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The Theory plug-in [5] of Rodin provides the ability to add new data types
and operators to Event-B’s mathematical toolkit and extend Rodin’s proof rules.
The theory plug-in plays a major role in a variety of applications: hybrid sys-
tems modelling [9, 3], floating point numbers [1], domain modelling [6], and meta
modelling (EB4EB) [7]. The EBRP research project aims to improve the support
for theories in Rodin. In this article we present how the PROB verification and
validation tool [4] was improved to better support Event-B theories and enable
validation of the above mentioned case studies.

Meta Models The EB4EB meta modelling framework [7,2] provides deep
and shallow embeddings of Event-B in Event-B itself. We managed to improve
PROB so that both embeddings can be validated. This required, e.g., improving
symbolic treatment of the relational image operator (used by E4BEB to apply
guards, invariants or before-after-predicates to states) and support for inductive
data types. Figure 1 shows PROB2-UI for the EB4EB deep embedding of a 24-
hour clock. Note that the before-after-predicate of the model is infinite (as it is
separate from the guards). Model checking the deep embedding took 1.8 seconds
for 1440 states. This is about one order of magnitude slower than the original
clock model (0.12 secs), due to the interpretation overhead of EB4EB.

Visualisation of Event-B Models with Theories In the lower middle
half of Fig. 1 you can see a visualisation of the current state of the meta model.
Here B formulas control the attributes of SVG (sclabale vector graphics) objects,
in this case the hour and minute hands of the clock. These attributes are often
floating point numbers or strings. As these are not available in Rodin, the VisB
formulas are written in classical B with additional access to PROB’s external
functions. In Fig. 1, an existing SVG image of a clock was used! and the hour
and minute hands were rotated by setting the transform attributes using floating
point calculations. To enable visualisations of Event-B theories in general, we
have made the Event-B theory operators available in VisB formulas, as well as
in PROB’s REPL and other features.

Hybrid Systems and Support for Reals Support for floating point num-
bers has been added to PROB, in line with Atelier-B’s new datatypes FLOAT
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and REAL. Various B operators now work with floats: +, -, *, /, X', I, min, max.
PRrROB also provides a library (LibraryReals.def) with external functions, e.g.,
trigonometric functions like RSIN and RCOS. This is useful for visualisations, as
seen above, but also for hybrid systems modelled in Event-B. Axiomatic opera-
tors in Event-B theories can now be linked to these operators (in .ptm mapping
files). This was used to enable animation and visualisation of the floating point
theory in [1] as well as floating number approximations of some hybrid models
from [9, 3]. In future we want to also support precise reals [8].

Fig. 1. Screenshot of an animation of deep embedding of clock model
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