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Introduction

In many application domains (military, homeland security, health care,
and business), modeling and simulation (M&S) has become a standard
approach for systematically developing, testing, and acquiring systems.
The use of M&S usually involves three major steps: (1) identifying user
requirements to capture stakeholders” needs, (2) conceptual modeling to
capture system’s parts and relationships, and (3) verification and valida-
tion (V&V) to evaluate the accuracy, correctness, and credibility of the
simulation (Balci 1994; Balci 1998). Although these activities are supported
successfully in systems engineering (SE) through standard processes, a
formal (in the mathematical sense) process that ties in all SE activities
has not been formulated. Further, SE projects that involve both humans
and computer systems are very difficult to formulate, track, and validate
because computers can only support simplified aspects of a real system
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398 Modeling and simulation-based systems engineering handbook

the different steps of a simulation study, as they are identified in our
chapter as well. She is using metamodeling and model mappings. These
metamodels are languages as identified in this chapter, and the map-
pings are the required filters. Her work is therefore closely related to
the insight and practical applications described above. Similarly, Huang
(2013) approached the problem from the challenge to better model increas-
ingly larger and more complex systems. Using a comparable method, her
dissertation shows how to define domain-specific model components and
use them as building blocks for model generation of complex systems
applying graph theoretic concepts ensuring the proper alignment of all
building blocks. Again, the graph theory maps the formal representation
that must guide the building process. Huang applied her work practically
to light-rail transportation in the Netherlands on a significant scale. These
are just two examples showing the general direction of the utilization of
model theoretic concepts, although they are not always immediately rec-
ognizable from the direct application.

There is a long road to comprehensively evaluate the validity of sys-
tems across domains. It requires both an empirical and an axiomatic
evaluation that is particularly challenging for representations of problem
situations. For instances, the generation of an axiomatic structure poses
many questions: what do we keep in the model, what do we leave out,
do we have theories/data, and are they the appropriate theories/data?
Explicitly, modeling problem situations using the MS-SDF will facilitate
an objective evaluation, and the use of formal approaches should facilitate
traceability, reuse, and interoperability over time.
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