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Abstract

MultEcore is a language and tool for the definition of domain-specific modelling
languages following the multilevel modelling approach. This work presents some
challenges towards the rewriting logic semantics of multilevel model hierarchies
and Multilevel Coupled Model Transformations used to specify such languages.
Although we briefly describe the specification of hierarchies and transforma-
tions, we will focus on the latest additions to the language, which allow the
instantiation of the multilevel models with a language of choice, e.g., OCL or
Standard ML, for the specification and manipulation of values of objects’ at-
tributes, and the use of nested and cross-level boxes for the specification of
patterns in the rules. The executable specification can then be used for the
simulation/execution of MultEcore models and their analysis using tools in the
Maude formal environment.

1. Introduction

Model-driven software engineering (MDSE) promotes the use of abstractions
and different modelling techniques to tackle the complexity of software by con-
sidering models as primary artefacts in each phase of the software engineering
life-cycle [1]. Most of the existing approaches for MDSE, such as the Unified
Modelling Language (UML) [2] and the Eclipse Modelling Framework (EMF) [3],
are based on the Object Management Group’s 4-layer architecture [4]. Thus,
these approaches restrict the number of levels that designers can use to specify
modelling languages: one for (meta)models and one for their instances. How-
ever, it has extensively been argued that in many situations the two-level re-
striction may lead to different problems, including model convolution, accidental
complexity, and mixing concepts belonging to different domains (see e.g., [5, 6]
for discussions on these issues).

Using multilevel modelling (MLM), modellers are no longer forced to fit their
modelling language specifications within two levels of abstraction but models
can be organised into multiple levels [7]. MLM techniques are excellent for the
creation of domain-specific modelling languages (DSMLs), especially when fo-
cusing on languages with dynamic behaviour, since behaviour is usually defined



at the metamodel level while it is executed (at least) two levels below at the
instance level [8, 9]. The reason is that behaviour is reflected in the running
instances of the models which in turn conform to their metamodel.

Although there exist diverse approaches for MLM (see e.g., [10, 11]) we focus
here on the approach proposed by the tool MultEcore [12, 13], formally specified
in [14]. In MultEcore, the structure of systems is captured by a hierarchy of
models, where each element of a model is typed by an element in a model at
an upper level. In MultEcore, one can also explore the behavioural dimension
of the specified multilevel hierarchies. Even though various approaches have
been proposed for the definition and simulation of behavioural models based on
reusable model transformations (e.g., [15, 16]), these rely on traditional two-level
modelling hierarchies. In MultEcore, the operational semantics of the system is
captured by using the multilevel language so-called Multilevel Coupled Model
Transformations (MCMTs), which were formally introduced in [17], and which
extends traditional model transformation rules to multilevel models.

Given an MLM definition of a DSML using the MultEcore facilities, a cor-
responding Maude [18] specification is automatically generated. In this way,
the MultEcore editing facilities become a complete development environment in
which we can, not only edit our MLM models but also experiment with them
through their simulation and execution, and analyse them by giving access to
Maude’s verification tools. The syntactical facilities of Maude have allowed us
to use a representation of MLM hierarchies and MCMT rules very close to that
of MultEcore. Indeed, this minimal representation distance has facilitated the
automation of the bidirectional transformation between them.

The rest of the paper is structured as follows. Section 2 discusses the main
features of MultEcore and the motivation of choosing Petri nets as a case study.
Section 3 shows how the behavioural descriptions are specified in MultEcore.
Then, Section 4 points out the main challenges faced during the development
of the Maude specification and identify the next ones we plan to address.

2. A Multilevel Hierarchy in MultEcore

One of the applications in which MultEcore can help to alleviate the strict-
ness in the number of levels, is the ability to give extensibility support to existing
modelling languages that are not easy to extend, for instance, with domain-
specific features, or simply additional concepts that one might need on the
course of modelling certain system. An example of this may be the different
forms of Petri nets (PNs) [19]. Classical Petri nets has been extended along the
years for different types of applications, or simply to enhance its expressivity, by
adding different types of arcs, e.g., reset arcs and inhibitor arcs [20], tokens or
adapting their behavior. Another well-known example is the case of Coloured
Petri nets (CPNs) [21]. CPNs belong to the family of high-level PNs, which are
characterised by combining classical PNs with a programming language (Stan-
dard ML in the CPN Tools). Furthermore, several recent applications of CPNs
have shown that it would be beneficial to be able to develop new domain-specific
variants of them [22].
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The different variants may then be defined at different levels of abstraction,
presenting each lower level as an instantiation of one or several higher levels. A
multilevel modelling hierarchy in MultEcore typically is a tree-shaped structure
of models with a single root, typically depicted at the top of the tree. Levels
are indexed with increasing natural numbers starting from the uppermost one,
with index 0, although since MultEcore prescribes the use of Ecore [3] as root,
the Ecore model is always at level 0 in all hierarchies. Thus, hierarchies enclose
a set of models which are connected via typing relations. A possible description
of the Petri nets multilevel hierarchy can be found in [23].

3. Operational Semantics in MultEcore

The multilevel transformation language that MCMTs define allows us to
exploit multilevel capabilities and is powerful enough to specify behavioural
descriptions in an operational way. As in conventional term or graph rewriting, a
MultEcore rule has the form LHS⇒ RHS if C, where LHS is a multilevel model
pattern (which may contain variables), and RHS is model pattern in which we
can use the variables already appearing in LHS. C is a Boolean condition,
in which we can use variables from LHS. Given a model M that represents
a state of the system, if there is a match of the rule on the model, and its
condition is satisfied, then the matched submodel is replaced by the model
specified in the right-hand side of the rule. The novelty in MCMTs is that
matching patterns may come expressed by multiple levels, requiring features
and typing relations, involving multiple levels. Furthermore, the expressivity of
these rules is enhanced by the use of pattern boxes with variable cardinalities,
which can be nested and be define across multiple levels. Let clauses not only
help in the definition of complex expressions or avoiding verbosity, but help
collecting information which can be later mashed up.

The way to express the behaviour of systems using transformation rules is
then by specifying rules modelling each of the possible actions that may occur.
The complexity of these actions may of course be very high. And the required
infrastructure very complex. For instance, the cardinality of boxes is expressed
using OCL expressions. OCL is also used for the specification of rule conditions.
Attribute values, however, may be expressed in different languages. In some
DSMLs we may use OCL or Java, but, for example, in CPNs the usual language
used if Standard ML. In summary, although OCL is used for box cardinality
and rule conditions, the language used to specify attribute values is left as a
parameter. A graphical representation of the MCMT rule to fire transitions in
Petri nets can be found in [23].

4. Rewriting Logic Specification of Multilevel Hierarchies and MCMTs
via Maude

A Maude specification of multilevel hierarchies and MCMTs provides a for-
mal semantics of MultEcore models in rewriting logic. Based on such formal-
isation, the transformation MultEcore ←→ Maude is automated. The Maude
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specification obtained from MultEcore models using the above transformation is
executable, and it can therefore be used to simulate MultEcore models in Maude.
Once the rewriting logic specification of a MultEcore model is available, we can
use the tools in Maude’s formal environment to analyse it. The constructed in-
frastructure that connects MultEcore with Maude is detailed in [24] and a brief
description of part of the Maude code that is being used can be found in [23].

We do not provide here a full description of the Maude semantics, but we
would like to point out a few key issues:

• Each MultEcore object (including both a hierarchy and its MCMTs) is
mapped into a corresponding Maude object.

• References and conditions are handled in exactly the same way, by using
references as names, and using the same set of expressions (types and
operators) for conditions.

• One of the major challenges are in the handling of boxing and the per-
forming of the rewriting on multilevel hierarchies. A two-steps process
has been developed to handle them. For each MCMT, a rule without
the boxes is generated. When Maude finds a match for such a rule, it
gets enough information to process the cardinalities of the most-external
boxes. Then, using the metaprogramming capabilities of Maude, a second
rule with the corresponding number of replicas of the boxes is generated
on the fly, which is used to take the corresponding rewriting step using
the original partial substitution. Nested boxes are processed one level at
a time, recursively unfolding the boxes, and expanding the matching until
no further boxes are left. Lets and conditions inside boxes are processed
at each step.

• There might be boxes crossing multiple META levels, so that specific
instantiations must be handled consistently.

• The support for OCL is based on the Maude semantics of OCL proposed
in [25].

While the aforementioned items have been implemented and has successfully
allowed us to execute and verify Petri net models, we are working on further
improvements to have Coloured Petri net models that are also executable. In
this regard, the language to be used to specify attributes will be a parameter
of the model. Its instantiation provides a set of available types, a syntax, and
an eval operation that gives semantics to the language. Optional operations,
like match and apply, provide additional functionality, which may be useful for
some instantiations. So far, we have developed definitions and corresponding
instantiating views for OCL and a preliminary version of SML.

Additional information on MultEcore is available at https://ict.hvl.no/
multecore/. Some preliminary steps on the Maude implementation of MLM
can be found in [26, 24, 23], a detailed presentation will be published elsewhere.
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