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Abstract

Actor-based modeling is known to be an appropriate ap-
proach for representing concurrent and distributed systems.
Rebeca is an actor-based language with a formal founda-
tion, based on an operational interpretation of the actor
model. We develop a front-end tool for translating a subset
of Rebeca to SMV in order to model check Rebeca models.
Automated modular verification and abstraction techniques
are supported by the tool.
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sitional verification, actor model, reactive systems

1 Introduction

Rebeca (Reactive Objects Language) is an actor-
based language with a formal foundation, presented in [10,
12]. It can be considered as a reference model for concur-
rent computation, based on an operational interpretation of
the actor model [7, 3]. It is also a platform for develop-

ing object-based concurrent systems in practice. Besides
having an appropriate and efficient way for modeling con-
current and distributed systems, one needs a formal verifi-
cation approach to ensure their correctness. Rebeca is sup-
ported by Rebeca Verifier tool, as a front-end, to translate
Rebeca codes into languages of existing model-checkers
and thus, be able to verify their properties. Modular ver-
ification and abstraction techniques are used to reduce the
state space and make it possible to verify complicated re-
active systems [5, 4, 8]. Interesting work has been done on
formalizing the actor model, and there are other concurrent
models supported by tools for modeling and verifying reac-
tive systems, but to the best of our knowledge little is done
about the formal verification of the actor model.

Rebeca Verifier is an environment to create Rebeca mod-
els, edit them, and translate them to SMV [1]. Also, mod-
eler can enter the properties to be verified. The output code
can be model checked by NuSMV. The main contribution is
supporting modular verification and automatic abstraction.
Based on a Rebeca model, one can choose a subset of re-
active objects in the model as a component. The tool then
automatically generates the component model, as a Rebeca
model, which can be translated to SMV as well. To build
the component model out of components, a general envi-
ronment is simulated by allowing all possible interactions.

In the following section, we briefly explain Rebeca and
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NuSMV. In Section 3, components, abstraction, and mod-
ular verification are explained. Section 4, shows the archi-
tecture and implementation of Rebeca Verifier. Section 5 is
a short conclusion and an overview of our future work.

2 Rebeca and NuSMV

A model in Rebeca consists of a set of rebecs
(reactive object) which are concurrently executed. Re-
becs are encapsulated active objects, with no shared vari-
ables, which communicate via asynchronous message pass-
ing. Each rebec is instantiated from an active class and has
a single thread of execution which is triggered by reading
messages from an unbounded queue. Each message speci-
fies a unique method to be invoked when the message is ser-
viced. When a message is read from the queue, its method is
invoked and the message is removed from the queue. Note
that reading messages, thus, drives the computation of a
rebec. Rebecs do not provide an explicit control over the
message queue. Because of this asynchronous communica-
tion mechanism, with only an asynchronous send operation
and no explicit receive operation, methods can be executed
atomically.

NuSMV is a symbolic model checker which verifies the
correctness of properties for a finite state system. The sys-
tem should be modeled in the input language of NuSMV,
called SMV, and the properties should be specified in CTL
or LTL. We have developed a Rebeca Parser and a com-
piler of Rebeca into SMV [11]. The only data types
in the SMV language are finite ones, including booleans,
scalars and fixed arrays. A SMV code is a set of Mod-
ule definitions, including a main module. Processes are
instantiated from Modules, and are used to model inter-
leaving concurrency. The program executes a step by non-
deterministically choosing a process, then executing all of
the assignment statements in that process in parallel. The
main control structure in SMV is the next-case statement.
Using this statement, the programmer can specify the next
value of a variable, according to the current value of all vari-
ables in the code.

In Rebeca Verifier, the SMV code generater is used to
produce SMV codes from Rebeca models. The mapping
from Rebeca constructs to SMV is shown in Table 1. Each
active class in Rebeca is translated to a module in SMV and
for each rebec a process is defined. Each method of a re-
bec has to be executed in an atomic step, it can be done in
a SMV process. All the changes to a specific variable in a
process, under different conditions, shall be indicated in one
next-case statement. So, all the assignments to one variable
in different methods of a rebec are mapped into one next-
case statement. There is a variable in the translated SMV
code which specifies the method that is currently executed.
This variable is used to set up the correct condition in the

Rebeca construct SMV construct
activeclass module

rebec process
message queue array
message server distributed in the code

of a process
state variables of a rebec local variables of a process

Table 1. Mapping Rebeca constructs to SMV

case part of the next-case statement. To be able to trans-
late a Rebeca code into SMV, we do not allow loops, and
multiple assignments to the same variable in a method.

Message queues are translated into arrays in SMV. With
no variable indexes for arrays in SMV, the translated code
becomes very long. In our translation procedure, we con-
sidered some optimizations to generate an efficient code in
SMV with the minimum reachable states while not violat-
ing Rebeca semantics. For instance, we need to manipulate
empty entries in the message queue in a way not to produce
a dummy new state.

Instead of defining fixed length arrays for all rebecs, we
let the modeler to define the length of the queue. A queue-
overflow variable (corresponding to each rebec) is main-
tained in SMV code and can be checked as a property. Of-
ten, in our case studies, we had to increase the length of
the queues to allow proper executions. Modeling the mes-
sage queue as a structured variable increases the number of
state variables considerably and it may cause state explosion
quickly. A solution is using modular verification approach,
for which we need to model components.

3 Components in Rebeca

In Rebeca, for verification purposes we may decompose
a closed model and think of one part as the open system
and the remainder as the environment that makes the over-
all system closed. This decomposition, determines which
rebecs in the model have to be modeled with state and be-
havior and which rebecs may be abstracted away such that
they only send messages. Since environment rebecs never
execute their own methods, there is no need to model their
message queues, state, or behaviors. They can be modeled
as abstracted external rebecs, sending messages to internal
rebecs of a component, in an arbitrary manner. By mod-
eling environment in this way, certain properties still hold
(namely, LTL-X,ACTL) [9].

Considering the unbounded queue, sending messages in
an arbitrary manner will cause an infinite system. We use
another abstraction technique to overcome this problem. In-
stead of putting incoming external messages in the queue,
we enforce a fair interleaving process of them and messages



in the queue. It means that in the internal rebecs which
could receive messages from outside, a fair nondeterminis-
tic choice is made between the internal message on top of
the queue, and the external messages coming to it. In a num-
ber of conducted case studies, it has been shown that these
techniques result in a huge reduction of the state space. The
detailed explanation of these case studies, together with the
theoretical background and the proof of correctness of our
approach can be found in [11] and [10].

The state space may still be infinite, due to the unbound-
edness of message queues in Rebeca. Thus, we need to im-
pose a user-specified, finite upper bound on the size of the
message queue of each rebec. This may change the behav-
ior of the model , so, we incorporate a user-defined queue
length in our tool. Queue overflow can be checked as a
property and queue length can be increased. While there
is no queue overflow, the queue can be considered as an
unbounded queue. This condition can be gained in many
cases.

4 Tool Architecture and Implementation
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Figure 1. The Rebeca Verifier Component Di-
agram

The component diagram of Rebeca Verifier is shown in
Figure 1. The components include Property handler, Com-
ponent generator, and Code generator which uses Property
parser, Model parser and JGraph packages. The code gener-
ator is written in Java. The modeler can also specify a prop-
erty in the temporal logic supported by NuSMV, based on

Edit and syntax checking of 

Rebeca model


Create component from a Rebeca 

model


Generate SMV code from a 

Rebeca model


Modeler


Specify a property for Rebeca 

model


<<extend>>


Figure 2. The Rebeca Verifier Use Case Dia-
gram

rebec’s variables at the source code level. The property han-
dler, changes this property to the suitable form to be used by
NuSMV.

Modular verification is supported by the component gen-
erator using the model viewer. Using the model viewer,
modeler can select a subset of rebecs in a Rebeca model
to create a component. This will generate an open system.
The rebecs which are now interacting with the outside world
and their interface with the environment are all determined
and visualized. The component which is composed by its
environment makes up a close system, called a component
model. Component models can also be translated into SMV,
as described in Section 3. Figure 2, shows the use case dia-
gram of the system. Figure 3, shows a snapshot of the tool,
creating a component from well-known dining philosophers
example, consisting of two forks and one philosopher.

5 Conclusion and Future Work

We generate a front-end tool for translating Rebeca mod-
els to SMV. Our tool supports modular verification, en-
abling the modeler to model check components derived
from decomposing Rebeca models. Abstraction techniques
are used to overcome state explosion problem.

Our research group in Tehran and Sharif universities has
already implemented a translator of Rebeca to Promela [2].
It will be soon added to Rebeca Verifier. Rebeca group
is also working on medium-sized case studies to be mod-
eled and verified, for example IEEE CSMA/CD protocol is
modeled in Rebeca (more information can be obtained from
our home page at http : //khorshid.ut.ac.ir/ ∼ rebeca/
or at http : //mehr.sharif.edu/ ∼ msirjani/rebeca ).
Currently we are investigating the formal relationship be-
tween a subset of UML developed in European IST Project
Omega [6] and an extended version of Rebeca. In this con-



Figure 3. A snapshot of the tool, creating a
component

tent, we add components as additional modeling structures.
Synchronous message passing is allowed within a compo-
nent, giving us the ability to model globally asynchronous
and locally synchronous systems. By adding the required
features, Rebeca can be used as a verifier in Omega project.

Special algorithms can be used to reduce the state space
generated by executing Rebeca models, but this requires im-
plementing a model checker algorithm from scratch. We are
also working on this project. Other abstraction techniques,
specially for abstracting the message queues, are under con-
sideration.
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