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ARTICLE INFO ABSTRACT

Keywords: We describe RebeCaos: a user-friendly web-based front-end tool for Rebeca, based on the Caos
Caos library for Scala. Rebeca is an actor-based language for modelling and analysing concurrent and
Rebeca

distributed systems using reactive objects with no shared variables, asynchronous message pass-
ing with no blocking when sending and no explicit receiving, and unbounded message buffers for
arriving messages. RebeCaos can simulate different operational semantics of (timed) Rebeca,
thus facilitating the dissemination and awareness of Rebeca, providing insights into the differ-
ences among existing semantics for Rebeca, and supporting quick experimentation of new Re-
beca variants (e.g., when the order of received messages is preserved or prioritised). RebeCaos
also provides initial reachability analyses for Rebeca models (e.g., the possibility of reaching
deadlocks or desirable states).
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Time
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1. Motivation and significance

The user-friendly web-based front-end tool RebeCaos for the actor-based language Rebeca was first presented during the DisCoTec
conference COORDINATION as a tool paper [1], which was awarded with the EAPLS artefact badges Available, Functional and
Reusable, and which accompanied a prior Festschrift contribution [2], which we refer to in particular for more details. In this paper,
we focus on the software artefact, providing more details on its architecture and on what precisely it offers (cf. Table 1).

This recent artefact is meant to provide an easy entry point to animate the semantics of Rebeca, i.e., ready and easy to use without
any installation, providing a small yet extensible core implementation, and rich enough to engage both students and researchers into
experimentation and dissemination.

The Reactive objects language (Rebeca) [3-5] is a high-level language designed for modelling and analysing concurrent and
distributed systems based on the actor model of computation, which views systems as a collection of autonomous objects (actors)
that communicate via asynchronous message passing. Actors or reactive objects (rebecs) constitute its primary modelling components,
which are particularly useful for modelling and analysing reactive systems in which components react to incoming messages. Rebecs
communicate in a non-blocking fashion via asynchronous message passing between senders and receivers. Each rebec has a set of
variables that store values, a set of methods (called message servers), and a message bag (implicitly acting as a buffer between senders
and receivers) to store the received messages (along with their arrival times and their deadlines). Operationally, a rebec may take
a message (with the least arrival time) from its message bag and execute the corresponding message server. Each rebec operates
concurrently and can process one message at a time. Unlike many existing implementations of actors in mainstream languages (e.g.,
in Erlang/Elixir [6], Scala [7], and Swift [8]), Rebeca is a modelling language, meant to be simpler and more compact, while being
expressive enough to reason about the behaviour of actor-based systems.
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Table 1
Code metadata.

Nr. Code metadata description

Cl  Current code version v0.2

C2  Permanent link to code/repository used for this code version https://github.com/FM-DCC/rebecaos/releases/tag/v0.2

C3  Permanent link to Reproducible Capsule https://zenodo.org/records/14947780

C4  Legal Code License MIT

C5  Code versioning system used git

C6  Software code languages, tools, and services used Scala & JavaScript

C7  Compilation requirements, operating environments and dependencies  Scala building tools (sbt) & Java Runtime Environment (JRE) > 1.7

C8  If available, link to developer documentation/manual https://doi.org/10.5281/zenodo.14947780 https://github.com/FM-DCC/rebecaos/
C9  Support Email for questions jose@proenca.org

Throughout the years, several extensions of Rebeca have been introduced for the modelling and analysis of systems from spe-
cific domains, among which pRebeca [9] for probabilistic systems, Timed Rebeca [10] for real-time systems, PTRebeca [11] for
probabilistic timed systems, and Hybrid Rebeca [12] for cyber-physical systems. In particular, Timed Rebeca extends core Rebeca
with a global notion of time [10,13-15], which is achieved by synchronisation of (local) time of the actors (rebecs) involved. In
Timed Rebeca, the primitives delay and after are used to model the progress of time while executing a message server. Timed Rebeca
is supported by the tool Afra [16], which offers a comprehensive IDE for specifying and verifying Rebeca models. It unifies the
Java artefacts from various Rebeca-related projects and offers tools for model creation, property specification, model checking, and
counterexample visualisation. Besides Afra, there is a rich ecosystem of tools around Rebeca [3],! including generators for back-end
model checkers like SMV [17], mCRL2 [18], and McErlang [19], a dedicated model checker Modere [20], and a more recent Jacco
model checker for Java actors [21] based on Rebeca’s existing toolset. RebeCaos is our contribution to this toolset. In comparison
to the existing tools, RebeCaos is overall easier to use and simpler to deploy (web-based, requiring no installation), easier to extend
and more suitable for teaching (small but extensible core implementation, rich enough to engage students into experimentation), but
typically worse for analysis and performance (limited analysis features offered, performance not optimised).

The recent Basic Actor-based Language (Babel) [22] is a core actor-based language with a semantics with variation points for
communication and coordination that can be instantiated to obtain the concrete semantics of actor-based languages like Rebeca,
ABS [23], and Erlang/Akka [24,25]. In particular, the operations of sending and receiving messages are distinguished by variation
points based on when a message can be added to the buffer (i.e., based on the buffer’s type and capacity) and when it can be consumed
from the buffer (e.g., FIFO, EDF (Earliest Deadline First), based on priority or pattern matching, or nondeterministically). RebeCaos
allows one to experiment with some of these asynchronous communication policies.

RebeCaos is based on the recently developed the Caos Scala framework (Computer aided design of structural operational se-
mantics) [26]. Caos supports the creation of interactive JavaScript-based websites meant to animate operational semantics. These
websites can provide both a quick feedback for developers and good insights to newcomers of a specific language. Caos has been
used, e.g., to animate and guide the development of the semantics of choreographic languages [27-30] and reactive systems [31-34],
as well as to teach students about the semantics of C-like languages and of a concurrent process calculus.?

A survey from 2020 with the participation of 130 formal methods experts—including three Turing Award winners, all five FME
Fellowship Award winners, and 17 CAV Award winners—acknowledges the importance of supporting tools for teaching formal
methods, since “an overwhelming majority of answers judged the use of tools essential when teaching formal methods” (75.4% of the
respondents answered “major role”) when asked “whether, and to which extent, students should be exposed to software tools when
being taught formal methods” [35, Section 6: Formal Methods in Education]. Moreover, tools “allow students to quickly link theory
with practice” [36].

2. Software description

RebeCaos is an online tool that does not require any server. Instead, its functionality is fully compiled into a JavaScript program
(from Scala® source code) that is loaded by a provided HTML file. This architecture offers a self-contained and quick-to-deploy
infrastructure, which can be used with no installation. Section 3 presents illustrative examples, while the impact of this approach is
described in Section 4. The rest of this section provides more details about the underlying architecture of RebeCaos (Section 2.1)
and about the functionality provided by its widgets (Section 2.2).

2.1. Software architecture

Fig. 1 depicts the overall structure of RebeCaos and its interaction with the Caos libraries. The highlighted nodes are specific to
RebeCaos. The bridge between the two is achieved by the CaosConfig.scala file,* which extends a Configurator class from Caos

! https://rebeca-lang.org/tools

2 Many examples are listed here: https://github.com/arcalab/caos

3 https://www.scala-lang.org

4 https://github.com/FM-DCC/rebecaos/blob/v0.2/src/main/scala/rebecaos/frontend/CaosConfig.scala
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Fig. 1. Architecture of RebeCaos and its interaction with CAOS.

specifying the layout of RebeCaos. More specifically, by specifying (1) which parser is used, (2) a list of examples, (3) a list of
widget specifications, and (4) optional documentation for each widget. The parser was built using a library of parser combinators,
outputting a data structure representing the syntax of a Rebeca program. The list of examples covers many of the examples from the
online repository of Rebeca, as mentioned in Section 3. The analyses are performed by concrete widgets which use widget constructors
offered by Caos. The main widget constructors used by RebeCaos are listed below.

e Visualisation - to calculate a result from a Rebeca program and present it either as plain text or as a Mermaid diagram.®> We
use these to display the number of states and edges (widget “Number of states and edges”), and to present the result from the
reachability analysis (widget “Reachability checks”).

* Semantics, step-by-step — to present how the state of a Rebeca program can evolve, used by the widgets “Run semantics (state’s
view)” and “Run semantics (sequence chart)”. These widgets are parameterised by a Semantics object, which extends a class
from Caos that implements a next function calculating the set of next states from a given state.

* Semantics, all steps - to use the same Semantics object as above to produce a transition system with all reachable states of the
system (bounded by a fixed number of transitions). This transition system can be presented all at once (widget “Build LTS”), or
by expanding state by state (widget “Build LTS (explore)”).

The current GitHub repository hosting this tool includes a special folder docs with a copy of the index.HTML and supporting files
(*.ccs, *.js, etc.), including a snapshot of a compiled JavaScript main.js (cf. Fig. 1). Using the GitHub pages functionality,® this folder
becomes instantly available by its generated URL from GitHub, namely https://fm-dcc.github.io/rebecaos/. To update the version
that users can use, one only needs to update the compiled main.js in the docs folder, supporting quick updates to the online tool.

2.2. Widgets provided by RebeCaos

RebeCaos provides two input widgets and six output widgets, anticipated above. Input widget “Input Rebeca program” allows
users to manually write a Rebeca program and “Examples” allows users to load one of the available example programs. The output
widgets, reloaded every time they are expanded (by clicking on their headers), are described next.

e “Run semantics (state’s view)” and “Run semantics (sequence chart)” interactively ask which reduction should be applied, and
depict the current state of the system either using plain text (state’s view) or as a sequence chart with the history of interactions
(solid arrows) and the pending messages (dashed arrows).

“Build LTS” applies all possible reductions [2, Section 2.2: Semantics] from the adopted semantics,” depicting the state space as
a graph, limiting the traversal to a bounded number of transitions.

“Build LTS (explore)” builds the same LTS as “Build LTS”, now interactively, initially presenting only the initial state and its
successors—clicking any of these successors adds its own successors.

“Number of states and edges” counts how many states and edges are found in the traversed LTS (bounded by a maximum number
of edges).

“Reachability checks” traverses the state space searching for a state where a given state properties ¢ holds—these properties can
be provided in the input widge by writing, e.g., “check alice.max == 2;” to search for states where the local variable max of
the object alice has value 2 (which happens after the initial method is executed).

3. Illustrative examples

Fig. 2 shows a screenshot of RebeCaos analysing a small toy example of a bounded ping-pong game, accessible at https://fm-
dcc.github.io/rebecaos.

This screenshot includes an input widget in the upper-left corner, and another one with examples immediately below, as well as
six output widgets on the right side, only two of them expanded while the others are collapsed.

In this example, two reactive objects of class Ponger are created in the main block, called alice and bob. The alice object is
initialised with bob (the neighbour), true (to start the interaction), and 2 (to set lifespan of a chain of interactions). Both objects

5 A popular JavaScript library for UML-like diagrams: http://mermaid.js.org/

6 https://docs.github.com/en/pages/

7 RebeCaos adopted the core semantics of Rebeca with time and dynamic actor creation, but does not include some extensions such as the
probabilistic semantics or explicit arrays.
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RebeCaos: an animator of Rebeca's semantics
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6 if (st) {
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10 } alse,2) .

11 msgsrv ping(int n) { initial(true,2)
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13 b

14 msgsrv pong(int n) { ping(1)

15 if (n<max) {other.ping(n+1);} ...............

L e S e N

17 '}

18

19 main {

20 Ponger alice(bob):(true,2);
21 Ponger bob(alice):(false,2);

alice bob
22 }
Simple ping-pong example. The two rebecs are of Build LTS i ®
the same class, and they keep sending messages to
each other until a certain count is reached. kb
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View pretty data
al|:e bob alice bob
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Build LTS (explore) 20
Number of states and edges
Reachability checks ®

Fig. 2. Screenshot of RebeCaos with a simple ping-pong game.
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have a constructor method initial that initialises the state and, if set to start, calls the other object twice via the method ping. The
call is asynchronous, which means that its execution is only started once this object finishes executing the current method body. The
sequence diagram on the right depicts the state of the system after one method has been processed, namely the method initial by
alice. At this point, there are three pending messages, marked with dashed lines, namely ping(1), ping(2), and initial(false,2),
to be processed by bob. Only the method initial can now be taken, since it has priority over the remaining methods to initialise the
object.

The source code of this and many other examples can be found on the RebeCaos website,® among which the following ones.

¢ The example in Fig. 2, to illustrate how to create and simulate two actors playing the ping-pong game.

¢ A simpler introductory example, adapted from Hojjat et al. [18] to illustrate the dynamic extension of Rebeca, i.e., support for
runtime creation of objects, used in our previous publications introducing RebeCaos [1,2].

¢ A publisher-consumer example, borrowed from Sirjani [3] and other papers, and its dynamic variation.

e A time-sensitive ticket-service example, borrowed from Khamespanah et al. [15] and other papers, and its untimed version.

Several other examples included in the online repository of examples,” some of which include extensions that are not yet supported

by RebeCaos, such as macros and arrays.

4. Impact
We list some advantages of this tool with respect to other Rebeca tools,'? discussed in the Introduction.

o No installation needed - it is sufficient to open a stand-alone website.

Quick feedback — the widgets to animate the semantics are responsive for many useful examples.

e Compact implementation — making changes to the syntax and semantics is relatively easy to implement and experiment with.

o Engaging — in the sense that it simple to use, e.g., to teach students about Rebeca or to discuss examples or variants with research
partners.

This tool is recent, developed in 2025, and it is not yet widely adopted.

Concerning the relatively easy modifications to the syntax and semantics, we make the following remarks. One would need
to navigate through the source code and change relevant parts; e.g., small changes to the semantics could be applied to a single
function that, given a current state, calculates the next possible reduction steps. More complex changes (e.g., involving new syntactic
constructs) may require to update the internal data representation, the parser, the textual representation of the internal data, the
evaluation of expressions, the structure of the state of the program, and—again—the semantics. Two examples on how to modify the
source code are documented in the accompanying permanent artifact (https://zenodo.org/records/14947780).

5. Conclusions

We presented the RebeCaos software artefact: a user-friendly web-based front-end tool based on the Caos library for Scala. In
particular, we described how to use RebeCaos to analyse the behaviour of Rebeca programs, implemented Scala and JavaScript.
We expect RebeCaos to be useful for assisting teaching and explaining the insights of Rebeca, as well as for providing a relatively
easy and intuitive tool for quick feedback on experiments with new extensions or with variations of the semantics.

In the future, we might extend the syntax and semantics of Rebeca currently supported by RebeCaos with one of the following
variants of Rebeca from the literature:

* a means to deal with probabilistic extensions of Rebeca like pRebeca [9] or PTRebeca [11];
¢ support for the symbolic time representation presented by Khamespanah et al. [15];
e a variation of asynchronous communication policies proposed for Babel by Ghassemi et al. [22].

Alternatively, we could consider entirely new extensions such as an experimental type-checking algorithm for verifying conformity
with a given behavioural type.
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