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The EB4EB framework (Event-B for Event-B) [4,5] has been developed to
extend the capabilities of Event-B. It enables the manipulation of Event-B ma-
chine concepts by providing a formalisation of Event-B as first-class elements
within an algebraic theory, combined with the standard use of contexts and
machines.

This framework has already been used to formalise new proof obligations that
can be generated for instances of the framework, thereby supporting additional
analyses [7,3,6]. In its early development, the framework only formalised states
and events, which limited its expressiveness compared with the classical use of
Event-B machines. One of these limitations has been addressed in a more recent
version of EB4EB, which now supports the formalisation of event parameters [8].

Another limitation concerns the treatment of variants. The initial versions
of EB4EB adopted the notion of variants as presented in the Event-B book [1].
However, with the evolution of the Rodin platform, Event-B has been extended to
support lexicographic variants, enabling the handling of convergence properties
that cannot be captured by simple (primitive) functions [2].

Lexicographic variant. We propose a new formalisation of the EB4EB framework
that supports lexicographic variants, together with an adaptation of the liveness
rules for temporal properties introduced in [6] to accommodate such variants.

Listings 1 presents the data type used to capture lexicographic variants as an
inductive structure, DTVariant. The lexicographic ordering is defined according
to the structure of this induction. The constructor NilVar represents the base
case, corresponding to the empty variant. The constructor addVar takes three
arguments: the current variant, accessible via the head operator; the remaining
variants of lower priority, defined recursively and accessible via the tail op-
erator; and a set specifying the domain of definition of the variant. This last
argument allows, for example in EB4EB, the domain of definition to be con-
strained by the invariant.
THEORY VariantTheo
TYPE PARAMETERS S
DATATYPE

DTVariant =̂
| NilV ar
| addV ar(

head : P(S × Z),



tail : DTV ariant(S),
setDef : P(S))

Listing 1. Lexicographic Datatype
From this data type, we define the corresponding ordering, and in particular

a set of predicate operators that are essential for characterising convergence and
divergence: Decreased, Natural, and NotIncreased.

These operators are presented in Listing 2, and their definitions rely on an
inductive structure combined with the standard ordering on natural numbers.
OPERATORS

WellConsDTVariant . . .
NotNilVar . . .
Natural . . .
NotIncreased . . .
Decreased (set : P(S), dtvar : DTV ariant(S), s : S, sp : S )

well−definedness condition
WellConsDTV ariant(set, dtvar) ∧ s ∈ set ∧ sp ∈ set

recursive def init ion
case dtvar

Decreased (set,NilV ar, s, sp) =̂ ⊤
Decreased (set, addV ariant(v, t, se), s, sp) =̂

v(s) > v(sp)
∨(v(s) ≥ v(sp) ∧ Decreased(set, t, s, sp) ∧ NotNilV ar(t))

. . .

Listing 2. Operators for the Lexicographic variant

Temporal Operator In the current definition of the temporal operators, for the
divergence case, one premise of the proof obligation requires the variant in the
after-state to be Natural. In this situation, the event should not increase the
variant. By strengthening this premise, we obtain a weaker form of the proof
obligation, which simplifies the proof process.

However, this approach is only valid for primitive variants. Indeed, the prop-
erty that the variant is Natural in the after-state implies that it is also Natural
in the before-state holds for primitive variants, but does not necessarily hold for
lexicographic variants.

Conclusion The new release of EB4EB supports the definition of lexicographic
variants and also enables a more intuitive modelling style when no variant is
required, by using the empty base case. This new approach makes it possible
to identify and correct issues in previous analyses, and has been successfully
applied to simplify the proof of the Bakery algorithm.
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