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Abstract—Network simulations play an important role in many
domains. Often it is helpful to optimize simulation parameters
automatically based on given simulation output metrics. We
present an extension of the open-source optimization framework
Simopticon that is able to automatically optimize simulation
parameters of OMNeT++ simulations. To demonstrate the
optimizer, we apply this to two simulation models: A Veins scenario
where 15 wirelessly connected vehicles optimize their routes, and
a Simu5G scenario optimizing the gNodeB’s transmission power
in a mobile network.

Index Terms—Wireless networks, simulation, optimization

I. INTRODUCTION

Simulations are a cornerstone of the development of new
products and technologies, particularly in networking. Network
simulations typically precede real network implementations,
but can also be used to represent existing networks, especially
in the context of a network digital twin [1, 2].

Whenever network simulations should match a real network
but not all parameters of the real network are known, it is
necessary to try and adjust the unknown model parameters so
that the simulation outputs match real measurements. This is
an optimization task. Similarly, if the goal is not to match a
real network but to find the best parameter settings for a given
purpose, this too is an optimization task.

OMNeT++ is one of the most well-known network sim-
ulation frameworks. It provides basic means for parameter
studies by allowing to define ranges of values for parameters,
but automatic optimization of model parameters based on
simulation outputs is not supported directly.

In this paper, we describe how we filled this gap by extending
the open-source software Simopticon for optimizing parameters
of OMNeT++ network simulations. We also describe two use
cases as demonstration examples, one using Veins to simulate
cooperative driving and one using Simu5G to simulate a mobile
network.

II. RELATED WORK

Optimization of simulation parameters is a common task, but
it is often not the focus of the respective publications or still
performed manually. Drixler et al. [3] published a simulation
model designed for energy optimization, but the optimization
itself is not part of the paper. Likewise, Davoudzade et al. [4]
defined all relevant parts of a network optimization (inputs,
outputs, parameters, objective function), but ran all parameter
combinations manually instead of using an optimizer.
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Figure 1. Architecture of Simopticon with extensions for running OMNeT++
simulations and the demonstration scenarios highlighted in orange.

Where optimization is the focus of the publication, it is
often performed with commercial software, hindering repro-
ducibility and reusability of the results. Virdis [5] integrated
the commercial optimization solver CPLEX into the OMNeT++
runtime to optimize simulations during execution. Chang
et al. [6] developed an optimizer for network reliability based
on MATLAB. Similarly, Simon et al. [7] presented a MATLAB-
based optimization software for network simulation. Both
require MATLAB as a platform, which is not available as
open-source software.

ITII. SIMOPTICON EXTENSIONS

Simopticon [8] is a generic, modular optimization software
and is available as open-source software.! Although it is
designed in flexible modules, it was originally created solely to
optimize controller parameters in Plexe, an extension of Veins
for simulating platoons of road vehicles, a framework which
in turn builds on OMNeT++. Although Plexe uses OMNeT++
for network simulation, some parts of the original Simopticon
were so specific that it was not directly possible to optimize
just OMNeT++ simulations without Plexe.

To support also other OMNeT++-based simulations, a new
OmnetppSimulationRunner has been implemented that can
be used instead of the PlexeSimulationRunner to configure
and run OMNeT++ simulations. It also links the necessary
libraries and NED directories. The mobile communication
library Simu5G [9] and the simulation framework Veins [10]
can be loaded simply by setting a boolean parameter and their

Uhttps://nsm.inf.tu-dresden.de/research/software/simopticon/
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(a) Detour example with Veins, screenshot in OMNeT++.
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(b) Detour example with shadowing by buildings, shown in SUMO.

Figure 2. Detour example.

installation path. In addition, a new OmnetppToScalarEvalua-
tion module calls a Python script to evaluate simulation results
to obtain a metric that is used as the objective function in
the optimization. Several Python scripts can coexist, because
for each simulation model one might need to adapt the script
based on the scalar or vector data to be evaluated. The changes
are visualized in Fig. 1.

IV. DEMONSTRATION SCENARIO 1: DETOUR SCENARIO
WITH VEINS

In this demonstration example, the optimization software
is applied to a simulation example that utilizes the Veins
framework. Veins relies on OMNeT++ for network simulation
and SUMO for road traffic simulation to enable the simulation
of vehicles as network nodes, both in terms of their mobility
and their communication capabilities. In this case study, we
use OMNeT++ 6.3.0, Veins 5.3.1, and SUMO 1.18.0.

For the demonstration, we selected a “detour” scenario. In
this scenario, a total of 15 vehicles follow a road winding
around buildings with both a shorter route and a longer detour
available to reach their goal. Right after a fork in the road,
we force the first vehicle to stop, simulating, e.g., an accident
(see Fig. 2a and Fig. 2b). The remaining vehicles can take a
detour to reach their goal, but will do so only if they receive a
wireless broadcast from the first vehicle containing the accident
report; otherwise, they will end up in a jam behind the accident.
Wireless communications, though, are hindered by buildings.

As a simple demonstration protocol, the original broadcast
is thus repeated 4 times with a time period ¢ between two
broadcasts; vehicles that received the broadcast will forward
it immediately with probability p. All vehicles use the same
transmission power P.

In this case study, we optimized these parameters using
Simopticon, restricting them to intervals of ¢ € [0, 30s], p €
[0, 1], and P € [0, 30 mW].

The metric for evaluating the quality of a parameter com-
bination J is a weighted sum of: the number of informed
vehicles (which got the accident warning) Nieceived, the number
of wireless broadcasts that were sent Ny, and the transmission
power P. It is defined as

J= Jbasis+a'Nsem_ﬁ'Nreceived‘F’Y'P' (1)

Jbasis 18 an offset to make the metric positive. This is not
necessary for the optimizer and has no influence on the
optimization result, but leads to more intuitive values. Its
value has been set to 10000. We chose o = 1, § = 3, and
~v=1/mW as example weighting factors, meaning, e.g., that
an additional sent broadcast is evaluated as beneficial if more
than three additional vehicles receive it.

We simulated 10 repetitions per parameter combination
and took the mean of these solutions. Based on the number
of vehicles, repetitions, and parameters of .J, the theoretical
minimum of J is 9590. It would be reached if, in all 10
repetitions, all 15 vehicles received the broadcast without any
forwarded broadcasts and with minimal transmission power.

We optimized the parameters using Simopticon with the
three currently available optimizers of Simopticon: the Direct,
Monte Carlo, and Random Neighbors optimizers. We stopped
each optimizer after testing 500 parameter combination. The
progress of the optimization and a scatter plot of the simulation
results are shown in Fig. 3. A Python script for generating
such diagrams has been added to Simopticon. The different
characteristics are clearly visible from the scatter plots: While
the Direct optimizer searches systematically by dividing the
search space into rectangles of decreasing size and the Monte
Carlo optimizer selects random parameter combinations within
the whole parameter space, the Random Neighbors optimizer
extends the random approach by preferably searching in the
neighborhood of the currently best found solution.

The best solution within this study has been found with
the Random Neighbors optimizer, lying at ¢t = 24.7659 s, p =
0.137196, and P = 0.325909 mW with J = 9609.26.

V. DEMO SCENARIO 2: SIMUS5G

The second demonstration use case leverages Simu5G to
simulate a mobile network. We use OMNeT++ 6.3.0, Simu5G
1.4.3, and INET 4.6.0. The “Multiple-UEs” configuration of
the “tutorial” scenario provided with Simu5G simulates several
UEs (user equipments) which communicate with a server
via a gNodeB (base station) and a few intermediate nodes.
Transmission occurs only from the gNodeB to the UEs, not
vice versa. Several parameters can be adjusted in the simulation
model, we search for the best transmission power of the
gNodeB, called eNodeBTxPower in the simulation model, to
optimize the throughput, called cbrReceivedThroughput.

We define the optimized metric as

J:Jbasis_T+5'P (2)
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(a) The Direct optimization algorithm, systematically dividing the search
space into rectangles of decreasing size.
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(b) The Monte Carlo optimization algorithm, always selecting random

parameter combinations within the search space.
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(c) The Random Neighbors optimization algorithm, searching with a probability
of 50% in a neighborhood of +10% around the current optimum, and with a
probability of 50% in the entire search space.

Figure 3. Progress of the performance metric J in the detour demonstration
example and scatter plot of the simulation results. The third parameter
(transmission power P) is represented by the marker size — the higher the
transmission power, the bigger the marker.

with an arbitrary offset Jy,sis = 100000, the transmission power
P (in dBm), the throughput 7" (in kbps), and a weighting factor
0 = 1. The term ¢ - P is very small compared to the throughput
values and mainly added to select the smallest transmission
power if several allow the same (maximum) throughput. Each
parameter combination has been repeated 3 times and the mean
of the results has been used for each parameter combination.

Selecting the the Monte Carlo optimizer of Simopticon
and testing 500 parameter values in the interval [—40 dBm,
40 dBm)], the optimum is found at P = 18.6727 dBm resulting
in J = —55.093. The convergence of the performance and
the simulation results are presented in Fig. 4, demonstrating
the capabilities of Simopticon for optimizing OMNeT++
simulations.
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Figure 4. Progress of the performance metric J in the SimuSG demonstration
example and plot of the simulation results.

VI. CONCLUSIONS

In this paper, we present an extension of the open-source
simulation framework Simopticon, designed to optimize param-
eters of OMNeT++ simulation models. Future work will focus
on broadening the range of supported simulation software and
enhancing the suite of tools for simulation model analysis and
optimization.
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