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Abstract

This paper gives an overview of the features offered by
the tool �SPIN in order to perform abstract model checking
of LTL formulas. Shortly, these features are: construction
of over-approximated PROMELA models, checking satisfac-
tion of universal formulas, checking refutation of existential
formulas, and on-the-fly refinement of the model by means
of a refinement of the temporal formula to be verified.1

1 Introduction and Motivation

Model checking of complex systems is only applicable
if we deal with the state explosion problem. Given � the
(concrete) model of a system, and � the LTL temporal for-
mula to be verified, the problem is that we usually have not
enough memory to check whether the formula is satisfied
for every trace in the model, i.e. � �� �� (note that �
is not being used as a logical connective, but it represents
that � must be satisfied by all traces in the model � ). The
alternative provided by abstract model checking [1, 3, 4]
consists of constructing an abstract version of the model,
��, and an abstract version of the standard satisfaction re-
lation for temporal logic formulas, ���

� , and then checking
�� ���

� �� . The model �� is constructed as an over-
approximation of � . Briefly, this means that given a con-
crete state � and a trace � produced by � , it is possible to
find a state �� and a trace �� produced by �� representing
� and �, respectively. In contrast, the relation ���

� is defined
to under-approximate the evaluation of � . A proposition �

in a formula is under-approximated when given an abstract
state ��, � is defined to be true in �� only when � is true for
all concrete states in � that are abstracted by ��. The same
idea of under-approximation is applied to evaluate formu-
las over abstract traces. This way of constructing �� and
���

� preserves satisfaction from the abstract to the concrete
model: �� ���

� �� �� �� �� .
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We have developed a dual approach to abstract model
checking that considers the over-approximated relation ���

when checking the formula � against �� [6]. In the same
context as before, a proposition � is over-approximated
when � is defined to be true in �� if � is true at least for some
concrete state �. This method naturally preserves the refu-
tation of formulas from the abstract to the concrete model:
�� ���� �� � � ��� �� (note that � is not part of the
formula. It is employed to denote some trace satisfying � .)

Our tool �SPIN [5, 10] extends the model checker SPIN

[9] to implement both abstraction methods. So, when stan-
dard SPIN is not able of verifying a formula, we can also of-
fer users the possibility of choosing the abstraction method
that best meets the property to be checked.

A major problem in both approaches for abstraction is
the presence of spurious traces in the over-approximated
version of � . The usual way to solve the problem is the
refinement of�� to obtain a more precise abstraction. Cur-
rent methods usually work by re-constructing the model
[2, 8]. Recently, in [7], Gallardo et. al propose the ref-
inement of the formula (by combining under and over ap-
proximations) as an alternative to refine the abstract traces
inspected during verification. �SPIN also supports this new
feature.

2 Integrating the dual approaches in �SPIN

SPIN offers the users the possibility to express a property
as a desirable behaviour (� �� �� ) or as an error behaviour
(� ��� �� ). SPIN works following the automata-theoretic
approach to model checking: by default it translates the for-
mula � into an automaton �� and then check that the au-
tomata cannot recognize any trace in � . Checking a desir-
able behaviour is done by producing �

�� . In SPIN, both the
automaton and the system � are represented in PROMELA.
We take advantage of these features to implement abstrac-
tion by syntactic transformation of PROMELA, as shown in
Fig. 1 . When SPIN runs out-of-memory verifying a tempo-
ral property, �SPIN assists the user in choosing a function
� to apply data abstraction to some variables in the joint
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code including the model and the automaton, represented
as � � �� , and then automatically performs the abstraction
and calls SPIN to run a new verification. Abstraction by
transformation is done replacing the instructions that man-
age the abstracted variables in order to implement the over-
approximation of � � �� . The output �� � ��

� is given
to SPIN, and the new verification checks �� ���� �� . The
whole process is controlled with a graphical user interface
(see [5, 10].)

Although abstracting the automata seems to work only
for refutation, it actually implements both ��� and ���

� . In
[6] it is widely explained how ��� and ���

� can be related
in different ways, especially taking into account that they
deal with negation in dual forms. One important result in
[6] is that we can implement ���

� based on ���, using the
following relation: �� ���

� �� ��� ���� ��� .

3 Refinement of Temporal Logic

Our approach to remove spurious traces when using one
of the previous abstraction methods is to refine the formula,
in such a way that the new constraints in the formula con-
duct (on-the-fly) the refinement of the abstract model. The
theory for this method is based on defining a new satisfac-
tion relation, denoted as �, which generalizes both ���

� and
���(see [7]). In summary, � is defined to evaluate formu-
las that contains propositions to be considered as standard,
under-approximated and over-approximated. Given � and
� two temporal formulas, and �� and �� being their over-
approximations, the refinement power is given by the fol-
lowing assertions:

���� �� �� ��� ��
� ���� � �� �� �� ��

���� ��� �� ��� ��
� ���� � �� �� ��� ��

The practical application of these results consists of us-
ing a previously checked formula � to refine the abstract
state space to be explored in order to know if � �� ��
or � ��� �� . Fortunately, the implementation of this ref-
inement method can again be done using only the over-
approximation method, using that ��

� ���� � �� is
equivalent to �� ���� ��� 	 ���.

Abstracting a model � typically introduces spurious
non progress cycles that could be removed if we know that
� �� �� �������� . Here � 
 ��������� works as the
satisfied formula in the case ���, and �����	

 is defined
as the PROMELA predicate (!np ), np being a predefined
variable to identify whether the current state belongs to a
non-progress cycle.

4 Conclusions

Current tools for abstract model checking are mainly fo-
cused to several of these features: symbolic model check-

Figure 1. �SPIN architecture

ing, under-approximation of temporal formulas, refinement
of the model to remove spurious traces. �SPIN is a com-
plementary tool that covers: a) explicit on-the-fly model
checking, b)under and over approximation of formulas and
c) refinement with temporal formulas. Specific future work
with �SPIN consists of integrating some of the methods
for refinement of models, and combining their possibilities
with the ones based on refining the formulas.
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