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Abstract. Simulations have recently been considered as data generators
for machine learning. However, the high computational cost associated
with them requires a smart sampling of what to simulate. We distinguish
between two scenarios of simulation data mining, which can be optimized
with active learning and active class selection.
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Introduction

Simulations are powerful tools for investigating the behavior of complex systems
in science and engineering. Recently, there is an increase of attention towards
the employment of simulated data in machine learning, an integration that is
sometimes termed simulation data mining [11,2,4,12]. Its applications range from
integrated circuit design [13] over milling processes [9], mechanized tunneling [8],
robotized surgery [7], and cancer treatment [5] to astro-particle physics [3].
The goal of simulation data mining is to reason about a real system under
study by learning from data which is generated by a simulation of that system.
The benefit of this paradigm is that less or even no data is required from the
actual system. Acquiring “real” data would often be costly or even be infeasible,
e.g. if the actual system is still in the design phase and not yet deployed. Oppositely, simulations have the potential to provide large volumes of data, only at the
expense of their computation. However, the need for accurate simulations often
leads to complex simulation models (e.g. 3D numerical Finite-Element simulations), which result in high costs associated with data generation. The time and
computational resources required by simulations motivate the active sampling of
data, more precisely active learning (AL) [10] and active class selection (ACS)
[6]. Both of these frameworks seek to select the minimal amount of training data
while maximizing the performance of a prediction model trained with that data.
In this short paper, we argue that there are two different strategies for the simulation of training data which distinctively correspond to AL and ACS. In fact, a
simulation may either generate labels from a set of input features [11,12,13,2,9,8]
or it may generate feature vectors from input labels [7,1]. The need for cost efficiency thus makes simulation data mining an imminent application scenario for
methods from AL and from ACS.
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2

Active Sampling from Simulated Data

Every simulation is based on some kind of generative model. Such a simulation
model may comprise analytical, geometric, agent-based, and probabilistic modeling approaches which represent the dynamics of the studied system. Namely,
such a model represents how the state s ∈ S of the system evolves over time:
Simρ (s t , ∆t) = s t+∆t ,

0 ≤ t ≤ T,

(1)

where ρ ∈ P is a vector of simulation parameters, which can be directly related
to the parameters of the real system or process. In this view, the simulation
is a fixed black box which encodes domain knowledge up to minor details. In
the following, we distinguish between two scenarios in which machine learning
models are trained on simulated data.
2.1

Forward Learning Scenario

In the first learning scenario, the simulation model has the same direction of
inference as the machine learning model f : X → Y that is to be trained. This
means that the initial state s0 ∈ S of the simulation is a function of the feature
vector x ∈ X . The simulation then comprises multiple steps s1 ∈ S, s2 ∈ S, . . .
until a label y ∈ Y is obtained in the the final state sT ∈ S. Thus, the simulation
and the machine learning model both infer y from x, as illustrated in Fig. 1.
This learning scenario is probably the most common to date, being approached
for example in [11,12,13,2,9,8].
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Fig. 1. In the forward scenario, the prediction model f : X → Y has the same direction
of inference as the simulation Simρ from Eq. 1.

Since the mappings from x to s0 and from sT to y are given by the problem
statement, we could use the simulation to predict y directly—without learning
another model f from simulated data. However, simulations often encompass
even those details of the analyzed system that are only minor for the prediction
task at hand. The computational resources required to compute data from such
a precise model limit the resource efficiency of the simulation with respect to
the prediction task. It is therefore often not feasible to run a simulation for
prediction, particularly for resource-aware or real-time applications. Machine
learning can then be used to build surrogate models which solve the prediction
task efficiently [9,8]. The simulation can take the role of an oracle oAL : X → Y,
so that an AL technique can optimize the data being simulated.
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Backward Learning Scenario

In the second scenario, the goal is to learn a prediction model of the “opposite
direction” of the simulation. In other words, the prediction task to find the
causes of observed effects. This task is modeled by the label y defining the
input of the simulation and a corresponding feature vector x being produced,
as outlined in Fig. 2. Since the machine learning model now solves another
task than the simulation, it is able to achieve analysis goals which can not be
achieved with the simulation alone. This second scenario is applied, for example,
in robotized surgery, where the force which caused a deformation is predicted [7],
or in astro-particle physics, where particle properties are predicted from indirect
observations [1,3].
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Fig. 2. In the backward scenario, the goal is to predict causes of observed effects. Thus,
the direction of infence differs between Simρ and f .

Other than in the forward scenario, a “backward” simulation can not predict
y from x. It can thus not be used as an AL oracle. However, we can use the
simulation as the data generator oACS : Y → X that is assumed by ACS. One
reason for distinguishing the two scenarios is thus the applicability of active
sampling techniques. AL is only amenable in the forward scenario, ACS only in
the backward case.
2.3

Active Sampling with Simulation Parameters

The goal of AL and ACS is to reduce the cost of training data generation.
Starting from an initial data set, the simulation candidates are scored according
to a selection criterion s and the best candidates are being simulated until a
stopping criterion is met after some iterations. In this framework, AL scores
feature vectors and ACS—in contrast—scores labels.
sAL : X → R

sACS : Y → R

Having a simulation, we can generalize this concept to a scoring of all simulation inputs, also comprising the auxiliary simulation parameters ρ ∈ P. Namely,
AL can score each (x, ρ) and ACS can score each (y, ρ) to have a higher chance
of identifying the relevant input sub-spaces and to improve efficiency further.

3

Conclusion

We distinguish between two scenarios in which machine learning models are
trained from simulated data. Our distinction corresponds to the applicability
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of AL and ACS, a property not previously detailed in simulation data science.
Moreover, we conceive that active sampling techniques can be improved by accounting for the parameters of the simulation.
In upcoming work, we will further elaborate the paradigm of learning from
simulations. In this regard, we deem data quality a particular issue because
simulated data does not always picture the real system exactly. This problem
may be tackled with transfer learning or domain adaptation techniques, which
make the differences between multiple data sources—the simulation and the real
system—explicit. Therefore, we consider simulation data science a promising use
case also for combinations of active sampling and transfer learning.
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