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Abstract. This short note in SNE 28(4) sketches educa-
tional aspects of the ‘ARGESIM Benchmarks for Modelling
Approaches and Simulation Implementations’ published
since 1990 in SNE. Interestingly, it turned out, that along
with the various benchmark publications in SNE, the bench-
marks are used as examples, case studies, and lab work in
simulation education in academia. Indeed, most of the
benchmarks are a very useful basis for education in model-
ling and simulation. This contribution lists shortly the edu-
cational benefits of each benchmark - a detailed investiga-
tion of the educational aspects of the benchmarks, together
with a description of classification and development of the
benchmarks is scheduled for SNE 29 (1), March 2019.

Introduction

The ARGESIM Benchmarks for Modelling Approaches
and Smulation |mplementations are asuccess story inthe
simulation community. With up to now 24 benchmarks
defined, and 354 benchmark solutions, benchmark re-
ports, or benchmark studies published in SNE — Simula-
tion Notes Europe, the scientific membership journal of
EUROSIM, the Federation of European Simulation So-
cieties. The benchmark publications have become a fo-
rum for information exchange on modelling approaches,
simulation implementations, and features of simulation
systems.

Interestingly, it turned out, that along with the various
benchmark publicationsin SNE, the benchmarksare used
as examples, case studies, and lab work in simulation ed-
ucation in academia. Indeed, most of the benchmarks are
avery useful basis for education in modelling and simu-
lation, at modelling level, and at implementation level.

The benchmarks may also be used for education in appli-
cation areas, asintroductory case studiesin mechanical en-
gineering, electrica engineering, economics, biology, etc.

This contribution presents shortly the publication
possibilities for benchmark publications generally and
for education-oriented benchmark publications (Sec-
tion 1) and lists the educational benefits of each of the 24
benchmarks (Section 2). The last section comments the
future development of new benchmark definitions and
benchmark solutions to be initiated.

A detailed investigation of the educational aspects of
the benchmarks, together with a description of a classifi-
cation helpful for education and the development of the
benchmarksis scheduled for SNE 29 (1), March 2019 [1].

1 Benchmark Publications

ARGESIM, anon-profit organisation for information and
publication on simulation, started in 1990 the series AR-
GESM Comparisons of Smulation Software with mod-
eling and simulation tasks based on relatively simple,
easily comprehensible processes. In the beginning, simu-
lationists were invited to prepare a comparison solution
to be published in SNE as one-page solution. Along with
development of system simulation, also the Comparisons
of Smulation Software developed further on towards the
ARGESM Benchmarks for Modelling Approaches and
Smulation Implementations.

In 2006 and in 2018, re-organisations of the publica-
tion strategy improved the publication possibilities for
benchmark publications, including benchmark publica-
tions with emphasis on education:

o Extended definitions of new benchmarks:

SNE introduces new benchmarks with extended scope
and indication of educational aspects, e.g. comparing
modelling and simulation paradigms, dealing with
more complex experiments, and formulating models
and tasks especially for educational use — indicating
educational aspects, as with benchmarks C19, C20,
C21 and planned benchmark C22.
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o Revised definitions of previous benchmarks:
SNE is publishing revised definitions of previous
comparisons, updating models, extending the scope,
and underlining the educational aspects —in order to
continue them as new benchmark also for benchmark
contributions with emphasis on education, e.g. C12.

The benchmark publications now may have different
content, structure, emphasis, and length — and the authors
may underline educational aspects, or may shape the
benchmark contribution for use in education. Modellers,
simulationists, and lecturers in modelling and simulation
are invited to take the challenge to prepare, reaise and
submit a

e Benchmark Solution with concise description of
model implementation and experimentation tasks
(two pages SNE), or a

o Benchmark Report with sufficient detailed
description of model implementation with variants
and adequate experiment formulations
(four to six pages SNE), or an

o Educational Benchmark Report,
abenchmark report with educational aspects or
generally addressing use in education
(four to six pages SNE), or a

e Benchmark Sudy presenting e.g. different /
alternative / comparative modelling approaches
and sketching analysis variants or supplemental
model experiments (six to ten pages SNE), or an

o Educational Benchmark Study,
a benchmark study for use in education, or at least
with essential educational aspects (six to twelve
pages SNE) —see e.g. contribution [2] in this SNE.

2 Benchmarks for Education

In the following the up to now defined comparisons and

benchmarks are briefly investigated with respect to their

suitability for educational purposes:

e ClLithium-Cluster Dynamics, SNE 0(1), 1990,
is based on three coupled stiff ODES describing a pro-
cess in surface physics. Simulation beginners can
learn to deal with stiff systems, to perform logarithmic
parameter variations, and calculate steady states — us-
ing asimulation tool or a calculation tool.

e C2 Flexible Assembly System, SNE 1(1), 1991,
is an introductory case study for process modelling
with six process station around acircular transport belt
for pallets. Novices get an introduction into process
modelling and simulation, using an appropriate pro-
cess simulation tool.
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e C3 Generalized Class-E Amplifier, SNE 1(2), 1991,
describes an RLC circuit with time-varying resistor.
The case study is suited for introduction into analogue
circuit modelling — by means of general or applica-
tion-oriented simulation tools.
C4 Dining Philosophers|, SNE 1(3), 1991, and
C10 Dining Philosophers |1, SNE 6(3), 1996,
This almost classical process describing the competi-
tion for limited resources is a typical case study for
education. While C4 is very generally defined and in-
vitesfor analysis of any kind, C10 is defined with em-
phasis on time domain analysis. The benchmarks are
very well suited for education, using arbitrary calcula-
tion tools.

e C5Two State Model, SNE 2(1), 1992,

is based on two linear ODEs with state-dependent

switching parameters and tests state event detection —

not really suited for education.

C6 Emergency Department SNE 2(3), 1992,

is based on a process model for follow-up treatment in a

hospita’ s emergency department —with real-world data.

Novices get an introduction into process moddlling and

simulation in ahealth care system, and health care people

get an introduction to Smulation capabilities— by means
of an appropriate process smulation tool.

e C7 Constrained Pendulum, SNE 3(1), 1993,
describes the classical pendulum, which hitsapin and
continues swinging with switching states. Beginners
in simulation can study the handling of simple state
events, using an appropriate simulation or also a gen-
eral calculation tool.

e C8 Canal-and-Lock System, SNE 6(1), 1996,
is based on the scheduling of barges moving through a
lock. The benchmark mainly tests features of discrete
simulators for modelling complex logic, to validate
logic through use of deterministic data, and to check for
variance-reduction capabilities. The case study may be
of educational interest for process modelling, but also
for training programming of scheduling — using a pro-
cess ssimulation toal, or direct programming.

C9 Fuzzy Control of a Two Tank System,

SNE 6(2), 1996, revised SNE 16(3), 2006,

investigates the efficiency of fuzzy control for asim-

ple hydraulic system. This benchmark may be of in-
terest for introduction into fuzzy control, and simula-
tion beginners learn to implement fuzzy structures —
by means of simulation tools with (easy) or without

(laborious) fuzzy control features, or by classical cal-

culation tools (challenging).
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e C11 SCARA Robot, SNE 8(1), 1998,
makes use of the implicit model of a 3DOF robot with
classic control and control for collision prevention.
This benchmark is very suitable for education pur-
poses. Beginners and trained simulationists can learn
about implicit equation-base modelling or about phys-
ical power-based block-oriented modelling, and stu-
dentsfrom mechanical engineering get an introduction
to mechanical modelling and simulation. Software
tools for education range from multibody systemsvia
system simulators to calculation tools.

e C12 Collision of Spheres, SNE 9(3), 1999,
alows different approaches for the analysis of move-
ment and for collision of spheresin arow, investigating
theimpact from elastic to plastic collisions. This bench-
mark addresses not only system simulation, itisaclas-
sical mechanica or physical case study mainly suited
for use in education. Students in technical science can
learn about collision phenomena, and novicesin smu-
lation get knowledge in state event handling. Interest-
ingly, a broad variety of software tools can be used,
from physical simulators to spreadsheet tools.

e C13 Crane Crab and Embedded Contral,

SNE 11(1), 2001; rev. SNE 17(1), 2007,

is based on modelling and digital control of a crane
crab. The discrete control is designed by means of a
state space observer, and by state space control. The
revised definition of this benchmark outlines the edu-
cational aspects: for simulationists, comparison of
models, investigation of discrete control elements, and
state-dependent security interventions; and for stu-
dents in control engineering, modelling and simula-
tion of plant, observer, digital control and security in-
tervention events. Appropriate tools are system simu-
lators and control design systems.

e C14 Supply Chain Management, SNE 11(2-3), 2001,
is based on a simplified supply chain (four factories,
four distributors, a group of wholesalers, and 12 prod-
ucts). The benchmark concentrates on discrete model-
ling of the process, especialy of the order flow, and
on implementation of different order strategies. This
benchmark is a classical case study for supply chain
modelling, showing also the bullwhip effect depend-
ent on the order strategies — an interesting topic for
basic education in production and logistics. The im-
plementation does not really need asimulation system,
classical recursive calculations can manage all tasks,
so that the benchmark is open as educational case
study in many areas.

e C15 Clearance Identification, SNE 12(2-3), 2002,
is based on the dynamics of renal clearance. The
benchmark puts emphasis on identification of a com-
partmental model for the clearance using real-word
measurement protocols, and on statistical model pa-
rameter analysis based on artificial protocols. This
benchmark allows to study different identification ap-
proaches for alinear dynamic system, e.g. use of sen-
sitivity functions or use of analytical solutions, and to
handle artificial data protocols for extended experi-
ments — a useful basis for teaching of both topics, in-
dependent of the physiological background. Software
tools range from compartmental modelling systemsto
calculation tools.

¢ C16 Restaurant Business Dynamics, SNE 14(1), 2004,
addresses modelling, simulation and optimisation of a
discrete dynamic system. The business system under
examination is restaurant operating: depending on fi-
nancial results (from guests living in the neighbour-
hood), restaurants open branches in an adequate sur-
rounding or close down. Strategic parameters are tax
rate and structura distance to new branch restaurants
—to beinvestigated and optimised in an adequate dis-
crete (stochastically influenced) model (process
model, agent-based model, statistical analysis, event
model, etc.). This benchmark addresses not only the
simulation community, it is an interesting calculation
task for everybody, and can be approached in various
ways. Conseguently, the benchmark isabasis for var-
ious education areas, and also suited for spreadsheet
calculation.

e C17 Spatial Dynamics of SIR Epidemics,

SNE 14 (2/3), 2004; revised SNE 25(1), 2015,
investigates a classical population model for the
spread of infection diseases (SIR model) and an inho-
mogeneous spatial approach using cellular automata.
This benchmark is very suitable for educationa pur-
pose: in modelling, macroscopic and microscopic ap-
proaches can be compared, and modelling with ad-
vanced cellular automata can be studied; in implemen-
tation, discrete interventions (vaccinations) are to be
managed properly for comparative investigations.
And in application — spread of disease and vaccination
— the benchmark is a powerful basis for learning the
benefits of modelling and simulation.

e C18 Neural Networksvs. Transfer Functions,

SNE 15(1), 2005,
studies alternative approaches for identification of the
nonlinear dynamical relation between muscle force
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and muscle-belly thickening. Classical discrete trans-
fer function models and as dternatives neura net
models are to be compared. This benchmark may be
of educational use for control modelling, and for in-
troduction into neural net modelling and simulation —
softwaretool s supporting digital control and neural net
structures are recommended.

e C19 Pallution in Groundwater Flow, SNE 15(2-3),
2005, revised SNE 16(3-4), 2006,
analyses a homogeneous ground water body with asin-
gular pollution source and with facilities for reduction
of contamination, based on the transport equation. The
benchmark addresses quite different modelling ap-
proaches and solution techniques, from classical dis-
cretisation methods via FEM to aternatives tech-
niques like cellular automata, Monte-Carlo methods
and Random Walk. The recent revised definition out-
lines the educational aspects. modelling methods for
distributed systems, introduction into instationary dis-
tributed diffusion processes with comparative model-
ling and simulation implementation.

e C20 Complex Production System, SNE 21(3/4), 2011
isintended as afoundation for analyzing manufacturing
control systems, by comparing different simulation
techniques and/or control agorithms regarding com-
plexity and dynamics. The benchmark is based on two
dimensions, defining atotal of twelve different scenar-
ios that differ in their complexity and dynamic behav-
iour. This benchmark is a challenge for expert smula-
tionists to test discrete process simulation systems.

e C21 State Eventsand Structural-dynamic Systems,

SNE 26(2), 2016.
In this recent benchmark, three case studies compare
modelling and implementation of state events in dy-
namic systems, up to structural-dynamic systems. The
case studies are: the amost classical bouncing ball dy-
namics, a switching RLC circuit with different diode
models, and the rotating pendulum with free falling
phase changing dynamicsfrom swinging to falling (and
vice versa) — switching between different degrees of
freedom. All three case studies are coming along with
educational aspectsfor simulation methodol ogy, imple-
mentation, and application. In application, the bench-
mark addresses mechanical engineering and electrical
engineering, in methodology and implementation the
benchmark deal s with appropriate description and han-
dling of hybrid and structural-dynamic systems. De-
pending on the case studies, the benchmark is suited for
all educational levelsin simulation.
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o C22Pitfallsin Discrete Event Handling, 2019/2020.
This planned benchmark will discuss the proper mod-
elling and algorithmic implementation of discrete
events, emphasizing in application on flip-flops. As
with recent and new benchmarks, educational aspects
will be integrated from the beginning.

e CP1 Paralld Smulation Techniques, SNE 4(1), 1994,
and CP2 Parallel & Distributed Simulation,
SNE16(2),2006.

These benchmarks address mainly specialistsin simu-
lation, so the educational aspects are only minor ones.

3 Conclusion

The inspection of the benchmarks with respect to educa-
tional aspects shows that the benchmarks are a valuable
source for usein education.

For most benchmarks acalculation tool issufficient, so
that licensesfor simulation systems are not necessary. Sub-
mitted and already published educational benchmark stud-
ies and educationa benchmark reports show that spread-
sheet tools may be an appropriate tool for working with a
benchmark. And clearly, computer numeric systems as
MATLAB, Octave and Python are suitable tools and suit-
able aternativesto special software for system simulation.

The SNE Editorial Office invites all readers and lec-
turers in modelling and simulation, and lecturers in ap-
plications to make use of the ARGESIM Benchmarks,
and to submit a benchmark contribution describing their
use of the benchmark in education. Definitions and
benchmarks solutions, benchmark reports, and bench-
mark studies can be found at SNE’ s website:

www.sne-journal.org/benchmarks

Authors are asked to submit additionally the model
and/or program sources used for the benchmark contri-
bution. Only members of EUROSIM soci eties can down-
load these sourcefiles, together with the high-quality col-
our benchmark publications.
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