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1 Context

Nowadays, concurrent systems (i.e. processes that interact with each other) are ubiquitous in many do-
mains and applications, from biological systems to cloud services. In general, concurrent systems ex-
hibit complex forms of interaction, not only between their internal components, but also with their
environment. Giving these systems rigorous foundations is a serious challenge for computer science.
We need both (1) to accurately capture the behaviour of the system under study; and (2) to provide
reasoning techniques for the verification of system properties.

Rewriting Logic (RL) [18] is a flexible semantic framework whose unit of specification is a rewrite the-
ory 〈Σ,E ,R〉. The equational theory 〈Σ,E〉 — where Σ is a signature and E is a set of equations — defines
system states as algebraic data types. The dynamics of the system is specified by the set of rewriting
rules R. The flexibility of RL for the specification of concurrent systems has allowed the modeling and
verification of systems in different domains [18, 7].

Rewiring modulo SMT [3] is a technique aiming at the specification of open systems in RL. A decid-
able built-in equational theory is assumed, and the satisfability of formulas in this theory is delegated
to an SMT solver. Symbolic analysis can be therefore performed, where terms in the rewrite theory
coupled with SMT constraints represent a possibly infinite set of concrete states in a compact way. In
recent works [12, 11, 13], we have shown how rewriting modulo SMT is a valuable tool for the analysis
of real-time rewrite theories including models for parametric timed automata and time Petri nets. We
have provided analysis methods beyond the state of the art tools such as Imitator [1] and Roméo [17],
including for instance the verification of (timed) systems following a strategy.

Model-checking (MC) is a well-known formal verification technique. It is based on an automatic
procedure that takes a model of a system and a formula expressing a temporal property, and decides
whether the system satisfies the property. MC relies on an exhaustive exploration of the state space of
the system and, as a consequence, suffers from the problem of state space explosion [20].

The Symbolic Observation Graph (SOG) [10, 15] is an abstraction technique to tackle the state ex-
plosion problem in MC. Guided by the atomic propositions involved in the formula to be verified, it
generates a graph which aggregates into symbolic meta-states the states which are homogeneous with
respect to the formula to be verified. These sets of states are encoded and managed symbolically using
decision diagram data structures.

In the context of RL, methods similar to SOG have been studied in [9]. Unlike [9], where the approach
only concerns state-based properties, the construction of the SOG can be driven by event- or action-
based properties [10], or state properties [15]. Moreover, SOG has parallel [4] and hybrid [14] verification
tools, which is not the case for the current version of Maude [5], a language and a system supporting RL.
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2 PhD Project

The PhD student will explore: (1) the state-space reduction provided by SOG for the verification of con-
current and real-time systems specified in RL; and (2) develop symbolic (in the sense of rewriting with
SMT formulas) model checking methods for automatically verifying real-time and hybrid systems w.r.t.
requirements defined using popular property specification logics, such as timed and untimed LTL and
CTL, and/or signal temporal logic (STL).

For the objective (1), the PhD should explore a theory transformation (e.g. [11, 12]), inspired by the
SOG construction [10, 15]. We expect the student to reconcile the SOG approach with the state reduc-
tion techniques for rewrite theories in [9]. Coherently combining these techniques may help in further
reducing the state space in verification tasks using RL. These theoretical results must be followed by
implementation of the proposed analysis methods in Maude [5]. We also expect the student to provide
interfaces between the unified Model Checking tool for Maude (umaudesmc [19, 6]) and tools based on
the SOG (PMC-SOG1), thus aiming at equiping Maude with more advanced model checking capabilities.

For the objective (2), we expect the PhD student to develop symbolic model checking techniques for
rewriting modulo SMT theories. The specification languages may include untimed linear temporal logic
(LTL), and preferably also some timed temporal logic, such as timed CTL or STL. The appropriate model
checkers will be implemented and available through a tool like Real-Time Maude [16] and benchmarked
with the large set of case studies available in [12, 11, 13]. We expect the student to explore the use of
the reduction techniques in (1) in the context of rewriting modulo SMT theories. We also foreseen the
exploration of other techniques such as narrowing (rewriting with logical variables) [2, 8] to cope with
larger verification tasks in RL models.

The PhD student will collaborate with the members of the verification team at LIPN, members of
FST (Tunis, Tunisia), Javeriana Universtiy (Cali, Colombia), POSTECH (Pohang, South Korea) and Oslo
University (Norway) in the context of the research projects PISTACHE (lead by Arias, Klai and Olarte)
and the NATO project SymSafe (lead by Olarte).
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