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1 Position Paper

Networked embedded control systems are a key enabling technology for the recent vast increase in
functionality of many critical engineering applications such as automotive systems, manufacturing
systems, electrical energy systems, medical devices and transportation networks. The recent ex-
plosion in the number of processors for delivering greater functionality automation and efficiency
provided have set the stage for a new set of advances in the design of networked embedded control
systems. The design of network embedded control systems is challenging owing to the hybrid dynam-
ics of the systems, concurrency and the need for establishing real time guarantees for communication
protocols, and probabilistic issues arising from the networking protocols and the wireless medium.
However, the design of software tools for enabling sophisticated model-based control design becomes
an important design challenge.

Model-based design frameworks such as Model-Integrated Computing (MIC) [1], Model Driven
Architecture (MDA) [2] and Model Driven Design (MDD) [3], have been advocated to raise the
level of abstraction in software tool design by placing stronger emphasis on the use of models in
the software tool design process. In some of these frameworks, domain-specific modeling languages
(DSMLs) can be defined by the users to ease the complicated task of software tool design by having
the DSMLs designed to capture the concepts, relationships, integrity constraints, and semantics of
the application domains and by allowing users to program declaratively through model construction.
As the application of the model-based approach extends further into safety critical embedded sys-
tems, formal specification of the operational semantics of DSMLs is becoming a more crucial issue
since any semantic mismatch between DSMLs may result in may produce conflicting results across
different tools or cause ambiguity in safety analysis.

Practical and effective development of formal specifications for DSML semantics within model-
based tools is challenging, but could positively impact adoption and reuse of these tools. The semantic
anchoring methodology [4] is developed to address this design challenge by formally tying DSMLs
to some “semantic units.” Each semantic unit is a formal specification that captures the operational
semantics of a specific model of computation. These semantic units can also be composed together
via a set of well defined operational rules to capture heterogeneous behaviors of systems. The infras-
tructure for semantic anchoring facilitates the transformational specification of DSML semantics.
For example, the semantics of a DSML can be anchored to a well-defined semantic unit, which cap-
tures the operational semantics of a model of computation, via model transformation. We believe
semantic anchoring can provide a theoretically solid yet practical solution. We have developed se-
mantic units for finite state machines [4], timed automata [5] and hybrid automata [6]. By properly
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composing semantic units together, the operational semantics of networked embedded systems can
be formally captured. In the future, the semantic anchoring methodology should be extended to en-
able the construction of sophisticated and meaningful model-based software tool suite for the design
of high-confidence networked embedded control systems.
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