been developed to

create or edit these connections but the C++ syntax

used for this is as simple as the MATLAB/Simulink

“add_line” command. The internal implementation

concept chosen might evolve over time without the

VIRTTAC users noticing any change2. Currently, the

2Beyond possibly slightly modified rounding errors, which could also

be caused by changing the compiler or the compiler flags.

internal implementation is a compromise between mod-

ularity and complexity of the implementation workflow.

More automated or even code-generation-based solu-

tions have not been chosen because it has been esti-

mated that their additional level of complexity and their

restrictions3 outweigh the benefit expected for VIRT-

TAC. Depending on the future evolution of VIRTTAC

and of the corresponding aircraft models and bench-

mark scenarios this choice might be reevaluated. One of

the important features that the current implementation

requires is a mechanism permitting to call the different

model parts in the right order such that the simulation

results remain correct, i.e. as if the model had not been

split into different entities. Note that such a mechanism

is also required in simulation tools like Simulink and

Xcos.

The main modules that are currently defined are:

• Flight Control Actuators

• Propulsion

• Airframe Dynamics (which includes the aerody-

namics and the equations of motion)

• Sensors

• Landing Gear (foreseen but not implemented yet).

A simple environment model is already included in the

current version of VIRTTAC but is not a separate mod-

ule. It includes a standard atmosphere model and a Dry-

den turbulence generator. The possibility to bring some

icing conditions is currently being developed to enable

icing-related envelope reduction benchmark scenarios.

The implementation of the environment model is likely

to be largely redesigned in the near to mid-term future.

4 Conditions of Use

4.1 Who can use VIRTTAC? What are the
conditions of use?

Source files
As of now, anyone can download and use the VIRTTAC

models. Any part of VIRTTAC provided in source form

(e.g. MATLAB .m files or Simulink models) is subject

to the very permissive MIT license:

3They always include some assumptions on the structure of the system

and/or produce a barely human-readable code.
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MIT License
Copyright (c) 2018 Deutsches Zentrum für Luft-

und Raumfahrt e.V., Christoph Deiler, Nicolas

Fezans

Permission is hereby granted, free of charge, to

any person obtaining a copy of this software and

associated documentation files (the "Software"), to

deal in the Software without restriction, including

without limitation the rights to use, copy, modify,

merge, publish, distribute, sublicense, and/or sell

copies of the Software, and to permit persons to

whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission

notice shall be included in all copies or substantial

portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITH-

OUT WARRANTY OF ANY KIND, EXPRESS OR

IMPLIED, INCLUDING BUT NOT LIMITED TO

THE WARRANTIES OF MERCHANTABILITY,

FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL

THE AUTHORS OR COPYRIGHT HOLDERS

BE LIABLE FOR ANY CLAIM, DAMAGES OR

OTHER LIABILITY, WHETHER IN AN AC-

TION OF CONTRACT, TORT OR OTHERWISE,

ARISING FROM, OUT OF OR IN CONNEC-

TION WITH THE SOFTWARE OR THE USE OR

OTHER DEALINGS IN THE SOFTWARE.

Other files: executable, binaries, binary data
All non-disclosed code and data files (e.g. executable,

dynamic/static libraries, binary files, etc.) are licensed

under the Creative Common Attribution-NoDerivs 4.0

Generic license (CC-BY-ND 4.0). A human-readable

summary is provided hereafter: please refer to the of-

ficial license text for the legally binding text. Note

that any attempt to disassemble the binary code, binary

data, executable, or dynamic/static libraries provided is

hereby considered as a derivative and is consequently

hereby prohibited, even if not shared. A normal use

of VIRTTAC for its intended purpose does not require

such operations and therefore users will normally not

be affected by this restriction.

CC-BY-ND 4.0 (human-readable summary)

• You are free to:

– Share – copy and redistribute the material

in any medium or format for any purpose,

even commercially.

– The licensor cannot revoke these freedoms

as long as you follow the license terms.

• Under the following terms:

– Attribution – You must give appropriate

credit, provide a link to the license, and

indicate if changes were made. You may

do so in any reasonable manner, but not

in any way that suggests the licensor en-

dorses you or your use.

– No Derivatives – If you remix, transform,

or build upon the material, you may not

distribute the modified material.

– No additional restrictions – You may not

apply legal terms or technological mea-

sures that legally restrict others from do-

ing anything the license permits.
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5 Foreseen Applications and
Community Involvement

VIRTTAC is expected to become a very useful tool for

a quite large community of researchers and engineers

working in the areas of atmospheric flight mechanics

(AFM) and guidance, navigation and control (GNC). A

couple of foreseen uses are listed hereafter and the au-

thors are welcoming further development suggestions

linked to any other potential application of VIRTTAC.

System Identification / Machine Learning
Aircraft system identification is a rather obvious poten-

tial use of VIRTTAC, as it allows its users to perform

virtual flight tests. Very few organizations and com-

panies worldwide possess the financial resources and

the technical means to perform large flight test cam-

paigns for system identification purposes. VIRTTAC is

expected to give many researchers and engineers access

to a (virtual) test aircraft, who would not have this kind

of possibility otherwise.

Flight Control, Flight Guidance, and Fault-
Tolerant Control
The flight control and flight guidance communities can

also benefit from VIRTTAC models as they consti-

tute fully working and representative aircraft models on

which control and guidance concept can be developed,

tested, and compared among teams that would other-

wise not have common benchmarks, for instance due

to intellectual property restrictions. VIRTTAC is de-

signed from the beginning to support fault-tolerant con-

trol in all its possible forms by providing representative

models with many possible fault scenarios. The objec-

tive of the VIRTTAC models is to provide valid mod-

els 1) which help the users (e.g. control scientist) to

understand the exact consequences of these faults on

the overall system and 2) which can be used to validate

and demonstrate the fault-tolerance capabilities of some

controllers. Very often the fault-tolerant control tech-

niques will require specific model formulations to be

designed or to be used online: VIRTTAC provides no

simplified model for control design, each user should

build his/her own simplified model or reuse some that

might have been built and shared by others.

Within a few years period, it is planned that VIRT-

TAC models will also be ported to the DLR AVES sim-

ulator in order to permit pilot-in-the-loop evaluations

of the most interesting control concepts developed for

VIRTTAC and for which a pilot-in-the-loop evaluation

could be valuable. Please contact the authors for fur-

ther information on VIRTTAC@AVES or to send some

suggestions.

Teaching Flight Mechanics and Control
The authors expect that VIRTTAC could become very

useful for teaching purposes (in aerospace engineering

but also for pilot training), even though teaching is not

in the focus of the current developments. Neverthe-

less, the authors would be happy to support such efforts,

within what can reasonably be performed without lim-

iting the usability for the other potential user groups.

Long Term Evolution of the Model and Com-
munity Involvement
The model provided with this paper is only the first step

of a long-term initiative aiming at providing good and

representative models to the community. Even if the

task of building a flight dynamics model is a very in-

structive, the amount of work spend in our community

to build models for the purpose of our research activi-

ties is very high. Additionally these models are often

very restricted due to unavailability of the required data

to the model builder or to other practical constraints.

The multiplication of models and the relative lack of a

common benchmark often makes it difficult to compare

the proposed approaches.

The evolution of the herein proposed benchmark

models and scenarios will be strongly oriented towards

the needs of the community. In order to remain a good

validation tool, the system will need to remain only

partly observable to the end user and therefore some

parts will remain undisclosed (at least for several years).

For everything else (e.g. definition of new test scenar-

ios, automatized evaluation scripts, etc.) VIRTTAC will

be as open as possible and contributions from the com-

munity are very much welcome.

6 Summary
This paper presents the recently started development

of a series of generic aircraft models gathered within

the VIRTTAC family. These models will be available

to the research community in the future, e.g. as high-

quality validation benchmark models or for testing new

methodologies in the fields of robust control or reduced

envelope protection. The first model of this family, the

100-passenger jet airplane VIRTTAC-Castor, already
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provides within its preliminary 0.5-alpha version a ba-

sis including various necessary functions to simulate

respectively virtually flight test the aircraft on the one

hand. On the other hand, the aircraft might already

been used for its foreseen purposes. After finishing the

development of VIRTTAC-Castor in the near future, it

will be followed by a turboprop version of similar size

called VIRTTAC-Pollux.

VIRTTAC download and contact
information
To provide the models of the VIRTTAC family to the

community, a GitHub repository was created. This

repository is located at

https://github.com/VIRTTAC/VIRTTAC

and will be updated if necessary due to new model de-

velopments of aircraft within the VIRTTAC family.

For any questions on VIRTTAC-Castor, the VIRT-

TAC family or for general support concerning the

VIRTTAC simulation, please use the following VIRT-

TAC email address:

VIRTTAC@dlr.de.
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Abstract.  The current study presents a methodology for 
analysing and identifying the limitations in capacity of an 
airport, the methodology has been implemented in the 
case of Mexico City Airport which is a congested airport 
in Mexico. The methodology allows identifying what 
room is left for absorbing more traffic and what options 
are available while a new infrastructure is in place. The 
methodology revealed, that there is still room for ab-
sorbing more traffic under certain conditions and start-
ing from that, actions can be taken in order to increase 
the capacity or reducing congestion in the airport. 

Introduction
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1 Literature Review on Airport 
Modelling 
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2 Methodological Approach 
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Figure 1: Methodological approach for simulating airport 
systems. 

•

•

•

•

•

•

•

Figure 2: Conceptual approach of the simulation model. 

•

•
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3 Case Study: Mexico City 
International Airport 

3.1 Airport infrastructure at MEX 

3.2 Traffic growth in MEX 

Figure 3: Schematic view of the airport. 

Figure 4: Evolution of traffic on Mex. 
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3.3 Runway system modelling 

3.4 Terminal buildings and turnaround times 

3.5 Taxiway system 

Figure 5: Taxiway system of the MEX model. 



Mujica Mota and Flores   Model-based Methodology for Identifying Capacity Limitations 

SNE 29(1) – 3/2019 19

O N 

Table 1: Turnaround times for the airlines in the airport. 

Experimental Design: Analysis 
of Demand 

Table 2: Performance parameters of RWY. 

4.1 Base case: current operation 
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Figure 6: Evolution of ATMs during the day. 

Table 3: Performance Indicators of the Base Case. 
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4.2 Scenario I: traffic increase from 10% to 
30% more traffic 

•

•

•

•

Figure 7: Evolution of ATMs during the day 10% more traffic. Figure 8: Evolution of ATM/hr vs traffic increase. 
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Figure 9: Evolution of A/C queuing in T1.  

Figure 10: Evolution of A/C queuing in T2. 

Figure 11: Evolution of average time in queue in the airport. 

Figure 12: Evolution of gates utilization.  

4.3 Scenario II: increase of traffic as LCCs 
being the main entrants 

•
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Figure 13: Evolution of ATM/hr. 

Figure 14: Evolution of aircraft queuing. 

Figure 15: Evolution of aircraft queuing. 

Figure 16: Evolution of time queuing. 

Figure 17: Evolution of gates utilization vs traffic increase. 
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5 Conclusions and Future Work 
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Abstract. An aircraft cabin is – apart from interactions
with the cabin crew – the most important interface be-
tween an airline and its passengers. The Institute of
Flight Guidance (IFF) of the Technische Universität Braun-
schweig developed and built a full-scale aircraft cabin
section comprising the structure and electronic systems
of a short- to medium-haul single-aisle commercial air-
craft. In this paper, we describe the ongoing work of set-
ting up the cabin simulation and the developed solutions
to a variety of technical challenges. We present our struc-
tural hard- and software architecture focusing on high re-
alism or plausibility while maintaining a high flexibility in
the design for future developments. By means of two
more detailed examples – an outside view simulation sys-
tem and an interconnection network for the simulation
environment – we show our approach.

Introduction

The most lasting impressions (positive or negative) of

a past flight come from aspects related to the aircraft

cabin interior. Apart from pre-flight experiences and

crew service quality, studies (e.g., [1] [2]) show that

cabin systems have a high impact on the revenue of an

airline through passenger comfort and the resulting de-

sire to re-book with the same airline and/or the same

aircraft. Although the cabin is partly subject to high

safety requirements, its influence on the safe execution

of the flight is mainly secondary. Thus, it offers more

chances for the successful introduction of new develop-

ments than other parts of the aircraft structure. These

aspects are contributing to the fact that aircraft cabin

systems increasingly receive attention both in research

and economic contexts.

New procedures and systems aim at the sometimes

contradicting aspects of increased safety, greater opera-

tional efficiency and an improvement in passenger com-

fort. For their validation, models and simulations are

required since a test during real-life operation is often

too time- and cost-intensive. However, the multitude

of cabin systems and the necessity of simulating a large

number of influences on the operation in the cabin, pose

a variety of challenges for the technical simulation.

In order to meet the resulting requirements of edu-

cational and research purposes, the Institute of Flight

Guidance (IFF) of the Technische Universität Braun-

schweig developed and built a full-scale aircraft cabin

section of a short- to medium-haul single-aisle commer-

cial aircraft. The fixed-base cabin section is attached to

an aircraft cockpit simulator and embedded into a su-

perordinate simulation environment.

In this paper we describe the ongoing work of set-

ting up the cabin simulation and the developed solu-

tions to the mentioned technical challenges. We present

our structural hard- and software architecture focusing

on high realism or plausibility while maintaining a high

flexibility in the design for future developments.

As a detailed example, we show the currently imple-

mented outside view simulation and discuss the techni-

cal and perception-based challenges faced during de-

velopment. Furthermore, the results of an examination

with multiple test persons are featured.

Our subsequent outlook on future work contains

ideas on an approach for data exchange. We envisage

a publish-subscribe-based architecture to not only con-

nect the individual components within the cabin simula-

tor, but to also enable the interaction with other partici-

pants within the surrounding simulation environment as

well as in external networks.
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Figure 1: Computer-rendered representation of the cabin

simulator cross-section.

1 Simulator Architecture
The fixed-base aircraft cabin simulator comprises the

structure and electronic systems of the entrance area in-

cluding the forward galley and lavatory as well as the

full lining of the the first three to four seat rows in the

passenger cabin deck (cf. Figure 1). It is equipped with

relevant cabin systems and can be flexibly adapted to

test systems from current research. The focus is on

networking, sensor technology and human-in-the-loop

simulations for the optimization of cabin-related pro-

cesses. The cabin simulator is spatially adjacent and

electronically connected to the aircraft cockpit simula-

tor of the IFF and therefore constitutes part of a full-

scale airliner simulation platform, which is orientated

on an Airbus A320. This platform in turn is intercon-

nected to other simulation systems and embedded into

an air traffic management simulation environment con-

sisting of a Diamond DA42 simulator and two work-

ing positions, each of which can be operated either by a

(pseudo) pilot or an air traffic controller. This enables us

to not only investigate the processes and interactions be-

tween cockpit and cabin, but also to consider the cabin

as a further entity within the overall air traffic transport

system.

1.1 Structure

The integration and evaluation of new and further devel-

opments requires a continuous adaptation of the cabin

structure. For this reason, a modular approach was cho-

sen, which makes it possible to flexibly modify or re-

place cabin modules, parts and systems. Furthermore,

in order to give test persons a realistic impression, great

importance was attached to reproducing the look and

feel of the interior as true to original as possible and in

particular the inner dimensions. The outer dimensions

of the cabin are slightly larger in order to provide more

space behind the lining components.

The basic structure of the cabin simulator is fully

composed of wooden ribs and beams in combination

with wooden panels and walls. Due to a reinforced floor

structure, the cabin simulator can be easily lifted and

moved. The outer shell is made of large PVC sheets.

The cut-outs of the cabin doors on both sides are al-

ready in place, while the actual doors have already been

designed, but not yet manufactured. In total, the cabin

is approximately 5.6 m long, 4.2 m wide and 3.0 m in

height and features twelve cabin windows (six on ei-

ther side), which however do not have an opening to the

outside.

For the lining of the passenger area, mostly used but

refurbished original parts – such as window panels, ceil-

ing panels and overhead bins – were incorporated. The

total of 18 passenger seats (three groups of three seats

on either side) are used originals as well and have a

fold-out cocktail table to establish a business configura-

tion. All other interior parts (e.g. the floor carpet) have

been selected or replicated to resemble their counter-

part in reality. Two self-developed bulkheads separate

the passenger area from the entrance area. Except for

the forward galley on the right-hand side, the entrance

area was reconstructed for the most part. The lavatory

on the left-hand side in the passage to the flight deck

is only a dummy. It contains the computers and most

of the other hardware components for controlling the

cabin simulator as described in the following section.

1.2 Hardware

The cabin hardware offers input and output devices as

human-machine interface for cabin operation on the one

hand and on the other hand provides computing power

for the simulated systems on board as well as for the

environment simulation. In addition, it provides the ba-

sis for stimulating human senses through the visual and

auditive channel; the haptic stimulus results from the

structure and interior. The cabin simulator has its own

power grid, which is divided into sub-grids by a main

distributor. For cabin operation, five computers are used

that are connected via Ethernet: two high-performance

computers, each with two graphics cards for the out-

side view simulation and ambient noise as well as one

computer each for internal audio and video streaming,
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for the Cabin Management System (CMS) and Flight

Attendant Panel (FAP) and for the provision of various

interfaces and aircraft buses (e.g. ARINC 429, RS232,

RS485, CAN, etc.).

For the illumination of the cabin simulator, pairs of

bright white and RGB LED strips were installed that are

controlled independently via Digital Multiplex (DMX)

dimmers. Within the passenger area, the LED strips are

located on both sides of the ceiling panels, below the

overhead bins and on floor level; within the entrance

area, multiple pairs of LED strips are mounted in the

ceiling only.

The output of cabin internal audio signals takes

place via structure-borne sound speakers mounted on

the ceiling panels. A separated surround system hid-

den behind the lining is used for the aircraft and am-

bient sounds. To enable the outside-view simulation

(see Section 2), one screen is mounted behind each

of the twelve cabin windows, three of which are con-

nected via daisy chain to one graphics card of the high-

performance computers. A large-scale screen is also in-

stalled in each of the two bulkheads for information and

In-Flight Entertainment (IFE). Additionally, a touch-

screen is available attached to the lavatory wall within

the entrance area. The installation of a ventilation sys-

tem for the air conditioning of the cabin is currently in

progress. While the air conditioning unit and the venti-

lation outlets are already installed, the individual com-

ponents are not yet connected.

1.3 Software

Building on the hardware and structural features, the

systems and functions of the simulator are represented

in a set of programs and software parts. These are

classified into mock-ups, device simulation modules

and auxiliary modules. Mock-ups mimic real software

which is available in a real operational context. An ex-

ample of a mock-up software is the FAP software im-

plemented for the simulator. Device simulation mod-

ules imitate the behavior as well as the usage of cabin

hard- or software that however is not physically avail-

able in the simulator. Most times they replace real hard-

ware – e.g. lavatory equipment. Auxiliary modules, on

the contrary, do not match any real world software or

device. They are necessary to provide interfaces be-

tween virtual and real hardware, provide functions for

the simulation control and serve as abstraction layer be-

tween cabin systems and simulator systems.

While the mock-up software and the auxiliary mod-

ules are implemented as stand-alone binaries, intercon-

nected via TCP/IP-based interprocess-communication,

device simulation modules heavily depend on a simu-

lation framework we named Cabin Simulation Environ-

ment (CaSE). CaSE provides such features as event-

based data exchange, scenario generation and replay

as well as lock-free concurrent interfaces to a variety

of data buses. This ensures that new simulation de-

vices can be implemented as light-weight components

enabling developers to focus on remodeling the real de-

vice’s behavior and providing seamless integration.

Device simulation modules may both simulate the

behavior of a device and the usage of cabin systems by

passengers and crew. Respective scenarios, triggering

actions of virtual humans in the cabin and in turn lead-

ing to reactions by device simulation modules, can be

generated and replayed using the graphical user inter-

face of CaSE. For example, modules are available for

the usage of lavatories (door locks, call buttons, water

tank levels) or temperature control. Thus, as shown in

Figure 2, CaSE expands the simulation from the first

three seating rows to a full aircraft cabin layout by pro-

viding virtual additions to the real hardware.

real cabin hardware

Water/Waste
Avionics

PSUs
Cabin Lighting

Lavatories

Galley Control

Maintenance

IFE

simulated hardware

HW
HW

HW

HW

CMS netw
ork

simulated 
crew/pax

CaSE

CaSE

CaSE

Figure 2: Schematic representation of the cabin simulator
comprising the real and simulated hardware of the
cabin interior, cabin systems and their usage.

Central component of the whole software architecture

is the mock-up software for the CMS. It provides in-

formation for and communication between systems and

takes control of all connected systems in the cabin.

The interface between this management system and the

flight crew is the FAP. Its main purpose is to provide a

graphical user interface for interacting with all systems

on board and to be the link to the CMS. The FAP soft-

ware is visible at the touch-screen monitor in the front

section of the cabin (cf. Figure 1), which is also the

corresponding input device.
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The auxiliary modules, generally also connected via

the CMS, serve as interfaces and converters to the their

respective connected hardware. For example, the light-

ing module provides pre-defined mood lighting scenar-

ios which can be selected at the FAP. The resulting

request is sent via the CMS to the lighting module,

where it is converted into an ARTNet-compliant mes-

sage which triggers the DMX dimmer hardware. An-

other auxiliary module serves as media streaming de-

vice for the IFE and passenger announcement system.

Thus, it grants access to the bulkhead monitors and the

structure-borne sound speakers (cf. Section 1.2) for

video and audio transmission into the cabin.

2 Outside-View Simulation

The visual perception is one of the key senses to be

stimulated for a high immersion of the participants of

studies. This does not only apply to the interior, where

materials, forms and colors have to match the past expe-

rience of the passengers. Instead, it applies especially to

the view of the outside world which is provided through

the cabin windows. Because of the fixed-base charac-

ter of the simulator, this is the main way to create the

impression of motion of the simulated aircraft. On the

other hand, errors and misconceptions of this simula-

tion component may easily lead to discomfort or even

Simulation Sickness Syndrome (SSS).

Our 12-monitor-setup and twelve independently

generated views provide a realistic outside view for test

persons. Apart from bandwidth concerns and image

generation performance, the selection of the depicted

content and the implementation of optically correct per-

spectives were addressed while developing the system.

The main challenge the hardware setup poses is the con-

tradiction between multiple persons looking from dif-

ferent positions and directions to the same fixed, 2D

representation of a 3D outside view. However, we ex-

pect that deviations from reality are easily accepted if

a plausible view is obtained that matches the test per-

son’s past experience. We targeted at exploiting this

feature by averaging the views to minimize the per-

ceptible deviations between the simulation and reality.

We used human-in-the-loop simulations with multiple

test persons to evaluate the level of immersion as well

as the impact on the involved humans with respect to

visual perception of movement while lacking a kines-

thetic stimulus.

2.1 Architecture and setup

The system uses the hardware architecture described

in Section 1.2 with twelve screens in the outer walls

and can therefore access a total of two CPUs and

four GPUs for image generation. The used software

strongly influences the available visual content, per-

formance and synchronizing features. Thus, the ex-

periments were conducted using varying software plat-

forms, more specifically, Laminar Research’s X-Plane

11, Prepar3D by Lockheed Martin and – deviant from

using a flight simulator software – Google Earth Pro.

The two flight simulation programs were set up to

have one master instance, calculating the flight status

vector using the flight model and three to five slave in-

stances which only generated synchronized views with

different viewing angles of the environment. Both flight

simulations provide configuration files for setting up

the correct parameters of the outside view. In case of

Prepar3D, multiple views can be specified together. For

X-Plane, different instances of the software have to be

launched. However, this also allows for the separate

instances to use different associated GPUs, balancing

the load of image generation across the available hard-

ware. Another challenge is synchronicity and tempo-

ral resolution, which is not only crucial for holding up

the illusion of steady movement. When using different

software instances, information like the shape and po-

sition of clouds, ground vehicles and other traffic must

be interchanged or propagated. Both simulations use

TCP/IP-based proprietary protocols for that purpose.

Google Earth Pro instead was connected to the flight

simulation of the adjacent cockpit simulator used as

data provider and is only capable of one sole view

which was stretched across the screens. Though we

tested this setup, we did not consider it for the evalu-

ation as the huge drawbacks of this approach stood out

at an early stage.

2.2 Viewing layouts

In order to consolidate and average the multitude of

possible viewing directions and positions to a set of

views that can be shown on the different screens, we

considered different combinations of number of view-

ing points, number of independent views of these points

and positions of the viewing points. These layouts, of

which three were later used for the evaluation, are de-

fined in Table 1.
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Viewing Points
(VP), in total

Views
per VP

VP Height

Row layout 6 2 1175 mm

Aisle layout (high) 1 12 1570 mm

Aisle layout (low) 1 12 1033 mm

Duplicated layout 1 2 1175 mm

Single layout 6 2 1175 mm

Table 1: Configurations of view layouts.

Each layout entails advantages and disadvantages

concerning feature visibility, degree of realism, gener-

ation performance, etc., depending on the passengers

position in the cabin and the simulated flight phase. Al-

though the according considerations were made, the de-

tailed discussion exceeds the scope of this paper.

In Figure 3, the different viewing layouts resulting

from varying the input parameters are schematically de-

picted. The chosen layouts determine the optical pa-

rameters of the system, which in turn can be calculated

and implemented in the used software.

View Point (VP) Cabin Window / ScreenView

Aisle layout Row layout Duplicated layout/ 
Single layout

Figure 3: Schematic depiction of view layouts in the cabin

simulator (top view).

2.3 Evaluation

For the evaluation of our solution, we conducted

human-in-the-loop tests including four different sce-

narios, each with a duration of approximately 15 min-

utes. Each scenario contained a short taxi phase, take-

off phase and a climb phase up to a virtual altitude of

12000 ft. While climbing, the aircraft performed both a

left and a right turn. In the different scenarios, the view-

ing layout and the software platform were varied, see

Table 2 for reference. The 34 test persons were asked

to choose a seat and fill in a questionnaire asking for

grades from 1 to 10 concerning the assessment of re-

alism, image quality, temporal resolution, synchronic-

Viewing layout Software

Scenario 1 Row layout X-Plane

Scenario 2 Aisle layout (high) X-Plane

Scenario 3 Aisle layout (low) X-Plane

Scenario 4 Aisle layout (low) Prepar3D

Table 2: Input parameters for the evaluation scenarios.

ity, impression of movement and personal well-being

taking the flight phase into account. Also, test per-

sons were asked to look at the outside view from dif-

ferent positions in the cabin, at least once from their

seat and once from the aisle. Combined with (optional)

test person specific information concerning age, gen-

der, body height as well as frequency of flight, this pro-

duces comprehensive data for the evaluation of the im-

plemented system. As the excerpt from the results in
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Figure 4: Grades concerning assessment of realism (while
viewing from seat or aisle), of impression of
movement and of individual sickness.

Figure 4 indicates, the system generally provides a good

depiction of reality. The assessment concerning the im-

pression of movement shows potential for improvement

as the grades are on an average level. This feedback

was to be expected since the simulator does not provide

kinesthetic stimuli in the form of perceptible accelera-

tions. Despite this missing sensation, which contradicts

the test persons’ observations, the experienced sickness

level is low except for scenario 2. In general, scenario 2

shows the worst performance, especially when the sim-

ulation is viewed from the aisle. Test persons criticized

the high visual tilt downwards in that scenario.

The overall results from the extensive study substan-

tiated our tendency towards scenario 3. Thus, we se-

lected this scenario for operation.
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3 Interconnection Network
The interconnection of the simulators described in Sec-

tion 1 should enable a composite simulation. Each sim-

ulator will be considered as a single entity within the

simulation structure. Nevertheless, the cabin and cock-

pit simulators constitute a single entity in most of the

use cases. Currently, each entity operates within its own

network and – if required – the intercommunication is

fulfilled via dedicated interfaces.

3.1 Requirements

The aim of the next stage of development is to provide a

more flexible connection between the entities and other

modules. Therefore, it shall be possible to operate each

entity individually and as a part of a composite simu-

lation. For a quick integration of external modules, the

interfaces have to be easily accessible. However, the

interfaces must keep step with the development of sys-

tems.

3.2 Envisaged implementation

In order to meet the requirements and to avoid the oc-

currence of single point of failure events, it is foreseen

to use a distributed system design such as the Robot

Operating System 2 (ROS 2) to connect the simula-

tors. ROS 2 uses Fast Real Time Publish-Subscribe

(RTPS) [3] which builds on the Data Distribution Ser-

vice (DDS) middleware.

Using ROS 2, systems are able to publish data

within self-defined topics to provide them to other en-

tities. Participants can subscribe to the topics they re-

quire. On the application layer there is no further com-

munication necessary between the entities and there is

no central instance required for controlling the commu-

nication flow. Discovery of the participants is also han-

dled transparently by the middleware.

Each topic holds one data type. Custom data struc-

tures have to be defined in Interface Definition Lan-

guage (IDL) files provided for every system at compile

time. It is envisaged to only use primitive data types

as well as their corresponding arrays at first. Therefore,

most of the data fields provided by our simulators are to

be transferred within individual topics. Complex data

types will be defined subsequently, if needed.

Since Fast RTPS internally uses UDP/TCP as trans-

port protocol, it is mandatory that the subnets of each

simulation entity will be connected within the Local

Area Network (cf. Figure 5). ROS 2 uses one DDS

domain where all topics are available. Each module has

to be part of this domain in order to subscribe to a topic

and to automatically discover other systems. A router at

the top level of the topology interconnects the subnets

and acts as an internet gateway.

D
D

S
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om
ai

n

Cockpit
192.168.1.X 

Switch

Internet Gateway

Cabin
192.168.2.X 

 DA42
192.168.3.X 

ATC WP
192.168.4.X 

Figure 5: Envisaged network topology.

4 Conclusion
We presented our full-scale aircraft cabin section com-

prising the structure and electronic systems of a short-

to medium-haul single-aisle commercial aircraft. The

development process as well as the challenges and their

solutions were illustrated on the basis of examples, par-

ticularly the implementation of an outside view simula-

tion. The subsequent evaluation showed promising re-

sults concerning the level of immersion generated by

the simulator. The next step will be the development of

an interconnection infrastructure between the simulator

entities.
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Abstract. Corresponding to the modeling purpose dis-
crete models can be defined using very different ap-
proaches: For a precise description and thorough analy-
sis one of the many different mathematical descriptions
can be applied, while a working practitioner often will
describe a model within a concrete simulation environ-
ment. To demonstrate that mathematical models are
useful for practical purposes as well, we will present a
simple state-space model for a stochastic discrete sys-
tem. By means of a concrete example we will show, how
the use of this model makes the practical modeling pro-
cess much easier and leads to a more concise concrete
implementation.

Introduction

For the description of discrete systems a large number

of different mathematical models can be applied, rang-

ing from the simple finite state machine [1] to the com-

plex PDEVS formulation [2]. If one includes stochas-

tic processes, the models get more complicated, well-

known examples being the non-deterministic finite au-

tomaton [1] and the generalized semi-Markov process

[3].

Using mathematical models brings considerable

benefits: First of all it allows a complete and precise

specification of a model. Secondly the whole machin-

ery of mathematics can be used for the analysis of im-

portant properties of the models like the reachability of

states, reducibility of the state space or the existence of

equilibrium configurations [3].

These points are of a more theoretical nature, but

there is a third advantage, often overlooked, which is

important for the practitioner: A mathematical model

can simplify the actual modeling and implementation

in a concrete simulation environment considerably.

To illustrate this point we will present a pedagogi-

cal example and implement it in Simulink in a straight-

forward manner. This turns out to be more difficult

than expected and leads to a structurally complicated

solution. Next we will introduce a simple mathemat-

ical model using a probabilistic state space represen-

tation and show, how the reformulation of the exam-

ple problem using this model leads to a much simpler

and clearer implementation. Finally we will turn to the

soundness of the basis by having a quick look at the

mathematical status of some important simulation pro-

grams.

1 A Pedagogical Example

The model used in the following describes class sizes

of a three-year third level school and the number of

prospected school graduates. It is formulated in three

steps of increasing detail, based on an example from

[4] and extended here. The basic outputs are the class

sizes xi(k), i = 1 . . .3, at the beginning of year k and the

number of graduates xg(k).
As a first step we assume given constant rates Ri of

students, who have to repeat year i, and Di of dropouts

during year i. The model is then defined by

x1(k+1) = xin(k)+R1 x1(k) (1a)

x2(k+1) = (1−R1 −D1)x1(k)+R2 x2(k) (1b)

x3(k+1) = (1−R2 −D2)x2(k)+R3 x3(k) (1c)

xg(k+1) = (1−R3 −D3)x3(k) (1d)
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The resulting class sizes are non-integer, representing

“mean values” over several years.

In the next step the mean values are replaced by in-

teger random numbers following a binomial distribu-

tion B(n,p). In the defining equations the number of

repeaters and dropouts are replaced according to

Ri xi(k) → ξR,i ∼ B(xi(k),Ri)

Di xi(k) → ξD,i ∼ B(xi(k),Di)

leading to integer-valued class sizes.

Finally we add a rate Mi (i = 2,3) of pupils who

return to the previous class at midterm – a realistic

possibility at German schools. The concrete numbers

are again drawn from a Binomial distribution: ξM,i ∼
B(xi(k),Mi). This seemingly simple extension has dras-

tic consequences for the modeling, because it leads to

changes of the class sizes at half-integer years.

2 Straightforward
Implementation

The implementation of the simplest model in Simulink

can be done easily. One starts by introducing a generic

component for a class with one input i for new pupils

and three outputs: the class size c at the end of the

term, the number t of pupils transferred to the next class

and (for completeness) the number d of pupils that have

dropped out during the current year. It is built with one

UnitDelay block storing the class size x(k) and the

usual arithmetic blocks to implement the following re-

lations derived from the model equations (1)

x(k+1) = i(k)+Rx(k) (2a)

c(k) = i(k)+Rx(k) (2b)

t(k) = (1−R−D)x(k) (2c)

d(k) = Dx(k) (2d)

The complete model is then just a chain of three class

components (cf. Figure 1).

Figure 1: Simple school model.

To replace the fixed rates with binomial random

variables, one creates a component that outputs a ran-

dom value ξ ∼ B(n, p), where p is given as parameter,

while n comes from an input. This can be done with

a simple Matlab function. The corresponding class is

shown in Figure 2.

Figure 2: Class component with random values.

The real challenge is of course the inclusion of the

midterm downgrading. On the upper level this is simple

enough: Just add another output m to the class compo-

nent that gives the number of downgraders and route

it back to the input of the lower class (cf. Figure 3).

Due to the different timing of the values, m cannot sim-

ply be added to the normal input. But a TimeSwitch
that uses a standard Switch component to route its

two inputs according to the time (integer or half-integer)

solves this problem.

Figure 3: Complete school model.

The implementation of the new class component

starts by adding a binomial block for the downgraders,

whose output is routed back internally to another

Time-Switch. But the interesting question is of

course, how one realises the different sample times: The

class size changes every half year, the numbers of re-

peaters and dropouts at the beginning of a year and the

number of downgraders at midterm.

Apparently Simulink offers an easy solution: Set-

ting the SampleTime parameter of the UnitDelay
to 0.5 and adding two Rate Transition blocks,
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which convert the signal to sample times [1,0] and

[1, 0.5], should do the trick. The corresponding

class component is shown in Figure 4, where the col-

ors denote the different sample times.

Figure 4: Complete class model.

But running the model we get the error message

Determinism of data transfer between

’school3a/

Class 1/Unit Delay’ and ’school3a/Class

1/Sum3’ cannot be ensured because either or

both blocks have non-zero sample time offset.

You can resolve this by using a rate transition

block whose parameter ’Ensure deterministic

data transfer’ is unchecked

The suggested resolution actually leads to a work-

ing model: After unchecking the option Ensure
deterministic data transfer of the second

Rate Transition, the model runs without prob-

lems, and the results are as expected. But do we really

know what is going on here?

Changing the sample rate is generally a non-trivial

business, but a look at the relevant Simulink documen-

tation [5] shows that there are more troubles looming

around than one probably thought of, e. g. problems

with timing when using multicore cpus. Without a pre-

cise understanding of the Rate Transition block,

one cannot be sure that the Class component still

works, when it becomes part of a very complex model

– as real world components usually do.

The incremental modeling approach has lead into

murky ground, since the simple structure of the model

got lost on the way. Instead of relying on only half-

understood remedies, we will therefore start afresh, this

time with a solid foundation in the form of an underly-

ing mathematical model.

3 A Probabilistic State Space
Model

We start with the well-known state space description

z(k+1) = G(z(k),v(k)) (3a)

w(k) = H(z(k),v(k)) (3b)

The integer k is the number of the time step, while z de-

notes the internal state, v the external input and w the

output of the model, all possibly being vectors. This

model can be easily implemented in Simulink by us-

ing the generic model shown in Figure 5 and providing

components for the functions G(z,v) and H(z,v).

Figure 5: Generic state space model.

For the stochastic examples we have to enlarge the

state-space description. A common approach is the in-

clusion of an additional disturbance term d(k) [6]:

z(k+1) = G(z(k),v(k),d(k))

w(k) = H(z(k),v(k),d(k))

In our case the disturbance is stochastic and its distribu-

tion depends on the state z. Therefore we define a ran-

dom vector ξ (z) and the probabilistic state-space de-
scription

z(k+1) = G(z(k),v(k),ξ (z(k))) (4a)

w(k) = H(z(k),v(k),ξ (z(k))) (4b)

Again a generic Simulink implementation can be easily

given, cf. Figure 6. The additional component Random
computes the value of the random vector ξ (z) using the

current state vector z(k).
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Figure 6: Generic probabilistic state space model.

4 Theory-based
Implementation

We will now reimplement the example models using the

mathematical descriptions and corresponding generic

models defined above.

To reformulate the first model using eq. (3) we iden-

tify the state variable z with the class size x. Then

we rewrite the defining equations (2) by setting v ≡ i,
w ≡ (c, t,d)′ and get

G(z,v) = v+Rz

H(z,v) =

⎛
⎝ v+Rz

(1−R−D)z
Dz

⎞
⎠

The Simulink implementation of G and H is completely

trivial, but so was the version we started with. Therefore

we didn’t gain much here expect for making contact to

standard mathematical formulations.

For the implementation of the second model we now

use the probabilistic state-space description eq. (4) and

write

ξ (z)≡
(

ξR(z)
ξD(z)

)
∼

(
B(z,R)
B(z,D)

)

G(z,v,ξ ) = v+ξR

H(z,v,ξ ) =

⎛
⎝ v+ξR

z−ξR −ξD
ξD

⎞
⎠

The component Random simply combines the outputs

of two Binomial blocks into a vector.

The final example model is time-dependent, since

its behaviour changes between full and half years. The

standard trick here is to include the time as a compo-

nent of the state vector. In our case we only need to

know whether we are at full or half term. Therefore we

enlarge the state vector writing

z =
(

x
s

)
, z(0) =

(
0

0

)

where x is again the class size and the variable s is 0 or

1 at full resp. half term. Its state equation then simply

is

s(k+1) = 1− s(k).

Now we have to define the functions ξ (z), G(z,v,ξ ) and

H(z,v,ξ ), especially their behaviour at s = 0 and s =

1. First we define the random vector ξ = (ξR,ξD,ξM)′.
The first two components describe the numbers of re-

peaters and dropouts, so they should be 0 at midterm.

Correspondingly the number ξM of midterm down-

graders should be 0 at the beginning of a term. Thus

we have

ξR(z) ∼
{

B(x,R) | s = 0

0 | s = 1

ξD(z) ∼
{

B(x,D) | s = 0

0 | s = 1

ξM(z) ∼
{

0 | s = 0

B(x,M) | s = 1

Similarly we at arrive at the state equation

G1(z,v,ξ ) =

{
v+ξR | s = 0

v+ x−ξM | s = 1

G2(z,v,ξ ) = 1− s

Finally we enlarge the output vector to include the

downgraders writing w ≡ (c, t,d,m)′ and get the output

function

H1(z,v,ξ ) =

{
v+ξR | s = 0

v+ x−ξM | s = 1

H2(z,v,ξ ) =

{
x−ξR −ξD | s = 0

0 | s = 1

H3(z,v,ξ ) = ξD

H4(z,v,ξ ) = ξM

This formal approach guarantees a completely precise

problem specification, though it may seem a bit te-
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dious. On the upside the Simulink implementation is

now merely a matter of routine: We use the generic

model from Figure 6 adding a Demux block to get the

single output ports. Next we implement the equations

for Random (cf. Figure 7), State (cf. Figure 8) and

Output (along the same lines).

Figure 7: Implementation of the Random function.

Figure 8: Implementation of the State function.

The auxiliary component PhaseSwitch (cf. Fig-

ure 9) helps to implement the case switches. Instead of

a clock (as in the first implementation) it now simply

uses the value of the state variable s.

Figure 9: Implementation of PhaseSwitch.

The complete school model looks almost like be-

fore (cf. Figure 3), but the TimeSwitch components

at the class inputs are replaced by simple summation

blocks. This is possible now, since all signals have the

same sample time 0.5 and have meaningful values at all

times.

5 Mathematical Foundation of
Simulation Tools

Even if a model is based on a sound mathematical foun-

dation, its simulation results may be not, namely when

it is implemented using a simulation environment that

is itself not precisely defined. The Simulink blocks that

have been used in the above model, are very simple and

can be easily described mathematically. But already the

example of the Rate Transition block has shown

that this may not always be the case. Therefore lets fi-

nally have a quick look at the mathematical status of

some important tools.

While the model descriptions of continuous systems

often boil down to differential or differential-algebraic

equations, there is no generally accepted mathemati-

cal formulation of hybrid systems containing a few dis-

crete events or even complex state charts [7]. So even

the framework, in which to formulate a mathematical

model of a simulation tool, is still under construction.

For Stateflow [8], a Simulink add-on to model hi-

erarchical state machines and flowchart diagrams, the

situation has been described as follows:

However, Stateflow lacks any formal defini-

tion. The semantics of a program is given by

the result of its simulation within the Math-

works tools. This absence of formal defini-

tion is a big obstacle to static analysis, veri-

fication, or automatic test-cases generation of

Stateflow designs.[9]

Therefore the authors proceed to define operational [10]

and denotational [9] semantics for Stateflow in a for-

mal way. One immediate result is the insight that State-

flow is structurally different from other, seemingly very

similar formulations of statechart diagrams. A differ-

ent way to formalize a hybrid Simulink/Stateflow model

has been proposed in [11] with applications to the for-

mal verification of such complex systems as the guid-

ance control of a lunar lander or the control system of a

high-speed train.

Another simulation program in the Matlab/Simulink

tool chain is SimEvents [12] that implements the

transaction-based modeling paradigm for discrete event

systems. Earlier releases had some serious deficiencies
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[13], therefore Mathworks came up with a complete re-

design with version 5. A very interesting feature is that

the design is based on a unifying theoretical description

[14]. Unfortunately, Mathworks has chosen a new de-

sign instead of relying on the well-known PDEVS for-

malism [2] and doesn’t provide these internal specifica-

tions in general.

The discrete-events simulation program Arena [15]

from Rockwell Automation implements the process-

based modeling approach. It is based internally on

the simulation language SIMAN [16] and outputs a

SIMAN program corresponding to the graphically con-

structed model. This can be useful for verification pur-

poses, since the specification of the lower-level SIMAN

constructs is much easier to understand than the com-

plex blocks used on the upper level in Arena. And

one can go down further: In [17] an essential part of

the SIMAN language has been implemented using the

PDEVS formalism, thereby providing a sound mathe-

matical formulation of important parts of Arena.

6 Conclusions

Using a clear mathematical description of our exam-

ple problem we arrived at a precise specification that

could be implemented in Simulink in a completely rou-

tine way and is structurally simpler than the previous

“straightforward implementation”. But this idea only

works, if the underlying simulation tools are grounded

on sound mathematical models themselves. Though

some efforts have been made in this direction, a lot

needs to be done to reach a satisfying, well defined en-

vironment for our models.

The practitioner often works in the context of a

given very large model that changes in the course of

further development. He can’t be an expert of every in-

tricacy of the complex simulation tool he works with,

and very often has not enough time to go to the bot-

tom of every problem. This can lead to ad-hoc imple-

mentations that are potentially dangerous in the highly

dynamic larger context. The only way out is to use a

precise mathematical model – for the own problem as

well as for the relevant features of the simulation tool.
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Abstract. This paper describes how a complex case
study for variability modeling and simulation from the
documentation of MATLAB/Simulink can be remodeled
with the extended System Entity Structure and Model
Base (eSES/MB) approach using the Phython-based tool
SESToPy and the accompanying modelbuilder SESMoPy.

Introduction
Generally, variability modeling can be seen as an ap-

proach to describe more than one system configuration.

According to Capilla and Bosch [1], a software vari-

ability model has to describe the commonality and vari-

ability of a system at all stages of the software lifecy-

cle. In simulation engineering, the problem of variabil-

ity modeling is well known from the eighties. One of

the first high level approaches for variability modeling

in the design phase was introduced with the System En-

tity Structure (SES) by Zeigler in 1984 [2] and is con-

stantly enhanced until today [3] [4]. The SES is a high

level approach for variability modeling, particularly in

simulation engineering. An SES describes a set of sys-

tem configurations, i.e. different system structures and

parameter settings of system components. In combina-

tion with a Model Base (MB), executable models can

be generated from an SES.

A common tool for today’s engineering applications

is MATLAB/Simulink. It offers pragmatic solutions for

variability modeling and can be seen as a quasi-standard

in engineering. In the following section, the example of

a power window control system modeled with differ-

ent degrees of detail is introduced. This application is

taken from MATLAB/Simulink’s examples section and

can be found in the online documentation [5]. There-

fore, the Simulink model did not have to be created but

needed to be analyzed. Remodeling the example using

the extended System Entity Structure and Model Base

(eSES/MB) approach as described by Pawletta et al. [6]

was successfully done.

After the problem description in Section 1, Sections

2 and 3 describe the two modeling approaches using the

case study. Finally, a comparative evaluation is tried

regarding: (i) the modeling effort, (ii) the clarity, (iii)

the reusability, and (iv) the maintainability.

1 Problem Description

The passenger-side power window system of an auto-

mobile is modeled and simulated. The power window

can be controlled from both the driver’s and the passen-

ger’s side. Furthermore, closing should be stopped for

security reasons, in case an obstacle is detected during

upward movement of the window. The window shall be

lowered by some centimeters in this case.

The system is modeled with different degrees of de-

tail and with using different modeling concepts. From

this problem specification, multiple model structures

and configurations result, which are called variants. For

all variants, main model parts are two switches for con-

trolling the window, the control model, a process model

of the window, and a model for 3D-animation. The

occurrence of an obstacle can be controlled interac-

tively. Furthermore, some outputs are needed to observe

the window’s behavior. A complete description of the

Power Window Control Project example can be found

in MATLAB’s online documentation [5].
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2 Implementation with
Simulink’s Variant Manager

Simulink as one of the most popular tools for model-

based development provides special blocks for switch-

ing between model structures, the Variant Subsys-
tems Blocks. Project management is facilitated by the

Simulink Project capabilities. Anyhow, that means

that all variants need to be coded in only one model.

Models of this kind are called 150%-models. The

main Simulink model is depicted in Figure 1. The

model comprises five variant subsystems: (i) the

driver_switch, (ii) the passenger_switch, (iii) the model

for obstacle detection, which is a submodel of the

power_window_control_system model, (iv) the win-
dow_system model, and (v) the model window_world,

that offers optional 3D-animation.

Both switches can operate either in a mode called

normal mode or use a communication protocol (CP)

implementation. For obstacle detection (DOE) four

variants are available. The first variant is a simplis-

tic continuous system model (Cont), the second uses

power effects (PE), the third works with a visual-

ization (Vis), and the last provides support for real-

istic armature and the communication protocol (RA

CP). The window_system model subsystem (WS) com-

prises three variants, one simple continuous model

(Cont), one reproducing power effects and additional

3D-visualization options (PE Vis), and a third variant

where the realistic armature and the communication

protocol is included (RA CP). The two variants for the

window_world are a Simulink 3D animation or no ani-

mation at all.

Some of the variants use Stateflow, which is The

MathWorks’ implementation of state machines, and/or

physical modeling, i.e. Simscape, submodels. One im-

portant aspect when modeling the variants is, that the

number and names of input and output ports of variant

subsystems need to be the same, no matter which vari-

ant is chosen.

The active variant of the main model can be pro-

grammatically changed prior to simulation via the con-

trol variable CV. Table 1 lists the possible configu-

rations and corresponding values of the control vari-

able CV. Not all combinations of selected variants in

the subsystems are valid. If e.g. for the switches the

communication protocol variant is chosen, the active

variants of window_system and of the obstacle detec-

tion modeled in power_window_control_system need to

Switches DOE WS

CV=1 Normal Cont Cont

CV=2 Normal PE PE Vis

CV=3 Normal Vis PE Vis

CV=4 Normal RA CP RA CP

CV=5 CP RA CP RA CP

Table 1: Valid variants, control variable values and selected

submodels.

be the communication protocol implementations, too.

The variation in window_world is not addressed in Ta-

ble 1, because all configuration sample scripts in the

MATLAB/Simulink example implementation use the

Simulink_3D_Animation View variant, none uses the

No_View submodel.

To allow only valid variant combinations, the value

of CV is evaluated prior to simulation and mapped to

specific control variables, called variant control, asso-

ciated with the single variant subsystems. A variant

choice is active, when the associated variant control

evaluates to TRUE.

3 Implementation with the
eSES/MB Approach

For remodeling of the power window example, the

platform-independent and open source variability mod-

eling tools SESToPy [7] and SESMoPy were used.

These Python-based tools are developed by the re-

search group Computational Engineering and Automa-

tion (CEA) at Hochschule Wismar. Both tools and the

infrastructure they are used with are described in detail

in [8].

A family of systems, which in this context means

all possible variants, can be defined within a System

Entity Structure (SES) using SESToPy. An SES is rep-

resented by a directed acyclic graph with an amount of

entity nodes, descriptive nodes and attributes. For usage

with model generation, entity nodes are linked to basic

models organized in a Model Base (MB). Attributes of

an entity node correspond to the parameters of the be-

longing model component. The available three kinds of

descriptive nodes specify the relationship between en-

tities. Aspect nodes are used to define the composition

of entities, multi-aspect nodes are a special kind of as-
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Figure 1: Overall Simulink model structure according to The MathWorks [5].

pect nodes, where all component entities are of the same

type. The third descriptive node type, the specialization

node, describes the taxonomy of an entity.

Descriptive nodes can be seen as variation points of

an SES. Associated with the descriptive nodes, there are

rules which need to be evaluated when deriving one spe-

cific system variant. Each specific system variant com-

prises of a system structure and a parameter configura-

tion.

The process of deriving a system variant from an

SES is called pruning and the result is a Pruned En-

tity Structure (PES). The PES still is a directed acyclic

graph like the SES, but without any variation points.

Applying the flattening method to a PES, all inner nodes

are removed to obtain a Flattened Pruned Entity Struc-

ture (FPES). In conjunction with an MB, a fully con-

figured and executable model can be generated from an

FPES using the modelbuilder tool SESMoPy.

First step for remodeling the power window exam-

ple was to identify the basic models which then needed

to be organized in an MB. As the MB for the imple-

mentation of this example application the basic models

were structured in four libraries. In the libraries, pre-

configured blocks or submodels can be stored to reduce

parametrization effort when defining the SES.

The library LibSimple contains basic models which

are blocks copied directly from Simulink’s block library

to allow preconfiguration and to make the MB indepen-

dent from Simulink versions. The other three libraries

LibSwitches, LibCtrl, and LibWindowSys contain more

complex models and can be seen as user-defined li-

braries. Then all configuration variants were coded in

an SES tree according to the structure of The Math-

Works’ 150%-model. Figure 2 shows the SES tree mod-

eled in SESToPy.

The entire example and all variants are covered

except the 3D-animation variation in window_world.

The SES was developed step by step making use of

SESToPy’s capability to combine several SES trees

with the merge method [8]. The variation points are

expressed by the specialization nodes DriverSwitch-
SPEC, PassengerSwitch-SPEC, DOE-SPEC, and WS-
SPEC. For each specialization node, a specialization

rule is defined. During pruning the rules are evaluated

and it is decided, which of the child nodes will be part

of resulting PES. How models are connected is defined

with the coupling attribute at aspect and multi-aspect

nodes. Since couplings can be set dynamically here,

names and number of input and output ports are vari-

able.
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Figure 2: SES tree of the power window control system

family in SESToPy.

In analogy to the control variable CV and the vari-

ant control variables in The MathWorks’ 150%-model,

three SES variables are used. The SES variables

are driver_MODE, detect_O_E, and window_system.

Ranges of the SES variables and combinations among

them are restricted by defining semantic conditions.

Thus, only valid variants can be generated, i.e. the SES

can be pruned only to a valid PES. Figure 3 shows the

example of one possible PES. This PES corresponds to

the Simulink variant, where CV=1. After flattening,

model generation from the resulting FPES was finally

successfully done with SESMoPy.

4 Conclusion

Both approaches offer the possibility to model and sim-

ulate variability systems. A significant difference is

that with the Variant Manager interfaces of submodels

are static, while the eSES/MB approach allows to de-

fine variable interfaces and couplings. Regarding the

modeling effort the approaches do not differ consid-

Figure 3: Resulting PES for driver_MODE=1, detect_O_E=1, and

window_system=1.

erably, but modeling with Simulink’s Variant Manager

can be seen as a bottom-up procedure while modeling

with the eSES/MB approach is rather top-down. The

eSES/MB approach gives more clarity during the mod-

eling process, because the overall structure of the model

can be captured with one sight. If one uses Simulink’s

Model Explorer to determine the structure, one cannot

see, that and where a model contains variant subsystems

until one selects a variant subsystem block. The Vari-
ant Manager offers a view, where the overall structure

is displayed, but e.g. block properties cannot be seen

then. Information about the model is distributed over

several tools, which may confuse new users. A survey

among our students came to the result, that eSES/MB

is a lot easier to get started with. Reusability of models

is ensured for both approaches but may differ in the ef-

fort. The maintainability is closely associated with the

reusability. Admittedly, a final comparison is not pos-

sible on the basis of just one example. According to

the available findings, the eSES/MB approach appears

to be easier in use for beginners.
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Abstract.  On the one hand, having a tight schedule is de-
sirable and very cost-efficient for freight transport compa-
nies. On the other hand, a tight schedule increases the 
impact of delays and cancellations. Furthermore, the predic-
tion of delays is extremely complex, because they depend 
on many factors of influence. To address these issues, this 
work will show an approach to forecast delays of freight 
trains by using data mining and machine learning methods. 
For this purpose, an international freight transport compa-
ny in rail traffic provided us with a huge amount of historical 
data of freight train runs. In order to get a suitable predic-
tion model, we apply a knowledge discovery in databases 
(KDD) process, which contains the steps data selection, data 
preprocessing, data transformation, data mining and inter-
pretation/evaluation. After the data selection and data 
preprocessing step we transform categorical features via 
one-hot encoding as well as via embedding with various 
embedding sizes. Furthermore, we apply a data transfor-
mation method for cyclical features like weekday. In the 
actual data mining process, we use the preprocessed histor-
ical data to perform a regression analysis, which forecasts 
the delays of freight trains, and compare several regression 
models like decision tree, random forest, extra trees and 
gradient boosting regression. An adequate prediction mod-
el will be integrated into an agent-based model, which tests 
the robustness of optimized locomotive schedules for 
freight trains. 

Introduction

1 The KDD Process 

1.1 Data selection 



 Leser  et al.     Prediction Models for Delays of Freight Trains by Using Data Mining 

 46 SNE 29(1) – 3/2019 

S N 

Table 1: Chosen features for the further KDD process and 
their descriptions. 

1.2 Data preprocessing 

Figure 1: Correlation matrix, which shows the correlations 
between the chosen numerical features and the 
target value “delay_ank”. 

Figure 2: Feature importances of the chosen numerical 
features without the feature “delay_abf” in de-
scending order of importance. 

1.3 Data transformation 
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1.4 Data mining 

1.5 Interpretation and evaluation 

2 Results 

Table 2: Comparison of different regression models and 
data transformation methods. 

3 Conclusion and Outlook 

References 

AI magazine 17

IADS-DM
Data mining: 

concepts and techniques

Data mining: a knowledge discovery ap-
proach
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Abstract.  ARGESIM, a non-profit association for infor-
mation and publication on simulation, started in 1990 in 
co-operation with EUROSIM, the Federation of European 
Simulation Societies, the series ‘ARGESIM Comparison of 
Simulation Software’ in the journal Simulation Notes Eu-
rope (SNE). The comparisons have been developed suc-
cessfully towards the ‘ARGESIM Benchmarks for Modelling 
Approaches and Simulation Implementations’, with up to 
now 24 benchmarks defined, and up to now 350 bench-
mark solutions, benchmark reports, or benchmark stud-
ies published in SNE Simulation Notes Europe.  
Interestingly, it turned out, that along with the various 
benchmark publications in SNE, the benchmarks are used 
as examples, case studies, and lab work in simulation ed-
ucation in academia.  
This contribution sketches the development of the bench-
marks and introduces a new classification of the bench-
marks with respect to system type, model approach, and 
required experiments with the model(s). In the following, 
main emphasis is the investigation of the benchmarks as 
source and basis for simulation education, together with 
a classification of the up to now defined benchmarks with 
respect to their suitability in education – from simulation 
methodology view, and from simulation application view. 
The contribution concludes with an overview table on 
benchmark data: definition date, number of solutions, 
type classification, and classification for educational use. 

Introduction 
Benchmarks for Modelling Approaches 

and Simulation Implementations

Educational Benchmark Note
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Call for Benchmark Contributions

1 Benchmark Development 

ARGESIM Comparison of Simula-
tion Software

ARGESIM Benchmarks for Modelling 
Approaches and Simulation Implementations

Comparison of 
Simulation Software

comparison solution

1.1 Comparison and benchmark definitions 

•
•
•
•
•
•

•
•
•
•

•
•
•
•

•
•
•
•

•

•

•
•
•

•

www.sne-journal.org/benchmarks/

1.2 From comparisons to benchmarks 

Benchmarks for Modelling Approaches and Simu-
lation Implementations. 
•

•

•
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• Benchmark Solution

• Benchmark Repor

• Benchmark Study

2 Benchmarks and Simulation 
Education 

SNE Edu-
cational Note
• Educational Benchmark Repor

• Educational Benchmark Study

2.1 Benchmarks and types of SNE Notes 

Benchmark Note

Educational Note

• Technical Note

• Short Note

• Education Note

• Software Note

• Project Note

• Benchmark Note

Benchmark Solution
Benchmark Report
Benchmark Study

• Educational Benchmark Note

Educational Benchmark Report
Educational Benchmark Study

• Overview Note

Educational Benchmark Note

3 Benchmark Classification 
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SNE Editorial 
Office

• X

• YY

• ZZZ

Table 1: Benchmark classification – general type with 
one-letter keys. 

Table 2: Benchmark classification – special modelling  
aspects with two-letter keys. 

Table 3: Benchmark classification – experiment  
classification with three-letter keys. 
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4 Educational Impact of the 

Benchmarks 

SNE Edito-
rial Office

E

SNE

C22   Non-standard Queuing Policies 

Classification C22 
•
•
•

•

 Non-standard Queuing Policies

C21   State Events and Structural-dynamic  
          Systems 

C21 Classification 
•
•
•

•

 State Events and Structural-dynamic 
Systems



Breitenecker et al.   ARGESIM Benchmarks – Development, Classification and Education Basis 

 54 SNE 29(1) – 3/2019 

B N 
C20   Complex Production System 

C20 Classification 
•
•
•

•

 Complex Production System

C19  Pollution in Groundwater Flow with  
        Spatially Distributed Modelling 

C19 Classification 
•
•
•

•

 Pollution in Groundwater Flow with 
Spatially Distributed Modelling

C18  Identification of Nonlinear Dynamics –  
   Neural Networks versus Transfer Functions 

C18 Classification 
•
•
•
•

 Identification of Nonlinear Dynamics 
– Neural Networks versus Transfer Functions

C17   SIR-type Epidemic with CA and ODEs 

C17 Classification 
•
•
•

•

 Modelling and Simulation of a SIR-
type Epidemic with Cellular Automata and Ordinary 
Differential Equations 
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C16   Restaurant Business Dynamics 

C16 Classification 
•
•
•

•

 Restaurant Business Dynamics

 C15   Clearance Identification 

C15 Classification 
•
•
•

•

 Clearance Identification

 C14   Supply Chain Management 

C14 Classification 
•
•
•

•

 Supply Chain Management

C13   Crane with Complex Embedded Control 

C13 Classification 
•
•
•

•

 Crane with Complex Embedded Control
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C12   Collision Processes in Rows of Spheres 

C12 Classification 
•
•
•

•

 Collision Processes in Rows of Spheres

C11   SCARA Robot 

C11 Classification 
•
•

•

•

 SCARA Robot

C10   Dining Philosophers II  

C10 Classification 
•
•

•

•



 et al.   ARGESIM Benchmarks – Development, Classification and Education Basis 

SNE 29(1) – 3/2019 57

B N 
 Dining Philosophers II

Dining Phi-
losophers

Dining Philosophers
Dining Philosophers II

C09   Fuzzy Control of a Two Tank System 

C09 Classification 
•
•
•

•

 Fuzzy Control of a Two Tank System

C08   CanaI-and-Lock System 

C08 Classification 
•
•
•

•

CanaI-and-Lock System

C07   Constrained Pendulum 

C07 Classification 
•
•
•

•
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 Constrained Pendulum

C06   Emergency Department – Follow-up 
          Treatment 

C06 Classification 
•
•
•

•

Emergency Department - Follow-
up Treatment 

C05   Two State Model 

C05 Classification 
•
•
•

•

Two State Model

C04   Dining Philosophers 

C04 Classification 
•
•

•

•

Dining Philosophers 
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C03   Generalized Class-E Amplifier 

C03 Classification 
•
•
•

•

 Generalized Class-E Amplifier  

C02  Flexible Assembly System 

Classification C02 
•
•
•
•

 Flexible Assembly System

C01   Lithium-Cluster Dynamics 

C01 Classification 
•
•
•

•

 Lithium Cluster Dynamics

CP1   Parallel Simulation Techniques 

Classification CP1 
•
•
•

•

 Parallel Simulation Techniques 
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Benchmark 
Type Classfication 

Definition in 
SNE # 

So
l. Education Classification 

Gen. 
Type 

Modeling 
Aspects 

Experiment Mod. Impl. Appl. Level 

C22 Non-standard  
        Queuing Policies 

D TE, SC, 
CC 

TDE, PAR, SST, 
STA 

SNE 29(3) 
2019 

 EM-V EI-V EA-S EL-B 

C21 State Events and Struc- 
        tural-dynamic Systems 

H, 
C, S 

SE, IM, 
PM 

TDA, PAR, BVP, 
NUM, MOC 

SNE 26(2), 
2016 

3 EM-V EI-S EA-S EL-B, 
EL-P 

C20 Complex Assembly  
        System 

D SC, TE, 
CC 

TDA, PAR, STA SNE 21(3-4) 
2011 

1 EM-U EI-S EA-U EL-P 

C19 Pollution in  
        Groundwater Flow 

C SP, CO, 
CA 

TDA, SST, PAR, 
CPM 

SNE 16(3-4), 
2006, R 

3 EM-V EI-S EA-U EL-P 

C18 Neural Networks vs.  
       Transfer Functions,  

C, 
D, H 

NN, CO, 
DA, TF 

TDA, VAL, IDT SNE 15(1), 
2005 

4 EM-V EI-S EA-U EL-B 

C17 SIR-type Epidemic  
        with CA and ODEs 

C, D SP, CA, 
TE 

TDA, PAR, IDT, 
CPM 

SNE 15(2), 
2015, R 

6 EM-V EI-S EA-S EL-B 
EL-P 

C16 Restaurant Business  
       Dynamics 

A, D TE, SC, 
AB 

TDA, PAR, OPT SNE 14(1), 
2004 

10 EM-V EI-V EA-U EL-B 

C15 Clearance  
        Identification 

C CP, DA TDA, IDT, STA, 
SEN, VAL 

SNE 12(2-3), 
2002 

7 EM-S EI-S EA-S EL-B 

C14 Supply Chain  
       Management 

A, D TE, AB TDA, PAR, STA SNE 11(2-3), 
2001 

8 EM-S EI-S EA-S EL-B 

C13 Crane Crab and  
        Embedded Control 

C, H CO, SE TDA, PAR, MOP, 
CPM, MOC,CON 

SNE 17(1), 
2007, R 

12 EM-S EI-S EA-S EL-P 

C12 Collision of Spheres C, D SE, TE, 
PM 

TDA, NUM, 
PAR, CPM, STA 

SNE 9(3), 
1999 

16 EM-S EI-V EA-V EL-B 

C11 SCARA Robot C, 
H, S 

IM, SE, 
CO, PM 

TDA, PAR, 
NUM, CPM 

SNE 8(1), 
1998 

12 EM-S EI-V EA-V EL-B 
EL-P 

C10 Dining Philosophers II D,A TE, SC, 
AB, PN 

TDA, SST, PAR, 
STA, NUM, CON 

SNE 6(3), 
1996 

23 EM-S EI-V EA-V EL-B 
EL-P 

C09 Fuzzy Control of a  
       Two-Tank System 

C, 
H, D 

FC, CO, 
PM 

TDA, CPM, 
NUM, PRE 

SNE 6(3), 
2006 

21 EM-U EI-S EA-U EL-B 

C08 Canal-and-Lock  
        System 

D, A TE, SC, 
DA 

TDA, STA, VAL SNE 6(1), 
1996 

9 EM-U EI-V EA-U EL-B 

C07 Constrained  
        Pendulum 

C, 
H, S 

SE, PM TDA, PAR, CPM, 
BVP, MOP, MOC 

SNE 3(1), 
1993 

43 EM-V EI-V EA-S EL-B  

C06 Emergency  
        Department 

D TE, SC, 
DA 

TDA, SST,STA, 
CON 

SNE 2(3), 
1992 

20 EM-S EI-S EA-S EL-B 

C05 Two State Model C, H SE TDA, ANA, 
NUM, SYM 

SNE 2(1), 
1992 

20 EM-S EI-S EA-U EL-B 

C04 Dining Philosophers I D, A TE, SC, 
AB, PN 

TDA, SST, STA, 
PAR, ANA, SYM 

SNE 1(3), 
1991 

19 EM-V EI-V EA-V EL-B 
EL-P 

C03 Generalized Class-E  
        Amplifier 

C, H TE, ST, 
PM 

TDA, PAR, ANA, 
NUM, BVP 

SNE 1(2), 
1991 

31 EM-U EI-S EA-U EL-B 

C02 Flexible Assembly  
        System 

D TE, SC TDE, STA SNE 1(1), 
1991 

38 EM-U EI-U EA-S EL-B 

C01 Lithium-Cluster  
Dynamics 

C ST, CP TDA, SST, PAR, 
NUM 

SNE 0(1), 
1990 

38 EM-S EI-S EA-S EL-B 

CP2 Parallel &  
     Distributed Simulation 

C, D  TDE, NUM, 
CPM, MOP 

SNE 16(2), 
2006 

1 EM-U EI-S EA-S EL-B 

CP1 Parallel Simulation  
        Techniques 

C  TDE, NUM, 
CPM, MOP 

SNE 4(1), 
1994 

12 EM-U EI-S EA-U EL-B 

Table 4: ARGESIM Benchmarks: Definition date (R – revised definition), number of solutions, and classificationS: 
Education E: in modelling M - implementation I – application A:  V – very suitable , S – suitable, U – useful; Level L: beginner B – practitioner P 
General Type: Continuous C  -  Discrete D  -  Algorithmic A  -  Hybrid H  -  Structural-dynamic S 
Modeling Aspects: Stiffness ST - Spatial SP - State Events SE – Implicit IM - Time Events TE - Scheduling SC - Concurrency CC - Control CO - 
                          Fuzzy FZ - Data  DA - Physical Model. PM - AB-Models AB - Transfer Function TF - Neural Nets NN - SD Models SD -  
                         Cellular Automata CA - Petri Net PN - Compartment CP 
Experiment: Time Domain TDA - Parameter PAR - Steady State SST - Optimization OPT - Analytics ANA - Sensitivity SEN - Symbolics SYM -  
                         Identification IDT - Numerics NUM - Boundary BVP - Validation VAL - Comparisons CPM - Statistics STA - Conditions CON -  
                         Presentation PRE - Model Parts MOP - Model Control MOC 
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B N 
CP2   Parallel & Distributed Simulation 

Classification CP1 
•
•
•

•

 Parallel & Distributed Simulation  

5 Benchmarks and Software 

Comparison of Simulation Software

Comparison of 
Simulation Software Benchmarks for Model-
ling Approaches and Simulation Implementations

6 Benchmark Contribution - Call 

www.sne-journal.org/benchmarks/
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EUROSIM 
Federation of European 
Simulation Societies 

General Information.   EUROSIM, the Federation of Eu-
ropean Simulation Societies, was set up in 1989. The pur-
pose of EUROSIM is to provide a European forum for 
simulation societies and groups to promote advancement 
of modelling and simulation in industry, research, and de-
velopment.  www.eurosim.info 
Member Societies.   EUROSIM members may be na-
tional simulation societies and regional or international 
societies and groups dealing with modelling and simula-
tion. At present EUROSIM has Full Members and Ob-
server Members, and member candidates. 

 

ASIM Arbeitsgemeinschaft Simulation 
Austria, Germany, Switzerland 

CEA-SMSG Spanish Modelling and Simulation Group 
Spain 

CSSS Czech and Slovak Simulation Society 
Czech Republic, Slovak Republic 

DBSS Dutch Benelux Simulation Society 
Belgium, Netherlands 

KA-SIM Kosovo Simulation Society, Kosovo 
LIOPHANT LIOPHANT Simulation Club 

Italy & International 
LSS Latvian Simulation Society; Latvia 
PSCS Polish Society for Computer Simulation 

Poland 
MIMOS Italian Modelling and Simulation  

Association, Italy, Observer Member 
NSSM Russian National Simulation Society 

Russian Federation 
ROMSIM Romanian Society for Modelling and Simu-

lation, Romania, Observer Member 
SIMS Simulation Society of Scandinavia 

Denmark, Finland, Norway, Sweden 
SLOSIM Slovenian Simulation Society 

Slovenia 
UKSIM United Kingdom Simulation Society 

UK, Ireland 

Societies in Re-Organisation: 
CROSSIM Croatian Society for Simulation Modeling 

Croatia 
FRANCOSIM Société Francophone de Simulation 

Belgium, France 
HSS Hungarian Simulation Society; Hungary 
ISCS Italian Society for Computer Simulation 

Italy 

EUROSIM Board / Officers.   EUROSIM is governed by a 
board consisting of one representative of each member 
society, president and past president, and representatives 
for SNE Simulation Notes Europe. The President is nom-
inated by the society organising the next EUROSIM Con-
gress. Secretary, Secretary to the Board, and Treasurer 
are elected out of members of the board. 

President Emilio Jiménez (CAE-SMSG), 
emilio.jimenez@unirioja.es 

Past President Esko Juuso (SIMS) 
esko.juuso@oulu.fi 

Secretary M. Mujica Mota (DBSS),  
m.mujica.mota@hva.nl 

Treasurer Felix Breitenecker (ASIM) 
felix.breitenecker@tuwien.ac.at 

Secretary to the 
  Board 

Andreas Körner 
andreas.koerner@tuwien.ac.at 

Webmaster I. Husinsky, irmgard.husinsky@tuwien.ac.at 
SNE  
  Representative 

Felix Breitenecker 
felix.breitenecker@tuwien.ac.at 

 
SNE – Simulation Notes Europe.   SNE is a scientific jour-
nal with reviewed contributions as well as a membership 
newsletter for EUROSIM with information from the soci-
eties in the News Section. EUROSIM societies are offered 
to distribute to their members the journal SNE as official 
membership journal. SNE Publishers are EUROSIM, AR-
GESIM and ASIM. 

SNE   
  Editor-in-Chief 

Felix Breitenecker 
felix.breitenecker@tuwien.ac.at 

 www.sne-journal.org,   
 office@sne-journal.org 

EUROSIM Congress.   EUROSIM is running the triennial 
conference series EUROSIM Congress. The congress is 
organised by one of the EUROSIM societies.  

EUROSIM 2019, the 10th EUROSIM Congress, will be or-
ganised by CEA-SMSG, the Spanish Simulation Society, 
in La Rioja, Logroño, Spain, July 1 – 5, 2019.  

Chairs / Team EUROSIM 2019 

Emilio Jiménez,  EUROSIM President,  
                                                 emilio.jimenez@unirioja.es 
Juan Ignacio Latorre,  juanignacio.latorre@unavarra.es 

 

 www.eurosim.info 
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EUROSIM Member Societies 
ASIM 
German Simulation Society 
Arbeitsgemeinschaft Simulation 

ASIM (Arbeitsgemeinschaft Simulation) is the associa-
tion for simulation in the German speaking area, servic-
ing mainly Germany, Switzerland and Austria. ASIM was 
founded in 1981 and has now about 400 individual mem-
bers (including associated), and 90 institutional or industrial 
members.  

 www.asim-gi.org with members’ area 
 info@asim-gi.org, admin@asim-gi.org  
 ASIM – Inst. of Analysis and Scientific Computing 
Vienna University of Technology (TU Wien) 
Wiedner Hauptstraße 8-10, 1040 Vienna, Austria 

 

ASIM  Officers  

President Felix Breitenecker 
felix.breitenecker@tuwien.ac.at 

Vice presidents Sigrid Wenzel, s.wenzel@uni-kassel.de 
T. Pawletta, thorsten.pawletta@hs-wismar.de 
A. Körner, andreas.koerner@tuwien.ac.at 

Secretary Ch. Deatcu, christina.deatcu@hs-wismar.de 
 I. Husinsky, Irmgard.husinsky@tuwien.ac.at 
Treasurer Anna Mathe, anna.mathe@tuwien.ac.at 
Membership 
Affairs 

S. Wenzel, s.wenzel@uni-kassel.de 
Ch. Deatcu, christina.deatcu@hs-wismar.de 
F. Breitenecker, felix.breitenecker@tuwien.ac.at 

Repr. EUROSIM F. Breitenecker, felix.breitenecker@tuwien.ac.at 
A. Körner, andreas.koerner@tuwien.ac.at 

Internat. Affairs 
– GI Contact 

O. Rose, Oliver.Rose@tu-dresden.de  
N. Popper, niki.popper@dwh.at 

Editorial Board 
SNE 

T. Pawletta, thorsten.pawletta@hs-wismar.de 
Ch. Deatcu, christina.deatcu@hs-wismar.de 

Web EUROSIM I. Husinsky, Irmgard.husinsky@tuwien.ac.at 
Last data update September 2018 

 

ASIM is organising / co-organising the following interna-
tional conferences: 
• ASIM Int. Conference ‘Simulation in Production 

and Logistics’ – biannual 
• ASIM ‘Symposium Simulation Technique’  

– biannual 
• MATHMOD Int. Vienna Conference on  

Mathmatical Modelling – triennial 
Furthermore, ASIM is co-sponsor of WSC – Winter Simu-
lation Conference, of SCS conferences SpringSim and 
SummerSim, and of I3M and Simutech conference series. 
 

ASIM Working Committees 

GMMS Methods in Modelling and Simulation 
Th. Pawletta, thorsten.pawletta@hs-wismar.de 

SUG 
Simulation in Environmental Systems 
Jochen Wittmann,  
wittmann@informatik.uni-hamburg.de 

STS Simulation of Technical Systems 
Walter Commerell, commerell@hs-ulm.de 

SPL Simulation in Production and Logistics 
Sigrid Wenzel, s.wenzel@uni-kassel.de 

EDU Simulation in Education/Education in Simulation 
A. Körner, andreas.koerner@tuwien.ac.at 

BIG  
DATA 

Working Group Data-driven Simulation in Life  
Sciences; niki.popper@dwh.at 

WORKING 
GROUPS 

Simulation in Business Administration, in Traffic 
Systems, for Standardisation, etc. 

 

CEA-SMSG – Spanish Modelling and 
Simulation Group 
CEA is the Spanish Society on Automation and Control 
and it is the national member of IFAC (International Fed-
eration of Automatic Control) in Spain. Since 1968 CEA-
IFAC looks after the development of the Automation in 
Spain, in its different issues: automatic control, robotics, 
SIMULATION, etc. The association is divided into na-
tional thematic groups, one of which is centered on Mod-
eling, Simulation and Optimization, constituting the CEA 
Spanish Modeling and Simulation Group (CEA-SMSG). It 
looks after the development of the Modelling and Simu-
lation (M&S) in Spain, working basically on all the issues 
concerning the use of M&S techniques as essential engi-
neering tools for decision-making and optimization. 

 http://www.ceautomatica.es/grupos/ 
 emilio.jimenez@unirioja.es 

 simulacion@cea-ifac.es 
 CEA-SMSG / Emilio Jiménez, Department of Electrical 
Engineering, University of La Rioja, San José de Calasanz 
31, 26004 Logroño (La Rioja), SPAIN 

CEA - SMSG Officers 
President Emilio Jiménez, 

 emilio.jimenez@unirioja.es 
Vice president Juan Ignacio Latorre, 

juanignacio.latorre@unavarra.es 
Repr. EUROSIM Emilio Jiménez, emilio.jimenez@unirioja.es 

Edit. Board SNE Juan Ignacio Latorre, 
juanignacio.latorre@unavarra.es 

Web EUROSIM Mercedes Perez mercedes.perez@unirioja.es 

Last data update February 2018 
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CSSS – Czech and Slovak 
Simulation Society 

CSSS -The Czech and Slovak Simulation Society has about 
150 members working in Czech and Slovak national sci-
entific and technical societies (Czech Society for Applied 
Cybernetics and Informatics, Slovak Society for Applied 
Cybernetics and Informatics). CSSS main objectives are: 
development of education and training in the field of mod-
elling and simulation, organising professional workshops 
and conferences, disseminating information about model-
ling and simulation activities in Europe. Since 1992, CSSS 
is full member of EUROSIM. 

 www.fit.vutbr.cz/CSSS 
 snorek@fel.cvut.cz 

 CSSS / Miroslav Šnorek, CTU Prague 
FEE, Dept. Computer Science and Engineering, 
Karlovo nam. 13, 121 35 Praha 2, Czech Republic 

CSSS  Officers 
President Miroslav Šnorek, snorek@fel.cvut.cz 
Vice president Mikuláš Alexík, alexik@frtk.fri.utc.sk 
Scientific Secr. A. Kavi ka, Antonin.Kavicka@upce.cz 
Repr. EUROSIM Miroslav Šnorek, snorek@fel.cvut.cz 
Edit. Board SNE Mikuláš Alexík, alexik@frtk.fri.utc.sk 
Web EUROSIM Petr Peringer, peringer@fit.vutbr.cz 

 Last data update December 2012 

DBSS – Dutch Benelux Simulation Society 
The Dutch Benelux Simulation Society (DBSS) was 
founded in July 1986 in order to create an organisation of 
simulation professionals within the Dutch language area. 
DBSS has actively promoted creation of similar organisa-
tions in other language areas. DBSS is a member of EU-
ROSIM and works in close cooperation with its members 
and with affiliated societies.  

 www.DutchBSS.org 
 a.w.heemink@its.tudelft.nl 
 DBSS / A. W. Heemink 
Delft University of Technology, ITS - twi, 
Mekelweg 4, 2628 CD Delft, The Netherlands 

DBSS Officers 
President M. Mujica Mota, m.mujica.mota@hva.nl 
Vice president A. Heemink, a.w.heemink@its.tudelft.nl 
Treasurer A. Heemink, a.w.heemink@its.tudelft.nl 
Secretary P. M. Scala, p.m.scala@hva.nl 
Repr. EUROSIM M. Mujica Mota, m.mujica.mota@hva.nl 
Edit. SNE/Web M. Mujica Mota, m.mujica.mota@hva.nl 

 Last data update June 2016 

 
LIOPHANT Simulation 

Liophant Simulation is a non-profit association born in 
order to be a trait-d'union among simulation developers 
and users; Liophant is devoted to promote and diffuse the 
simulation techniques and methodologies; the Associa-
tion promotes exchange of students, sabbatical years, or-
ganization of International Conferences, courses and in-
ternships focused on M&S applications.  

 www.liophant.org 
 info@liophant.org 

 LIOPHANT Simulation, c/o Agostino G. Bruzzone, 
DIME, University of Genoa, Savona Campus 
via Molinero 1, 17100 Savona (SV), Italy 

LIOPHANT Officers 
President A.G. Bruzzone, agostino@itim.unige.it 
Director E. Bocca, enrico.bocca@liophant.org 
Secretary A. Devoti, devoti.a@iveco.com 
Treasurer Marina Massei, massei@itim.unige.it 
Repr. EUROSIM A.G. Bruzzone, agostino@itim.unige.it 
Deputy F. Longo, f.longo@unical.it 
Edit. Board SNE F. Longo, f.longo@unical.it  
Web EUROSIM F. Longo, f.longo@unical.it 

 Last data update June 2016 

LSS – Latvian Simulation Society 
The Latvian Simulation Society (LSS) has been founded 
in 1990 as the first professional simulation organisation 
in the field of Modelling and simulation in the post-So-
viet area. Its members represent the main simulation cen-
tres in Latvia, including both academic and industrial 
sectors. 

 briedis.itl.rtu.lv/imb/ 
 merkur@itl.rtu.lv 
 LSS / Yuri Merkuryev, Dept. of Modelling 
and Simulation Riga Technical University 
Kalku street 1, Riga, LV-1658, LATVIA 

LSS Officers 
President Yuri Merkuryev, merkur@itl.rtu.lv 
Secretary Artis Teilans, Artis.Teilans@exigenservices.com 
Repr. EUROSIM Yuri Merkuryev, merkur@itl.rtu.lv 

Deputy Artis Teilans, Artis.Teilans@exigenservices.com 
Edit. Board SNE Yuri Merkuryev, merkur@itl.rtu.lv 

Web EUROSIM Vitaly Bolshakov, vitalijs.bolsakovs@rtu.lv 
 Last data update June 2016 
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KA-SIM Kosovo Simulation Society 
Kosova Association for Modeling and Simulation (KA-
SIM, founded in 2009), is part of Kosova Association of 
Control, Automation and Systems Engineering (KA-
CASE). KA-CASE was registered in 2006 as non Profit 
Organization and since 2009 is National Member of IFAC 
– International Federation of Automatic Control. KA-SIM 
joined EUROSIM as Observer Member in 2011. In 2016, 
KA-SIM became full member. 
KA-SIM has about 50 members, and is organizing the in-
ternational conference series International Conference in 
Business, Technology and Innovation, in November, in 
Durrhes, Albania, and IFAC Simulation Workshops in 
Pristina. 
 

  www.ubt-uni.net/ka-case 
  ehajrizi@ubt-uni.net 
 MOD&SIM KA-CASE;   Att. Dr. Edmond Hajrizi 

      Univ. for Business and Technology (UBT) 
      Lagjja Kalabria p.n., 10000 Prishtina, Kosovo 
 

KA-SIM Officers 
President Edmond Hajrizi, ehajrizi@ubt-uni.net 
Vice president Muzafer Shala, info@ka-sim.com 
Secretary Lulzim Beqiri, info@ka-sim.com 
Treasurer Selman Berisha, info@ka-sim.com 
Repr. EUROSIM Edmond Hajrizi, ehajrizi@ubt-uni.net 
Deputy Muzafer Shala, info@ka-sim.com 
Edit. Board SNE Edmond Hajrizi, ehajrizi@ubt-uni.net 
Web EUROSIM Betim Gashi, info@ka-sim.com 

 Last data update December 2016 

MIMOS – Italian Modelling and 
Simulation Association 
MIMOS (Movimento Italiano Modellazione e Simula-
zione – Italian Modelling and Simulation Association) is 
the Italian association grouping companies, profession-
als, universities, and research institutions working in the 
field of modelling, simulation, virtual reality and 3D, 
with the aim of enhancing the culture of ‘virtuality’ in It-
aly, in every application area.  
MIMOS became EUROSIM Observer Member in 2016 and 
EUROSIM Full Member in September 2018. 

 

 www.mimos.it 
 roma@mimos.it – info@mimos.it 
 MIMOS – Movimento Italiano Modellazione e  
Simulazione;  via Ugo Foscolo 4, 10126 Torino –  
via Laurentina 760, 00143 Roma 

MIMOS Officers 
President Paolo Proietti, roma@mimos.it 
Secretary Davide Borra, segreteria@mimos.it 
Treasurer Davide Borra, segreteria@mimos.it 
Repr. EUROSIM Paolo Proietti, roma@mimos.it 
Deputy Agostino Bruzzone,  

agostino@itim.unige.it 
Edit. Board SNE Paolo Proietti, roma@mimos.it 

 Last data update December 2016 

 

NSSM – National Society for Simulation 
Modelling (Russia) 
NSSM - The Russian National Simulation Society 
(    -

 – ) was officially registered in Russian 
Federation on February 11, 2011. In February 2012 NSS 
has been accepted as an observer member of EUROSIM, 
and in 2015 NSSM has become full member. 

 www.simulation.su 
 yusupov@iias.spb.su 
 NSSM / R. M. Yusupov,  
St. Petersburg Institute of Informatics and Automation 
RAS, 199178, St. Petersburg, 14th lin. V.O, 39  

NSSM Officers 
President R. M. Yusupov, yusupov@iias.spb.su 
Chair Man. Board A. Plotnikov, plotnikov@sstc.spb.ru 
Secretary M. Dolmatov, dolmatov@simulation.su 

Repr. EUROSIM R.M. Yusupov, yusupov@iias.spb.su  
Y. Senichenkov,  

senyb@dcn.icc.spbstu.ru 
Deputy B. Sokolov, sokol@iias.spb.su 
Edit. Board SNE Y. Senichenkov, senyb@mail.ru, 

senyb@dcn.icc.spbstu.ru,  
 Last data update February 2018 

PSCS – Polish Society for Computer 
Simulation 
PSCS was founded in 1993 in Warsaw. PSCS is a scien-
tific, non-profit association of members from universi-
ties, research institutes and industry in Poland with com-
mon interests in variety of methods of computer simula-
tions and its applications. At present PSCS counts 257 
members. 
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 www.eurosim.info, www.ptsk.pl/ 
 leon@ibib.waw.pl 
 PSCS / Leon Bobrowski, c/o IBIB PAN, 
ul. Trojdena 4 (p.416), 02-109 Warszawa, Poland 

 
PSCS Officers 
President Leon Bobrowski, leon@ibib.waw.pl 
Vice president Tadeusz Nowicki,  

Tadeusz.Nowicki@wat.edu.pl 
Treasurer Z. Sosnowski, zenon@ii.pb.bialystok.pl 
Secretary Zdzislaw Galkowski, 

Zdzislaw.Galkowski@simr.pw.edu.pl 
Repr. EUROSIM Leon Bobrowski, leon@ibib.waw.pl 
Deputy Tadeusz Nowicki, tadeusz.nowicki@wat.edu.pl 
Edit. Board SNE Zenon Sosnowski, z.sosnowski@pb.ed.pl 
Web EUROSIM Magdalena Topczewska  

m.topczewska@pb.edu.pl 
 Last data update December2013 

SIMS – Scandinavian Simulation Society 
SIMS is the Scandinavian Simulation Society with mem-
bers from the five Nordic countries Denmark, Finland, 
Iceland, Norway and Sweden. The SIMS history goes 
back to 1959. SIMS practical matters are taken care of by 
the SIMS board consisting of two representatives from 
each Nordic country (Iceland one board member). 

 
SIMS Structure. SIMS is organised as federation of re-
gional societies. There are FinSim (Finnish Simulation 
Forum), MoSis (Society for Modelling and Simulation in 
Sweden), DKSIM (Dansk Simuleringsforening) and 
NFA (Norsk Forening for Automatisering).  
 

 www.scansims.org 
 erik.dahlquist@mdh.se 
 SIMS / Erik Dahlquist, School of Business, Society and 
Engineering, Department of Energy, Building and Envi-
ronment, Mälardalen University, P.O.Box 883, 72123 
Västerås, Sweden 

 
SIMS Officers 
President Erik Dahlquist, erik.dahlquist@mdh.se 
Vice president Bernt Lie, Bernt.Lie@usn.no  
Treasurer Vadim Engelson,  

vadim.engelson@mathcore.com 
Repr. EUROSIM Erik Dahlquist, erik.dahlquist@mdh.se 
Edit. Board SNE Esko Juuso, esko.juuso@oulu.fi 
Web EUROSIM Vadim Engelson,  

vadim.engelson@mathcore.com 
 Last data update February 2018 

 

SLOSIM – Slovenian 
Society for Simulation 
and Modelling 

SLOSIM - Slovenian Society for Simulation and Model-
ling was established in 1994 and became the full member 
of EUROSIM in 1996. Currently it has 90 members from 
both Slovenian universities, institutes, and industry. It 
promotes modelling and simulation approaches to prob-
lem solving in industrial as well as in academic environ-
ments by establishing communication and cooperation 
among corresponding teams. 

 

 www.slosim.si 
 slosim@fe.uni-lj.si 
 SLOSIM / Vito Logar, Faculty of Electrical  
Engineering, University of Ljubljana,  
Tržaška 25, 1000 Ljubljana, Slovenia 

SLOSIM Officers 
President Vito Logar, vito.logar@fe.uni-lj.si  
Vice president Božidar Šarler, bozidar.sarler@ung.si 
Secretary Simon Tomaži , simon.tomazic@fe.uni-lj.si 
Treasurer Milan Sim i , milan.simcic@fe.uni-lj.si 
Repr. EUROSIM B. Zupan i , borut.zupancic@fe.uni-lj.si 
Deputy Vito Logar, vito.logar@fe.uni-lj.si 
Edit. Board SNE R. Karba, rihard.karba@fe.uni-lj.si 
Web EUROSIM Vito Logar, vito.logar@fe.uni-lj.si 

 Last data update December 2018 

UKSIM - United Kingdom Simulation Society 
The UK Simulation Society is very active in organizing 
conferences, meetings and workshops. UKSim holds its 
annual conference in the March-April period. In recent 
years the conference has always been held at Emmanuel 
College, Cambridge. The Asia Modelling and Simulation 
Section (AMSS) of UKSim holds 4-5 conferences per 
year including the EMS (European Modelling Sympo-
sium), an event mainly aimed at young researchers, orga-
nized each year by UKSim in different European cities.  
Membership of the UK Simulation Society is free to par-
ticipants of any of our conferences and their co-authors.  

 

uksim.info 
 david.al-dabass@ntu.ac.uk 
 UKSIM / Prof. David Al-Dabass 
Computing & Informatics,  
Nottingham Trent University 
Clifton lane, Nottingham, NG11 8NS, United Kingdom 
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UKSIM Officers 
President David Al-Dabass, 

david.al-dabass@ntu.ac.uk 
Secretary A. Orsoni, A.Orsoni@kingston.ac.uk 
Treasurer A. Orsoni, A.Orsoni@kingston.ac.uk 
Membership 
chair 

G. Jenkins, glenn.l.jenkins@smu.ac.uk 

Local/Venue chair Richard Cant, richard.cant@ntu.ac.uk 
Repr. EUROSIM A. Orsoni, A.Orsoni@kingston.ac.uk 
Deputy G. Jenkins, glenn.l.jenkins@smu.ac.uk 
Edit. Board SNE A. Orsoni, A.Orsoni@kingston.ac.uk 

 Last data update March 2016 

EUROSIM Observer Members 
ROMSIM – Romanian Modelling and 
Simulation Society 
ROMSIM has been founded in 1990 as a non-profit soci-
ety, devoted to theoretical and applied aspects of model-
ling and simulation of systems. ROMSIM currently has 
about 100 members from Romania and Moldavia. 

 www.eurosim.info (www.ici.ro/romsim) 
 sflorin@ici.ro 
 ROMSIM / Florin Hartescu,  
National Institute for Research in Informatics, Averescu 
Av. 8 – 10, 71316 Bucharest, Romania 

 
ROMSIM Officers 
President  
Vice president Florin Hartescu, flory@ici.ro 

Marius Radulescu,  
     mradulescu.csmro@yahoo.com 

Repr. EUROSIM Marius Radulescu,  
     mradulescu.csmro@yahoo.com 

Deputy Florin Hartescu, flory@ici.ro 
Edit. Board SNE Constanta Zoe Radulescu, zoe@ici.ro 
Web EUROSIM Florin Hartescu, flory@ici.ro 

 Last data update  June 2017 

MEMBER CANDIDATES 
Albanian SIMULATION Society 
At the Department of Statistics and Applied Informatics, 
Faculty of Economy, University of Tirana, Prof. Dr. Ko-
zeta Sevrani at present is setting up an Albanian Simula-
tion Society. Kozeta Sevrani, professor of Computer Sci-
ence and Management Information Systems, and head of 
the Department of Mathematics, Statistics and Applied 
Informatic, has attended the a EUROSIM board meeting 
in Vienna Feb. 2016.  

There she has presented simulation activities in Alba-
nia and the new simulation society. 

The society – constitution and bylaws are being 
worked out – will be involved in different international 
and local simulation projects, and will be engaged in the 
organisation of the conference series ISTI – Information 
Systems and Technology. The society intends to become 
a EUROSIM Observer Member. 

 

 kozeta.sevrani@unitir.edu.al 
  Albanian Simulation Goup, attn. Kozeta Sevrani 
University of Tirana, Faculty of Economy  
 rr. Elbasanit,  Tirana 355  Albania 

 

Albanian Simulation Society-  Officers (Planned) 
President Kozeta Sevrani,  

kozeta.sevrani@unitir.edu.al 
Repr. EUROSIM Kozeta Sevrani,  

kozeta.sevrani@unitir.edu.al 
Edit. Board SNE Albana Gorishti,  

albana.gorishti@unitir.edu.al 
Majlinda Godolja,  

majlinda.godolja@fshn.edu.al 
 Last data update December 2016 

Societies in Re-Organisation 
The following societies are at present inactive or under 
re-organisation: 

• CROSSIM -  
Croatian Society for Simulation Modelling  

• FRANCOSIM – Société Francophone de Simulation 
• HSS – Hungarian Simulation Society 

• ISCS – Italian Society for Computer Simulation 
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Association 
Simulation News 

 

ARGESIM is a non-profit association generally aiming for 
dissemination of information on system simulation – 
from research via development to applications of system 
simulation. ARGESIM is closely co-operating with EU-
ROSIM, the Federation of European Simulation Societies, 
and with ASIM, the German Simulation Society. AR-
GESIM is an 'outsourced' activity from the Mathematical 
Modelling and Simulation Group of TU Wien, there is 
also close co-operation with TU Wien (organisationally 
and personally). 
        www.argesim.org 

   office@argesim.org 
 ARGESIM/Math. Modelling & Simulation Group,  

       Inst. of Analysis and Scientific Computing, TU Wien 
       Wiedner Hauptstrasse 8-10, 1040 Vienna, Austria 

Attn. Prof. Dr. Felix Breitenecker 
 

ARGESIM is following its aims and scope by the follow-
ing activities and projects: 
• Publication of the scientific journal SNE –  

Simulation Notes Europe (membership journal of 
EUROSIM, the Federation of European Simulation 
Societies) – www.sne-journal.org 

• Organisation and Publication of the ARGESIM 
Benchmarks for Modelling Approaches and Simu-
lation Implementations  

• Publication of the series ARGESIM Reports for  
monographs in system simulation, and proceedings 
of simulation conferences and workshops 

• Publication of the special series  FBS Simulation – 
Advances in Simulation / Fortschrittsberichte Simu-
lation - monographs in co-operation with ASIM, 
the German Simulation Society 

• Organisation of the Conference Series MATHMOD 
Vienna (triennial, in co-operation with EUROSIM, 
ASIM, and TU Wien) – www.mathmod.at 

• Organisation of Seminars and Summerschools  
on Simulation  

• Administration of ASIM (German Simulation Soci-
ety) and administrative support for EUROSIM 
www.eurosim.info 

• Support of ERASMUS and CEEPUS activities in 
system simulation for TU Wien 

ARGESIM is a registered non-profit association and a reg-
istered publisher: ARGESIM Publisher Vienna, root ISBN 
978-3-901608-xx-y, root DOI 10.11128/z…zz.zz. Publi-
cation is open for ASIM and for EUROSIM Member Soci-
eties. 
 

SNE – Simulation 
Notes Europe  

The scientific journal SNE – Simulation Notes Europe 
provides an international, high-quality forum for presen-
tation of new ideas and approaches in simulation – from 
modelling to experiment analysis, from implementation 
to verification, from validation to identification, from nu-
merics to visualisation – in context of the simulation pro-
cess. SNE puts special emphasis on the overall view in 
simulation, and on comparative investigations. 
Furthermore, SNE welcomes contributions on education 
in/for/with simulation. 

SNE is also the forum for the ARGESIM Benchmarks 
on Modelling Approaches and Simulation Implementa-
tions publishing benchmarks definitions, solutions, re-
ports and studies – including model sources via web. 
       www.sne-journal.org,  

   office@sne-journal.org, eic@sne-journal.org 
 SNE Editorial Office  

          ARGESIM/Math. Modelling & Simulation Group,  
           Inst. of Analysis and Scientific Computing, TU Wien 
          Wiedner Hauptstrasse 8-10, 1040 Vienna, Austria 

    EiC Prof. Dr. Felix Breitenecker 

SNE, primarily an electronic journal, follows an open ac-
cess strategy, with free download in basic layout. SNE is 
the official membership journal of EUROSIM, the Feder-
ation of European Simulation Societies. Members of EU-
ROSIM Societies are entitled to download SNE in high-
quality, and to access additional sources of benchmark 
publications, model sources, etc. On the other hand, SNE 
offers EUROSIM Societies a publication forum for post-
conference publication of the society’s international con-
ferences, and the possibility to compile thematic or 
event-based SNE Special Issues. 

Simulationists are invited to submit contributions of 
any type – Technical Note, Short Note, Project Note, Edu-
cational Note, Benchmark Note, etc. via SNE’s website:  
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EUROSIM 2019 LA RIOJA (SPAIN), JULY 1ST-5TH  
10th Congress of the Federation of 
European Simulation Societies 
www.eurosim2019.com 

 
Presentation and CfP. EUROSIM Congresses are the 
most important modelling and simulation events in Eu-
rope. For EUROSIM 2019, we are soliciting original sub-
missions describing novel research and developments in 
the following (and related) areas of interest: Continuous, 
discrete (event) and hybrid modelling, simulation, iden-
tification and optimization approaches.  

Two basic contribution motivations are expected: 
M&S Methods and Technologies and M&S Applica-
tions. Contributions from both technical and non-tech-
nical areas are welcome. 
Congress Topics. The EUROSIM 2019 Congress will in-
clude invited talks, parallel, special and poster sessions, 
exhibition and versatile technical and social tours. The 
Congress topics of interest include, but are not limited to: 
Intelligent Systems and Applications 
Hybrid and Soft Computing, Data & Semantic Mining 
Neural Networks, Fuzzy Systems & Evolutionary Computation 
Image, Speech & Signa! Processing 
Systems Intelligence and Intelligence Systems 
Autonomous Systems 
Energy and Power Systems 
Mining and Metal Industry, Forest Industry 
Buildings and Construction 
Communication Systems 
Circuits, Sensors and Devices 
Security Modelling and Simulation 
Bioinformatics, Medicine, Pharmacy and Bioengineering 
Water and Wastewater Treatment, Sludge Management and Biogas 
Condition monitoring, Mechatronics and maintenance 
Automotive applications, e-Science and e-Systems 
Industry, Business, Management, Human Factors and Social Issues 
Virtual Reality, Visualization, Computer Art and Games 
Internet Modelling, Semantic Web and Ontologies 
Computational Finance & Economics 
Simulation Methodologies and Tools 
Parallel and Distributed Architectures and Systems 
Operations Research, Discrete Event Systems 
Manufacturing and Workflows 
Adaptive Dynamic Programming and Reinforcement Learning 
Mobile/Ad hoc Wireless networks, mobicast, sensor placement, 
target tracking 
Control of lntelligent Systems. Robotics, Cybernetics, Control 
Engineering, & Manufacturing 
Transport, Logistics, Harbour, Shipping and Marine Simulation 

Registration Early Late (after June 10) 
Regular Fee 445 € 495 € 
Student Fee 200 € 250 € 
Accompanying Persons 145 € 195 € 

 

Important Dates  
Submission Deadline April 30, 2019 
Acceptance Deadline      May 10, 2019 
Final Submission Deadline     May 25, 2019 

 

Congress Venue & Social Events. The Congress will be held 
in the City of Logroño, Capital of La Rioja (Spain) very 
well-known by the Rioja red wines. The main venue and the 
exhibition site is the University of La Rioja (UR), located on 
a modern campus in Logroño, capital of La Rioja, where 
7500 students are registered. The UR is the only public uni-
versity in this small, quiet region in Northern Spain.  
La Rioja offers three main points of interest to its visitors: 
• The wine and the cellars. La Rioja was the first region with qual-

ified designation of origin and is a World reference for the red 
wines quality. Its wineries combine modernity with history and 
tradition, and the wine museum is the world's largest dedicated 
to this food. Wine is the centre of La Rioja's culture, economy 
and society. 

• The monasteries, among which are Cañas, Valvanera, Santa 
Maria La Real, and of course the San Millán de la Cogolla 
monasteries (Suso and Yuso), cradle of the first words writ-
ten in the Spanish language, included in UNESCO's World 
Heritage List in 1996 . 

• The Santiago's Road, which for centuries has made constant 
and continuous the visit of pilgrims to the city, where they are 
always welcome. Logroño is one of the main cities of the main 
Santiago's road in Spain, known as the French route (Jaca, 
Pamplona, Logroño, Burgos, León, Astorga, Santiago). 

In addition to these attractions of La Rioja, Logroño, its 
capital, with a historical helmet with four remarkable reli-
gious monuments (Santa María La Redonda, Santiago, 
San Bartolomé and Santa María de Palacio), is well known 
for Laurel Street, the most famous Street of Tapas in 
Spain. 

Of course, social events will reflect these interest 
points, as can be verified in the Program. 

Additionally, the situation in Logroño allows visits to 
wonderful environments less than 2 hours away (San Se-
bastian, Burgos, Bilbao, Zaragoza, Pamplona, etc.). 

 



 
   

N 10 SNE 29(1) – 3/2019 

 Call  EUROSIM 2019 Congress  

 

Program & Scheduling 
The Congress includes three days of work (Tuesday to 
Thursday) combined with cultural and social activities, a 
previous day of simulation courses and pre-reception 
(Monday), a day devoted to cultural and technical activi-
ties (Friday), and finally, as an extension, the possibility of 
a trip (Saturday) to the festivities of San Fermines in Pam-
plona. All this is detailed in the Programme: 
Monday 1st July 
Morning: Free courses on continuous and discrete events 
simulation. 
Lunch and coffee breaks 
Evening: Dinner and Rioja Wine Tasting Course 

 
 
Tuesday 2nd July 
Morning: Plenary sessions. Reception at the city hall. 
Lunch and coffee breaks 
Afternoon: Parallel sessions (optional visit to the Wine 
Museum for those who cannot visit it on Saturday) 
Evening: Dinner in the old town 

 
 

Wednesday 3rd July 
Morning: Parallel sessions 
Lunch and coffee breaks 
Afternoon: Parallel sessions 
Evening: Walk for the Santiago's road in the city to the 
Gala Dinner in a Winery (and visit to the winery) 

Thursday 4th July 
Morning: Parallel sessions 
Lunch and coffee breaks 
Afternoon: Parallel sessions 
Evening: Guided visit to the old town and Dinner  
of typical tapas at bars of Laurel Street 

 
 
Friday 5th July 
Technical and Cultural visits, including the Wine Mu-
seum, Wineries (such as the famous Marques de Riscal, 
of architect Frank Gehry), and the well-known monaster-
ies (Suso, Yuso, Cañas, Santa María La Real, San Millán, 
and Valvanera) 

 
 

Saturday 6th July 
As an extension of the activities, and taking advantage 
from the vicinity of Pamplona, the well-known city for 
the festivities of San Fermines and the bullfights for its 
streets during the festivities, immortalized by Heming-
way, there will be an excursion to the event of the official 
beginning of the festivity, with "el chupinazo" (rocket an-
nouncer).  
 

EUROSIM 2019 LA RIOJA 
10th Congress of the Federation of European Simulation 

Societies (Eurosim www.eurosim.info) 
July 1 - 5, 2019, Logroño (La Rioja), Spain 

www.eurosim2019.com 

 
Emilio Jiménez, EUROSIM President, 

emilio.jimenez@unirioja.es 
Contact: Technical Secretariat of the 10th Eurosim Congress 
AFID Congresos, S.L.  info@eurosim2019.com  +34 942 318 180 
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Über eine Million Menschen weltweit sprechen
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E U R O S I M 2 0 1 9
10th EUROSIM Congress on Modelling and Simulation

La Rioja, Logroño, Spain, July 1 – 5, 2019

EUROSIM Congresses are the most important modelling and simulation events in Europe.

For EUROSIM 2019, we are soliciting original submissions describing novel research and

developments in the following (and related) areas of interest: Continuous, discrete (event) and

hybrid modelling, simulation, identification and optimization approaches. Two basic contribution

motivations are expected: M&S Methods and Technologies and M&S Applications.

Contributions from both technical and non-technical areas are welcome.

Congress Topics The EUROSIM 2019 Congress will include invited talks, parallel, special and
poster sessions, exhibition and versatile technical and social tours. The Congress topics of interest
include, but are not limited to:

Intelligent Systems and Applications
Hybrid and Soft Computing
Data & Semantic Mining
Neural Networks, Fuzzy Systems &

Evolutionary Computation
Image, Speech & Signal Processing
Systems Intelligence and

Intelligence Systems
Autonomous Systems
Energy and Power Systems
Mining and Metal Industry
Forest Industry
Buildings and Construction
Communication Systems
Circuits, Sensors and Devices
Security Modelling and Simulation

Bioinformatics, Medicine, Pharmacy
and Bioengineering

Water and Wastewater Treatment,
Sludge Management and Biogas
Production

Condition monitoring, Mechatronics
and maintenance

Automotive applications
e-Science and e-Systems
Industry, Business, Management,

Human Factors and Social Issues
Virtual Reality, Visualization,

Computer Art and Games
Internet Modelling, Semantic Web

and Ontologies
Computational Finance & Economics

Simulation Methodologies and Tools
Parallel and Distributed

Architectures and Systems
Operations Research
Discrete Event Systems
Manufacturing and Workflows
Adaptive Dynamic Programming

and Reinforcement Learning
Mobile/Ad hoc wireless

networks,mobicast, sensor
placement, target tracking

Control of Intelligent Systems
Robotics, Cybernetics, Control

Engineering, & Manufacturing
Transport,Logistics, Harbour, Shipping

and Marine Simulation

Congress Venue / Social Events The Congress will be held in the City of Logroño, Capital of La
Rioja, Northern Spain. The main venue and the exhibition site is the University of La Rioja (UR),
located on a modern campus in Logroño, capital of La Rioja, where 7500 students are registered.
The UR is the only University in this small, quiet region in Northern Spain. La Rioja is where the
Monasteries of San Millán de la Cogolla, cradle of the first words written in the Spanish language,
are situated, sites included in UNESCO’s World Heritage List in 1996. Of course, social events will
reflect this heritage – and the famous wines in la Rioja.

CongressTeam: The Congress is organised by CAE CAE-SMSG, the Spanish simulation society,
and Universidad de la Rioja.

Info: Emilio Jiménez, EUROSIM President, emilio.jimenez@unirioja.es

Juan Ignacio Latorre, juanignacio.latorre@unavarra.es www.eurosim .2019 com
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