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Abstract

In this thesis, we present a framework for automata theoretic model checking of coordina-
tion systems specified in Reo. Reo is a coordination language that is based on a calculus of
channel composition. Using Reo specifications, complex connectors can be built composi-
tionally, organized as a network of channels to interconnect and orchestrate or choreograph
the interactions among a set of concurrent components and/or distributed services.

We introduce Biichi automata of records (BAR) and their augmented version (ABAR)
as an operational modeling formalism that covers several intended forms of behavior of Reo
connectors, such as fairness, I/O synchronization, and context dependency. To specify the
properties to be verified, we introduce an action based linear temporal logic, called p-LTL,
interpreted over the executions of augmented Biichi automata of records, and show how the
formulas can be translated into ABARs. This translation can be done either inductively, or
by using an on-the-fly method. To deal with the large state spaces, we show that ABARSs can
be implemented using ordered binary decision diagrams (OBDD). For this purpose, we also
introduce the necessary modifications over the basic model checking algorithm that can be
applied directly over OBDD structures. Our implementation and a number of case studies
that we carried out show the applicability of our method over large state spaces.

We also show that the state explosion problem can be tackled by compositional minimiza-
tion methods using some suitable equivalence relations. In fact, we show two equivalences
that are congruences with respect to the connector composition operators and such that they
both preserves linear time temporal logic properties. Again, we demonstrate our method by
means of few practical case studies.
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Samenvatting (dutch)

In dit proefschrift presenteren we een framewerk voor het automaat-theoretisch model checken
van cordinatiesystemen gespecificeerd in Reo. Reo is een cordinatietaal gebaseerd op een
calculus van kanaalcompositie. Met behulp van Reo specificaties kunnen complexe connec-
toren compositioneel gebouwd worden, georganiseerd als een netwerk van kanalen, om een
verzameling van concurrente componenten en/of gedistribueerde diensten te verbinden en
orkestreren, of hun interactie te choreo-graferen.

We introduceren Biichi automaten van records (BAR) en hun uitgebreide versie (ABAR)
als een operationeel modelleringsformalisme dat verschillende gedragsvormen van Reo con-
nectoren beslaat, zoals fairness, I/O-synchronisatie, en context-afhankelijkheid. Om de te
verifiren eigenschappen te specificeren introduceren we een op actie gebaseerde lineaire tem-
porele logica, genaamd p-LTL, genterpreteerd over de executies van uitgebreide Bchi auto-
maten van records, en laten zien hoe de formules vertaald kunnen worden naar ABARs. Deze
vertaling kan inductief worden uitgevoerd, of met een on-the-fly methode. Om te kunnen
omgaan met een grote toestandsruimte, laten we zien dat ABARs gemplementeerd kunnen
worden met geordende binaire beslissingsdiagrammen (OBBDs). Hiervoor introduceren we
ook de nodige aanpassingen op het basis model checking algoritme dat direct op OBDD
structuren toegepast kan worden. Onze implementatie, en een bepaald aantal case-studies die
we hebben uitgevoerd, laten zien dat onze methode toepasbaar is op systemen met een grote
aantal toestanden.

We laten ook zien dat het toestand explosie probleem aangepakt kan worden met com-
positionele minimalisatiemethoden, met behulp van geschikte equivalentierelaties. Hiervoor
laten we zien dat twee equivalentierelaties die congruenties zijn met betrekking tot connec-
tor compositie operatoren en zodanig dat ze beiden behouden lineaire tijd temporele logica
eigenschappen. Nogmaals, we hebben deze methode gedemonstreerd aan de hand van enkele
praktische case studies.
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. The behavior of a component based system can be verified using a two phases

model checking process consisting of the model checking of its components and
of its coordination subsystem. (Chapter 6, this Thesis)

In order to define the semantics of coordination systems, the classical modeling
formalisms such as automata on infinite objects are enough. It is not necessary
to use new or more complicated formal systems. (Chapters 4 and 6, this Thesis)

. The classical theory of Biichi automata can be enhanced so the coordination

systems with unconditional fairness and context dependency constraints over
their behaviors can be modeled and then verified by model checking. (Chapters
4 and 5, this Thesis)

. It is convenient and even feasible to minimize coordination models with respect

to an appropriate behavioral equivalence to improve model checking. (Chapter
8, this Thesis)

. To specify the desired properties of component connectors an action based lin-

ear temporal logic can be defined such that its formulas are translatable into
automata on infinite strings both with of an inductive or an on-the-fly manner.
(Chapter 6, this Thesis)

Extending a linear time temporal logic with types does not change its decidabil-
ity but allows for specifying systems with some extra nonfunctional properties.

([701)

First recurrence automata allows for an efficient model checking of an interesting
fragment of the p-calculus. ([81])

. The state space of the models of coordination systems can be reduced (even

with some logarithmic factors) using functional and data abstraction techniques.
([118,119])

. Hoare’s failure-based semantic model proposed for CSP and the ones proposed

by Valmari for LOTOS can be applied over some kinds of transition systems
with compound transition-labels that are used to model the interactions among
the interfaces of the components of a component based system. ([79,74])

Philosophy, Mathematics and Computer Science have essentially the same goals:
the study of general and fundamental problems and trying to find the truth.

It is not important that a lot of our theories on the nature of the world are false.
It is important that in a historical process of progress our theories become more
and more truth-like (with higher degrees of verisimilitude).
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