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ABSTRACT
In this paper we provide a complete characterization of MTS
consistency and propose an algorithm for MTS merging that
improves on state of the art.

1. INTRODUCTION
Labelled Transition Systems (LTSs) are convenient for-

malisms for modelling and reasoning about system behaviour
at the architectural level. These models provide a basis for a
wide range of automated analysis techniques, such as model-
checking and simulation. LTS models are two valued in that
they classify behaviour into two categories: those that are
described by the LTS as paths or trees over its transitions
and those that cannot be reproduced as paths or trees over
its transitions. The former corresponds to the behaviour
that the system is expected to provide while the latter is
the behaviour that the system is expected not to provide.

The completeness assumption -knowing how to partition
all behaviours into required and proscribed- is limiting in
the context of software development process best-practices
which include iterative development, adoption of use-case
and scenario-based techniques and viewpoint- or stakeholder-
based analysis; practices which require modelling and anal-
ysis in the presence of partial behaviour information.

Modal Transition Systems have been shown to be useful
to reason about system behaviour in the context of partial
information [5, 11, 3, 10]. MTS allow distinguishing the be-
haviour the system is expected to provide, the behaviour it
is expected to never provide, and the behaviour for which
it is still unknown or undecided whether it is acceptable or
unacceptable behaviour. The semantics of a MTS can intu-
itively be thought of as a set of labelled transition systems.
This set characterises all LTS that provide all the required
behaviour described by the MTS, do not provide any of the
proscribed behaviour described in the MTS, and have made
some arbitrary decision on MTS unknown behaviour.

The notion of refinement [8] between MTS captures for-
mally this intuition and provides an elegant way of describ-
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ing the process of behaviour model elaboration as one in
which behaviour information is acquired and introduced into
the behaviour model incrementally, gradually refining an
MTS until it characterises exactly one LTS.

A particularly useful notion in the context of software and
requirements engineering is that of merge. Merging two con-
sistent models is a process that should result in a minimal
common refinement of both models where consistency is de-
fined as the existence of one common refinement. Intuitively,
merging builds a model that characterises the intersection of
the LTS characterised by the models being merged. In other
words, the merge characterises the LTS that provide all the
required behaviour of the MTS being merged, and that do
not provide any of the proscribed behaviour of the MTS
being merged.

MTS merging can be used as the conjunction of multiple
partial operational descriptions which may have been pro-
vided as MTS [11] or even synthesised from other descrip-
tion languages such as goal models and scenarios [10]. One
of the current limitations of MTS merging is that a complete
and correct algorithm for merging has not been developed.
Larsen [7] originally proposed an algorithm that can only be
applied to pairs of independent MTS models. Thus, there
are MTS which have a least common refinement, for which
the algorithm cannot be applied. Uchitel and Chechik [11]
have proposed an algorithm, improved by Brunet [2], that
can be applied to any consistent pair of MTS, but may not
yield a minimal common refinement in some cases.

In this paper we provide a complete characterization of
consistency (i.e. when a common refinement exists) and
propose an algorithm for merging that improves both on [7]
and [11]. The algorithm is guaranteed to always find a com-
mon refinement between two MTS if one exists. It is also
guaranteed to produce a common refinement that is less re-
fined than [7], [11], [2] if these were to return a common
refinement. We believe that this algorithm can be improved
to always deliver a minimal common refinement given two
consistent models. In other words, that this is the basis for
a correct and complete merge algorithm. We are currently
experimenting with some promising improvements.

2. BACKGROUND
In this section, we review transition systems, fix notation

and review refinement and consistency of MTSs.
LTSs describe the behaviour of a system by means of la-

belled transitions. The transitions determine for each state
which actions are provided by the system and which are not.
For the case in which an action is provided, the transition



system defines the system states that can result from taking
the action. Figure 1.c shows an example of an LTS.

Definition 1. (Labelled Transition Systems) Let States

be a universal set of states, Act be a universal set of observ-
able action labels. A labelled transition system (LTS) is a
tuple P = (S, L, ∆, s0), where S ⊆ States is a finite set of
states, L ⊆ Act a set of labels, ∆ ⊆ (S×L×S) a transition
relation between states, and s0 ∈ S the initial state. Given
an LTS P = (S, L, ∆, s0) we say P transitions on ℓ to P ′,

denoted P
ℓ
−→ P ′, if P ′ = (S, L, ∆, s′0) and (s0, ℓ, s

′

0) ∈ ∆.

MTSs extend LTSs by defining two sets of transitions.
The first, similarly to LTS, describe the actions provided by
the system in different states. The second set of transitions
describes actions that may be provided by the system. If
there is no transition from that a state on a particular action
in either set of transitions, then the system will never provide
the action on that state.

Definition 2. (Modal Transition Systems) A modal tran-
sition system (MTS) M is a structure (S, L, ∆r, ∆p, s0),
where ∆r ⊆ ∆p, (S, L, ∆r, s0) is an LTS representing re-
quired transitions of the system and (S, L, ∆p, s0) is an LTS
representing possible (but not necessarily required) transi-
tions of the system. Given an MTS M = (S, L, ∆r, ∆p, s0)
we say M transitions on ℓ through a required transition to

M ′, denoted M
ℓ
−→r M ′, if M ′ = (S, L, ∆r, ∆p, s′0) and

(s0, ℓ, s
′

0) ∈ ∆r, and M transitions through a possible transi-

tion, denoted M
ℓ
−→p M ′, if (s0, ℓ, s

′

0) ∈ ∆p.

We refer to transitions in ∆p \ ∆r as maybe transitions.
Maybe transitions are denoted with a question mark follow-
ing the label. Note that LTS are a special type of MTS that
do not have maybe transitions.

Strong refinement [8] of MTSs captures the notion of elab-
oration of a partial description into a more comprehensive
one, in which some knowledge over the maybe behaviour has
been gained. It can be seen as being a “more defined than”
relation between two partial models. Intuitively, refinement
in MTSs is about converting maybe transitions into required
transitions or removing them altogether: an MTS N refines
M if N preserves all of the required and all of the proscribed
behaviours of M .

Definition 3. (Strong Refinement Relation) Let δ be the
universe of all MTSs. A refinement relation R is a binary
relation on δ such that if (M, N) ∈ R then:

1. (∀ℓ, M ′)(M
ℓ

−→r M ′ =⇒ (∃N ′)(N
ℓ

−→r N ′ ∧ (M ′, N ′) ∈ R))

2. (∀ℓ, N ′)(N
ℓ

−→p N ′ =⇒ (∃M ′)(M
ℓ

−→p M ′ ∧ (M ′, N ′) ∈ R))

Definition 4. (Strong Refinement) MTSN is a refine-
ment of MTSN , denoted M � N , if there exists a refinement
relation R such that (M, N) ∈ R.

The notion of implementation [6] relates an MTS with all
the LTSs which have its required and forbidden behaviour.
These LTSs may have taken some decisions over the maybe
behaviour. This notion is important because allows inter-
preting an MTS in terms of its implementations. Note that
a MTS with no maybe transitions can be interpreted as a
LTS and that the notion of refinement when an MTS has
no maybe transitions is LTS bisimulation [9].

Definition 5. (Implementation) We say that an LTS I =
(SI , LI , ∆I , i0) is a implementation of an MTS M = (SM , LM ,

∆r
M , ∆p

M , m0), written M � I, if M � MI with MI =
(SI , LI , ∆I , ∆I , i0). We also define the set of implementa-
tions of M as I[M ] = {I|M � I}.

Intuitively two models that provide partial descriptions of
the same system are consistent [11] if the required and for-
bidden behaviour described by each of them are compatible.
In other words, consistency is defined as the existence of a
common refinement.

Definition 6. (Consistency) Two MTSs M and N are
consistent if there exists an LTS I such that I is a common
implementation of M and N .

Note that this definition is equivalent to saying that two
MTSs M and N are consistent if there exists an MTS C

such that C is a common refinement of M and N .

3. MERGING MTS
In this section, we present the main results of this paper.

We first recall the definition of MTS merging [7, 11], we then
present a complete characterization of consistency, the pre-
condition for merge, and finally present a merge algorithm
that improves on existing ones [7, 11, 2].

The intuition captured by merge is that of augmenting
the knowledge we have of the behaviour of a system by tak-
ing what we know from the two partial descriptions of the
system. The notion of refinement underlies this intuition
as it captures the “more defined than” relation between two
partial models: merging should result in the least refined
common refinement of the models being merged.

Definition 7. (Common Refinement) A modal transi-
tion system P is a common refinement of modal transition
systems M and N if M � P and N � P .

Definition 8. (Least Common Refinement) A modal tran-
sition system P is the least common refinement (LCR) of
modal transition systems M and N if P is a common re-
finement of M and N , and for any common refinement Q

of M and N , P � Q.

3.1 Checking Consistency
Checking if two models are consistent is of clear use to

engineers that have multiple partial descriptions of system
behaviour. In particular, consistency is a pre-condition for
merging models as there can be no most abstract common
refinement if there are no common refinements. In this sec-
tion we first analyse the independence notion defined in [7],
which intuitively was defined to capture when two models
are not contradictory and is used to define merge (called
conjunction in [7]) on MTSs. We show that independence
does not characterise when two models can be merged. We
then present a complete characterisation of consistency and
an algorithm for determining consistency.

Definition 9. (Independence [7]) An indepence relation
R is a binary relation on δ such that if (S, T ) ∈ R then:

1. (∀ℓ, S′)(S
ℓ

−→r S′ =⇒ (∃!T ′)(T
ℓ

−→p T ′ ∧ (S′, T ′) ∈ R))

2. (∀ℓ, T ′)(T
ℓ

−→r T ′ =⇒ (∃!S′)(S
ℓ

−→p S′ ∧ (S′, T ′) ∈ R))

3. (∀ℓ, S′, T ′)(S
ℓ

−→p S′ ∧ T
ℓ

−→p T ′) =⇒ (S′, T ′) ∈ R



Consider models A and B of Fig. 1 which are not indepen-
dent: if (0, 0) were in the independence relation then (1, 1)
must be as well because of rule 3. However, rule 1 would
be violated because model B can do a required action on b

from state 1 but model A cannot follow this action with a
possible b. Therefore (1, 1) cannot be in the relation, which
implies that (0, 0) cannot not be in it either. Although these
models are not independent they are consistent since they
have a commmon refinement C.
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2

a?

c

(a)
B :

0

1 3

2

a?
b

c

(b)

C :

0 1
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0

1
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c
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Figure 1:

We now define a new relation, strong consistency relation,
and show that it characterises consistency, i.e. we prove
that that two models are consistent if and only if they can
be related by the strong consistency relation.

Definition 10. (Strong Consistency Relation) A strong
consistency relation is a binary relation C ⊆ δ×δ, such that
the following conditions hold for all (M, N) ∈ C:

1. (∀ℓ, M ′)(M
ℓ

−→r M ′ =⇒ (∃N ′)(N
ℓ

−→p N ′ ∧ (M ′, N ′) ∈ C))

2. (∀ℓ, N ′)(N
ℓ

−→r N ′ =⇒ (∃M ′)(M
ℓ

−→p M ′ ∧ (M ′, N ′) ∈ C))

Intuitively, this relation requires that one model provides
as possible behaviour at least all the required behaviour of
the other, and vice versa. For example, R = {(0, 0), (2, 2)} is
a strong consistency relation between models A and B. We
can see that the strong consistency relation is weaker than
the independence relation since it does not have condition
3 of the independence relation and conditions 1 and 2, al-
though similar to those of the independence relation, do not
require a deterministic choice. This weaker relation relates
models which were related by independence but also relates
pairs of models that are not independent, such as A and
B. Furthermore the strong consistency relation only relates
those models which are consistent.

Theorem 1. (Strong Consistency Relation Characterizes
Consistency) Two MTSs M and N are consistent if and only
if there exists a strong consistency relation CMN such that
(M, N) is contained in CMN .

Proof. ⇐) Let CI be a LTS defined by
CI = (CMN , Act, ∆CI , (M0, N0)) where ∆CI is the small-
est relation that satisfies the following rules, assuming that
{(M, N), (M ′, N ′) ⊆ CMN}.

RP
M

ℓ
−→rM′, N

ℓ
−→pN′

(M,N)
ℓ

−→(M′,N′)
PR

M
ℓ

−→pM′, N
ℓ

−→rN′

(M,N)
ℓ

−→(M′,N′)

It is easy to prove that M � CI using that
R = {(M, (M, N)) | (M, N) ∈ CMN} is an implementation
relation between M and CI.

⇒) Since M and N are consistent we can take an LTS
CI such that M � CI and N � CI. By definition of strong
semantics there exist RM and RN implementation relations
between M and CI, and between N and CI respectively.

Let CMN be a relation defined by CMN = RM◦R
−1
N . It can

easily be proven that CMN is a strong consistency relation
between M and N .

We have developed a fixed point algorithm for checking
consistency that starts with the Cartesian product of the
states and iteratively eliminates the pairs that are not valid
according to the strong consistency relation. The complete-
ness and correctness proofs for this algorithm are straight-
forward, a proof of a similar algorithm can be found in [4].

3.2 Computing Merge
Although merging is precisely defined, a complete and

correct algorithm to compute this operation has not been
developed. In this section, we first analyse two different op-
erations defined in [7, 2] as approximations for computing
the merge. Finally, we present a novel algorithm which, al-
though it does not always return the optimal solution, it
always returns a common refinement for consistent models
and the result is an equivalent or better solution than [2]
and [7] if this were to return a common refinement.

3.2.1 Limitations of Existing Algorithms
In [7] an operation between two models called conjunc-

tion is defined. This operation when applied to independent
models gives their LCR.

Definition 11. (Conjunction) [7] Let M and N be MTSs,
the conjunction of M and N is defined as M ∧N = (SM ×
SN , L, ∆r

M∧N , ∆p
M∧N , (m0, n0)), where ∆r

M∧N , ∆p
M∧N are the

smallest relations which satisfy the following rules:

RP
M

ℓ
−→rM′, N

ℓ
−→pN′

(M,N)
ℓ

−→r(M′,N′)
PR

M
ℓ

−→pM′, N
ℓ

−→rN′

(M,N)
ℓ

−→r(M′,N′)

PP
M

ℓ
−→pM′, N

ℓ
−→pN′

(M,N)
ℓ

−→p(M′,N′)

The limitation of the conjunction operator is that there
are models with an LCR that the operator fails to produce.
In fact, in these cases, the operator does not produce a com-
mon refinement. Consider models A and B of Fig. 1. The
LCR of these models is C, however the their conjunction is
model D (all depicted in Fig. 1). This problem occurs when
two models are not independent but they are consistent.

To overcome the problems of the conjunction operator an
variation of the conjunction operator was proposed (initially
in [11] and then improvied in [2]). These operators gener-
alise the problem addressed in [7] to support merging models
with different alphabets under weak (i.e. observational) re-
finement. When the models being merged have the same
alphabet and no unobservable actions, the problem is that
of merge under strong semantics as discussed in this paper.
Hence, in this paper we analyse the operator in [2] restricted
to models with the same alphabet and no unobservable ac-
tions under strong semantics.

Definition 12. (The +croperator) Let M and N be MTSs

and let CMN be the largest strong consistency relation be-
tween them. The +croperator between M and N is defined
as M+crN = (CMN , L, ∆r

M+crN , ∆p
M+crN , (m0, n0)), where



∆r
M+crN , ∆p

M+crN are the smallest relations which satisfy
rules RP, PR, PP of Def. 11:

Note that the difference between the conjunction and the
+cr operator is that the latter only considers pairs of states
which are consistent. Returning to the example on Fig. 1,
the consistency relation between models A and B is {(0, 0),
(2, 2)}, therefore if we apply the +cr to these models the
rules that can be applied are PR or RP producing a required
transition between the state (0, 0) and (2, 2) by c. Thus the
result of A+crB is the model C, which is the expected merge.

Theorem 2. If M and N are consistent MTSs then M

+cr N is always a common refinement of M and N .

H :

0

1 2

3 4

a?
b

a

b?
(a)

I :

0
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3 4

5 6

a?
b

a

b?

a b

(b)

We now show an example of when the above operator
does not produce an LCR. Clearly the merge of a model
with itself should result in the same model (i.e. merge is
idempotent) as any model is a refinement of itself and is the
least refined as possible. Consider the following example
depicted in Fig. 3.2.1: The result of H +cr H is I, which
is more refined that H. Note that the conjunction operator
produces the same result.

The problem exemplified above arises because +cr does
not deal correctly with nondeterminism when there is a mix
of required and maybe transitions. Under this circumstance
the +cr will apply rules RP and PR, which guarantee to
produce a CR but might fail to produce the LCR.

The point is that the rules RM and MR of [11, 2] take
a conservative decision on how to merge a required with a
maybe transition, i.e. that in some cases these rules create
a required transition when a maybe transition would suffice.
The algorithm we present below is based on detecting the
required transitions resulting from these conservative rules
which can be converted to maybe transitions.

3.2.2 A New Merge Algorithm
The algorithm we propose iteratively abstracts the result

of M +cr N by replacing required transitions with maybe
transitions. It does so while guaranteeing that the resulting
MTS after each iteration continues to be a refinement of M

and N . The decision of which transitions can be replaced
is done by anlysing all outgoing required transitions from a
given state on a given label. The key notion here is that of
Cover Set. Intuitively a cover set describes a set of outgo-
ing required transitions from a given state and on a given
label such that if we only keep these as required the model
continues to be a common refinement of M and N .

Technically the definition of cover set defines, given a state
c and a label ℓ, a set of states reachable from c on required
transitions labelled ℓ such that the required transitions can
simulate behaviour starting with ℓ from c.

Definition 13. (Cover Set) Let A, B, C be MTSs, RAC ,
RBC be refinement relations between A and C, and B and C

respectively. Given Ci ∈ SC and ℓ ∈ Act we define a cover

set over Ci on ℓ as a set ζCi,ℓ of states of C for which the
following holds:

1. ζCi,ℓ ⊆ ∆r
C(Ci, ℓ)

2. ∆r
A(R−1

AC(Ci), ℓ) ⊆ R−1
AC(ζCi,ℓ)

3. ∆r
B(R−1

BC(Ci), ℓ) ⊆ R−1
BC(ζCi,ℓ)

Notation: ∆r(S, ℓ) = { t |s
ℓ
−→r t ∧ s ∈ S}

As an example of cover set, consider I. The cover sets for
state 0 and label a are the following: {5}, {3} and {3, 5}
(these sets come from consider the following set of transi-

tions {0
a
−→ 5}, {0

a
−→ 3}, and {0

a
−→ 3, 0

a
−→ 5}).

The merge algorithm we propose identifies a cover set for
each state s and label ℓ of A+cr B and replaces any required
transitions from s on ℓ that is not in the cover set with a
maybe transition. We call this MTS transformation and
abstraction operation and formalise it as follows:

Definition 14. (Abstraction operation) Let A, B, C be
MTSs as in Def. 13. Given a cover set, ζCi,ℓ, over Ci on ℓ

we define the following operation:

A(C, ζCi,ℓ) = (SC , ∆p
C , ∆

′r
C , c0) where ∆

′r
C is defined by

∆
′r
C = ∆r

C − {(ci, ℓ, c
′)|c′ 6∈ ζCi,ℓ}

It is straightforward to show that the abstraction oper-
ation on models A , B, and C effectively produces an ab-
straction of C. However, it is also the case that it produces
a common refinement of A and B.

Theorem 3. (Abstraction operation produces a CR)
A � A(C, ζCi,ℓ) and B � A(C, ζCi,ℓ) for all cover set ζCi,ℓ

Proof. We want to prove that RAC is a refinement re-
lation between A and A(C, ζCi,ℓ). Suppose that this is false,
therefore there exists a pair (A′, C′) in RAC that does not ful-
fil the refinement relation conditions. If so, we have one pos-
sible transition of C′ in A(C, ζCi,ℓ) that A′ cannot simulate;
or A′ has one required transition, which C′ in A(C, ζCi,ℓ)
cannot simulate with a required transition. The first of these
two cases is impossible because A(C, ζCi,ℓ) has the same pos-
sible transitions as C, and A simulates all possible transi-
tions of C. Therefore the latter must be the case.

Consequently there exists a required transition, A′ ℓ′

−→r

A′′, that cannot be simulated by C′ in A(C, ζCi,ℓ), i.e. 6

∃C′′ · C′ ℓ′

−→r C′′ ∧ (A′′, C′′) ∈ RAC . Since RAC is a re-
finement relation between A and C, and C and A(C, ζCi,ℓ)
only differ on the required transitions of Ci on ℓ, then C′

must be Ci and ℓ′ must be ℓ. Then (A′, Ci) ∈ RAC con-

sequently A′ ∈ R−1
AC(Ci), and by the fact that A′ ℓ′

−→r A′′,

it follows that A′′ ∈
ℓ
−→r (R−1

AC(Ci)). Then by definition of
cover set it follows that A′′ ∈ R−1

AC(ζCi,ℓ). This implies that

∃C′′ ·(A′′, C′′) ∈ RACC′∧Ci
ℓ′

−→r C′′inA(C, ζCi,ℓ) is a con-
tradiction, which comes from the first assumption that RAC

is not a refinement relation between A and A(C, ζCi,ℓ). As
a result we have proved that RAC is a refinement relation
between A and A(C, ζCi,ℓ)

Analogously it can be proven that B � A(C, ζCi,ℓ).

Given that many different cover sets may exist for a spe-
cific state and label, the algorithm exploits the following



results to select which cover set to use as the basis for ap-
plying an abstraction operation and consequently producing
a more abstract common refinement. We first define a re-
finement relation between cover sets which describes a par-
tial order of cover sets based how refined the application of
the abstraction operation using each cover set is. In other
words, a cover set is more refined than another if the ab-
straction operation using the former yields a more refined
model than applying the abstraction operation on the lat-
ter. We then prove that a refinement between cover sets can
be established by checking if all states in one of the cover
sets is refined by some state in the other cover set. This
property provides a way computing which cover set to use
when applying the abstraction operation described above.

Definition 15 (Cover Set Refinement). Given ζCi,ℓ

and ζ′

Ci,ℓ cover sets over Ci on ℓ we say that ζCi,ℓ is refined
by ζ′

Ci,ℓ, written ζCi,ℓ � ζ′

Ci,ℓ, iff A(C, ζCi,ℓ) � A(C, ζ′

Ci,ℓ).
Also we might say that ζCi,ℓ is more abstract than ζ′

Ci,ℓ.

Property 1. Given ζCi,ℓ and ζ′

Ci,ℓ cover sets over Ci on
ℓ, ζCi,ℓ is refined by ζ′

Ci,ℓ if the following condition holds:
∀C1 ∈ ζCi,ℓ · ∃C2 ∈ ζ′

Ci,ℓ · C1 � C2

We now present the merge algorithm, which starting from
A +cr B iteratively applies abstraction operations by iden-
tifying for each state and label its least refined cover set.

Algorithm 1 (Merge algorithm).

1. M ← A +cr B, isLCR← true

2. For each (x, y) ∈ SM and each ℓ ∈ Act do
2.1 Get most abstract minimal cover set of (x, y) on ℓ.
2.2 If minimal not unique, choose any and

isLCR← false.
2.3 M ← A(M, ζ(x,y),ℓ)

3. Return (M,isLCR)

From the results described above it follows that the merge
algorithm produces a common refinement of A and B.

Theorem 4. The Algorithm 1 produces a common refine-
ment of A and B.

Proof. Follows from the fact that A +cr B is a common
refinement of A and B and Theorem 3.

3.2.3 Comparison with Existing Merge Algorithms
It is simple to show that the proposed algorithm produces

a less refined merge than [11, 2] as the algorithm starts from
the result of +cr and applies zero or more abstraction opera-
tions. This entails that the results that guarantee computing
LCR for +cr also apply for the merge algorithm presented
herewith. For the case of deterministic MTS, our algorithm
produces the same result as [11, 2], in fact, this is also the
case for models that satisfy the non-determinacy condition
(a slightly weaker condition presented in [11]). This is due
to the fact that the non-determinacy condition guarantees
that the cover set for every state s and label ℓ contains all
required transitions from s on ℓ, and consequently, the ab-
straction operation becomes idempotent.

The algorithm proposed generalizes that of [7] in the sense
that it results in the same LCR for any pair of independent
MTS, but can also be applied to non-independent yet con-
sistent MTS producing a common refinement that in many
cases is the LCR.

4. CONCLUSIONS AND FUTURE WORK
In this paper we have provided a complete characteri-

zation of MTS consistency and proposed an algorithm for
merging that improves both on [7] and [11]. An implementa-
tion of merge and consistency check are provided in the MTS
analyser (http://lafhis.dc.uba.ar/∼suchitel/MTSA.html).
Future work involves a characterization of the conditions un-
der which the merge algorithm effectively produces an LCR.
In addition, we believe that further improvements to the al-
gorithm may yield a complete merge algorithm. We have
preliminary experimental results of the latter and are cur-
rently working on the proofs. We also aim to study an adap-
tation of this algorithm for weaker semantic notions such as
branching [5] and weak refinement [11].
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