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Abstract

In this article we discuss the limitations found in regular
programming language types when used in the context of
multi-paradigm modelling. By multi-paradigm, we mean
the combination of meta-modelling (i.e., modelling mod-
els), multi-formalism modelling, and multiple abstraction
levels. In particular, we propose the inclusion, in types, of
information about how time is represented and ultimately
simulated in each component of a system model. We also
discuss the relationship between formalisms and types, and
propose an architecture to implement these multi-paradigm
concepts. This architecture has been implemented in a tool
called AToM? [7], which allows one to model different
parts of a system using different formalisms. Formalisms
are modelled at a meta-level and AToM?> uses the informa-
tion in these meta-models to automatically generate tools to
process (create, edit, check, and generate simulators for) the
models in the described formalism. Models can be automat-
ically converted between formalisms thanks to information
found in a Formalism Transformation Graph (FTG). The
transformations are described at a meta-level by means of
models in the graph-grammar formalism. Composite types
are described by constructing models in the Types formal-
ism which has also been modelled at a meta-level within
AToM?. Graph grammars are used to manipulate types. Ex-
amples of these manipulations include automatic genera-
tion of widgets to edit variables of the defined type, and
determining subtype/supertype relationships.

Keywords: Modelling & Simulation, Multi-Paradigm
Modelling, Automatic Code Generation, Graph Grammars,
Types.

1 Introduction

AToM? is a visual Meta-Modelling tool which supports
modelling of complex systems. Complex systems are
characterized by components and aspects whose struc-
ture as well as behaviour cannot be described in a sin-
gle formalism. Examples of commonly used modelling
formalisms are Differential-Algebraic Equations (DAEs),
Bond Graphs, Petri Nets, DEVS, Entity-Relationship Di-

Montréal, Québec, Canada H3A 2A7

hv@cs.mcgill.ca

9000 Ghent, Belgium

Ghislain. Vansteenkiste @ rug.ac.be

agrams, and Statecharts.

In multi-formalism modelling, each system component
and/or aspect represented is modelled using the most ap-
propriate formalism and supporting modelling/simulation
tool. To deal with this formalism heterogeneity, a single
formalism needs to be identified into which each of the
component models can be symbolically transformed [25].
Obviously, the system properties which we wish to investi-
gate must be invariant under the transformations. The for-
malism to transform to depends on the question to be an-
swered about the system. The Formalism Transformation
Graph (see Figure 1) suggests DEVS [27] as a universal
(bridging continuous-time and discrete-event worlds) com-
mon modelling formalism for simulation purposes (gener-
ating input/output trajectories). To answer symbolic ques-
tions, as when performing system verification, other target
formalisms are more appropriate.

In order to make the multi-formalism approach applica-
ble, we still have to solve the problem of interconnecting
a plethora of different tools, each designed for a particu-
lar formalism. We tackle this problem by means of meta-
modelling. Thus, using a higher layer of modelling, it is
possible to model the modelling formalisms themselves.
Using the information in these meta-layers, it is possible
to generate customized tools for models in the described
formalisms. The effort required to construct a tool for mod-
elling in a formalism tailored to particular applications thus
becomes minimal. Furthermore, explicitly modelling the
formalism yields insight into it. When the generated tools
use a common data structure to internally represent the
models, transformation between formalisms is reduced to
the transformation of these data structures. In AToM3, the
basic data structures are graphs so transformations may be
specified (modelled) in the graph grammar formalism.

In this article, in the context of multi-paradigm modelling,
we propose extending the types commonly used in pro-
gramming languages with information about how time is
represented. To our knowledge, there is no modelling and
simulation tool treating types in this way. Next, we point
out some similarities and analogies between formalisms and
types. We also show the implementation of these ideas in
AToM3. AToM? has a meta-modelling layer in which dif-



ferent formalisms can be modelled. It is possible to model
the graphical representation of the relevant entities in these
models at the meta-level. From the meta-specification (of-
ten in the Entity Relationship formalism) of formalism F,
AToM? generates a tool to process models described in
F. Models are internally represented using Abstract Syntax
Graphs. In AToM?, types are also models, and are defined
by constructing a graph. The graph may contain strongly
connected components in case of recursive types.

Model manipulation is specified in graph-grammar [9]
models. Examples of such manipulations are:

e Given a model of a type, generating appropriate graph-
ical widgets to edit variables of the defined type.

¢ Given two type models, determine if one is a sub-type
of the other.

o Transform a model expressed in one formalism into a
behaviourally-equivalent model, possibly expressed in
another formalism.

o Optimize a model, without formalism change. Exam-
ples of such optimizations are constant folding and
sorting of equations in the DAE formalism.

e Express operational semantics (specification of simu-
lators).

e Generate code from the model. For example, the
model represented in a standard simulation language
such as GPSS [6].

Graph grammars (similar to string grammars) are composed
of a list of rules, each of which has a left and a right
hand side. A graph rewriting system tries each rule in turn.
Whenever a matching is found between a left hand side and
a zone in the graph, this zone of the graph is substituted by
the right hand side of the rule. The graph rewriting system
stops when no more rules are applicable.

Although graph grammars have been used in very diverse
areas such as graphical editors, code optimization, com-
puter architecture, etc. [11], to our knowledge, they have
never been applied to formalism transformations nor to type
manipulations.

2 Multi-paradigm M&S

Computer Automated Multi-Paradigm Modelling is an
emerging field that addresses and integrates three orthog-
onal directions of research:

1. multi-formalism modelling, concerned with the cou-
pling of and transformation between models described
in different formalisms,

2. model abstraction, concerned with the relationship be-
tween models at different levels of abstraction, and

3. meta-modelling (models of models), concerned with
the description of classes of models, which allows for
formalism specification.

Multi-paradigm modelling explores the possible combina-
tions of these notions. It combines and relates formalisms,
generates maximally constrained domain- and problem-
specific formalisms, methods and tools, and verifies con-
sistency between multiple views. Because of the heteroge-
neous nature of embedded systems and the many imple-
mentation technologies, multi-paradigm modelling is a crit-
ical enabler for holistic design approaches (such as mecha-
tronics), to avoid overdesign, and to support system inte-
gration. Multi-paradigm techniques have been successfully
applied in the field of software architectures, control system
design, model integrated computing, and tool interoperabil-
ity.

Table 2 depicts the levels considered in our meta-modelling
approach.

Formalisms such as Entity-Relationship Diagrams are often
used for meta-modelling. To be able to fully specify mod-
elling formalisms, the meta-level formalism may have to
be extended with the ability to express constraints (limit-
ing the number of meaningful models). For example, when
modelling a Deterministic Finite Automaton, different tran-
sitions leaving a given state must have different labels.
This cannot be expressed within Entity-Relationship dia-
grams alone. Expressing constraints is most elegantly done
by adding a constraint language to the meta-modelling for-
malism. Whereas the meta-modelling formalism frequently
uses a graphical notation, constraints are concisely ex-
pressed in textual form. For this purpose, some systems [16]
(including ours) use the Object Constraint Language OCL
[21] used in UML. As AToM? is implemented in the script-
ing language Python [23], arbitrary Python code can also
be used.

Our use of graph transformations allows to express model
behaviour and thus formalism semantics. These graph
transformations allow us to transform models between for-
malisms, optimize models, or describe basic simulators. For
example, we have implemented a simulator for block dia-
grams using graph grammars [4]. Another advantage of our
approach, is that we consider meta-levels; we don’t need
different tools to process different formalisms, as we can
model them at the meta-level.

Other approaches to interconnecting formalisms are Cat-
egory Theory [13], in which formalisms are cast as cate-
gories and their relationships as functors. See also [26] and
[20] for other approaches.

There are other visual tools to describe formalisms using
meta-modelling, among them DOME [8], Multigraph [24],
MetaEdit+ [19] or KOGGE [10]. Some of these allow one
to express formalism semantics by means of a textual lan-
guage (KOGGE for example uses a language similar to
Modula-2). Our approach is quite different, as we express
such semantics by means of graph grammar models. We
believe that graph-grammars are a natural, declarative, and
general way to express transformations. As graph gram-
mars are highly amenable to graphical representation, they
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Figure 1: Formalism Transformation Graph.

Level Description

Example

Meta-Meta-Model Model that describes a for-
malism that will be used to de-

scribe other formalisms.

Description of Entity-
Relationship Diagrams, UML
class Diagrams

Meta-Model Model that describes a sim- Description of Determinis-
ulation formalism. Specified tic Finite Automata, Ordinary
under the rules of a certain differential equations (ODE)
Meta-Meta-Model

Model Description of an object. f'(x) = —sinx, f(0) = 0 (in

Specified under the rules of a
certain Meta-Model

the ODEs formalism)

Table 1: Meta-modelling levels.

are superior to a purely textual language. Also, none of the
tools consider the possibility of “translating” models be-
tween different formalisms.

Also, there are some languages and systems for graph-
grammar manipulation, such as PROGRES [22], GRACE
[15] and AGG [2]. All of them lack a meta-modelling layer.

Our approach is original in the sense that we combine the
advantages of meta-modelling (to avoid explicit program-
ming of customized tools) and graph transformation sys-
tems (to express a tool’s behaviour and formalism trans-
formation). Our main contribution is in the field of multi-
paradigm modelling [25], as we have a general means to
transform models between different formalisms.

3 Programming vs. Modelling Types

Programming languages usually do not include the notion
of time in types. However in simulation, state variables are

functions of time. For example, an Integer variable a is re-
ally a : TimeBase — N. In programming languages (as op-
posed to modelling languages), one is not interested in the
detailed evolution over time of variables, only in the se-
quence of changes. In a multi-formalism modelling envi-
ronment, having information about how a certain variable
may change with respect to time can be useful. In complex
systems, there may be components which are best modelled
using a discrete time formalism (the time base is isomor-
phic to N), whereas for others, a continuous time formal-
ism (the time base is isomorphic to R) is preferred. In the
first case, Integer variables should be expressed as the com-
posite type N — N whereas in the second case they should
be expresssed as R — N. This has important implications,
mostly with respect to subtype relationships, as we will see
below.

In object-oriented programming languages, a type O’ is a
subtype of type O if O’ has the same components as O



and possibly more [1]. We denote such a relationship as
O’ <: O. The existence of such a relationship enables us
to perform operations on variables, such as replacement: if
O’ <: O, then it is allowed to replace any variable of type
O by a variable of type O'. For atomic types, this relation-
ship is postulated. As an example, usually one considers
Int <: Float, and allows assignments such as f := i with
typeof(f) = Float and rypeof (i) = Int. The type system
must then convert the Int variable into a Float. When such
conversion is automatically performed by the system, it is
called coercion [3]. For some other cases, an explicit con-
version mechanism must be given.

Composite types are built using type constructors. Exam-
ples of such constructors are “x” to build tuples, “U” for
unions, and “—" for functions.

Using the above, suppose we want to model Integers in Dis-
crete and Continuous Time components. Using the — type
constructor, we end up with: (CT _Int) ::= (Float) — (Int)
and (DT _Int) ::= (Int) — (Int). Where CT stands for Con-
tinuous Time and DT stands for Discrete Time.

The — operator is contravariant [1], that is, A — B <:
A" — B iff A’ <: A and B <: B'. In our example, that
means that (CT_Int) <: (DT _Int). This relationship is
very useful, as it allows us to discover incorrect as-
signment between variables whose time-dependence dif-
fers. Using the derived sub-type relationship, the assign-
ment (DT _Int) := (CT _Int) would be allowed (coercion),
whereas (CT _Int) := (DT _Int) would not, an explicit type
casting is needed. This makes sense, as a Continuous Time
component will need information at time values which a
Discrete Time component does not even consider. Using the
programming language type (Int) for both continuous and
discrete components would not catch such a wrong assign-
ment. This is shown graphically in Figure 2, where we have
tried to connect different models (continuous and discrete
time) via (DT _Int) and (CT _Int) ports. Here, the semantics
of connections is given by replacing them by assignments
of the port variables. It can be seen that a causal connec-
tion from a Discrete Time System Specification component
(DTSS) to a Continuous Time component (an Ordinary Dif-
ferential Equation model, ODE) is not allowed. Therefore
an intermediate module such as an interpolator would be
needed to provide information about the variable at instants
of time which the DTSS module does not provide. In the
example in Figure 2 the interpolator would be a zero order
hold. In this way, this interpolator would provide the mech-
anism for performing an “explicit casting” between those
types.

The (Int) type could also be used to store values for time
independent variables (constants). The type must automat-
ically be promoted to (CT _Int) or (DT _Int). The reason is
easily seen in the following example: consider the expres-
sion (in a continuous time formalism) a(z) := 2 + b(t). The
types are (CT _Int) := (Int) + (CT _Int), therefore we need
to coerce (Int) into (CT _Int) to be able to sum them (us-
ing the Continuous Time add operator +¢r : (CT _Int) X

DT_int

ODE [ ] DTSS

CT_int

ODE [H% “="7 DTSS

CT_int DT_in
] Interpolator [}

ODE [} ] DTSS

T_int DT_int

. : N
port:N port

Figure 2: Valid and invalid model connections

(CT Int) — (CT _Int)) . Similarly for a discrete time for-
malism.

3.1 Formalisms vs. Types

We use composite types as a means to structure data. One
interpretation of a type is the set of all possible values a
variable of that type can take. On the other hand, using a
formalism to build a model imposes certain syntactic rules,
in a way similar to a type. As such, a formalism describes
the set of all legal models in the formalism. Note also the
close relationship between (the syntactic part of) a formal-
ism and a modelling language. This indicates how input
(syntax analysis) and output of models in a standard syn-
tax such as XML could be automated on a formalism meta-
model. A formalism, as opposed to a type, also includes
semantics (in particular would be desirable execution se-
mantics).

In multi-paradigm modelling, the equivalent of coercion
and explicit type conversions in Types would be desirable.
For this purpose, we need structural comparison between
formalisms. In a multi-paradigm environment, this is possi-
ble, as the paradigms themselves have been modelled using
a meta-meta-language (Entity-Relationship in our case).

If we define formalism inheritance in the usual way, as syn-
tactic concatenation with latest-overrides semantics !, then
it is easy to find sub-formalism relationships. For example,
consider the Non-Deterministic Finite Automaton (NFA)
formalism. For models in this formalism, we allow defi-
nition of states and transitions, and connections between
them. We could define the Deterministic Finite Automata
(DFA) as a refinement (through inheritance) of the NFA for-
malism, in which we add the constraint that transitions de-
parting from the same state must have different conditions.

Figure 3 shows this refinement. On the upper part, the NFA
meta-model is expressed as an Entity-Relationship diagram
extended with OCL constraints. The latter are represented

INote how the semantics of inheritance within a formalism can be
modelled in AToM? by means of a graph-grammar model
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as rounded rectangles. Local constraints are connected to
the entity which they constrain. Global constraints appear
unconnected. In the lower part of the figure, the DFA meta-
model is defined by inheriting from the NFA meta-model.
Inherited elements are shown in lighter color. We should
not allow removing inherited elements, but we allow its re-
finement. We also permit adding new elements to the meta-
model.

Adding constraints to meta-models reduces the set of al-
lowed models: exactly the meaning of sub-type. Defining
NFAs and DFAs in this way, we have that DFA <: NFA
and we automatically allow assignments such as (NFA) :=
(DFA), whereas we reject {(DFA) := (NFA). For the latter
case we need an explicit type conversion, or more properly,
a formalism transformation. We can find out whether such
a transformation exists from the Formalism Transformation
Graph. We express the actual transformation by means of a
graph-grammar model.

4 AToM3: an overview

AToM3 is a tool written in Python [23] which uses and im-
plements the concepts presented above. Its architecture is
shown in Figures 4 and 5. In both figures, models are rep-
resented as white boxes, having on their upper-right corner
an indication of the meta-...model they were specified with.
It can be seen that in the case of a graph-grammar model, to
convert a model in formalism Fiyce tO Fyeq, it is necessary
to use the meta-models of both Fj,,.c. and Fges together
with the meta-model of graph-grammars.

The main component of AToM3 is the kernel, which is re-
sponsible for loading, saving, creating and manipulating
models (at any meta-level, via the Graph-Rewriting Mod-
ule), as well as for generating code for customized tools.

Both Meta-models and meta-meta-models can be loaded
into AToM? as shown in Figure 4. The first kind of mod-
els allows constructing valid models in a certain formalism,
the second are used to describe the formalisms themselves.

The Entity-Relationship formalism extended with con-
straints is available at the meta-meta-level. Constraints can
be specified as OCL or Python expressions, and the de-
signer must specify when (pre- or post- and on which event)
the condition must be evaluated. Events can be semantic
(such as editing an attribute, connecting two entities, etc.)
or graphical (such as dragging, dropping, etc.)

When modelling at the meta-meta-level, the entities which
may appear in a model must be specified together with their
attributes. We will refer to this as the semantic information.
For example, to define the Petri Net Formalism, it is nec-
essary to define both Places and Transitions. Furthermore,
for Places we need to add the attribute name and number of
tokens. For Transitions, we need to specify the name.

In general, in AToM? we have two kinds of attributes: regu-
lar and generative. Regular attributes are used to identify
characteristics of the current entity. Generative attributes
are used to generate new attributes at a lower meta-level.
The generated attributes may be generative in their own
right. Both types of attributes may contain data or code for
pre- and post-conditions. Only meta-meta-level entities are
provided with generative attributes.

The meta-meta-information is used by the kernel to gener-
ate a meta-model, which, when loaded by the kernel, allows
the processing of models in the defined formalism.

In the meta-model, it is also possible to specify the graphi-
cal appearance of each entity in the lower meta-level. This
appearance is, in fact, a special kind of generative attribute.
For example, for Petri Nets, we can choose to represent
Places as circles with the number of tokens inside the circle
and the name beside it, and Transitions as thin rectangles
with the name beside them. That is, we can specify how
some semantic attributes are displayed graphically. Con-
straints can also be associated with the graphical entities.
Each graphical form, part of the graphical entity, can be
referenced by an automatically generated name which has
methods to change its color, or hide it.

The left side of Figure 6 shows AToM? being used to de-
scribe the Petri Net formalism in the Entity-Relationship
formalism. Entity and relationships can be edited. This in-
cludes editing semantic attributes as well as graphical ap-
pearance (and the link between both).

The right side of Figure 6 shows AToM? loaded with the
meta-model for processing Petri-Net models, generated au-
tomatically from the previous description and in use for
editing a Petri Net model of a producer-consumer process.

For the implementation of the Graph Rewriting Processor,
we have used an improvement of the algorithm given in [9],
in which we allow non-connected graphs in LHS’s in rules.
It is also possible to define a sequence of graph-grammars
that have to be applied to the model. This is useful, for ex-
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ample, to couple grammars to convert a model into another
formalism, and to then apply an optimization. Controlling
the execution of the rules (stopping after each rule execu-
tion or continuous execution) is also possible. As the LHS
of a rule can match different subgraphs of the host graph,
we can also control whether the rule must be applied in all
the subgraphs (if disjoint), if the user can choose one of
the matching subgraphs interactively, or the system chooses
a random one. As in grammars for formalism transforma-
tions we have a mixing of entities belonging to different for-
malisms, it must be possible to open several meta-models
at the same time (see Figure 5). Obviously, the constraints
of the individual formalism meta-models are meaningless
when entities in different formalisms are present in a single
model. Such a model may come to exist during the inter-
mediate stages of graph grammar evaluation when trans-
forming a model from one formalism into another. It is thus
necessary to disable evaluation of constraints during graph
grammar processing (i.e, all models are reduced to Abstract
Syntax Graphs).

5 Defining and manipulating Types

AToM? has a number of basic types, such as Strings, In-
tegers, and Floats. Each type in AToM> has an associated

Python class, which is responsible for creating a widget to
edit its value, checking the validity of its value, making the
variable persistent, etc.

It is also possible to define composite types. Following
the tool’s philosophy, composite types are models, which
have a meta-model in their own right (the “Types” formal-
ism). Thus, types are defined as graphs, as described in [3].
Type models have a Root node, which is labeled with the
type’s name. From the Root node, Operator nodes can be
connected. The Operator type can be either Product (to
build tuples), Union or Function. Operator nodes can be
connected to other Operator nodes, to the Root node or
to LeafType nodes. We allow recursive types, with back-
wards connecions. The LeafType node type can be any valid
type (basic or composite) in the current AToM?> session.
LeafType nodes cannot have any outgoing connection, thus,
these kind of nodes are the graph leaves. LeafType nodes
may have associated a constraint to restrict the type value.
This is useful for example if we try to define subranges of a
type.

A tool for processing types was generated automatically
from this meta-description and then incorporated into the
AToM? core. Consequently, types may be loaded, saved and
manipulated as any other model. The meta-level has been
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constrained to avoid closed, infinite recursion in the type
definition. A cyclic type graph is valid if there exists at least
one Union Operator node in a cycle and at least one Union
Operator node in the cycle reaches terminal nodes. When
checking terminal nodes’ reachability from a Product Op-
erator node, one has to check all the outgoing connections
(all must end up in a terminal node).

Figure 7 shows a valid type graph (a list of Strings with
at least one element) and an invalid recursive type. The lat-
ter is invalid, as from the Union node one cannot reach a
terminal node (from both Product nodes one should reach
terminal nodes from all the outgoing connections, which is
not the case).

Once a model for the type has been built, AToM? gener-
ates a widget to edit variables of that type. Furthermore, the
type’s model is used for type-checking. As has been men-
tioned, model manipulation is expressed by means of graph
grammars. Thus, code generation for type models has been
implemented as a graph grammar. Another graph grammar
has been defined to find subtype relationships between type

models.

The graph grammar for Python code generation for types
is composed of an initial action and three rules. The initial
action adds a 2-element tuple to each node. Its first element
is a flag which indicates whether the code for the node has
been generated yet, the second one holds the name of the
generated Python class.

LeafType nodes do not need their code to be generated, as
they pre-exist in the system or they are composite types
whose code has been generated before. For this kind of
nodes this tuple is set to (1, < name — o f — class >) For Op-
erator nodes, the slot is set to (0, < given —name >), where
< given — name > is a unique name asigned to each Opera-
tor node by the initialization routine. For the root Node, the
tuple value is set to (1, < type — name >).

Each one of the three rules recognizes different situations
in the type graph, the order in which they are applied does
not matter in our case. They are:

o The first rule is applied if a Product Operator is found,
and the first element of the auxiliary tuple has a value
of 0. When the rule is executed, this value is changed
to 1, and the code is actually generated.

e The second and third rules are similar to the first, but
search for Union Operator and Root nodes, and the
code generation routines are different.

6 Conclusions and future work

In this paper we have discussed the advantages of including
time information in types in multi-formalism modelling.
When such information is not present (such as when using
regular programming languages types), some wrong assign-
ments may remain undiscovered during syntactic checks
of the model. Note how this also indicates that multi-



formalism modelling languages should allow explicit rep-
resentation of the time base. In Modelica [12], model anno-
tations are currently used, which is not a general solution.
We have also discussed the similarities between types and
formalisms, and have drawn some analogies, with respect
to coercion, and between explicit type conversions and for-
malism transformations.

We have also presented AToM?, a meta-modelling tool that
is able to generate customized, formalism-specific tools. As
models are stored in the form of graphs, AToM? can manip-
ulate them using graph-grammars. Types are also treated as
models, and have their own meta-model (“Types” formal-
ism). This adds flexibility, as type manipulation can be ex-
pressed by means of graph grammar models.

The use of a model (in the form of a graph grammar) of
graph transformations has some advantages over an implicit
representation (embedding the transformation computation
in a program) [5]:

o It is an abstract, declarative, high level representation.
It can be used to reason about the transformation in a
declarative fashion. It is expected inheritance will sim-
plify management of many similar transformations.

e The theoretical foundations of graph rewriting sys-
tems can assist in proving correctness and convergence
properties of the transformation tool.

On the other hand, the use of graph grammars is constrained
by efficiency. In the most general case, subgraph isomor-
phism testing is NP-complete. However, the use of small
subgraphs on the left hand side of graph grammar rules, as
well as using node labels and edge labels greatly reduce the
search space.

The advantages of our code-generating approach are also
clear: instead of building a whole application from scratch,
it is only necessary to specify —in a graphical manner— the
kinds of models we will deal with. Our approach is also
highly applicable if we want to work with a slight vari-
ation of some formalism, where we only have to specify
the meta-model for the new formalism and a tranformation
(or a sequence of transformations found as a path in the
Formalism Transformation Graph) into a “known” formal-
ism (one that already has a simulator available, for exam-
ple). We then obtain a modelling tool for the new formal-
ism, and are able to convert models in this formalism into
the other for further processing. A side effect of this code-
generating approach is that some parts of the tool have been
bootstrapped. An example of this is the dialog to specify
composite types: the meta-model for this graph has been
specified with AToM?, and subsequently Python code was
automatically generated.

We are currently able to describe the dynamic semantics of
some formalisms using graph grammars, and thus generate
simulators for these formalisms.

In the future, we plan to extend the tool in several ways:

e Describing another meta-meta-model in terms of

the current one (the Entity-Relationship meta-meta-
model) is also possible. In particular, we are currently
describing UML class diagrams. For this purpose, re-
lationships between classes such as inheritance are
modelled described. Thanks to our meta-modelling ap-
proach, we will be able to describe different subclass-
ing semantics and their relationship with subtyping
[1]. Furthermore, as the semantics of inheritance will
be described at the meta-level, code can be generated
in non-object-oriented languages.

e Extending the tool to allow collaborative modelling:
for this purpose, we are working on putting the APIs
for constructing graphical interfaces in Java (Swing)
and Python (Tkinter) at the same level. These devel-
opments, together with the possibility of using Python
on top of the Java Virtual Machine (e.g., by means of
Jython [18]), will allow us to make our tool in applet
form accessible through a web browser. This possibil-
ity as well as the need to exchange and re-use (meta-
...) models raises the issue of formats for model ex-
change. A viable candidate format is XML.
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