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a b s t r a c t
Systems Modeling Language (SysML) is used as the modeling infrastructure in systems
engineering, especially for complex systems design, independently of the system domain.
Simulation is a common method to perform system model veriﬁcation, during the systems
development process. However, simulation code generation and execution is not integrated
within the system design activity, as it is facilitated by SysML. It is either conducted as
an external activity, after system design, or it affects the system design environment and
practices, according to speciﬁc simulators requirements.
This paper presents how existing, simulation-agnostic SysML models from the domain
of Enterprise Information System (EISs), can be transformed to executable simulation code
and in addition how the simulation results can be incorporated into the source SysML
model through the exploitation of Model Driven Architecture (MDA) principles and techniques. To this end, several tools and technologies are utilized, while the veriﬁcation process is triggered and ﬁnalized via the system modeling environment. Adoption of MDA
provides a solid, high-level infrastructure and tool availability to the proposed approach.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
Model-based Systems Design (MBSD) deals with the deﬁnition and exploitation of system models during most of the
system development activities. Modeling Language (SysML) [1] has been proposed by the Object Management Group (OMG)
to serve as a common modeling language for all these activities. It is a general purpose language, based on a variety of
modeling elements grouped in different diagrams to support complex system models. SysML is a well-established language
for complex system modeling and is often used in MBSD. It facilitates the description of both system structure and behavior,
while design requirements may also be described in an abstract level [1]. In the work presented in this paper, emphasis is
given on requirements, related to system performance, that may be veriﬁed against quantitative estimations of the system
behavior [2]. A common way for deriving such estimations is simulation. Thus, there is currently strong interest in generating
simulation models from SysML models [3,4].
Today, system designers utilize domain-speciﬁc proﬁles [5–8] deﬁned for SysML modeling tools combined with external
simulation tools to explore the performance of alternative system designs and verify corresponding requirements [9]. Usually the system designer should be familiar with both SysML models and the simulation environment and feel conﬁdent
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in working with corresponding tools. While system design models are deﬁned in SysML modeling tools, requirement veriﬁcation and the evaluation of the proposed solution is usually performed within the simulation environment. In order to
simplify the overall process, system designers should be provided with a single system model for both system design and
requirement veriﬁcation, while simulation model generation should be fully-automated and transparent to them. Furthermore, SysML system models should be deﬁned, independently of the methods and tools adopted for simulation. Such a task
still remains a challenge [10].
The work presented in this paper addresses these issues, by enhancing the process of SysML models evaluation and simulation code generation, without requiring the integration of simulator-speciﬁc properties in the proﬁles used during system
design. These enhancements simplify the evaluation process, allowing the system designer to focus on the examination of
the unveriﬁed requirements and, consequently, the detection of the necessary design solution re-adjustments [6]. Model
Driven Architecture (MDA) [11] principles and technologies have been adopted to automate simulation code generation and
integrate simulation results into the SysML modeling environment. To explore the proposed approach, we study its applicability in a speciﬁc domain, namely Enterprise Information Systems Design, using a speciﬁc simulation framework, namely
Discrete Event System Speciﬁcation (DEVS) [12].
Our approach provides simulation capabilities for SysML system models, without requiring the use of a simulator speciﬁc
SysML proﬁle. This renders the approach simulation-agnostic in its conception, establishment and inﬂuence to the system
designer. Enterprise Information System Design is supported by the EIS SysML proﬁle, described in [6]. No simulator-speciﬁc
properties are deﬁned in the proﬁle. On the contrary, it focuses on different views for EIS architecture, while it enables
requirement veriﬁcation and the deﬁnition of evaluation scenarios. The EIS proﬁle is examined and utilized to develop a
framework that extracts information, necessary to derive executable DEVS simulation models, based on DEVS library components. DEVS was chosen, since (a) system structure is deﬁned in both SysML and DEVS in a similar fashion, making the
transformation conventional, and (b) existing tools facilitated standardized DEVS meta-model representation and enhanced
simulation code generation process [4]. SysML-to-simulation model transformation needs to be deﬁned only once for the
pair of the Enterprise Information System (EIS) domain-speciﬁc SysML proﬁle and the DEVS simulation environment, ensuring a seamless integration of SysML modeling environments and DEVS simulators for the domain of EIS. While it is applied,
simulation integration is transparent to the system designer that interacts only with the SysML EIS models within a SysML
modeling environment. This way, no additional simulation-related restrictions are imposed to system designers. The proposed approach for MBSD may be easily utilized in numerous domain system models, once an appropriate simulator, for
the speciﬁc domain, has been chosen and the corresponding model transformation has been developed.
The rest of the paper is organized as follows: In Section 2, related work is discussed, describing relevant approaches.
The pre-existing SysML proﬁle for the domain of EIS is presented in Section 3, where speciﬁc issues and challenges that
need to be addressed are also outlined. Section 4, presents a requirements veriﬁcation scheme that aims at addressing
these issues. It is based on MDA principles and techniques and exploits the DEVS simulation framework, in order to provide
estimations about the performance of system model conﬁgurations. Section 5 provides a practical perspective of the design
and evaluation process and, ﬁnally, conclusions and emerging issues from this implementation reside in Section 6.

2. Related work
SysML supports a variety of diagrams describing system composition and states, necessary to perform simulation, which
are utilized by different approaches [13,14]. In most cases, SysML models deﬁned within a modeling tool are exported in
XML Metadata Interchange (XMI) format and, consequently, transformed into simulator speciﬁc models to be forwarded to
the simulation environment. Depending on the nature and speciﬁc characteristics of the systems under study, there is a
diversity of ways proposed to simulate SysML models, utilizing different diagrams. The authors have recently presented a
comprehensive understanding of the similarities and differences of existing approaches targeting simulation code generation
from SysML models in [10], where current challenges in fully automating simulation of SysML models are also identiﬁed.
The most well-known of them are brieﬂy discussed in the following.
The SysML4Modelica proﬁle [15], endorsed by the OMG, enables the transformation of SysML models to executable Modelica simulation code. The Query/View/Transformation (QVT) standard set of languages is used for the transformation of
SysML models to executable Modelica models. Since SysML proﬁles are based on the Uniﬁed Modeling Language (UML) extension mechanism, they can be imported in any standard UML modeling tool, such as Rational Modeler [16] or MagicDraw
[17], enabling the utilization of simulation tools. In [18], focus is given on embedded systems. In the proposed proﬁle, the
SysML requirement entity is extended with testable characteristics. Testable requirements are associated to conditions under
which the requirement is veriﬁed with the use of experiments or test cases. Veriﬁcation conditions are deﬁned as part of a
test case, which in turn may be simulated using Modelica simulation language in external simulators to ensure that a design alternative satisﬁes related requirements [18]. To embed simulation capabilities within SysML, the ModelicaML proﬁle
is used. Veriﬁcation conditions associated to testable requirements are also deﬁned in ModelicaML [19], while requirement
veriﬁcation is performed in an external Modelica tool (MathModelica), through visual diagrams created during simulation.
This effort also does not return any feedback back to the SysML modeling tool. The key limitation of this approach is that
it is tailor-made to the Modelica simulation environment, in order to describe the requirements and the veriﬁcation process
together.

