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The correct construction of Distributed Systems is not a trivial task due to concurrency, time and partial
failures. Along with fault tolerance, this is an additional approach in building reliable systems [29]. We have
worked on methods and techniques to build correct concurrent distributed systems. In a very succinct way,
our work in this sense has undergone the introduction of a formal language for reactive message passing
systems and, based on models in this language and suitable translations, we enabled the use of different
existing analysis tools. Our article [10] describes this approach.

We adopted Graph Grammars (GGs) [30] and proposed a formal specification method, which we call
object-based graphical grammars (OBGGs) [11]. Although formal, GGs are considered intuitive and easy
to learn. Graphs are a very natural way to explain complex situations intuitively. Graphical rules can
complement each other to capture the dynamic aspects of systems. The resulting notion of Graph Grammar
[31, 30, 32] generalizes Chomsky grammars of strings for graphs. Due to their declarative nature, GGs are
suitable for specification of competing systems, and has already been used for such cite HB3.

Object-Based Graphing Grammars (OBGGs) [11] follows the object based paradigm, familiar to most
users. The language itself is a restricted form of Graph Grammars and captures the main abstractions
to represent reactive distributed systems: communication occurs through the passage of messages; state
changes are local and competing; there is no limitation on delays for processing as well as for message
delivery, characterizing the asynchronous computing model [33].

Functional analysis of OBGG models is supported by model verification [12, 14, 10] using a transforma-
tion to PROMELA. One approach for the partial analysis of OBGG models is presented in [15]. Quantitative
analysis of OBGG models is possible using various means. If delay probability distributions are assigned to
the messages, OBGG models can be translated into discrete event simulation models. Both a kernel and
a library for defining simulation entities from OBGG were proposed [16, 17]. Markovian models can be
generated from OBGGs through a transformation [18] for stochastic automata networks [34]. If we restrict
our models and allow temporal assumptions about message delays, a transformation from OBGGs to Timed
Automata [35] allows the analysis of deadlines for receiving and processing messages. In addition to these
methods of analysis, there is also the possibility of generating code for execution through a transformation to
the Java programming language [17]. The modeling of high performance applications in OBGGs is possible
through a mapping to cluster environments [19] (C ++ code using MPI (Message Passing Interface) [36]).

In addition, [20] and [21] introduce the representation of classic failure models for distributed systems
in OBGG models, allowing reasoning on a distributed system in the presence of such faults. According
to classical ideas in the literature of fault-tolerant distributed systems [37], the representation of fault
behaviors may take place through a model transformation step. The formal specification of distributed and
fault-tolerant systems has also been the subject of contributions using other methods and languages, as in
[25, 26, 27, 28].

Using the methods and tools mentioned above, a framework has been defined to assist in the development
of concurrent and distributed systems [13]. A tool to aid in the modeling and reasoning of OBGG systems
was developed [22]. Several models were defined and analyzed using OBGGs: mobile code applications [11],
a fault detector [20], active networks [23], distributed election in a ring [24], dinner philosophers [12], readers
and writers [14], among others.

As you can see, our approach is heavily based on OBGG transformations for several environments and
target languages. In [10] we proved the correctness of the transformation from OBGG to PROMELA,
central to the above work and which served as the basis for several other mappings mentioned. This proof
consisted of demonstrating the semantic compatibility of the generated PROMELA model, described by the
transformation, in relation to the original OBGG model.
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