Chapter 12
Tooling

Michael Butler, Laurent Voisin, and Thomas Muller

Abstract Together with many Rodin plug-ins, the Rodin platform supports the ap-
plication of refinement-based development using Event-B and linked methods. This
chapter outlines the management of the development and evolution of these tools
during the lifetime of the DEPLOY project in response to deployment needs and
methodological developments. The planning and maintenance process is described
and a range of specific tool features developed to meet specific needs are outlined.

12.1 Introduction

The Rodin platform provides a range of features to support refinement-based devel-
opment using Event-B. A high degree of extensibility was designed into the Rodin
platform from the beginning in order to support the evolution of the Event-B method
itself and of its links with other methods. There are two main ways in which exten-
sibility is achieved in the platform. Firstly, Rodin is based on the highly extensible
Eclipse platform. Secondly, the Rodin platform itself defines extensibility points to
be used by Rodin plug-ins. Our experience from the DEPLOY project is that this
extensibility has provided a major gain in distributed collaborative tool develop-
ment. The modular architecture of Rodin allows for strong separation of concerns
and functionalities, allowing many features to be developed independently of each
other and making it easy to distribute responsibility for different features to different
development sites.
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With deployment of the platform in an industrial context being the main aim of
the tool development work in DEPLOY, it was essential for the tool developers to
provide mechanisms for collecting user feedback, particularly from our industrial
deployment partners. In DEPLOY, we achieved this by using three means of com-
munication: direct feedback reports to the relevant developers (contact addresses
were provided for each major feature of the platform), mailing lists dedicated to the
discussion of platform issues and web-based trackers for feature requests and bug
reports. This chapter outlines the planning and maintenance process for Rodin tools
in the DEPLOY project. We also outline a range of specific tool features developed
to meet specific needs. These are grouped into tools for editing models, tools related
to mathematical theory and proof, tools supporting automated analysis, tools sup-
porting composition and reuse of models and tools for linking Event-B with other
notations.

12.2 Planning and Maintenance

12.2.1 Strategic Planning

While the original proposal of the DEPLOY project included an outline of the main
expected tool developments, once the project got under way, we needed to develop
more detailed plans, including time frames and allocation of responsibilities for var-
ious features. The planning of the tool development was mainly led by a dedicated
workpackage of DEPLOY, with input from the workpackages on industrial deploy-
ment and on methods. Plans were updated during workpackage meetings that were
held typically every six months. During the second year of the DEPLOY project
a refocusing exercise was held involving all partners, which led to some new fea-
ture requests on tools. These requests were prioritised and incorporated into the
planning, including the addition of two major new tasks on code generation and
model-based testing. Technical specifications of major features were developed and
made available on the public Event-B wiki so that the initial feedback could be
incorporated into the development.

Biweekly teleconferences were held between the tool development sites, where
progress was reported, and issues coming from tool developers and from the other
workpackages were discussed and resolved. Minutes of these teleconferences were
taken and distributed to project members to ensure visibility of the planning and
progress.

12.2.2 Platform Stability and Performance

Maintaining the stability and speed of the platform while continually increasing
its capabilities has the potential to become unmanageable. One lesson learned in
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the project is that focusing on feature implementation to satisfy user needs cannot
be done without tightly linking it with performance. Several major stability and
performance issues faced during the DEPLOY project were located in the core code
of the Rodin platform and its user interface, causing crashes, loss of data, corruption
in models, freezing and so on.

It was essential to tackle such issues in order to retain usability of the tools. An
effective method of doing this was to conduct a two-pass investigation composed
of code review and profiling, the first pass being a preliminary investigation and
the second a deeper one. Each phase was then followed by some refactoring of the
code. Moreover, solving the performance issues sometimes eliminated induced bugs
as well, which meant that the scalability improvement tasks also contributed to the
maintenance goals. The profiling strategy allowed the developers to achieve a better
localisation of the performance loss in both the user interface and the core code,
while the code reviews helped them understand the intrinsic misuses or drawbacks
of particular components and architectures.

This process was used iteratively to ensure that performance was maintained
while increasing the capabilities of the platform.

12.2.3 Processing Tool Requests

Within the DEPLOY project, there were three ways for users to send requests to the
developers:

e direct request to developers,
e adedicated mailing list,
e aticketing system tracking bugs and feature requests.

The requests were then prioritised and responsibility assigned with the aim of im-
proving the toolset while following the initial workplan and addressing the feature
requests.

During the final year of the DEPLOY project, this process was reviewed to give
preference to some high-priority tasks and issues that were regarded as being essen-
tial to resolve by the end of DEPLOY. Preference was given to corrective mainte-
nance and further improvement of usability. It was agreed to focus on addressing
specific bugs and issues reported by the DEPLOY partners. Thus, no new feature or
plug-in development was initiated after that time. The tasks to be performed by the
tool developers were then listed, scheduled and prioritised. This list was regularly
updated during the biweekly management meetings to rapidly capture and integrate
some minor changes which were required by the DEPLOY partners to enhance the
usability of the platform.
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12.3 Model Editing

12.3.1 Basic Modelling Support

During the whole project lifetime, the developers of the Rodin platform have contin-
ually tried to meet user needs when designing its interface and its integrated features,
to provide the user with a seamless experience. Some basic integrated features such
as model navigation, editing and refactoring needed to be dealt with. These char-
acteristics had to be taken into account when defining the initial architecture of the
tool even if the tool features themselves were susceptible to change.

Indeed, after some experience of use, the notion of “ease of use” often turned
out to be different from what was imagined during functionality design. The toolset
refactoring and enhancements are guided more by the application of the method that
it supports than by purely technical considerations.

Generally, when building a toolset dedicated to modelling, three essential feature
aspects are important for ease of use:

e model editing: providing a seamless way to edit models, including refactoring
support, undo/redo and other editing actions, and even auto-completion;

e model structuring: giving visual feedback on the model structure with dedicated
outline views or diagram views;

e model metrics: dedicated tools to provide metrics and to ensure traceability be-
tween manipulated elements, among other things.

The experience from extensive tool use by the DEPLOY partners shows that users
are influenced by their habits when choosing new technologies and tools. Editing, a
basic feature in such a platform, is particularly sensitive to this kind of habits. It is
obviously a good choice to take them into account, adapting the editors accordingly
in order to increase the acceptance of the tools. The multiple editors that have been
developed during the project originated from this consideration. Moreover, basic
features such as copy/paste, undo/redo and auto-completion affect the success of
particular editors.

Structuring in the Rodin platform is provided by dedicated views. For example,
the Event-B Explorer gives an integrated view of the various elements and proofs
of a given project. To give another example, the structure of a whole project can
be viewed using the Project Diagram view. All these views are provided by either
the core platform or by external plug-ins. Structuring helps the user understand and
maintain models.

Metrics in the Rodin tool are provided by a set of features such as the statistic
view of a project. Metrics give the modeller a measure of the complexity of their
models, of how much verification has been performed and how much remains to be
done, and of the degree of automation in verification.
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Fig. 12.1 Text editor and structure editor compared for an ETH Ziirich elevator model

12.3.2 Camille

Initially, the Rodin platform for Event-B did not support a full textual representa-
tion of formal models. Model elements such as events, theorems and axioms are
stored as elements in the Rodin database, and there is no classical text file for edit-
ing the models. Models are directly manipulated by a structural form-based editor
that directly edits the underlying database and reflects its internal (tree) structure.
This means the structure of a model is managed by adding and removing individual
form elements, i.e., input fields, by using buttons within the editor (see the right-
hand side of Fig. 12.1). The form shows the model structure and group elements of
the same types, e.g., invariants, divided into sections. For example, when one wants
to add a new invariant to a model, one has to press the add button within the in-
variant subsection, which will add a new set of form elements to the corresponding
subsection (here comprising a label, an invariant and a comment field). The use of
a database allows high extensibility and prevents a large number of syntactical and
semantical errors. However, while this structural editor provides very useful guid-
ance for novices, it became increasingly apparent that it was not able to cope with
the needs of “power users”, especially the needs of the DEPLOY industrial partners,
among which we will highlight the need for screen compactness, performance and
flexibility.

The structural editor is very wasteful in screen surface usage. For example, ac-
cording to our measurements, there is a difference of up to a factor of 30 in the
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screen surface usage between the structural editor and a textual representation using
the same font size. Figure 12.1 gives an illustration of this for a real-life model:
while one event does not fully fit on the screen for the structural editor, we can
see four complete events using the default layout of the textual editor. The struc-
tural editor is very slow at certain tasks (e.g., expanding all elements) and also has
a limit on the number of elements that can be dealt with, mostly due to the use of
resource-greedy graphical elements. A big drawback of the structural editor is the
imposed rigidity. Indeed, many operations that come “for free” in a text editor are
not available (and would require considerable effort to implement). Examples in-
clude arbitrary copy and paste, search and replace, movement of blocks of code,
word count, detecting differences, balancing parentheses, and commenting on code
blocks, to name just a few.

It quickly became apparent that a textual representation would have many uses,
ranging from allowing simpler version control (e.g., using subversion or CVS) and
sending models by email, to copying and pasting into other applications (e.g., pre-
sentation software). Some industrial users also require textual representation for
internal documentation and auditing purposes. Textual representation is also less
“fragile” with respect to changes to the database format. There was a strong de-
mand from users for a text editor, which ultimately led to the implementation of
Camille,! a semantic-aware text-editor for Rodin.

Camille features were mainly driven by power users who are experienced with
IDE-based text editors. These include:

e Support of standard text editor features (cut/copy/paste, undo/redo and so on)
e Colour highlighting and error markers
e Auto-completion and templates

These features could be provided by leveraging the existing Eclipse infrastructure.
The design was driven by the existing architecture and had to comply with its spe-
cific aspects. Firstly, an important design consideration was to be able to reuse the
Rodin formula syntax and parser. The grammar for the Camille textual represen-
tation had to be carefully designed to be able to parse the structure of an Event-
B model independently of the content of the predicates, expressions and actions.
Another concern was that Camille should be able to co-exist with other editors.
This means that all the user-relevant information has to be stored inside the Rodin
database. A particularly tricky hurdle was the storing of layout information and
comments. Indeed, comments have to be attached to specific elements in the Rodin
database. Finally, another difficult issue was to keep as much proof information as
possible when a model is changed, because one of the fundamental ideas of Rodin
is incremental modelling. This means that the text editor has to update the Rodin
model database in such a way that Rodin recognises that proofs can be reused. As
such, the text editor needs to translate changes in the textual representation into
“minimal” changes to the Rodin database.

INamed after Camille Claudel (1864—1943), a French sculptor and graphic artist. She also was
Rodin’s source of inspiration, his model, confidante and lover.
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Overall, the most challenging technical part of Camille was synchronisation with
the Rodin database, particularly in the presence of other tools concurrently manip-
ulating the same model. To achieve this, we took advantage of a new abstraction of
the Rodin database as an Eclipse Modelling Framework (EMF) [5] data model. It
is possible to switch back and forth between Camille and the original editor. If no
text representation of the Event-B model exists upon opening Camille, then Camille
will generate the initial version of the text. Users expect the text layout to be pre-
served in every text editor. This required some effort to implement since we do not
save a text file but only a model in the Rodin database. To preserve the original lay-
out, we decided to persist the complete input text and its rendering timestamp along
with the model. We use EMF annotations to achieve this. Annotations allow attach-
ing arbitrary objects to every model element and are automatically persisted. Thus,
whenever Camille loads a model that has already been edited by the text editor, it
shows the preserved text representation. It uses the timestamp to detect conflicts
with changes that were made by other editors or tools. In those cases, the layout is
discarded, and the text representation regenerated from the model.

Storing the text representation also allows saving the editor’s content, even if it
is not parsable, i.e., when no model can be derived due to faulty syntax or other
problems. Use cases in which the user wants to save an intermediate, broken state
of the model are likely in textual editing. Last, we also annotate model elements
with text range information that stores their location in the formatted text. This is
useful for providing visual feedback directly in Camille. For instance, the Rodin
core identifies non-existent variables as a problem in the model. In order to forward
that information to Camille (by underlining that variable in red), we must know the
position of the offending element in the text.

Camille has proven to be very useful and has received very positive feedback
from industrial and academic users. In particular, Bosch found the structural editor
inadequate for realising their pilot project. In their public Deploy deliverable D19
[26] they state that “we found the text editor very helpful and prefer to use this
representation”. There is, however, plenty of room for improvement. In particular,
Camille currently has no mechanism for supporting plug-ins that extend the syntax
of Event-B. We are currently evaluating alternative architectures that would provide
this.

12.3.3 Rodin Editor

The original editor of the Rodin platform is a form-based one that supports the
structure of Event-B models while allowing to edit its semantic elements. This ed-
itor suffers from a number of limitations. Its representation of models does not use
the screen space efficiently, and navigation of large models can be uncomfortable.
While a text editor (such as Camille) addresses these limitations very well, there are
other desirable features that are not easily supported by a text editor. Firstly, it is
important to be able to retain the ability of a plug-in to extend the syntactic structure
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of Event-B models. In addition, in deploying the tool, other editor features were
identified as being useful. One was the ability to display elements inherited from an
abstract model by a refined model in an embedded ways; this is useful when an event
is extending an abstract event. Another feature identified is the ability to lock ele-
ments of a model to prevent them from being edited; this feature is useful for model
elements that are generated from another source (e.g., a UML-B diagram that gives
rise to generated invariants, guards and actions). The design of the original editor
made it difficult to support these features, creating a need for a new editor based on
an intermediary representation of the models. The new Rodin Editor was designed
to go some way towards giving the look and feel of a text editor, while retaining the
extensibility of the original editor as well as providing the ability to display elements
inherited from an abstract model and to lock model-generated elements.

12.3.4 Teamwork

For industrial-scale projects, models quickly reach a size where a team of mod-
ellers is required to work in parallel in order to meet timescales. Each modeller
needs to be able to work on an aspect of the model in isolation from other mod-
ellers’ changes until an appropriate point for merging their work into the main de-
velopment is reached. Team-working methods like these are supported for program
development by version control repository systems such as SVN. In the DEPLOY
project, Bosch in particular were keen to explore team-based development of Event-
B models.

The Rodin database does not support versioning and branching of development
streams. While the files of a Rodin project could be stored into a version control
system such as SVN, they are in an XML format which is not readily readable
except by loading via the Rodin toolset. Once a Rodin resource has been moved
out of the context of a Rodin project or the Rodin toolset, it is not longer readable
(except as XML text strings). Therefore although a copy of a model can be stored
in SVN, it is then not easy to identify its differences from a copy in a workspace.
For effective teamwork it is essential that differences between copies in different
development branches can be easily reviewed and merged.

The ‘team working’ plug-in provides tool support to enable Rodin resources to be
saved in a version control repository (e.g., SVN) in a format which enables the ver-
sions of models to be compared in a differencing editor. To do this, when a project
is designated for sharing, the team working plug-in produces a synchronised copy
of each Rodin resource in an EMF-based format that is independent of the copy
in the Rodin database. Thereafter, whenever the resource is changed in the Rodin
database, the copy is automatically updated to match it and vice versa. This copy
of the Rodin resource can be shared using a version control system, so that modi-
fications are committed or updated from the repository in the usual way in which
such repositories are used for code development. Differences between the repository
version and the local workspace one can be reviewed in a structural editor/viewer,
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allowing individual changes in the former to be merged into the latter. A limitation
of the current version of the differencing editor is that it does not properly support a
three-way comparison. This comparison is needed in order to review changes when
these have been made in both the local workspace version and the repository one
since the former was last synchronised with the latter.

12.4 Theory and Proofs

12.4.1 Prover Enhancements

Rodin’s Built-in Provers Enhancing the built-in provers was an important task
carried out in DEPLOY. Naturally, all of the industrial partners in DEPLOY are
keen for the proof to be as automatic as possible. This was done in various ways:
addition of tactics and rewriters, addition of plug-ins to link tactics with external
provers and so on. However, the components manipulating the proofs need to be
“trusted”. The architecture of Rodin isolated such components in a set called the
“trusted base”. Firstly, the reasoning rules to be implemented were reviewed and
proven externally using other proving tools, internal or external to Rodin. Secondly,
as their implementation was responsible for the correctness of the entire Event-B
development, it needed to be made concise and clear enough to be trusted by using
code review (maximum 30 lines of code).

Relevance Filtering Proof obligations of Event-B models typically contain nu-
merous irrelevant hypotheses, i.e., hypotheses that do not contribute to a proof.
Rodin’s automated theorem provers (PP, newPP and sometimes also ML) perform
poorly in the presence of irrelevant hypotheses: even a modest number of them can
increase the time required to find a proof from seconds to days (or even longer).
In some models, typically used for education, it makes sense to pass all available
hypotheses to Rodin’s automated provers; but in models of industrial scale Rodin’s
automated provers become useless unless (most) irrelevant hypotheses are removed
from the input. A problem arises beyond Event-B and Rodin, indicated by the fact
that the CASC competition® for automated theorem provers in first-order logic has
a dedicated division for problems with irrelevant hypotheses.

At the beginning of the DEPLOY project, Rodin provided simple heuristics to
determine which hypotheses are relevant. But these heuristics proved to be ineffec-
tive on models from industrial partners. Users therefore had to manually indicate on
a per proof obligation basis which hypotheses were relevant. This is a tedious and
error-prone process that is unacceptable in industrial models which have at least
hundreds of hypotheses and proof obligations.

As a solution, ETH Zurich has developed a relevance filter plug-in. The plug-
in implements sophisticated heuristics for detecting irrelevant hypotheses [15, 29,

Zhttp://www.cs.miami.edu/~tptp/CASC
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36, 40]. It provides a proof tactic, the meta-prover, which in a first step removes
irrelevant hypotheses from the proof obligation at hand and then inputs the reduced
sequent to one or several of Rodin’s automated provers (PP, newPP, ML). The power
of the meta-prover stems from the fact that it attempts to prove a single proof obli-
gation by using several filter heuristics and several provers. It was shown that the
meta-prover significantly increases the rate of automatically discharged proof obli-
gations on models from various domains [35]; this includes models from industrial
partners that have not been used for fine-tuning the underlying heuristics.

Evaluation by ETH Zurich shows that the meta-prover is useful for a variety of
domains. Nevertheless, we do not claim that the meta-prover (in its default config-
uration) is useful for every model. Some proof obligations cannot be automatically
proved even with a perfect relevance filter; this concerns about 7 % of the proof
obligations in the benchmarks analysed [35], but the numbers vary from model to
model. Moreover, we would not be too surprised if the parameters of the meta-
prover needed to be readjusted for some future application. Readjusting parameters
is essentially searching within a set of possible configurations and therefore requires
some computing power but no ingenious insights.

In summary, the relevance filter plug-in often increases prover performance with-
out demanding user interaction.

12.4.2 Mathematical Extensions

Although Rodin supports a rich built-in mathematical language of set theory, there
is always a need for richer mathematical tools such as additional theories and proof
rules arising from specific applications. For example, Siemens required the abil-
ity to specify and reason about some graph-theoretic operators in a generic way.
For the code generation work (Sect. 12.7.3), it is desirable to express theories of
implementation-level data type operations, such as bounded integer and array oper-
ations.

The theory plug-in provides a mechanism to enrich the mathematical language
of Event-B, and enables users to contribute sound proof rules. It aims to address the
following two issues:

1. The old proof infrastructure of Rodin had many hardwired proof rules. In order to
add a useful rule, it was necessary to write Java code that contributes to a certain
extension point in Rodin. Needless to say, this was cumbersome for users. A
more complicated issue is the verification of the soundness of contributed rules.

2. The mathematical language of Event-B is implemented as a fixed grammar with
an abstract syntax tree. In order to add certain useful operators (e.g., sequence
operators), Rodin users tended to specify them axiomatically, using contexts.
Two issues arise with this particular approach. Structures defined axiomatically
in contexts are not reusable outside the scope in which they are defined. Secondly,
defined structures are essentially monomorphic and can only be used with the
carrier sets with which they were defined.
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In order to address the aforementioned limitations of the Rodin toolset, the theory
plug-in provides a construct called a ‘theory’, which is distinct from contexts and
machines. The theory component enables Rodin users to

1. specify new datatypes, including enumerated datatypes (e.g., DIRECTION :=
NORTH, SOUTH, EAST, WEST) and inductive datatypes (e.g., lists and trees);

2. specify new operators that are polymorphic for the types for which they are de-
fined;

3. specify polymorphic theorems that can serve two purposes: (1) verify the proper-
ties of defined operators and datatypes, and (2) be available for instantiation and
incorporation in proofs;

4. specify rewrite rules, which are directed equations that can be used to simplify
formulae in proofs;

5. specify inference rules which can be used to split, discharge or simplify proof
obligation sequents.

Proof obligations are generated from definitions in theory components (e.g., to
ensure soundness of theorems, and rewrite and inference rules). Datatypes, operators
and proof rules can be used in models after the parent theory is deployed.

Certain decisions were taken as a response to some theoretical considerations.
Starting from version 1.3 of the plug-in, mutually recursive datatype definitions
were not supported, since this would require more theoretical groundwork. How-
ever, we anticipate that in the future such additions may be feasible. The usability
issue involved making a particularly sensitive decision with regards to theory de-
ployment. Two competing approaches emerged as a solution to this particular issue.
Automatic discovery of theory extensions was deemed too complicated and confus-
ing to the end user, and was also shown to be technically unusable because of the
way that the static checkers in Rodin work. In the end, it was decided that the user
should explicitly deploy a theory to make it available for modelling and proofs.

12.4.3 Isabelle in Rodin

At the beginning of the DEPLOY project, the user had three choices when valid
proof obligations were not discharged automatically: (1) do manual proofs, (2) reor-
ganise the model to make it “simpler” for Rodin’s theorem provers, or (3) implement
an extension of Rodin’s theorem provers in Java. None of these options is fully sat-
isfactory for models of industrial scale:

1. The number of undischarged proof obligations is typically very high, which
makes manual proving an expensive task; in particular, users have reported that
they had to enter very similar proofs again and again (for different proof obli-
gations), which they found frustrating.

2. Reorganising the model helps in some situations, but not in others, and re-
quires considerable experience with and deep understanding of Rodin’s theorem
provers.
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3. Extending Rodin’s theorem provers is quite effective in principle. However, in
Java prover extensions need to be defined in a procedural style; the source code
of prover extensions is therefore hard to read and write. Moreover, it is quite
difficult to ensure that prover extensions are sound. If a model has been verified
with an extended version of Rodin’s theorem provers, it is questionable whether
the model is indeed correct.

One solution to this problem is the integration of Isabelle/HOL [31] into Rodin.
Isabelle/HOL is the instantiation of the generic theorem prover Isabelle [32] to
higher-order logic [1, 2, 11]. The main advantage of Isabelle is that it provides a
high degree of extensibility whilst ensuring soundness. In a nutshell, in Isabelle ev-
ery proof has to be approved by its core, which has matured over several decades
and is therefore most likely to be correct, and user-supplied prover extensions are
sound by construction.

Isabelle comes with a vast collection of automated proof tactics that can be cus-
tomised by the user in a declarative manner, i.e., by declaring new inference and
rewrite rules. It provides linkups to several competition-winning automated theorem
provers such as Z3 [3] and Vampire [33]. Last but not least, the default configuration
of Isabelle’s proof tactics has matured over years or decades and has been applied
in numerous verification projects.

The Isabelle plug-in translates a proof obligation to Isabelle/HOL, and then in-
vokes a custom Isabelle tactic and reports the result back to Rodin. The translation
to HOL, unlike those to other theorem provers (such as PP, newPP, and ML), pre-
serves provability: translations of provable proof obligations are provable and those
of unprovable proof obligations are unprovable.? If the performance of the default
configuration is unsatisfactory, users can inspect the translated proof obligations in
Isabelle/HOL, test the behaviour of various proof tactics and declare new inference
and rewrite rules to meet the desired performance goals.

The Isabelle plug-in was evaluated on the BepiColombo model [42] by Space
Systems Finland. Isabelle discharged some of the proof obligations out of the box
that could not be discharged automatically by Rodin. The automation rate was fur-
ther increased by declaring new inference and rewrite rules within Isabelle. Adding
rules to Isabelle had an important advantage over directly entering manual proofs:
by declaring new rules, we did not only make the automated tactics of Isabelle prove
the proof obligation under investigation, but also other proof obligations that we had
not yet looked at. So the human effort on one proof obligation paid off on others.
The details of this case study can be found in the PhD thesis of Schmalz [37].

The Isabelle plug-in currently has the following limitations:

e Proof search by Isabelle is slower than proof search by Rodin. There is still room
for improvement. Even so, Isabelle often outperforms human proof engineers by
several orders of magnitude.

3This claim rests on the assumption that the implementation of the translation is correct. We regard
this a reasonable assumption, as the implementation of the translation is quite straightforward and
concise.
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e The full power of the Isabelle plug-in is obtained by tuning its proof tactics to
the problem at hand. For this, one (but certainly not every) engineer needs to be
familiar with Isabelle/HOL.

e The Isabelle plug-in does not interact with mathematical extensions (Sect. 12.4.2)
in a useful way. A (limited) workaround is to unfold all definitions introduced by
mathematical extensions before invoking Isabelle.

e If Isabelle is unable to prove a proof obligation, it outputs the subgoals that
could not be proved. This output often makes it clear—to engineers familiar with
Isabelle/HOL—why Isabelle was unable to complete the proof. Unfortunately, it
is not clear how to translate this output into a format that can be understood by
other Event-B users.

A way to customise Rodin’s theorem provers for the user level, namely the theory
plug-in, described in Sect. 12.4.2, was developed during the DEPLOY project. The
theory plug-in avoids the overhead of integrating an external tool into Rodin and
therefore has the potential of being faster and easier to use. Whether the Isabelle or
the theory plug-in (or a combination of the two) is more suitable for a given task
should be determined based on preliminary experiments. That said, Isabelle/HOL is
an improvement over the current theory plug-in in the following ways:

e The theory plug-in is unable to express certain rules involving numerals (1, 2, 3,
...), enumerated sets ({a, b, c}), binders (V, {x | x > 0}), and Boolean connectives
(A, Vv, =). Isabelle/HOL does not have such limitations.

e Isabelle/HOL provides a default configuration of automated tactics that has
proved itself over years.

e Isabelle’s generic rewriter and classical reasoner are more powerful than the cor-
responding tactics of the theory plug-in.

e The theory plug-in has exhibited several unsoundness bugs. Unsoundness bugs
in the Isabelle plug-in are unlikely (and have not been observed) because of the
maturity of Isabelle and the intuitive nature of the translation.

What the Isabelle plug-in adds to Rodin is a theorem prover with a very good
automation, and high degree of extensibility and soundness. To fully benefit from
its power, familiarity with Isabelle/HOL is required.

12.5 Automated Analysis

12.5.1 Model Checking

While a prover can ensure that a formal model is consistent, it cannot prove that a
model behaves in the way the modeller wants it to. ProB supports a user in under-
standing and analysing a model. ProB is an animator and model checker that was
originally developed for the B method and is now extended to also support Event-
B [25].
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An animator finds concrete values for a specified model. It gives the user the
ability to “play” with a model by showing effects that events have. It displays a
current state and lists the events that are enabled in that state. The user can then
select events to “execute” and see how the state is changed. Thus the animator gives
the user early feedback and helps him/her better understand the model, avoiding
the high costs of changing it later in the development process. An example of a
model property that is usually hard to express in a formal way is whether an event
is enabled in certain situations. ProB has a low entry barrier; a few mouse clicks
are usually enough to apply it to a model. Another benefit of animation is that it
can help narrow the gap between domain and formal method experts by making the
model more concrete and understandable. This can be further improved by creating
visualisations with BMotionStudio (Sect. 12.5.2), which relies on ProB and has been
significantly improved during the DEPLOY project.

In the model-checking mode, ProB can be used to automatically search for flaws
such as invariant violations or deadlock situations. For model checking, proofs done
in Rodin are used to reduce the effort of validating invariants in explored states.
Adding support for animating refinements was necessary because refinement plays
a very important role in Event-B. Now a user can inspect the relation between re-
finements with ProB.

ProB was extensively used in all of the deployment cases studies in the DE-
PLOY project, and its performance was continually improved in the course of the
project. The main motivation for the enhancement of its core was an industrial case
study from Siemens, in which ProB had to automatically validate large data sets
that describe a railway topology. In the end, checking whether the values fulfilled
the assumptions took a few minutes, whereas previously one person needed a whole
month to do this manually. Another case study from Bosch, in which ProB could
search for deadlock situations, led to further improvements in the models. These
developments are also beneficial for other users. Not only did ProB become faster,
it also enabled features such as constraint-based deadlock checking and invariant,
or assertion checking, which search for counterexamples for certain properties. This
helps the user spot flaws in the model sooner than in a full-blown proof.

12.5.2 Model Animation

The communication between a developer and a domain expert (or manager) is very
important for successful deployment of formal methods. On the one hand, to con-
tinue with development, it is crucial for the developer to get feedback from the do-
main expert. On the other hand, the domain expert needs to check whether his/her
expectations are met. An animation tool such as ProB allows the presence of de-
sired functionality to be validated, but requires knowledge about the mathematical
notation. To avoid this problem, it is useful to create domain-specific visualisations.
However, creating the code that defines the mapping between a state and its graph-
ical representation is a rather time-consuming task. It can take several weeks to
develop a custom visualisation.
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Fig. 12.2 BMotion studio editor

B Motion Studio is a visual editor which enables the developer of a formal model
to easily set up a domain-specific visualisation to demonstrate to and discuss with
domain experts. B Motion Studio comes with a graphical editor (see Fig. 12.2) that
allows a visualisation to be created within the modelling environment. Also, it does
not require the use of a different notation for gluing the state and its visualisation.

The main advantages of B Motion Studio are:

The modeller uses the same notation throughout. B Motion Studio uses Event-B
predicates and expressions as gluing code.

An easy-to-use graphical editor allows visualisations to be created with a few
mouse clicks (see Fig. 12.2).

e B Motion Studio comes with a number of default observers and controls that are
sufficient for most visualisations.

It can be extended for specific domains.

B Motion Studio uses two concepts that are based on the model-view-control
design pattern: Controls and Observers. A control is a graphical representation of
some aspects of the model. Typically we use labels, images or buttons to represent
information. For instance, if we model a system whose characteristics include tem-
perature and a threshold temperature that triggers cooling down, we could simply
use two labels to display both values, or we could incorporate both pieces of infor-
mation into a gauge display. It is also possible to define new controls for domain-
specific visualisations. Observers define the control behaviour based on information
about the model state, for instance, what image it displays or what position it has.



172 M. Butler et al.

B Motion Studio is based on the ProB animator and is integrated into the Rodin
platform. The user can perform a state change by using ProB, i.e., by double-
clicking on an enabled event in the Event View or by using B Motion Studio, i.e., by
clicking on a button which is wired to an event. As the state changes, the observers
start to evaluate expressions or predicates using ProB. The results are used to change
the visualisation.

B Motion Studio is being actively developed at the University of Diisseldorf. In
particular, support for other editors based on GMF/GEF [12, 13] in conjunction with
B Motion Studio is being actively researched and will be implemented relatively
soon.

In summary, we hope that B Motion Studio provides a way to quickly gener-
ate domain-specific visualisations for a formal model, enabling domain experts and
managers to understand and validate the model. We also believe that our tool will be
of use in teaching formal methods, both in lectures and as a way to motivate students
to write their own formal models.

12.5.3 Model-Based Testing

Model-based testing (MBT) for Event-B models was investigated in response to di-
rect requirements of the deployment partners, in particular SAP. Such requirements
are based on the fact that testing is currently the main software validation method
used in industry. It is therefore a very important part of the software development
cycle that consumes large proportions of project budgets, and any reliable meth-
ods that bring improvements to it are welcomed by practitioners. The possibility of
MBT for Event-B relies on the ability to automatically generate tests from formal
models, with the effect of reducing manual testing and increasing testing coverage.
Thus, the Event-B framework is used not only to prove the consistency and correct-
ness of the specifications but also to generate tests that can be used against existing
implementations or during the implementation process using a test-driven approach.

Our MBT plug-in [4] takes an Event-B model together with its different levels
of refinement, if available, as an input, and outputs a set of test cases (a test suite).
The test cases consist of sequences of events together with appropriate test data
that enable them. Commonly, MBT algorithms generate tests by traversing the state
space of the given model, guided by coverage criteria. To address the challenge of
what is usually a large state space, our solutions construct finite approximations
based on machine learning algorithms. These finite state approximations provide
the basis for test generation. Moreover, test suite reduction techniques are applied to
reduce the size of the generated test suite. Last but not least, the approach is iterative,
following the refinement methodology of Event-B.

One of the main difficulties in test generation for Event-B models is the large
number of possibilities and data to be explored in order to find an appropriate test
suite (cf. the state space explosion problem). Since application of explicit model
checking as supported by ProB does not usually scale to large test data domains,
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we explored the possibilities of (a) abstracting away data and using the built-in
constraint solver of ProB (this is investigated by the University of Diisseldorf) and
(b) using model learning (this is investigated by the University of Pitesti). Model
learning can address the problem at hand incrementally and can take advantage of a
human tester that provides input with the goal of influencing or improving the test
generation. Human intervention comes at a price, requiring domain knowledge and
some test generation expertise to obtain a better test suite in less time by guiding the
search algorithm.

12.6 Composition and Reuse

12.6.1 Decomposition/Composition Plug-in

Decomposing an Event-B model is a syntactic process that distributes model ele-
ments (variables, invariants, events) among several submodels. Depending on the
nature of the decomposition, these submodels may interact via either shared vari-
ables or shared events. This process is intended to be used so that several refinements
of an abstract model may be performed, and that when the model is sufficiently de-
tailed, it is decomposed into submodels. The submodels can then be further refined
and decomposed. As submodels are refined, external events are used to represent
the assumptions about the behaviour of the other submodels (the environment of
a submodel) [38]. In addition to allowing the models to reflect architectural struc-
ture, decomposition makes it possible to keep models reasonably small: refinement
tends to lead to an increase in model size, so decomposition can help prevent such
excessive growth.

To support the decomposition process, a plug-in was developed to automate
the construction of submodels from the source model [38]. The modeller provides
names for the targeted submodels, chooses whether to use shared variable or shared
event interaction between them and then decides how the variables or events should
be distributed amongst them. The plug-in then uses this information to generate
the submodels from the source model. Initially decomposition was defined by the
modeller in a wizard, and decomposition decisions were not saved. But after do-
ing this for a while, we realised that a “decomposition configuration file” was re-
quired to save and rerun decomposition whenever necessary. A composition file
is also created automatically after a decomposition has been applied to allow the
user to see how the events were split. The decomposition plug-in was applied to
the BepiColombo system developed at Space Systems Finland [9]; this experiment
demonstrated that it is feasible to decompose the model following the architectural
principles of the BepiColombo system and to then refine submodels independently.

The composition plug-in was initially developed to study how to combine ma-
chines in a structural way while preserving their properties. That study led to the
development of the decomposition plug-in, since both tackle the same situation
from different perspectives: composition combines machines to generate a bigger



174 M. Butler et al.

machine while decomposition splits a bigger machine into smaller ones. A current
limitation is having proof obligations generated directly into the composition file.
At the moment, a new machine is generated as a result of composition, which con-
tains proof obligations that need to be discharged to ensure valid composition. In
the future, proof obligations will be defined directly in the composition file.

Currently, the best approach to using decomposition is to tailor the model to a
decomposition style that allows an easy split. When decomposition has been com-
pleted, submodels are usually easier to manage and proof obligations easier to dis-
charge. The challenge is to apply decomposition: it is not always easy from a user’s
point of view to do so after several refinements. Often the model and its variables
are so entangled that it is hard to separate them. We are going to address this issue
by improving the automation of some steps in the tool as well as the user interface.
The propagation of changes from the abstract, or non-decomposed, machine to its
subcomponents is also desirable.

12.6.2 Design Pattern Management/Generic Instantiation

Formal methods are applicable to various domains for constructing models of com-
plex systems. However, often they lack a systematic methodological approach, in
particular in reusing existing models, to helping the development process. The ob-
jective of introducing design patterns within formal methods in general, and in
Event-B in particular, is to overcome this limitation.

The idea behind design patterns in software engineering is to have a general and
reusable solution to commonly occurring problems. In general, a design pattern is
not necessarily a finished product, but rather a template of how to solve a problem,
which can be used in many different situations. The idea is to have some predefined
solutions, and to incorporate them into the development with some modification
and/or instantiation. With the design pattern tool (which can also be referred to as the
generic instantiation tool as it performs generic instantiation of design patterns) we
provide a semi-automatic way of reusing developed models in Event-B. Moreover,
the typical elements that we are able to reuse are not only the models themselves,
but also (more importantly) their correctness in terms of proofs associated with the
models.

In our notion of design patterns, a pattern is just a development in Event-B, in-
cluding an abstract model called specification and a refinement [14]. In the course of
development it might be possible to apply a pattern to the current development that
was already developed before. The steps involved in using the tool are as follows:

Matching. The developer starts the design pattern plug-in and manually matches
the specification of the pattern with the current development. In this linking of
pattern and problem the developer has to define which variable in the current
development corresponds to which variable in the pattern specification. Further-
more, the developer has to ensure the consistency of the variable matching by
matching the events of the pattern specification with those in the development.
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Renaming. Once the matching is done, the developer has the possibility of adapt-
ing the pattern refinement, such as renaming the variables and events or merg-
ing events of the pattern refinement with uninvolved events of the development.
Renaming can become mandatory if there are name clashes, meaning that the
pattern refinement includes variables or events having the same names as those
of the existing elements in the development.

After the adaptation of the pattern refinement, the tool automatically generates a
new Event-B machine as a refinement of the machine where the developer started
the design pattern tool. The correctness of the generated machine as a refinement is
guaranteed by the generation process of the tool.

Design patterns in Event-B are in fact ordinary Event-B models and are not re-
stricted in size. As the pattern has to be manually matched to the development by
the developer, its size affects usability. Furthermore, if the pattern is too specific,
either it cannot be used in most situations or the developer is forced to tune his/her
development in such a way that further application of the pattern is possible. A
pattern-driven development could thus result in models including unnecessary ele-
ments, which would be avoided if no patterns were used.

12.6.3 Transformation Pattern Plug-in

In addition to the model instantiation approach outlined in the previous section, an-
other approach to treating modelling patterns represents refinement patterns as trans-
formations of a model. The transformation pattern plug-in supports writing (and
executing) model transformation code in a simplified programming language with-
out compilation. The plug-in addresses the need for scalable tool-supported reuse
of already established modelling practices within domains or families of projects.
Technically, the transformation patterns are scripts that are written in the EOL lan-
guage [6], and are intended to introduce the desired behaviour into the models upon
instantiation. However, the tool can also be used for general automation of mod-
elling routines, e.g., model generation by developers and other tools. The tool sup-
port for transformation patterns includes a text editor, an interface for choosing a
pattern for instantiation, and an interface for user input during execution, for exam-
ple, for specifying Event-B elements required by the pattern. To develop patterns,
the API provides facilities for accessing Event-B elements. During instantiation, a
pattern script is executed against the models and the Event-B elements specified by
user. More technical details can be found in [41].
Modellers should consider using transformation patterns when

e they can separate and explicitly formulate a specific aspect of their modelling;
e writing and executing a script is cost-effective in terms of effort and time com-
pared to repetitive modelling.

For reusing proofs together with plain instantiation, see the design pattern and
generic instantiation plug-in. The transformation pattern plug-in is not intended for
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proof reuse and, based on the imperative programming paradigm, it is rich in terms
of the available instantiation operations.

The transformation pattern tool was successfully used for the implementation of
our work on FMEA patterns [28], and proved to be a pragmatic way of reusing the
established modelling practices.

12.7 Linking Event-B with Other Notations

12.7.1 Requirements Management/ProR

The traceability between natural language requirements and formal models was one
issue that the DEPLOY partners were struggling with. ProR [24] (Fig. 12.3) is an
extensible requirements engineering platform which is part of the Eclipse Require-
ments Modeling Framework (RMF) [20, 34]. An integration plug-in for Rodin ex-
ists for creating traceability between Event-B models and natural language require-
ments.

A formal model acts as a specification for a system to be built. Since a sys-
tem works correctly if it satisfies its requirements, the specification itself must meet
them. By managing the requirements together with the formal model and by provid-
ing traceability between the model and the requirements, the task of verifying that
the requirements have been satisfied correctly is facilitated. We developed an ap-
proach that iteratively formalises informal requirements and that creates traceability
in the process (Sect. 12.7.1).

ProR was specifically developed with requirements traceability for Rodin in
mind. We took a more general approach and built a generic tool that could be in-
tegrated into Rodin. The benefit of this approach is that the tool has applications
beyond Rodin, thereby attracting interest and contributors from beyond the Rodin
community.

We based the tool data model on the Requirements Interchange Format (Re-
qlF), a standard driven by the automotive industry. This gives us interoperability
with a number of existing tools used in industry. Cooperation with the ITEA-project
“Verde” [43], which supplied an implementation of the ReqlF data model, has been
established. Interested parties include such companies as Airbus, Thales, MKS and
many others. This has also triggered interest from other Eclipse-based projects, in-
cluding Topcased for UML/SysML integration [21].

Tracing between informal requirements and formal models is challenging. A
method for such tracing should permit us to deal with changes to both the require-
ments and the model efficiently. A particular challenge is posed by the interplay of
formal and informal elements. We developed an incremental approach to require-
ments validation and systems modelling. Formal modelling facilitates a high degree
of automation: it serves validation and traceability.

The foundation for our approach is requirements that are structured according
to the reference model [22, 23]. We provide a system for traceability with a state-
based formal method that supports refinement. We do not require all specification
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Fig. 12.3 The ProR graphical user interface, shown with some sample data

elements to be modelled formally, and we support incremental incorporation of new
specification elements into the formal model. Refinement is used to deal with larger
amounts of requirements in a structured way.

The integration plug-in for Rodin and ProR supports this approach by allow-
ing the manual creation of traces between Event-B model elements and individual
requirements using drag and drop. Users get additional guidance from the colour
highlighting of model elements (see Fig. 12.4). This has been helpful in managing
traceability. We plan on extending the existing functionality by providing advanced
reporting (e.g., by finding untraced requirements or model elements) and data man-
agement (e.g., by automatic marking of traces where source or target have changed
since the last validation).

12.7.2 UML Integration

The Event-B notation was developed with the goal of making the process of auto-
mated proof practical and efficient. For this goal it was important to keep the nota-
tion simple and closely based on the underlying concepts of set theory and predicate
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calculus, without introducing features that complicate the process of proof. Further-
more, the modelling notation is based on a paradigm of spontaneous guarded events
without any means of expressing the ordering of events within a behaviour. While
this philosophy achieves a simple and flexible notation and allows strong tool sup-
port, it can also give a ‘low-level’ feel to the language, leading to models that are
difficult to create and understand. Many users feel there is a need for a higher-level
notation, for example, for expressing the structure of data, related families of events
and the sequencing of events, as ‘syntactic sugar’ to make the modelling language
more useable.

UML comes with a variety of notations for expressing models in this way. The
UML-B plug-in provides a UML-style diagrammatic editor visualisation of a model
to help inexperienced modellers quickly develop model abstractions and experi-
ment with them [39]. Class Diagrams support visual structuring of data and events
with a lifting mechanism to ‘promote’ behaviours to a set of instances. Hierarchical
state-machines express ordering constraints on events and allow localised state in-
variants to be expressed. Modelling is performed entirely via diagrammatic editors,
with Event-B expressions being annotated in detail where necessary. While there is
a need for the modeller to understand Event-B (in particular, proof verification is
carried out entirely within generated Event-B), UML-B gives the modeller another
view on the model, which can be very helpful for his/her understanding of it. Fur-
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thermore, since UML is now widely adopted by engineers, the UML-B view of the
model can be more easily communicated to other modellers.

The UML-B approach has strongly influenced SAP’s work on integrating Rodin
with SAP’s in-house graphical modelling notation. The plug-in was also applied
to train control modelling by Siemens and to a simplified version of the stop/start
controller from Bosch.

However, more experienced modellers require greater flexibility and would like
to be able to directly edit Event-B models that are enhanced with diagrams. The new
state machine plug-in allows hierarchical state machines to be added to an Event-B
machine and superimpose event sequencing on existing events. Modelling is mostly
carried out in the conventional Event-B notation; only the sequencing of events
(and localised state invariants) is expressed as a state machine. The transitions of a
state machine contribute guards and actions (representing state changes) to existing
events in a flexible many-transitions-to-many-events relationship. This mechanism
allows state machines to synchronise at particular points (events). The plan is to add
further diagrammatic notations in this contributory fashion. For example, support
for class diagrams is under way.

12.7.3 Code Generation

Event-B is typically used to model software-based systems, and these require code
to be produced that can be compiled. Automatic code generation tools enable imple-
mentations to be generated from Event-B. Users can therefore benefit from the use
of formal development, and from the efficiency gains provided by automatic code
generation. In many cases, there is a semantic gap between the modelling concepts
used in Event-B, and the implementation components or source code constructs. To
address this, we extend Event-B with a tasking language [8]. This approach was
formulated to be of use for engineers developing multi-tasking, real-time embedded
systems, so we chose the constructs of the Ada programming language as a basis
for the tasking structure. We make use of high-level concepts, such as tasks and
shared machines, and we model the environment in such a way that simulators can
be generated as part of the development. The tasking Event-B feature bridges the
gap between Event-B specification and implementation by providing implementa-
tion specification and code generation tools. Translators are currently available for
Ada and C, and more can be added since extensibility has been considered during
the development.

Tasking Event-B is an extension to Event-B, but includes restrictions to ensure
the code is implementable. To use the tasking Event-B approach successfully, devel-
opment must be structured in a particular way, which is achieved using decomposi-
tion. We decompose development into a number of Event-B machines; this makes
reasoning about large developments easier since each decomposed machine may be
refined further, and this, too, can be decomposed again. We use the Rodin decompo-
sition tool (Sect. 12.6.1) to perform model decomposition, and the code generation
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tool uses structural information from decomposition to structure implementation.
In previous work [7] we found that models quickly turned intractable as they be-
came very large and generated a large number of proof obligations. In that work,
we described an object-oriented intermediate language that was used to guide code
generation. However, we encountered difficulties due to the large semantic gap be-
tween Event-B and the intermediate specification language. In the current tool, the
methodology maintains a small semantic gap; we achieve this by adding only a
minimal number of constructs to the Event-B language.

Following decomposition and refinements at the implementation level, we iden-
tify implementation features such as AutoTask, Environ or Shared machines. Au-
toTask machines model controller tasks in the implementation. Shared Machines
model protected objects (or a similar mutual exclusion mechanism), and Environ
machines model the environment. We then specify some tasking features, such as
the task type (e.g., periodic, triggered, one-shot, repeating), priority and the task
body. We use a task body specification to write the flow control for an individual
task. The flow control may be an event, sequence, loop or branch. An output con-
struct is also provided, to allow text to be output to a console during simulation.
During the early stages of the project, we realised that a self-imposed restriction on
inter-task communication had forced us to adopt a particular modelling style, and
this did not reflect the way that systems are implemented in industry. We removed
the restriction on inter-task communication for task-environment communication
since environ machines can be used to generate simulators. The main driver for the
restriction on the deployable part of the system is that we wish to generate safe
multi-tasking code. We aim to make the deployable code Ravenscar-compliant, and
the restrictions remain in place.

The current tool also includes a solution for modelling low-level interaction with
the environment, that is, sensing and actuating. The sensing and actuating events
give rise to two styles of implementation: one using entry calls, and one using ad-
dressed variables. In the entry call style, calls are a way of updating sensed variables
in a controller task, and controlled variables in the environment task. In the latter
style, addressed variables associate address information with each of the parameters
of sensing or actuating events in the controller task.

The development of the code generation approach was strongly guided by input
from the industrial partners, especially Space Systems Finland, Siemens and Bosch.
There was a common requirement from these partners that the tool should support
generation of multi-tasking implementations with periodic and aperiodic tasks as
well as variable sharing between tasks. Before the plug-in was developed, we de-
vised a case study of a heater controller, including an Event-B development and a
multi-tasking implementation in Ada. Feedback from the industrial partners indi-
cated that the Ada implementation was representative of the typical implementation
they would follow, so this served as a good benchmark for defining the structure
of generated implementations. Once the code generation plug-in was developed, we
were able to generate Ada and C versions of the heater controller. We also generated
Ada and C implementations of a simplified version of the start/stop controller from
Bosch.
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12.7.4 Flow Plug-in

There are situations where the event-based modelling style of Event-B appears awk-
ward due to the large number of event-ordering constraints necessary to express
event-ordering properties. Such constraints, although trivial in their nature, can pol-
Iute a model with auxiliary variables, invariants and actions, which affects model
legibility and proof automation (due to an increased number of hypotheses). The
flow plug-in [10, 16, 18] helps us construct Event-B models with rich control flow
properties in a concise manner. It greatly simplifies certain kinds of proofs and of-
fers proof techniques (most importantly, assertion propagation along an event chain)
that are difficult to exercise consistently in plain Event-B. The flow plug-in was used
in the Bosch cruise control and stop/start system case studies.

The plug-in supports two development methods. One is to apply the graphical
notation to express event orderings [18]. The effect is a set of proof obligations
demonstrating that the given orderings are found among machine traces. One can
effectively express point conditions (safety invariants that hold between the execu-
tion of certain two events) and prove liveness properties. The other approach is to
translate use case scenarios, informally defined in a requirements specification, into
the formal notation of the flow plug-in. Such scenarios are detailed in a refinement-
like manner along with the refinement of the host Event-B machine [17].

The plug-in provides a modelling environment for working with graph-like dia-
grams describing event-ordering properties. In the simplest case, a node in such a
graph is an event of the associated Event-B machine; an edge is a statement about
the relative properties of the connected nodes/events.

A use case diagram is only defined in association with one Event-B model; it does
not exist on its own. The use case plug-in automatically generates all the relevant
proof obligations. A change in a diagram or its Event-B model leads to the recom-
putation of all affected proof obligations. These proof obligations are dealt with, as
are all other proof obligation types, using a combination of automated provers and
interactive proofs. As in the proofs of model consistency and refinement, the feed-
back from an undischarged use case proof obligation may often be interpreted as a
suggestion for a diagram change, such as the introduction of additional assumptions
or assertions—predicate annotations on graph edges that propagate properties along
the graph structure.

12.7.5 Modes Plug-in

In the early stages of DEPLOY it was recognised that many challenging develop-
ments need to deal with dynamic system reconfiguration. Such models typically
describe several “stable” phases of system behaviour and some activities that lead
from one phase to another. This has led to the design and implementation of the
modes plug-in [27]. The plug-in extends the Event-B modelling notation with a su-
perstructure describing system modes and transitions between modes. It employs
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Fig. 12.5 The tool screenshot

a simple visual notation based on modecharts [19]. The graphical notation, called
the modal view of a system, coexists with an Event-B machine; the two define dif-
fering viewpoints on the same design. A modal view has formal semantics (proof
semantics and operational semantics) from which a set of consistency conditions
are derived. These demonstrate that a modal view and the corresponding Event-B
machine are in agreement.

A mode in a modal view is an island of relatively stable system behaviour. A sys-
tem still evolves within a mode, but within far stricter limits than those of the safety
invariant of an Event-B machine. Such limits are defined by a pair of assumption
and guarantee predicates. The assumption predicate is normally interpreted as a set
of conditions under which a system is able to stay in the mode; the guarantee de-
scribes what the system is doing while in the mode. The guarantee is a before-after
predicate: it references both current and next states. Modes are related via mode
transitions; these are also characterised formally and, in this respect, are similar
to Event-B events (Fig. 12.5). The state model is borrowed from an Event-B ma-
chine.

The central feature of the tool is support for stepwise development of the modal
view along with the process of Event-B refinement. When a machine is refined, a
developer also needs to refine the modal view to reflect the changes in the machine
(or state view). There are a number of refinement laws describing possible ways of
refining a modal view; these give rise to transformational patterns offered to a de-
veloper. Hence, a refined modal view is produced by transforming an abstract modal
view (Fig. 12.6).



12 Tooling 183

Fig. 12.6 The modal view -—
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The tool automatically generates verification conditions that are necessary for
ensuring that a given modal view is sound and consistent with an Event-B machine.
A number of case studies have been developed using the tool to ascertain the scala-
bility of the method and the implementation [27, 30].

The modes plug-in was used in the BepiColombo case study by Space Systems
Finland. One conclusion to draw from the experience with this tool is that it is
generally gratifying to stratify a design into aspects, or, as we call them, views. This
permits a focused analysis and discussion of properties pertinent to a given view and
an explicit connection to any requirements about modal properties.

12.8 Conclusions

At the start of the DEPLOY project we already had a version of the Rodin platform
that had been developed as part of the RODIN FP6 project (2004 to 2007). Exposing
the tool to serious industrial users in the DEPLOY project drove the developers
to implement significant improvements in performance, usability and stability of
Rodin. The experiences and expectations of the DEPLOY industrial partners also
led to key innovations in tool functionality through a range of plug-ins, as outlined
in this chapter.

The ease with which, in order to provide seamless functionality, the core Rodin
platform may be extended with plug-ins by a range of teams indicates that the use of
Eclipse, together with the Rodin extension points, provides a very effective architec-
ture for tool extensibility. In addition to those developed within DEPLQOY, several
plug-ins have been developed by sites outside of DEPLOY. An up-to-date list of
Rodin plug-ins is maintained on the Rodin wiki (wiki.event-b.org). It is clear that
the Rodin platform has supported the evolution of a rich ecosystem of integrated
tools whose development has been tempered by experiences of industrial usage.
This ecosystem of tools continues to evolve.
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