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José Meseguer

University of Illinois at Urbana-Champaign, USA

Abstract

Unification and narrowing are a key ingredient not only to solve equations modulo an
equational theory, but also to perform symbolic system analysis. The key idea is that a
concurrent system can be naturally specified as a rewrite theory R = (Σ, E, R), where
(Σ, E) is an equational theory specifying the system’s states as an algebraic data type,
and R specifies the system’s concurrent, and often non-deterministic, transitions. One can
perform such symbolic analysis by describing sets of states as (the instances of) terms with
logical variables, and using narrowing modulo E to symbolically perform transitions. Under
reasonable conditions on R, this idea can be applied not only for complete reachability
analysis, but also for temporal logic model checking. This approach is quite flexible but
has some limitations. Could it be possible to make symbolic system analysis techniques
more extensible and more widely applicable by simultaneously combining the powers of
rewriting, narrowing, SMT solving and model checking? We give a progress report on
current work aiming at such a unified symbolic approach.

1 Introduction

The automatic analysis of systems through model checking is one of the most successful system
verification methods. The standard approaches (see, e.g., [13]) assume a finite-state system
whose state space is exhaustively explored to check whether a system satisfies a desired tem-
poral logic property. However, systems are often infinite-state in two possible ways (or are
simultaneously infinite in these two ways):

1. The number of initial states is infinite, even though the set of states reachable from each
initial state may be finite. For example, systems parametric in the number of processes
or objects are of this kind.

2. The number of states reachable from an initial state is infinite. This often happens because
states contain unbounded data structures.

To cope with these two sources of infinity two complementary methods can be used. On the
one hand, state abstraction and parametric system techniques (see, e.g., [13]) can reduce the
verification of infinite-state systems to that of finite-state ones. One the other hand, infinite-
state model checking methods can be used, based on various kinds of symbolic techniques such
as: (i) automata and grammars, e.g., [1, 12, 10, 11, 20, 23, 4, 3, 2]; (ii) SMT solving, e.g.,
[5, 14, 18, 19, 22, 26, 27]; and (iii) narrowing [25, 16, 17, 8, 9, 7].

We can think of these various infinite-state symbolic analysis techniques a niches, so that: (i)
if a system specification can be cast within one of them, and (ii) if the chosen symbolic method
can deal with the temporal logic property of interest (some methods only support reachability
analysis, not general temporal logic model checking), then symbolic analysis is possible.

A key open research issue limiting the applicability of current symbolic techniques is lack
of, or limited support for, extensibility. That is, although certain classes of systems can be
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formalized in ways that allow the application of specific symbolic analysis techniques, many
other systems of interest fall outside the scope of some existing symbolic techniques. In such
cases one would like to extend and combine the power of symbolic techniques to analyze the
given system. Indeed, it seems fair to say that at present we lack general extensibility techniques
for symbolic analysis that can simultaneously combine the power of SMT solving, rewriting-
and unification-based analysis, and automata-based model checking; and we lack tools that can
apply them together to analyze a wide variety of systems beyond the scope of each separate
analysis technique.

2 Towards Extensible Symbolic System Analysis

Several of us at the University of Illinois at Urbana-Champaign, SRI International, the Uni-
versitat Politécnica de of Valéncia, the Escuela Colombiana de Ingenieŕıa, NASA Langley, the
Naval Research Laboratory, and the University of Waterloo in Canada (more on this in the
Acknowledgments) are currently working on developing the foundations and implementations
of techniques that can simultaneously support symbolic analysis using SMT solving, rewrit-
ing/narrowing methods, and automata-based model checking.

More precisely, a concurrent system can be naturally specified as a rewrite theory [21]
R = (Σ, E0 ∪ E,R) where: (i) (Σ, E0 ∪ E) is an equational theory describing the system’s
states as an algebraic data type; and (ii) R is a collection of rewrite rules specifying the system
transitions. Furthermore, we can often identify an equational subtheory (Σ0, E0) ⊆ (Σ, E0∪E)
such that initial algebra TΣ0/E0 of (Σ0, E0) has a decidable first-order theory, whose satisfiability
can be decided by an SMT solver, and, furthermore, the subtheory (Σ0, E0) ⊆ (Σ, E0 ∪ E) is
protected by the inclusion (i.e., we have an isomorphism TΣ0/E0

∼= TΣ/E0∪E |Σ0). The extensible
symbolic methods sketched above are methods to reason symbolically about the initial model
TR of the rewrite theory R, which in general may be the model of an infinite-state system.

The technical steps we are taking to achieve the goal of extensible symbolic analysis can be
visualized, and placed in the context of existing work, by considering Figure 1 below.

SMT //

���������
'&%$ !"#2

���������

'&%$ !"#0 // '&%$ !"#3

OO

//

���������
REW-NARR/E

OO

}}|||||||

MC
//

OO

'&%$ !"#1

OO

0 SMT-MC

1 REW-NARR/E – MC

2 REW-NARR/SMT+E

3 REW-NARR/SMT+E – MC

Figure 1: Combining techniques for extensible symbolic analysis

The three separate thrusts of symbolic analysis already mentioned, namely: (i) SMT solving,
(ii) rewriting and unification-based techniques (modulo a theory E), and (iii) automata-based
model checking are respectively abbreviated as the SMT, REW-NARR/E, and MC vectors in
the cube. Vertices 0, 1, and 2 describe pairwise combinations obtainable as endpoints of vector
additions for two of these three basic vectors. For example, vertex 0 describes SMT-based model
checking, which is a very active area of research (see, e.g., [5, 14, 18, 19, 22, 26, 27]). Vertex
1 includes work on both rewriting-based model checking, e.g., [15, 6], and narrowing-based
symbolic model checking , e.g., [25, 16, 17, 8, 9, 7]. Vertex 3 is the endpoint of adding the three



basic vectors, so that the joint power of the three symbolic analysis methods can be brought
to bear on a much broader class of systems. A first, partial step towards reaching Vertex 3 is
model checking based on rewriting modulo SMT [24], but the full power should be achieved
through narrowing modulo SMT techniques currently under development.

Although such a combination of symbolic methods should make the analysis of systems
much more extensible, there is already ample evidence from the work on narrowing-based model
checking suggesting that symbolic techniques should be used in tandem with abstraction and
other space state reduction techniques, which often remain necessary —or are in any case very
useful even when not strictly needed— to make model checking decidable [17, 16, 8, 9, 7].
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