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Service-Oriented Computing [1,2] is a paradigm for distributed computing, in which
computation units are abstracted as services that are autonomous, platform-independent and can
be described, published, discovered, orchestrated and programmed using standard protocols within
certain networks. The SENSORIA Reference Modeling Language (SRML) [3] has been developed
in the IST-FET integrated project SENSORIA. It is a prototype domain-specific language for
modeling service-oriented systems at the business level abstraction. Continuous time SRML [4]
extends SRML by adding syntax for differential equations that describe the continuous time
processes of the systems, is interpreted over Service-Oriented Hybrid Doubly Labeled Transition
Systems (SO-HL?TSs) [4], which can be seen as abstractions of the behavior of hybrid systems
with service-oriented features. With this continuous time extension, SRML can be used to specify
models of hybrid systems in a service-oriented way.

In order to implement SRML modules (models specified by continuous time SRML), we first
transform them into business state machines, which can be constructed in IBM WebSphere
Integration Developer (WID) [5]. (WID is named as WebSphere Integration Designer for the latest
version.) In detail, the transformation assigns a state to each transition, specifies the propositions
that hold in the state, and labels the edge that leads to the state with the trigger and guard
conditions of that transition.

For the implementation, we integrate WID with MATLAB [6] to work as the underlying
platform. WID is a comprehensive Service-Oriented Architecture (SOA) [7] integration platform,
which is based on WebSphere Application Server, and provides support for Service Component
Architecture (SCA) [8] programming model. In WID, service-oriented applications are
constructed as service modules, which are built by assembling service components. Service
components are the atomic units in SCA that perform business logic, and they provide their
capabilities as services through interfaces, and require services offered by other components
through references. Service components can be implemented in various types such as Java objects,
business processes, and business state machines. In our implementation, we choose business state
machines because they are more close to continuous time SRML specifications. Moreover,
differential equations specified in SRML modules are embedded in business state machines by
giving solutions to the differential equations. When the differential equations are simple, we can
give the exact solutions directly. But when the differential equations are complicated and can’t be
solved by getting exact solutions, we have to integrate WID with MATLAB to get the approximate
solutions.

MATLAB is a multi-paradigm numerical computing environment, and it allows interfacing with
programs written in other languages such as C, C++ and Java. Programming in MATLAB can



solve differential equations numerically. For the differential equations that are embedded in WID
business state machines, we write programs in MATLAB to solve them, and pass the result to the
business state machines by calling the programs with Java codes in the state machines.

In this paper, we first introduce the Service-Oriented Hybrid Doubly Labeled Transition
Systems, which serve as semantic domain for continuous time SRML. As example we take the
Train-Control model, which is part of the European Train Control system [9], and show the
continuous time SRML specification of this model. Then we present our systematic approach for
transforming SRML specifications to business state machines, and show how to construct business
state machines in the implementation platform. Finally, we show the essential coding and the
results for various inputs.
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