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Abstract. In this paper, we present an Assume/Guarantee contract formalism
for systems combining nondeterministic and stochastic aspects. Contracts dictate
how component variables behave, being either non-deterministic, or probabilis-
tic. As shown in the paper, our theory preserves compositionality and therefore
enables a modular but behavior dependent analysis of systems behaviors.

1 Introduction

Several industrial sectors involving complex embedded systems have recently experi-
enced deep changes in their organization, aerospace and automotive being the most
prominent examples. In the past, they were organized around vertically integrated com-
panies, supporting in-house design activities. These sectors have now evolved into more
specialized, horizontally structured companies: Equipment Suppliers (ESs) and Original
Equipment Manufacturers (OEMs). OEMs perform system design and integration by
importing/combining/reusing entire subsystems (also called components) provided by
ESs. As a consequence, part of the design load has been moved from OEMs to ESs.
An inconvenient of this change is the increased occurrence of late error discovery, i.e.,
system level design errors uncovered at integration time. Such errors could call for a
completely new design of the system; moreover verifying complex systems is generally
a tedious task.

There is thus the need for modular verification techniques that allows to discover er-
rors at the early stage of the design. Such techniques should be independent from the
way components are combined and must give strong confidence regarding the correct-
ness of the entire system without proceeding to a complete analyse. Developing these
formal techniques pass by the study of a mathematical formalism characterizing both
properties that must be verified and component behaviors/interactions. Results exists
(see [6] and [11] for illustrations), but only for limited classes of components, proper-
ties, and interactions. The objective of this paper is to go one step further by studying
systems that combines nondeterministic and stochastic aspects. More precisely, we will
propose : (1) a more complete set of component-based design operations, (2) more com-
plex properties than the classical safety/liveness properties that are usually considered
in the literature, and (3) a compositional reasoning framework for such systems.



The semantics foundations presented in this paper consists in a mathematical formal-
ism designed to support a component based design methodology and to offer modular
and scalable verification techniques. At its basis, the mathematical formalism is a lan-
guage theoretic abstraction of systems behaviour called contract [4]. Contracts allow
to distinguish hypotheses on a component (guarantees), from hypotheses made on its
environment (assumptions). In the paper we will focus on developing a contract-based
compositional theory for two classes of systems, that are (1) nonstochastic and possibly
nondeterministic systems, and (2) stochastic and possibly nondeterministic systems. As
in classical nonmodular verification [6,14], the satisfaction relation will be Boolean for
nonstochastic systems and quantitative otherwise, hence leading to two notions of con-
tracts. In addition, we will consider two measures of satisfaction : reliability and avail-
ability. Availability is a measure of the time during which a system satisfies a given
property, for all possible runs of the system. In contrast, reliability is a measure of the
set of runs of a system that satisfy a given property. Both quantities play an important
role when designing, for instance, mission-critical systems. Our notion of satisfaction
is assumption-dependant in the sense that runs that do not satisfy the assumptions are
considered to be “correct”. This interpretation, which has been suggested by many in-
dustrial partners in European projects such as COMBEST [8] or SPEEDS [12], should
not be confused with the notion of assume/guarantee reasoning in model checking [7],
where assumptions are used as constraints on the environment’s behavior. We will show
that the model checking interpretation is in fact incompatible with compositional design
operations such as conjunction.

We also propose mathematical definitions for crucial component-based design opera-
tions including composition, conjunction and refinement. It is known that most of indus-
trial requirements for component-based design translates to those operations (see [2]
for an argumentation). Composition between contracts, which mimics classical compo-
sition for systems, consists in taking the intersection between the assumptions and the
intersection between the guarantees. Conjunction is a more intriguing operation that
has no translation at the level of systems; its consists in producing a contract whose
assumptions are the union of the original ones and guarantees are the intersection of the
original ones. Roughly speaking, the conjunction of two contracts represents their com-
mon requirements. We say that a contract refines another contract if it guarantees more
and assumes less. The definition is boolean for nondeterministic systems and quantita-
tive otherwise. We also establish a compositional reasoning theory for those operations
and the two notions of satisfiability we consider. The theory differs with the type of
contracts under consideration. As an example, we will show that if a nonstochastic sys-
tem S1 reliably satisfies3 a contract C1 and a nonstochastic system S2 reliably satisfies
a contract C2, then the composition of the two systems reliably satisfies the composi-
tion of the two contracts. When moving to stochastic systems, we will show that if S1

satisfies C1 with probability α and S2 satisfies C2 with probability β, then their com-
position satisfies the composition of C1 and C2 with probability at least α + β − 1.
The advantage being that the composition, which may be large, does not need to be

3 “Reliably satisfy” means that all the runs that satisfy the assumption must satisfy the guarantee



computed. Our theory is fully general as it assumes that both systems and contracts are
possibly infinite sets of runs.

Most of our theory is developed assuming that both assumptions and guarantees are
represented by assertions on systems which are themselves represented by sets of runs.
Our last contribution is to propose effective and symbolic representations for contracts
and systems. Those representations rely on an automata-based representation of possi-
bly infinite sets of runs. Assuming that assumptions and guarantees are represented with
Büchi automata (which allows to specify assumptions and guarantees with logics such
as LTL or PSL), we observe that checking if a (stochastic) system satisfies a reliability
property can be done with classical techniques implemented in tools such as SPIN [13]
or LIQUOR [5]. In the paper, we show that satisfaction of availability properties can be
checked with an extension of the work presented in [9]. Another contribution is to show
that operations between and on contracts can easily be performed on the automata-based
representations.

From the theoretical point of view, our work is the first contribution on (probabilis-
tic) contracts that consider both reliability and availability apsects with compositional
reasoning theorems. From the practical point of view, our work is an inspiration for
extending tools such as SPIN and LIQUOR from nonmodular to modular verification.

Related work This work is based on previous work on contracts presented in [3],
where availability and stochastic aspects are not considered. Works on behavioral types
in process algebras bear commonalities with contract theories. In a similar way, the
probabilistic contract theory must be compared with stochastic process algebras [10,1].
In both cases, the main difference is that compositional reasoning is possible only in
contract theories thanks to the fact that contracts are implications where an assumption
implies a guarantee. A second major difference with process agebras, is that contract
theories are general and can be instantiated in many different effective automata-based
settings. This covers many logical frameworks (CTL, LTL, PCTL, PSL, . . . ) for speci-
fying properties of components.
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