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ABSTRACT
Refinement is a technique used to model systems at different
abstraction levels to handle the complexity of large systems.
It is used in many different methods, and independent of
the method applied, many users find it difficult to identify
the correct level of abstraction and steps of refinements. To
achieve a correct refinement, the step has to be justified –
often by formal proof. Such proofs represent an additional
challenge, typically requiring a user to understand the rela-
tionship between modelling and reasoning. To address these
challenges, we introduce the notion of refinement plans, a
technique that combines proof and modelling patterns of re-
finement, with the aim of automatically providing modelling
guidance when refinement fails.

Keywords
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refinement, proof planning, Event-B

1. INTRODUCTION
While some argue that the use of formal methods is actually
cheaper than conventional software development methods1,
the overhead of formal modelling and verification remains a
barrier to the wider adoption of formalism within industry.

Correctness by construction (C-by-C) [14] approaches aim
at address this issue by promoting step-wise construction,
where a system is incrementally developed by reducing the
abstraction level or augmenting the behaviour at each refine-

∗The research reported in this paper is supported by EPSRC
grants EP/F037058, EP/E005713 and EP/E035329. Maria
Teresa Llano is partially supported by a BAE Studenship.
1The argument is that the extra resources required to get
it right the first time, more than covers the time spent on
testing and reworking (due to bugs found in testing) in con-
ventional disciplines – and the end product is often better!
See [4] for more details.

ment step. Importantly, C-by-C helps identify defects and
build formal guarantees at an early stage of a development.

There are two major approaches to achieving provably cor-
rect refinement. Firstly, within the rule-based approach,
refinement proceeds by applying a set of pre-defined and
verified rules. The soundness of the rules ensures the cor-
rectness of a refinement. An example of this type of tech-
niques is found in [16]. Secondly, there is the posit-and-prove
approach where a user “posits” a refined model, and then
formally justifies the correctness of the refinement. This is
typically achieved by discharging a set of proof obligations
(POs). Examples of posit-and-prove approaches are VDM
[15], Z [18], B [1] and Event-B [2].

The advantage of the rule-based approach is that the bur-
den of proof is kept to a minimal. However, a users freedom
to explore the modelling space is restricted by the set of
available refinement rules. In contrast, posit-and-prove pro-
motes a high degree of freedom in terms of modelling styles.
However this freedom results in a greater burden at the level
of proof.

Many problem solving activities rely on patterns, both
in terms of to increasing productivity and improving the
reliability of products2. The use of pattern has also been
suggested for formal methods, either as part of the modelling
process [3] or in the reasoning process [6]. Here we introduce
refinement plans, a computational technique that combines
modelling and reasoning patterns. A refinement plan can
be viewed as a way of describing “good” modelling practice.
However, crucially we see the technique as supporting the
posit-and-prove approach to refinement, i.e. when failure
arises refinement plans provide the basis for automatically
generating user guidance. Whilst the approach discussed
here is generic with respect to posit-and-prove, we focus on
its application within the context of Event-B.

In the following sections we present how we believe re-
finement plans can be used during the modelling process.
Section 2 starts by presenting an example of how refinement
is performed in Event-B. Section 3 describes our notion of
refinement plans. A concrete example of a refinement plan
and how it can be used to analyse flawed designs is presented
in section 4. Section 5 gives a brief description of the cur-

2One example is design patterns [9] used for the development
of object-oriented programs.



rent implementation of our approach, while sections 6 and
7 describe some related and future work, respectively.

2. EVENT-B REFINEMENT BY EXAMPLE
An Event-B specification is structured into models and con-
texts. A context describes the static part of a system, e.g.
constants and their axioms, while a model describes the dy-
namic part. Models are themselves composed of three parts:
variables, events and invariants. Variables represent the
state of the system, events are guarded actions that update
the variables and invariants are constraints on the behaviour
described by the events.

Consider a simple example of a logging system that records
whether a resource R is allocated or unallocated. Figure 1
shows a fragment of an abstract model for this system in
which the state of the resources is handle using sets. The sets
allocated and unallocated are variables that store resources
according to their corresponding state. In this way, every
time a resource is moved from one set to the other, the
logging system should write to the log file with the details
of the respective change. This is shown in Figure 1 with the
event allocate, which registers in the log file the movement
of a resource from set unallocated to set allocated.

Variables: resources, allocated, unallocated, ...
Invariants: ...

allocated ⊆ resources
unallocated ⊆ resources
allocated ∩ unallocated = ∅

Events ...
Event allocate b=

any r
where r ∈ unallocated
then unallocated := unallocated \ {r}

allocated := allocated ∪ {r}
logContent := logContent ∪ {writeLog(r)}

end

Figure 1: Change of state through set manipulation.

Refinement of Event-B specifications can be achieved by
adding more detailed information about the behaviour of
the system or by introducing incremental changes towards a
concrete model that can be implemented. One such refine-
ment for this logging system is to refine the state sets into
a function that returns the state of a given resource (which
may later be implemented as an array).

Figure 2 shows a refinement of the model shown in Figure
1. This model uses the function resourceState in order to
update the state of a resource.

In order to prove the correctness of the refinement, the
correspondence between the abstract and the concrete spec-
ifications must be specified. For instance, in Event-B we
have to prove that the guards of the concrete event imply
the guards of the abstract event, GC → GA. In order to es-
tablish this correspondence, the relation between the states
of both models should be stated. In Event-B, this relation
is formalised with a gluing invariant. In this case, the glu-

Sets: Status
Constants: UNALLOCATED, ALLOCATED
Axioms:

partition(Status, ALLOCATED, UNALLOCATED)

Variables: resources, resourceState, ...
Invariants: ...

resourceState ∈ resources → Status
Events ...
Event allocate b=

refines allocate
any r
where resourceState(r) = UNALLOCATED
then resourceState(r) := ALLOCATED

logContent := logContent ∪ {writeLog(r)}
end

Figure 2: Change of state through a function.

ing invariants state the relationship between the sets of the
abstract model and the function in the concrete model. The
gluing invariants for the logging system are formalised in
Figure 3.

allocated = resourceState−1[{ALLOCATED}]
unallocated = resourceState−1[{UNALLOCATED}]

Figure 3: Gluing invariants.

3. REFINEMENT PLANS
A refinement plan represents a common pattern of refine-
ment by combining modelling and proof knowledge. Ini-
tially, one of our aims is to give refinement plans a role for
explaining refinements. In other words, we want to be able
to communicate why a particular pattern works. However,
ultimately we want to use patterns to explain how to over-
come a failed refinement. We aim to achieve this by means
of a critics style exception handling mechanism, analogous
to proof critics [12]. Note that while the analysis of failure
and generation of guidance is automatic, the decision as to
whether or not to take the guidance on offer will be left to
the user.

More concretely a refinement plan consists of the following
components:

refinement plan = refinement patterns
+ proof methods
+ exceptions

A refinement pattern describes a refinement in terms of
one (abstract) specification into another (concrete) specifi-
cation, including the correspondence between these models.
Moreover, particular patterns of refinements, may have par-
ticular patterns of reasoning associated with them – these
are captured by the proof methods [5] component of a re-
finement plan. Finally, there are cases where a refinement
partially matches a refinement pattern or in which a proof



method fails. These cases may indicate some mistakes in
the models or for example the need for a lemma in order
to discharge a proof. To handle such cases the exceptions
component of the refinement plan is applied to suggest the
appropriate changes.

3.1 Syntax
The syntax used for refinement plans is the following:

1. First an explanation about the purpose of the pattern
analysed in the refinement plan is given.

2. Then a template of the modelling part of the refine-
ment pattern is introduced in order to give a more
concrete representation of the patterns contained in
the abstract and concrete models.

3. Then the schema of the plan is given. This schema is
shown in Figure 4.

Method Name
INPUTS:

PO SET {POs}
MODELS AM, CM

PRECONDITIONS:
1. precondition ..
....
I. precondition ..

PROOF METHODS:
1. Proof Method ..
....
N. Proof Method ..

EXCEPTIONS:
1. CRITIC: Critic Name(arguments)
....
M. CRITIC: ...

Figure 4: Refinement plan schema.

The INPUTS of the plan are the set of proof obli-
gations (successful and failed) as well as the abstract
and the concrete models. The slot PRECONDITIONS
is used to specify the preconditions that are used to
identify if the models in the input are an instance
of the refinement pattern analysed in the plan. The
PROOF METHODS capture the patterns of reason-
ing that are associated with the refinement pattern.
These methods are used in the case in which a refine-
ment fully matches with the pattern but it has a set of
undischarged POs. Proof methods thus provide proof
automation. Finally, partial matches and failures of
the proof methods are managed by the EXCEPTIONS
slot. Here all the possible failures that can arise by the
evaluation of the preconditions and the proof methods
are listed alongside with a corresponding critic that
handles the fault. Explanations about the precondi-
tions, the proof methods and the exceptions are also
provided.

4. Critics have the schema shown in Figure 5. The inputs
slot adds an optional component RP ELEMENTS, these
are the elements found in the refinement plan schema

that may be related to the critic. This slot is optional
since a critic may be triggered by a proof method in-
stead. The PRECONDITIONS determine the appli-
cability of the critic and the OUTPUT may suggests
either a patch of a proof or a change to the model.
Explanations about the preconditions and the sugges-
tions are provided.

Critic Name
INPUTS:

PO SET {POs}
MODELS AM, CM
RP ELEMENTS {Elements} (optional)

PRECONDITIONS:
1. precondition 1
....
N. precondition N

OUTPUTS:
PATCH patch description (optional)
GUIDE guidance description (optional)

Figure 5: Critic schema.

A fragment of the syntax of the language used to express
pre-conditions is given in Appendix A (This fragment is later
used for example purposes).

4. REFINEMENT PLAN EXAMPLE
In this section we give an example of a refinement plan and
how it can be used to analyse failures in a refinement and
to provide high-level modelling guidance.

Refinement plan - From sets to a function: This
method defines how a particular pattern of set manipulation
(abstract) can be refined to a function (concrete). Figure 6
presents the schema of the modelling part of this pattern.

As can be seen in Figure 6, in the abstract model of this
refinement some sets are defined in order to determine the
states in which a particular type of elements can be placed.
These sets are manipulated in the events by moving elements
from one set to another set. In the concrete model, on the
other hand, these states are determined through the use of
a function that returns the current state of an element. The
events of this model modify the state of an element by up-
dating the relation defined by the function.

Refinement plan schema: A simple schema for this
refinement plan is shown in Figure 7. In order to simplify
discussion of the plan, we omit the proof plans component
and present only one example of the kind of failures that we
intent to handle.

The preconditions of the plan state the following:

P1: This precondition expresses the requirement for a par-
tition in the set of variables of the abstract model. This par-
tition represents the state sets and their type. For instance,
in the logging system example this partition is formed by the



Abstract Context Concrete Context
Sees AbstractContext

Sets OBJECT Sets Status
Constants STATE1, STATE2, ..., STATEN

Axioms
Status = {STATE1, STATE2, ..., STATEN}
partition(Status, {STATE1}, {STATE2}, {STATEN})

Abstract Model Concrete Model
Variables object, state1, Refines AbstractModel

state2, ..., stateN Variables object, objectStatus

Invariants object ⊆ OBJECT Invariants objectStatus ∈ object → Status
state1 ⊆ object, ..., stateN ⊆ object state1 = objectStatus−1[{STATE1}] ...
disjoint(state1, state2, ..., stateN ) stateN = objectStatus−1[{STATEN}]

Events ... Events ...
Event AbstractEventb= Event ConcreteEventb=

any o refines AbstractEvent
where o ∈ state1 ∧ ... any o
then state1 = state1 \ {o} ‖ where objectStatus(o) = STATE1∧ ...

state2 = state2 ∪ {o} ‖ ... then objectStatus(o) := STATE2 ‖ ...
end end

Figure 6: Pattern template : From sets to a function

sets resources, allocated and unallocated ; more specifically,
allocated and unallocated partition the set resources.

P2: This precondition states that the abstract model must
contain events that manipulate the state sets by moving el-
ements from one set to another one. In the logging system
example the event allocate represents one of these events.

P3: This precondition identifies a partition in the set of
constants of the concrete context. The constants in this par-
tition enumerate the state sets found in the abstract model.
Constants ALLOCATED and UNALLOCATED partition
set Status in the concrete context of the logging system ex-
ample.

P4: In this precondition the function that maps elements
to their state in the concrete model is identified. In the case
of the logging system, variable resourceState represents this
function.

P5: This precondition verifies the relation between the
state sets in the abstract model and the function of the
concrete model. This verification consists in examining if
each of the state sets can be obtained from the image of the
inverse function evaluated over the corresponding enumera-
tion. This relation between the state sets and the function
represents the gluing invariants.

P6: This precondition states that the concrete model must
contain events that manipulate the state function by updat-
ing the state of an element from a state constant to another
state constant. In the logging system example the event
allocate represents one of these events.

Refinement plan critic: Figure 8 shows an example of
a critic used by the sets to function refinement plan. In this
critic it is analysed the failure produced by the omission of

a gluing invariant.

The first 2 preconditions of the critic validate which pre-
conditions of the refinement plan should have succeeded and
which preconditions should have failed for the critic to be
applicable. In this case, preconditions 1 to 4 and 6 should
succeed and precondition 5 should fail. In our example of
the logging system this would mean a failure with the defini-
tion of the gluing invariants (For simplicity of discussion we
will only analyse the critic in the case in which the gluing
invariants are absent from the model, to analyse wrongly
defined invariants other critics are applied).

The third precondition asserts the type of failed PO that
should appear when the gluing invariant is missing. The
failed PO should have the following shape:

Guards of the concrete event,
objectStatus(o) = STATEi

`
o ∈ statei

This PO is used to prove that the guards of the concrete
event imply the guards of the abstract event. For the event
allocate in the logging system, the failed PO is:

resourceState(r) = UNALLOCATED
`
r ∈ unallocated

If a PO of this type is found, preconditions 4 and 5 evaluate
if the failed PO is associated with the pattern. This is done



Sets 2 Function RP
INPUTS:

PO SET {POs}
MODELS AM, CM

PRECONDITIONS:
1. ∃vstates, vtype.(vstates ⊆ distinctV ariables(AM, CM) ∧

vtype ∈ sharedV ariables(AM, CM) ∧ partition(vtype, vstates))
2. ∃eam.(eam ⊆ E(AM) ∧ ∀e ∈ eam, ∃s1, s2 ∈ vstates.(setSetsEvent(e, s1, s2))
3. ∃sstatus, cstates.(sstatus ∈ distinctSets(CC, AC) ∧ cstates ⊆ distinctConstants(CC, AC)

∧ partition(sstatus, cstates))
4. ∃vfunction.(vfunction ∈ distinctV ariables(CM, AM) ∧ function(vfunction, vtype, sstatus))
5. inverse(vfunction, vstates, cstates)
6. ∃ecm.(ecm ⊆ E(CM) ∧ ∀e ∈ ecm, ∃c1, c2 ∈ cstates.(setFunEvent(e, vfunction, c1, c2))

EXCEPTIONS:
1. CRITIC: Missing Gluing Critic({POs}, AM, CM, {vfunction, vstates, cstates})

Figure 7: Refinement plan schema.

Missing Gluing Critic:
INPUTS:

PO SET {POs}
MODELS AM, CM
RP ELEMENTS {stateFunction, stateSets, stateConstants}

PRECONDITIONS:
1. Preconditions 1-4, 6 succeed.
2. Precondition 5 fails.
3. ∃Fpo ∈ {〈Evn, Typ, Po〉 ∈ POs|failure(Po)}.

Fpo = (∆, stateFunction(x) = Y ` x ∈ {z}))
4. Y ∈ stateConstants
5. z ∈ stateSets
6. provable ({z} = stateFunction−1[{Y}], ∆, stateFunction(x) = Y ` x ∈ {z})

OUTPUTS:
PATCH empty
GUIDE add invariant(NewInv, CM)

where NewInv : {z} = stateFunction−1[{Y }]

Figure 8: Critic associated to the omission of a gluing invariant.

by checking if the elements used in the PO correspond to
elements found by the preconditions of the refinement plan.
In the logging system example precondition 4 verifies if UN-
ALLOCATED is a member of the set of state constants,
while precondition 5 verifies if unallocated is a member of
the set of state sets.

Finally, precondition 6 asserts if the failed PO can be
discharged by adding the gluing invariant to the hypothe-
ses. If the PO is provable after the addition of the hy-
pothesis, the suggestion given to the user is the addition
of a gluing invariant to the concrete model. In our exam-
ple unallocated = resourceState−1[{UNALLOCATED}]
is added as a hypothesis of the failed PO. This discharges
the PO. Then the suggestion given to the user is the addition
of the new hypothesis as a gluing invariant in the concrete
model.

5. TOOL IMPLEMENTATION
The work reported here is currently being implemented in
OCaml. The tool integrates a set of refinement plans that
are used in the analysis of refinement-based developments.
In this process, the first step is to identify the type of re-
finements that are applied in a development, this involves
pattern matching. If failure arises during this process and a
partial match is found (or several partial matches are found),
the tool applies the respective critics and automatically gen-
erates suggestions that are presented to the user. The de-
cision of applying or not a suggestion is left to the user.
Currently our development is independent of any other ap-
plications; however, our final goal is to integrate the tool as
a plug-in of the Rodin toolset.

6. RELATED WORK
There are several techniques that have been proposed for
the enhancement of the posit-and-prove approach. In gen-



eral, these can be seen as incorporating rule-based features.
For instance, the BART tool for classical B [17] has incor-
porated rules in order to automate the process of refining
specifications into implementations. In their work, a series
of small rules are applied to specific elements of a model (e.g.
a rule to transform a variable) and as a result one or more
refined models are provided (because the application of one
rule may split complex refinements into several machines).
However, currently BART rules are not verified, i.e. each
application of a rule gives rise to a set of POs. The ZRC
refinement calculus for Z [7] introduces a refinement method
for Z. However, it s strongly linked with Z Schema calculus,
and we will thus not discuss it further.

In [10, 11, 3, 8] refinement patterns are introduced for
Event-B. In their methodology, a pattern is represented by
a normal Event-B development, where an initial model is
refined (over potentially many steps). Where a pattern
matches a user model, the same refinement steps, and as-
sociated proof steps, are applied to the user development.

The ultimate target of all these approaches is to increase
productivity by automating common refinements. We will
call this forward application of refinement methods. Natu-
rally, due to the application, these approaches have a rather
operational description. Although such forward application
is possible for our notion of refinement plans, it is not our
target. We want to understand the refinement in order to
provide modelling guidance from failures. To achieve this
an operational description becomes too low level – we need
a higher abstraction level which describes the intention be-
hind the refinement. Such abstractions will give the flexibil-
ity required for failure analysis, but also for other approaches
which we will discuss below. By analogy to theorem prov-
ing, the work described in [17, 10, 11, 3, 8, 7] is at the tactic
level, whilst we are working at the proof planning level.

In [13], the notion of reasoned modelling critics was in-
troduced. Reasoned modelling critics extend the concept of
proof critics by adding modelling suggestions – i.e. common
patterns of proof are used in order to analyse proof failure
and then corresponding critics are used in order to suggest
a patch to the proof or a change to the model (like a miss-
ing invariant). Refinement plans incorporates the reasoned
modelling critics into its framework, and the work discussed
here can thus be seen as an extension of [13].

7. FUTURE WORK
Besides using refinement plans to analyse failures in user
refinements, we envisage a number of other ways they can
enhance the application of formal methods, i.e.

Proof automation: In a complete match of a refinement
plan the associated proof methods can be applied to (auto-
matically) discharge corresponding proof obligations.

Forward application: This is similar to the use of rules
and refinement patterns described in the previous section:
the abstract specification matches, and from this the con-
crete specification (and corresponding relationship is inferred)
and the proof obligations are verified using the proof plans.

Backward application: An abstract model (or a gener-

alisation) may be obtained from a more concrete model. In
this case, the concrete specification matches and the the ab-
stract specification (and relationship) is inferred. The proof
plans can be used to verify that the refinement is indeed cor-
rect. Example of such application is when the initial model
is too concrete to model certain aspect of the system.

Decomposition: Complex and flawed refinements can be
decomposed into more manageable and correct refinements.

8. CONCLUSIONS
We have presented the notion of refinement plans. This
is a technique that combines proof and modelling patterns
for the analysis of refinement. Particularly, refinement plans
aim at providing modelling guidance by automatically analysing
flawed specifications that lie just outside a known pattern of
refinement. Note that while the analysis of failure and gener-
ation of guidance is automatic, the decision as to whether or
not to take the guidance on offer will be left to the user. We
believe that this technique will exploit synergies that arise
between formal modelling and reasoning. Moreover, we also
believe that this approach will enable us to turn low-level
proof-failures into high-level modelling guidance.
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APPENDIX
A. REFINEMENT PLANS LANGUAGE
In this appendix we present a fragment of the refinement
plans language. This fragment describes the sets, functions
and predicates used in the example shown in this paper.

A.1 Definitions
Definition A.1. An event e is a tuple (P, G, A) where P

is a set of parameters, G is a set of guards, and A is a set
of actions.

Definition A.2. A model M is a tuple (V, I, E) where V
is a set of variables, I is a set of invariants, and E is a set
of events.

Definition A.3. A context C is a tuple (S, C, Ax) where
S is the set of carrier sets, C is a set of constants, and Ax
is a set of axioms.

A.2 Notation
Notation A.4. We write P (e), G(e) and A(e) for the

sets of parameters, guards and actions of an event e, respec-
tively.

Notation A.5. We write V (M), I(M) and E(M) for
the set of variables, invariants and events of a model M ,
respectively.

Notation A.6. We write S(C), C(C) and Ax(C) for the
set of carrier sets, constants and axioms of a context C,
respectively.

Notation A.7. We also write Mi for models, Ci for con-
texts, ei for events and P , Q, X and Y for any set. We omit
the subscript whenever possible.

A.3 Predicates
For each predicate, only the true case is presented; it is
always false otherwise.

1. refines(M1,M2) : M2 is a refinement of M1.

2. extends(C1,C2) : C2 is an extension of C1.

3. totalFunction(f ,P,Q) : f ∈ P → Q.

4. inverse(f ,P,Q) : This predicate evaluates if there is
a relation between sets P and Q through function f ,
such that:

. f ∈ X → Y

. P ⊆ X

. Q ⊆ Y

. ∀pi ∈ P, ∃qi ∈ Q.(pi = f−1[{qi}]).

. ∀pi ∈ P, q1, q2 ∈ Q.(f−1[{q1}] = pi ∧ f−1[{q2}] =
pi ⇒ q1 = q2).

5. setSetsEvent(e,P,Q) : This predicate evaluates if event
e is responsible for moving elements from set P to set
Q. This implies:

. P ⊆ X ∧ Q ⊆ X.

. ∃p, g, a1, a2.(p ∈ P (e) ∧ g ∈ G(e) ∧ a1 ∈ A(e) ∧ a2 ∈
A(e) ∧ g = (p ∈ P ) ∧ a1 = (P := P \ p) ∧ a2 =
(Q := Q ∪ p)).

6. setFunEvent(e, f ,oldValue,newValue) : This pred-
icate evaluates if event e modifies function f by chang-
ing the codomain of one of its ordered pairs from oldV alue
to newV alue. This implies:

. f ∈ X → Y .

. oldV alue ∈ Y .

. newV alue ∈ Y .

. ∃p, g1, g2, a.(p ∈ P (e) ∧ g1 ∈ G(e) ∧ g2 ∈ G(e) ∧ a ∈
A(e) ∧ g1 = (p ∈ X) ∧ g2 = (f(p) = oldV alue) ∧ a =
(f(p) := newV alue)).

7. partition(P,Q) : This predicate evaluates if the ele-
ments of Q partition set P . This implies:

. P = {q1 ∪ q2 ∪ ... ∪ qn}.

. ∀qi, qj ∈ Q.(qi 6= qj ⇒ qi ∩ qj = ∅).

A.4 Functions
1. distinctVariables(M1,M2) : Returns the variables that

appear in M1 but that do not appear in M2. This im-
plies:

. refines(M1, M2) ∨ refines(M2, M1).

. v = {vi | vi ∈ M1 ∧ vi /∈ M2}.
2. sharedVariables(M1,M2) : Returns the variables that

appear in both model M1 and model M2. This implies:

. refines(M1, M2) ∨ refines(M2, M1).

. v = {vi | vi ∈ M1 ∧ vi ∈ M2}.
3. distinctConstants(C1,C2) : Returns the constants

that appear in context C1 but that do not appear in
context C2. This implies:

. extends(C1, C2) ∨ extends(C2, C1).

. c = {ci | ci ∈ C1 ∧ ci /∈ C2}.
4. distinctSets(C1,C2) : Returns the carrier sets that

appear in context C1 but that do not appear in context
C2. This implies:

. extends(C1, C2) ∨ extends(C2, C1).

. s = {si | si ∈ C1 ∧ si /∈ C2}.


