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Abstract
The Event-B method is a formal approach to modelling systems, using refinement. Initial specification is done at a high level of abstraction;
detail is added in refinement steps as the development proceeds toward
implementation. In previous work we developed an approach to bridge
the gap between abstract specifications and implementations using an implementation level specification notation. In this paper we present details
of the tool support for our notation and some of our experiences using the
tool.
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Introduction

The Event-B method [1] is a formal approach to modelling systems, with tool
support. The modelling approach uses an event based view of how a system
evolves atomically, from one state to another. A system’s state is modelled
using sets, constants and variables; and updates to state are described in the
bodies of guarded events. System properties are specified in invariants and
proof obligations are generated, which should be discharged in order to prove
that the event actions do not violate the invariants. When modelling a software
system, an Event-B model will be refined to a point where we are ready to
provide information about the implementation. Consideration is given to how
tasks may be performed by executing processes, and how the processes may
interleave. In our paper [3] we introduce an intermediate specification language,
Object-oriented, Concurrent-B (OCB), which we use to link Event-B models and
object-oriented implementations, see Figure 1. Early work has targeted Java [4]
as the implementation language, since it is often used to implement concurrent
systems, however our work is not limited in any way to this target.
OCB is used to specify implementation details for an Event-B Development.
Our system may consist of a number of processes which can perform tasks,
and objects which can be shared between the processes. The processes require
mutually exclusive access to the shared data; and we limit access to shared data
using atomic procedure calls. The behaviour of processes is specified using nonatomic clauses, which may interleave, and labelled atomic clauses. Events of
the abstract development are refined by the labelled atomic clauses in the OCB
specification. Actions of the labelled atomic clauses are limited to assignment to
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Figure 1: Overview of a Development
local data, a procedure call, or a constructor call. OCB processes are specified
using the P rocessClass construct, and shared objects are specified using the
M onitorClass construct. Fragments of a textual version of the constructs are
shown in Figures 2 and 3.
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Tool Support

The tool support for Event-B is based on Eclipse [6], and we use the Eclipse
platform’s extensibility mechanism to plug-in our support for code generation.
The OCB syntax is embodied in an Eclipse Modelling Framework (EMF) model
which we call the OCB meta-model. During the development of the OCB metamodel we found that the syntax mapped easily to the EMF model. We added
ProcessClass Proc{
// Attribute Declarations

...
// The Constructor Procedure

Procedure create(...){ ...}
// The Process Behaviour

}

Operation run(){
p1: // Labelled Atomic Clauses
p2: ... }

Figure 2: ProcessClass Specification
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MonitorClass Channel{
// Attributes Declarations

...
// The Constructor Procedure

Procedure create(){ ... }
// A Procedure Definition

Procedure n(...){
when(<guard>){<updates>}}
...
}
Figure 3: MonitorClass Specification
an OCB meta-model plug-in to facilitate creation and editing of OCB models
in the Eclipse environment. We developed a plug-in to perform translation of
an OCB model to an Event-B model and also to Java source code.
We present a screen-shot of an OCB model, in Figure 4, showing the tree
editor view of the model, and a text viewer. We found that the EMF tree editor
did not allow us to easily visualize the content of the OCB model, so we added
a text viewer.
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Our Experience

The OCB notation is used to provide an implementation level specification for
our abstract development. An OCB specification is subsequently mapped to
Java code and back to an Event-B model which refines the abstract development.
The text viewer resembles text based code and assisted with the understanding
of the model. A full text editor would be a desirable feature in future versions
of the tool, as would a diagram based editor similar to UML-B [5] The Java
code produced by the translator was suitable for execution with the JVM, and
presented no real problems in translation. This was largely due to the similarity
between the OCB syntax and the implementation constructs used in Java; and
the integration with the Eclipse Java Development Toolkit (JDT). The JDT
allows programmatic construction of a Java program.
The translation to Event-B was relatively easy, but its subsequent use presented more problems. A shortcoming of the existing tool lies in the integration of the abstract development and the implementation refinement. The
current tool creates an Event-B implementation refinement that must be manually copied into a directory with the abstract development. The tooling issues
related to this aspect will be relatively easy to resolve. The specification of the
gluing invariants required to link the data of the abstraction to that of the implementation refinement does however require some skill, and we are exploring
this area to identify patterns that will simplify the approach. We have found
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Figure 4: Comparison between OCBText and Tree Editor
that our initial approach gives rise to a great deal of fine-grained atomicity, and
that this increases complexity during the proof activity. We expect to be able
to rationalize the approach to reduce the complexity in a number of areas.
We found that the large size of the implementation refinements made proof
slow and difficult. To overcome the problems caused by large models we intend
to use model decomposition similar to that of [2]. In this way we can separate
the specification of processes and shared objects into separate machines, which
can subsequently be refined independently.
One problem that we have is related to the methodology - caused the large
abstraction gap between the abstract development and the implementation specification. We found that deriving the OCB specification from an abstract development could be difficult, but we envisage a number of strategies that may
be useful in easing the transition between the abstract development and the
implementation level specification. We have looked at the use of Event Refinement Diagrams of [2] to visualize the relationships between the abstract events
and labelled clauses of the implementation. We also expect to be able to mitigate the problem by introducing OCB at a higher level of abstraction. In this
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way we hope to introduce implementation details in a more gradual way, using
refinement within the OCB specification level itself.
We have also looked at generating Ada and C source code. Our preliminary
investigations suggest that this should be feasible with some changes to the
intermediate specification notation.
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Conclusion

We gave an overview of Event-B and the OCB notation, which we use to specify
implementations for concurrent processes sharing data. We described the tool
support required for our code generation approach, described our experience
using the tools, and provided some ideas about future work in this area.
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