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ABSTRACT 

Model-based systems engineering (MBSE) is defined by 
the International Council on Systems Engineering (INCOSE) 
as "the formalized application of modeling to support system 
requirements, design, analysis, verification, and validation 
activities beginning in the conceptual design phase and 
continuing throughout development and later life cycle" [1]. 
The advantages obtained by the MBSE approach, in terms of 
enhanced communications, reduced development risks, 
improved quality, increased productivity and enhanced 
knowledge transfer, can be further scaled up by innovative 
model-driven approaches that treat models as the primary 
artifacts of development, by introducing a radical shift from a 
strictly contemplative use of models to a more productive and 
powerful model use. Model-driven engineering enhances the 
typical MBSE advantages by use of metamodeling techniques 
and model transformations, which allow system designers to 
obtain a significant increase of the level of automation 
throughout the system lifecycle [2]. 

A metamodel is a model used to describe a family of 
models, in other words it is a model that defines the primitives 
of a modeling language, which is used to specify models at 
user level. As an example, the UML metamodel is the model 
defining the primitives (i.e., class, association, state, etc.) that 
are instantiated in standard UML models. A model 
transformation is the specification of a set of mapping rules 
that are executed to transform a given model into a different 
model, which conforms to the same or to a different 
metamodel. Model-driven engineering enables a radical shift in 
terms of modeling activities, from a strictly contemplative use 
of models to a more productive and powerful model use. 

The tutorial first illustrates the principles and standards of 
model-driven engineering and then shows a possible 
application to the simulation-based analysis of systems and 
processes specified by use of SysML and BPMN, respectively 
[3]. SysML (Systems Modeling Language) is the UML-based 
language that provides the modeling capability required in the 
systems engineering domain. SysML is now considered the 
standard modeling notation adopted in the MBSE context [4]. 
In addition, the recent adoption of the BPMN (Business 
Process Modeling and Notation) standard by the OMG (Object 

Management Group – the same body that defines and promotes 
UML and SysML), has introduced into the MBSE discipline 
the formalization of the business processes describing the 
interactions among the organizations that build and/or make 
use of systems [5]. 

The tutorial overviews existing methods that have been 
developed to automate the simulation-based analysis of 
systems and processes. Specifically, such methods enable the 
automated transformation of SysML [6][7] and BPMN [8][9] 
models into the corresponding simulation models, which are 
executed to yield the performance indices of interest. The 
proposed approach can be effectively used by system designers 
and business analysts who do not have specific expertise in the 
fields of simulation-based analysis, without requiring the 
acquisition of specific modeling and simulation know-how and 
the manual effort that is typically needed to define and 
implement simulation models. In addition, the extensive use of 
model-driven techniques contributes to provide a significant 
degree of customizability, which facilitates the tailoring of the 
proposed model transformations to specific needs (e.g., to 
make use of alternative modeling languages and/or simulation 
platforms) [10][11][12]. 
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