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Abstract. Kermeta [1] is an executable meta-modeling language, which
is designed to define both structures specification and operational seman-
tics of meta-models. It is compliant to Essential Meta-Object Facility
(EMOF) [7] and built on the top of Eclipse Modeling Framework (EMF)
[6]. Kermeta system fully integrated with Eclipse and provides compre-
hensive programming IDE for rapid development. However, it lacks of
a graphical modeling environment to model the operational semantics.
Overall, Kermeta creates a way for combining the powers of Object-
Oriented programming and meta-modelling.

1 Introduction

Kermeta [1] is an executable meta-modeling language, which is designed to de-
fine both structures and behaviors of meta-models. It is a model-oriented lan-
guage, compliant with the OMG Essential Meta-Object Facility (EMOF) [7] and
Ecore of Eclipse Modeling Framework (EMF) [6]. Kermeta also provides tools
for Transforming its meta-models from and to EMOF and Ecore meta-models.
Kermeta can be used to precisely specify the operational semantics of meta-
mode, including static semantic, similar to Object Constraint Language (OCL),
and dynamic semantic defined as operations of the meta-model.

As a programming language, Kermeta is an imperative, object-oriented lan-
guage. It also integrates aspect-oriented features, and supports some design-by-
contract features, such as pre and post conditions, and invariants [2].

Kermeta fully integrated with Eclipse, and distributed as Eclipse plug-in. The
Kermeta programming IDE provides syntax highlighting, code auto-completion,
integrated with outline features, error reporting, debug system. It is a very user-
friendly programming environment.

As an action language, Kermeta is powerful for specifying behaviors of meta-
model. However, one of the drawbacks of Kermeta is that it lacks of a graphical
modeling environment to model the operational semantics. The implementations
for specifying the operational semantic need to be coded by hand. But, indeed,
Kermeta provides a way to adding the power of object-oriented programming to
meta-modelling.
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2 Meta-modelling in Kermeta

A Kermeta meta-model consists of two parts, the structure of the meta-model de-
fined by a class diagram and the operational semantic specified by an executable
model-program. The class diagram models the meta-model, which defines the
elements of modeling formalisms and their relationship constraints. It is similar
as Entity-Relationship formalism used for modeling meta-model in AToM3 [3,
4].

2.1 Class Diagram in Kermeta

The class diagram for Finite State Machine (FSM) meta-model is shown in Fig. 1.
There are two kinds of attributes in Kermeta, data attributes and reference. Data
attributes are shown in the class boxes. For example, the State class has a data
attribute name. References attributes are shown as relation links between the
referee and reference classes. For example, the top-left link shows that the FSM
class has one reference attribute called initialState, which has type State.

Fig. 1. Kermeta FSA Meta-Model
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The operational semantic of the model are defined as operations (similar
to methods) in the class diagram. For example, in the middle box, the State
class has an operation named step(), and bottom box shows Tranistion class has
an operation named fire(). By using class diagram, defining behavior of meta-
model becomes as defining the behavior of the classes, or the interfaces of classes.
Since the class diagram is one of the most widely used UML diagram in object-
oriented programming, using it to define the meta-model is very intuitive and
understandable for OO programmers.

However, this class diagram can only define the interfaces of the classes. The
contains of those operations need to be specified in the program text model. Ker-
meta system can convert class diagram into Kermeta program. But, users need to
add the implementation of those operations by hand. For example, the Kermeta
class program of class State converted from class diagram, and implementation
of operation step() are shown in Fig. 2. Based on the FSM meta-model, users

Fig. 2. Kermeta Code for Transition Class

can construct their own FSM model. Fig. 3 shows an example FSM model, which
takes a string ’hello!’ and produce a string ’world!’

Fig. 3. Kermeta FSA Model, Hello World!
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2.2 Data Format of Kermeta Meta-models

Kermeta uses an OMG standard format XMI (XML Metadata Interchange)
to store metadata of meta-models. Since XMI is a standard format of Meta-
Object Facility, thus Kermeta meta-models can be easily transferred from/to
other systems.

The class diagram stored in .km (kermeta program in xmi format), .kmt
(Kermeta program in textual syntax), or .kmdi (used for graphic editing) files.
The operational semantics of the meta-model is store in a .kmt file, which is an
executable program written in Kermeta language [1].

3 Kermeta Meta-modelling System

Fig. 4 shows the structure of the Kermeta meta-modeling system. The meta-
model (bottom-left block) is prototyped by class diagram. It can be translate
directly into Kermeta class program (middle-middle), which contains the defi-
nition of classes, their attributes and operations (similar to methods). The user
constructs model (top-left block) based on the meta-model. It can be loaded by
using Eclipse Modelling Framework (EMF) functions into system as instance of
the model, which composed by the instances of classes defined in the class.

Fig. 4. FSA Model Internal Data

The relations between the classes and their attributes are also defined in the
class diagram; however, they are not translated into the class program. They
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implicitly exist and are required when using the model instance. Here we call
them as relation program, shown in center-bottom of the figure. The operation
semantic program (right-bottom block) is a hand-coded program, which consists
of implementations of operations, pre and post conditions, and invariants. It has
all the functionalities to traverse the graph, update the graph data, and ask user
input to do the simulation. A Kermeta program usual consists of those three
parts, class program, relation program, and semantic program.

3.1 Simulation in Kermeta

In Kermeta, simulations are done in the text mode. Simulating the user cre-
ated model is starting from an extra launching program, written in Kermeta.
The launching program first loads the user model into memory, then passes the
model instance to Kermeta program and activates the simulation function of
that program.

The trace of the simulation relies on the output statements written in the
Kermeta program. The code will use the logic of the internal data structure of
Kermeta meta-model to retrieve the data from the model instance.

3.2 Pro/post Condition of Operations

When an pre or post condition being violated during the simulation, the Kermeta
system will raise an exception to notify the program. Fig. 5 shows the exception
catch by the program when post condition being violated.

Fig. 5. Simulation Of Pre/post Conditions of Operation Step()
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4 Conclusions

Kermeta builds up a bridge for linking Object-Oriented programming with meta-
modelling. The class diagram used for defining meta-model facilitates the needs
for converting meta-model into Object-Orient program. It also helps OO pro-
grammer to apply existed knowledge onto meta-modelling. Kermeta programs
use internal data structures defined in the class diagram. Those data structures
are easily being manipulated by Object-Orient programs and are very efficient
when doing non-graph calculations. Also, the Kermeta programs are more read-
able, easy to debug in the comprehensive IDE, and meet software engineer aspect,
which is a major objective for models translation.

5 Future Work

Interactive tool AToM3 [3, 4] provides a graphic way to define the operational
semantics of meta-models. In AToM3, the operational semantics can be defined
as graph grammar models. Those graph grammar models can be compiled into
classes files used by programmed graph transformation systems [5].

In the following project, we plan to explore a process of using AToM3’s graph
grammar model to define the operational semantics of Kermeta meta-models,
then translate them into Kermeta program, which contains the same function-
alities of hand coded program.
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