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Abstract— While process of verification of traditional
simulation models is well established, fresh approaches are
needed for new types of simulation. That is especially the
case for simulation of complex systems which have unique
properties (emergent behavior, high sensitivity to changes)
that can mask faults in code and wrong design. In this paper
we deal with such challenge by proposing a conceptual
model for verification of complex system simulation.
Namely, we suggest that each verification attempt needs to
include usage of individual elements checking along with
top-down approach to system testing.

I.

INTRODUCTION

Verification is an important aspect of every simulation.
It can be defined as “The process of determining that a
model or simulation implementation accurately represents
the developer’s conceptual description and speciﬁcation.
Veriﬁcation also evaluates the extent to which the model
or simulation has been developed using sound and
established software engineering techniques.” [1]. By
verifying the simulation model, we confirm that it is built
correctly, without inconsistencies, conflicts and
redundancies. Otherwise, the analysis based on it can
provide fault results and misleading conclusions which is
a situation every researcher wants to avoid.
While verification techniques have been extensively
studied and developed for discrete-event system
simulations, recently popular complex systems
simulations lack such formalism and are in need for a
more organized approach [2]. We tend to contribute to
the endeavor of better simulation of complex systems by
providing a conceptual framework for their verification.
While there are papers which focus on complex system
validation, so far there hasn’t been an attempt to create a
complete framework which can be used for verification
[3]. The need for standardized simulation building
approach stems from the requirement to build high
quality models and establish a common language for
scientist to discuss and compare models [4].
In the first part of the paper we explain the reasons why
the simulation of complex systems might provide unique
research challenges and put the emphasis on the process of
software verification. Afterwards, based on the literature
review of software verification process we examine

usefulness of existing methods and adjust them to the need
of complex systems.

II.

SIMULATION OF COMPLEX SYSTEMS

Complex systems are defined as systems which
contain multiple different parts that interact with each
other and with the environment. Science of complex
systems present a rising research field which has
flourished with the rise of computational power and new
possibilities in modeling and simulation [5]. They are
being used in various fields from economics, biology,
physics and more.
However, their usage comes with certain challenges,
one of them being the methodology for verification and
validation [6,7] Especially verification has been
recognized as a critical issue in their quality assurance
[8], where one has to be certain that emerging patterns on
the macro level are result of system’s inherent
characteristics not errors in the code or design
specification.
New methodological standards for their verification
have still not been established while existing ones, which
refer to traditional simulation models, might not be
suitable for complex system simulation as such systems
are unique in many aspects [9].
Some of those aspects are [10]:
1)
non-linearity which can even lead to chaotic
behavior, a small change can have a big effect on final
outcome.
2)
emergent behavior which is not easily
predictable and can come a surprise to the modeler.
3)
heterogeneous agents that adapt and learn
through mutual interaction.
For these reasons it is hard to identify faults in code or
programming logic. A researcher might be under
impression that that he has discovered a new type of
emergent behavior but beneath it might lie a coding
mistake. That is, one has to treat verification very
carefully.

Some traditional verification techniques might not be
appropriate. For example, complex systems are very
prone to random effects. A correctly built model might
behave differently due to different random conditions.
That is why technique of internal validity [2] might not
work. Additionally, traditional methods usually imply
that system components are homogenous, but in complex
systems that is opposite [2]. Also, in traditional
simulation methods scientists often know what the
expected behavior of the whole system is while that
assumptions are not valid for complex systems due to
their nature [11].
Researchers simply don’t know what to expect and that
is why errors can be easily overlooked. Model-to-model
comparison is also hard to implement is it can happen that
similar models with same parameters can provide different
results [11]. Usage of boundary conditions is also one of
the traditionally and most widely used techniques [7].
However, with complex systems there is an additional
challenge which is that boundaries are uncertain [7].
III.

A VERIFICATION FRAMEWORK

A. Traditional Techniques
Some of the traditional technique are still valid when it
comes to verification of complex systems simulation [12].
Those are audit, code inspection and reviews. Depending
on the approach they are performed by a group of
qualified individuals which follow formalized procedures
in order to perform analysis of the simulation code. They
have to confirm that all standards have been implemented
and that programming code is correct [13].
Usually, the procedure of performing review or
inspections has couple of phases which need to be
respected. Some of those are overview, preparation,
inspection, rework and follow-up [14] Team members
inspect the logic of the code, related documents and
specification. Even though this technique is prone to
standard human errors they are still effective and can
provide good results. However, a single researcher is not
always in position to get a team of experts to review the
simulation code and its correctness.

B. Top-down approach
Top-down approach includes splitting the model into
smaller parts which can be studied in isolation [14]. Each
part presents a subsystem created according to the
specification hierarchy. By using the input / output
approach each system is tested to see if it behaves
according to assumptions[15].
One more top-down approach is that one iteration cycle
is also analyzed to see if it produces correct results.

Instead of analyzing the whole simulation, a researcher
focuses on a single iteration [17].
The downside of using this method is that it can be costly
and complex as well, because parts of complex systems
can also present complex systems [7].
C. Tracing
As constitution parts of a model are heterogeneous and
can interact with each other it can be useful to trace their
behavior. Individual behavior is followed throughout the
whole cycle to ensure that it never deviates from
predefined assumptions [16]. That way it can be
confirmed that logic of the code is accurate. However, if
there are many such heterogenous elements such analysis
can take time.
IV.

CONCLUSION

Verification of complex systems is not an easy process but
together with traditional techniques of expert code
checking there are two more approaches that can be used.
Those are splitting the system into smaller parts and
testing their behavior in an isolated black-box approach
along with tracing the behavior of individual components
during the whole simulation cycle.
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