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ABSTRACT

CCS CONCEPTS

This work targets the development of an efficient abstraction method
for formal analysis and control synthesis of discrete-time stochastic
hybrid systems (shs) with linear dynamics. The focus is on temporal
logic specifications over both finite- and infinite-time horizons. The
framework constructs a finite abstraction as a class of uncertain
Markov models known as interval Markov decision process (imdp).
Then, a strategy that maximizes the satisfaction probability of the
given specification is synthesized over the imdp and mapped to the
underlying shs. In contrast to existing formal approaches, which
are by and large limited to finite-time properties and rely on conservative over-approximations, we show that the exact abstraction
error can be computed as a solution of convex optimization problems and can be embedded into the imdp abstraction. This is later
used in the synthesis step over both bounded- and unbounded-time
properties, mitigating the known state-space explosion problem.
Our experimental validation of the new approach compared to existing abstraction-based approaches shows: (i) significant (orders
of magnitude) reduction of the abstraction error; (ii) marked speedups; and (iii) boosted scalability, allowing in particular to verify
models with more than 10 continuous variables.

• Mathematics of computing → Markov processes; • Computing
methodologies → Model verification and validation; • Computer
systems organization → Embedded systems.
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INTRODUCTION

Stochastic hybrid systems (shs) are general and expressive models
for the quantitative description of complex dynamical and control
systems, such as cyber-physical systems. shs have been used for
modeling and analysis in diverse domains, ranging from avionics
[5] to chemical reaction networks [6] and manufacturing systems
[7]. Many of these applications are safety-critical; as a consequence,
a theoretical framework providing formal guarantees for analysis
and control of shs is of major importance.
Formal verification and synthesis for stochastic processes and
shs have been the focus of many recent studies [8, 17, 18, 21, 24].
These methods can provide formal guarantees on the probabilistic
satisfaction of quantitative specifications, such as those expressed
in linear temporal logic (ltl). An approach to formal verification,
which is particularly relevant for discrete-time models, hinges on
the abstraction of continuous-space stochastic models into discretespace Markov process [8, 16, 17]. This leads to discrepancies between the abstract and original models, which can be captured
through error guarantees. The main issue with this approach is
its lack of scalability to complex models, which is related to the
known state-space explosion problem. This issue is aggravated by

