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Abstract. Object-based models offer abstract constructions to describe complex
systems. The Object-Based Graph Grammar (OBGG) is a very intuitive formal-
ism that may be used to describe this kind of systems. To be really useful in
practice, there should be a (preferably automatic) way to verify whether the de-
sired properties of a system are fulfilled by the model constructed using graph
grammars. However, up to now, there are no automatic tools for verification
of OBGGs. In this work we propose a translation from Object-Based Graph
Grammars into π-Calculus. So, we may be able to prove properties of systems
modeled in OBGGs using existing automatic checkers for π-calculus.

1. Introduction

One of the main aims of rigorous software development is to assure the correctness of
the developed system. The basis of a rigorous development is the use of a formal spec-
ification method, with syntax and semantics well defined. There are several formalisms
for specification of computational systems and the choice of which one to use depends
on the characteristics of the application to be developed. Object-based models offer an
abstraction level that has been successfully applied in practice, where operations and data
are described together within one object. Object-based models are specially well-suited to
the specification of concurrent and cooperating systems. A formal object-based specifica-
tion language was proposed in [Dotti and Ribeiro, 2000]: Object-Based Graph Grammars
(OBGG). OBGGs are a restricted form of graph grammars [Ehrig, 1978] that, besides the
features of object-based languages, offer a visual specification language, which is usually
welcomed by practitioners. However, to be really useful in practice, there should be a
(preferably automatic) way to verify whether the desired properties of a system are ful-
filled by the model constructed using graph grammars. Currently, models defined in this
formal specification language can be analyzed through simulation [Copstein et al., 2000].
It is also possible to generate code for execution in a real environment, following a
straightforward mapping from an OBGG model to code [Duarte, 2001]. Up to now, there
are no automatic tools for verification of OBGGs. Instead of constructing such tools from
scratch, an alternative way is to define a (semantics preserving) translation from this spec-
ification language into another for which automatic verification tools already exist. This
is what we will do in this thesis.

∗This work was supported by CNPq, FAPERGS (project ForMOS) and CNPq/CNR.



The π-calculus [Milner and Parrow, 1992] is a well known and established for-
malism for description of semantics of concurrent systems. There are some automatic
checkers for this formalism, for example, HAL [Ferrari et al., 1998] and MWB (Mobil-
ity Workbench) [Victor and Moller, 1994]. Although one may use the π-calculus to write
specifications, its original intention was to serve as a semantic model language. And in-
deed, specifications of practical applications written in π-calculus tend to become large
and cumbersome.

In this work we define a translation from OBGG into π-calculus that is a first step
to join the advantages of both methods: the visual, intuitive, and object-based style of
graph grammars and the verification tools and semantical model of π-calculus. Moreover,
we prove that this translation preserves the semantics of OBGGs.

2. Object-Based Hypergraph Grammars - OBHG

Graph grammars offer a natural way to express complex situations. The system states
are described by graphs and the dynamic aspects may be captured by grammar rules.
We use, in this work, a model based on Object-Based Graph Grammar (OBGG)
[Dotti and Ribeiro, 2000], called Object-Based Hypergraph Grammars (OBHG). In this
model, objects and messages are represented by vertices and hyperedges, respectively.
Each hyperedge has one target (the target of the message) and zero or more sources (the
parameters of the message). The internal state of an object will not be considered, that is,
the objects do not have attributes. An extended version of this work including attributes
is currently under development.

Object reactions to the receiption of a message will be modeled by grammar rules.
Each rule describes the processing of only one message, that may result in the creation
of vertices (objects) and/or hyperedges (messages). The hyperedge corresponding to the
processed message is deleted with the rule application. We may have more than one
rule processing the same kind of message, where the choice of the rule to be applied
is non-deterministic, modeling non-deterministic operations. The concurrency between
objects and the internal concurrency are modeled by parallel application of rules. We
may have different types of objects and messages in a system. In this work, we use a
type (hyper)graph, called type (hyper)graph, to specify the type of each system element.
An OBHG consists of a type (hyper)graph, an initial (hyper)graph, that describes a initial
state of the system, and a set of rules.

In figure 1 we show an example of OBHG, where T is a type graph, H is a initial
graph and r is the only rule of this OBHG. T describes all possible objects and messages
of the system. The objects are represented by squares and ellipses, and the messages are
represented by pentagons together with its links. In T we can see two kinds of objects:
Car and pos, and one kind of message: next. The messages next have as target an pos

and three parameters: two pos and one Car. In the initial graph (H), the objects and
messages have an index to distinguish the several instances of each object and message.
The rule describes the behavior of an pos object when it receives a next message. This
rule consumes a next message (left-hand side) end creates a new next message (right-
hand side). The same rule can be applied twice (in parallel) to messages next1 and next2.
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Figure 1: Example of an OBHG.

3. π-Calculus
The π-calculus [Milner and Parrow, 1992] is a process algebra that handles channels as
messages, thus modeling processes that may have changing structure. The basic com-
putational step is the sending of a channel between two processes. The receiver process
may use the new channel in future interactions. The channels in the π-calculus are only
names, atomic entities without internal structure. A process can be composed by agents.
These agents are abstractions of processes, that is, they are identifiers that will be replaced
by a process. Each agent identifier must be defined, i.e., we must describe the process it
represents. A system specification describes the initial state of this system. In π-calculus,
this is done through a term (process). In this specification, all agent identifiers must be
defined. The state changes of a system are described by term rewriting. The term rewrit-
ing is defined by some transition rules, that describe the way an agent changes after an
interaction.

An example of a π-calculus process is (νx, y)(A(x, y)|B(y, x)). In this process,
there are two agents, A and B, executing in parallel. The names x and y are new names in
this process, and they are the parameters of the agents (they will be private channels used
by these two agents). The agent definitions are: A(t, s) = ts.0 and B(s, t) = t(s).0. The
behavior of this process is the sending of the name s from agent A to agent B through
channel t (the processes synchronize on this channel).

4. Translation from OBHG into OBM-π
The translation proposed in this work is the translation from objects, messages and their
relationships into agents of the π-calculus. These target agents have specific forms.
The kind of π-calculus terms that characterize the translated graph grammars are called
Object-Based Model described in π-Calculus, short OBM-π.

In an OBM-π, the objects and messages are defined as processes of the π-calculus,
called object agents and message agents, respectively. These agents communicate through
a local channel. The source object and the parameters of each message are represented
as parameters of message agents. The reactions of the objects when receiving a message
are described by rule agents, that compose the object agent. Each kind of message can
have several procedures for treating it, so we can have several rule agents that describe
the treatment of the same kind of message. The choice of the procedure to be executed is
non-deterministic. The concurrency between objects is modeled by parallel composition
of object agents and message agents. So each object can treat its messages in parallel.
The internal concurrency is modeled by recursion of the object agent.



4.1. Semantic Compatibility

In order to compare the semantics of the OBHG with the one of π-calculus, we defined an
interleaving semantics for OBHG, because this is the usual semantic model of π-calculus.
In this model, non-determinism is described by different sequences of computations with
common prefix. The concurrency is modeled by different computation steps observed in
two different orders.

The synchronizations performed by agents simulate the grammar rule applica-
tions. The treatment of one message, in an OBHG, is done applying only one rule, thus
the OBHG transition system presents only one transition for each treated message. On the
other hand, in an OBM-π, the treatment of one message requires various synchronizations
between object and message agents. Thus, the OBM-π transition system has a sequence
of transitions for each message. In an OBM-π, the resulting synchronizations of paral-
lel treatments of two messages create some paths where the transitions (of treatment of
each message) may appear interleaved. In an OBHG the treatment of messages is atomic.
In the LTS of the translation of this OBHG there exist paths that represent these atomic
treatments. These paths are called complete paths. The others paths do not represent
existenting behavior in OBHG. So, the semantic compatibility is given only for paths in
OBM-π LTS that represent the atomic treatment of messages, that is, for all complete
paths. The effect of selecting these paths is discussed in the next section. To compare the
semantics of both models we remove the silent transitions and translate the valid terms
into typed hypergraphs. To prove that the translation preserves the semantics of OBHG
we showed that all paths that belong to OBHG LTS also belong to the set of complete
paths of its translation and vice-versa.

5. Conclusion and Future Work

In this work we have proposed a translation from object-based hypergraph grammars into
π-calculus agents, more specifically, into agents that have a specific form described by
the OBM-π model. We compared the LTSs of the two models to prove that the trans-
lation preserves the OBHG semantics. However, there is a change of granularity in the
translation: an action that was performed atomically in OBHG (one rule application) is
performed in many steps when we consider its translation into π-calculus. This means
that not all sequences of transitions of a translated OBHG correspond to computations
of the original OBHG. Therefore, if we use the translated model to prove properties, we
should take care about the results. If a property is satisfied, then it is also satisfied by
the original grammar (because all paths of the OBHG LTS are included in the LTS of
the translated OBHG). If a property is not satisfied, it does not necessarily means that
the property does not hold for the original OBHG because it could be that it fails for one
of the paths of the translated OBHG that does not correspond to a path of the original
OBHG. But, as the observable labels of the two LTSs are exactly the same (and occur in
the same orders), we conjecture that many of the properties in which we are interested
in (that properties involving these labels) are also preserved by the translation. This is
currently under investigation.

If one wants to use π-calculus tools to verify properties of the systems specified
using OBHGs, the user must know the language of specification of properties used by that
tool, for example π-logics. The user does not actually need to know how the translation



was done, because the labels of the transition systems, that are the events over which
we can define properties, are the same in both transition systems (and the occurrences
of these events are in the same orders). However, it could be useful to have a graphical
logical language to describe the properties that is closer to the specification language
OBHGs.

In this work we did a first step towards automatic verification of OBHGs, namely,
we defined a translation from OBHGs into the input language of some verification tools
(π-calculus). To really provide OBHGs with automatic verification mechanisms, this
translation shall be implemented. We stress the fact that, in contrast to other approaches
of translating specification languages into input languages of verification tools, we pro-
vided a complete proof of the preservation of the semantics of our translation. This is
a highly complex task, because it involves deep knowledge of the semantical models of
the specification and target (verification) language, as well as good theoretical skills to
manipulate these models. However, once this proof is done, the user of our translation
does not have to know anything neither about how the translation was defined, nor about
how the proof was carried out. Moreover, he/she can be completely sure that the proper-
ties proved by the verification tool over the translated model really hold for his original
OBHG specification.
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