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Towards a Precise Definition of the OMG/MDA Framework.

RESUME

Il y a actuellement un changement de paradigme dans le domaineveélogpement de symties d'information.
Plus peci®ment, nous passons de la technologie des objets et composants vers celleeles. hadévolution
objet a permis de remplacer le vieux paradigme elmodiposition proedurale par celui de la composition d’'objets.
Cetteévolution a engenériine autreaevolution peuktre plus radicale vers la transformation de eled. Comme
preuve de cette nouvellevoblution, I'Object Management Group est pad&ine vision cen&é sur les objets (Object
Management Architecture) tne vision cen&é sur les moeles (Model-Driven Architecture). Cet articlegsente
une interpetation de cett@volution. Pour rester aussi iapéndant que possible du langage gilpgur dcrire
ce nouveau paradigme, nous avons choisi le formalisme neutre des graphes concepélgigetipar John Sowa.
Ceci nous a permis de voir des prebies potentiels et de sugygt quelques pistes de solutions.
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ABSTRACT

We are presently witnessing an important paradigm shift occurring in the area of information system construction,
namely from object and component technology to model technology. The object technology revolution has allowed
the replacement of the more than twenty-years old step-wise procedural decomposition paradigm by the more fash-
ionable object composition paradigm. Surprisingly this evolution seems itself to have triggered today another even
more radical change, towards model transformation. As a concrete trace of this, the Object Management Group is
rapidly moving from its previous Object Management Architecture vision to the newest Model-Driven Architecture.
This paper presents an abstract investigation into the interpretation of this evolution. In order to stay as language
independent as possible, we have decided to use the neutral formalism of Sowa’s conceptual graphs to describe the
various situations that characterize this organization. This will allow us to identify some potential problems in the
proposed modeling framework and to suggest some possible solutions.
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Abstract dent, as we shall see later. In order to well understand them,

we will use in this paper an external and neutral formalism

We are presently witnessing an important paradigm shift to describe the situation and to identify some problems that
occurring in the area of information system construction, may arise. The formalism will be Sowa’s conceptual graphs
namely from object and component technology to model[20, 21], which has the property to be simple and precise.
technology. The object technology revolution has allowed The paper focuses on the peculiarities of new model-
the replacement of the more than twenty-years old step-wisecentered frameworks. In section 2 we present the formal-
procedural decomposition paradigm by the more fashion- ism of conceptual graphs. We describe in section 3 the
able object composition paradigm. Surprisingly this evolu- main characteristics of the OMG/MDA framework, which
tion seems itself to have triggered today another even moreis succeeding to the OMA (Object Management Architec-
radical change, towards model transformation. As a con- ture). Section 4 introduces the framework we will use in
crete trace of this, the Object Management Group is rapidly Section 5 to discuss a number of open questions in applied
moving from its previous Object Management Architecture model engineering and to try to put forward some answers.
vision to the newest Model-Driven Architecture. This paper In the conclusion we summarize the original contribution of
presents an abstract investigation into the interpretation of this work.
this evolution. In order to stay as language independent
as possi7ble, we have decided to use _the neutra! formglismz Presentation of Conceptual Graphs
of Sowa’s conceptual graphs to describe the various situa-
tions that characterize this organization. This will allow us ) _ _
to identify some potential problems in the proposed model-  This section presents the formalism of conceptual

ing framework and to suggest some possible solutions. ~ 9raphs. We provide here only a minimal introduction in
order to understand the rest of the paper. More details on

conceptual graphs can be found in [21, 5] or in the various
annual ICCS conferences on the subject.
J. Sowa introduced conceptual graphs (CGs) in 1984.

'lrhey are based on a graphical representation system for

Ou_r purpose here is to understand t_he extent and the rea1ogic (existential graphs) invented at the beginning of the
meaning of the recent move from object-based to model-zo,[h century by C. S. Pierce [16]. The fact that the com-

ba_sed _architectures of information systen_"n._ Our starting pany BricABrac employs the employee John Pendibidu
point will be the study of a proposed new vision of the Ob- may be described in CGs by the following linear textual
ject Management Group (OMG) called Model Driven Ar- description:

chitecture (MDA) [14, 8]. The OMG has proposed a mod-

eling language called UML (Unified Modeling Language [company : BricABracl— (emp)— [Employee : John Pendibidu]
[13]) for describing all kinds of object-oriented software

artifacts. The applicability scope of UML is not yet com- This should be considered as a shorthand for the graphical
pletely stabilized. In order to allow other similar languages representation of Figure 1.

to be deﬁned as We”, the OMG iS USing a general framework The fact that some Company emp|oys some emp|oyee
based on the MOF (Meta-Object Facility [12]). Some con- may be described by:

fusion may exist in the application of these conceptual tools

may be because they are self-defined and mutually depen- [Company:*x]— (emp)— [Employee:*y]

1 Introduction



| Company: BricABrac Employee: Pendibidu 3 From OMA tO MDA

3.1 Systems, models and meta-models

Figure 1. Graphical Representation of a con-

| graph. . . . .
ceptual grap The most important word in Model Driven Architecture

is model and we first need to give a definition of what a
model is. A model is a simplification of a system built with
an intended goal in mind (Figure 3). The model should
be able to answer questions in place of the actual system.
The answers given by the model should be the same as the
answers that would be given by the system itself, with the
condition that questions are in the domain defined by the

where the binary predicatamploys corresponds to the ~9€neral goal of the system. .
relationemp of the previous descriptions. Other work es- 1N order to be useful, a model should be easier to han-
tablishing the foundations for the correspondence betweerfll€ than the original system. To achieve this, many details
CGs and First Order Predicate Logic may be found in [1]. from the source system are abstracted out and only a few

A conceptual graph is composed of concepts and rela-2"€ sele_cted'mto the target model. T_h|s S|mpI|f|9at|9n (or
tions. Concept nodes are organized as a lattice with a corre@0straction) is the essence of modeling. Modeling is one
sponding ordering relation. A concept type corresponds to a0of the most common human activities as it usually precedes
definition graph to which an instance of the concept should ction. Now if one needs exactly the same modeling opera-

There exists an operator calletlthat allows translating
from CGs to first order predicate logic. The previous state-
ment would be rendered as:

(32) (3y)(Company(x) A Employee(y) Aemploys(x, 1))

conform. tion to be applied several times or by different people, then
Following is the definition of the concept tygenployee. one should use a meta-model.

A meta-model is an explicit specification of an abstrac-

Type Employee(x) is tion (simplification). It uses a specific language for ex-

[Person:*x]«— (emp)«— [Company:*y] pressing this abstraction: CGs, KIF[10] or MOF are pos-

) ) ) sible candidate languages for this task. In order to define
This means that an employee is a person working for ahe apstraction, the meta-model identifies the list of rele-

company. _ vant concepts and the list of relevant relationships between
We assume that CGs are the global modeling languagéese concepts. This is what we called téeninology in
used in the present work to describe the various recommentgigyre 3. In some cases it may be sufficient, but in many
dations of OMG (Figure 2) like UML, MOF, SPE (Software  gjy,ations it needs to be completed by a set of logical asser-
Process engineering), CWM (Common Warehouse Mata-tjons. Some languages like KIF have the property of being

data), Wil (Workflow), etc. This formalism may be over gpe tg express both the terminology and the assertion lay-
dimensioned for the task at hand, but we see this more a5 |n other cases like with MOF, we need to add a specific

an advantage than a drawback. In order to describe a Sitqm3lism for the assertions (OCL). Figure 3 illustrates re-
uation where standards such as UML or the MOF define |51ignships between systems, models and meta-models.

themselves as competing modeling languages as well, it is
wise to base our work on an independent formalism that
has at least the same expressive power and preferably more,

which is the case for CGs. Model represents system

+ask(q : Question) +ask(q : Question)

Metamodel

-terminology : Collection
-assertions : Collection

~N_27
Conceptua\
Graphs

Figure 3. Relations between a system and a

OMG/MDA model.
Recommendations

Figure 2. MDA observation with CGs. A meta-model defines a set of concepts and relations be-
tween these concepts and is used as an abstraction filter in



a particular modeling activity. The notion of meta-model A parallel may be drawn with the domain of formal pro-
is strongly related to the notion of ontology [15], used in gramming languages (see the right part of Figure 4). Level
knowledge representation communities. From a system, weM3 corresponds to the meta-grammar (like the EBNF no-
can extract a particular model with the help of a specific tation for example). Level M2 corresponds to the grammar
meta-model or ontology. level. Level M1 correspond to the program level. Level

When dealing with a system, we can observe and work MO corresponds to one given dynamic execution of a pro-
with different models of the same system, each one repre-gram. Level MO does not correspond to the modeling world
sented using a different meta-model. Obviously when sev- (it does not contain model elements but real or imaginary
eral models have been extracted from the same system usingituation items and facts). A given execution of a program
different meta-models, these systems remain related. Otheat level MO is not a model by itself; it is depicted by a model
operations on models are possible, mainly those based orfthe source code of the program that describes the infinity
transformation operations. In order to transform models we of possible different executions of this program). Exactly
need a regular organization of models and composite mod-the same situation holds for the four OMG meta-modeling
els (models composed of several models), including corre-layers.
sponding meta-models.

Before proposing such an organization, we need to get a {

Level M3

The MOF

deeper understanding of the relation between a model and
its meta-model. More precisely, the question addressed here
is about the nature of the information contained in a meta-

4Ng3

model and about the role played by a meta-model. Level 2 ‘ The UPM ‘ ‘ The UML ‘ ‘ The CWM ‘ § 5;
MM MM MM g gm

3.2 Meta-modeling layers 1/\ ************ o3
Level i ‘ A UML ‘ Another UML ‘ S Y

After the definition of UML, we may now observe a modelm model m %%
new wave of proposals at OMG, characteristics of a new -- fffﬁ————‘—\\————————————————————f—

period and of a new vision. At the center of this evolu-
tion, there is the MOF, unique and self-defined meta-meta-
model. The concept of a MOF has progressively emerged
in the last ten years from the work of different communities
like CDIF [6, 9] and IRDS [17], as a framework to define  Figure 4. Several spaces, pertaining to differ-
and use meta-models [11, 7]. The MOF came out from the ~ €nt levels.

fact that UML was one meta-model in the software develop-

ment landscape, but not the only one. Facing the danger of

having a variety of different non-compatible meta-models .

being defined and independently evolving (data warehouse,4 A framework for comprehension
workflow, software process, etc.), there was an urgent need o . .

for a global integration framework for all meta-models in e present in this section the framework we will use
the software development scene. The answer was thus tdo illustrate our unserstanding of MDA. We will utilize the
provide a language to define meta-models, i.e. a meta-metaconceptual graph formalism introduced in Section 2 to de-

model. This is the purpose of the MOF. As a consequence,liN€ our framework. _
a layered architecture has been defined. Figure 5 presents our framework. It is based on the MOF

This layered architecture has the following levels. and we have renamed concepts to make the description
clearer and to avoid using the same vocabulary to describe

e M3: the meta-meta-model level (contains only the the vocabulary itself. We will calNODE the MOF::Class
MOF) andLINK the MOF::Association. These notions used in the

MOF, at level M3, apply to every part located at level M3

and below. TheMOF::Specialize relationship is represented

by oursuper relation. Although not directly present in the

e M1: the model level (any model with a corresponding MOF, we have also made explicit an instantiation relation
meta-model from M2). we callmeta in order to clarify the situation.

o . ) Using the conceptual graph linear form, the framework
 MO: the concrete level (any real situation, unique in of Figure 5 may be written as follows :

space and time, represented by a given model from
M1). [NODE:NODE]— (meta)— [NODE:NODE]

Another
use of m

A particular

Level MO
use of m

d weiboud
JRIEENCE]
uy

e M2: the meta-model level (contains any kind of meta-
model, including the UML meta-model)



M3

LINK: meta LINK: super
M2

Figure 5. Our framework. Metd) e
M1 Person |« w

[NODE:LINK]— (meta)— [NODE:NODE]
[LINK:meta]— (meta)— [NODE:LINK]
[LINK:super]— (meta)— [NODE:LINK]

StkClass
StkinstOf

The real Smalltalk object,

installed on a given computer at

a given address. This concrete

MO object is itself a representation
of Mary, the real person, unique

The concepNODE is an "instance” of itself. The concept in time and space.
LINK is an "instance” ofNODE, conceptsneta andsuper
are "instances” oLLINK. We can see that the notation of Figure 6. A complete picture.

concepts in CGs is a shortcut to state that an element is an

"instance” of an other element as[itiNK:super] that states 5 Some Central Issues in Model Enaineerin
thatsuper is an instance dfINK. 9 9

Our framework is taking shape, but is still incomplete.
One particular missing element is what we will call a
CONTEXT which corresponds to ®OF::Package and has
some similarity with a CG context. The three contexts:
MODEL, METAMODEL andMETAMETAMODEL underlying
our framework have not been represented in the drawing.
They are however real entities.

Now that the OMG scene is at least partially described,
we can start discussing its strong points and potential re-
maining problems. There is an important literature about
modeling layers: how many layers do we need? May we
have more than four layers? Is there a fundamental differ-
ence between a model and a meta-model? Is there a funda-
mental difference between a meta-model and a meta-meta-
model? Can a model specialize another model? Can a meta-

[NODE:CONTEXT]— (meta)— [NODE:NODE] model specialize another meta-model? etc. We don’tintend
[NODE:MODEL]— (meta)— [NODE:CONTEXT] to answer here all the questions, but only to highlight some
[NODE:METAMODEL]— (meta)— [NODE:CONTEXT] part of the overall model organization problem.

[NODE:METAMETAMODEL]— (meta)— [NODE:CONTEXT] We have seen that metamodels are situated at level M2.

In order to avoid possible confusion and to be more illus-
trative, we will not take the classical example of the UML
In order to have a better understanding of the use of themeta-model, but a Smalltalk metamodel. We could just as
framework, we give in Figure 6 a complete picture from well have taken Java or C# to illustrate our presentation.
level M3 to level MO. We state that, in a given model (at
level M1), which corresponds to a particular Smalltalk pro- 5.1 The double instantiation problem
gram, the Smalltalk objedtary is an instance (in the sense
of the Smalltalk language) of the Smalltalk cla&sson. One of the hottest discussions is about the double instan-
In the upper layer (at level M2), we find the elements of tjation problem [3]. Is it possible for an entity to be, at the
the Smalltalk meta-model, namely the concept of Instance,same time, an instance of several classes? In other words in
of Class and the relation instance of (StklnStOF) between Figure 8, to the question "what is Mary” should we answer
Class and Instance. "Mary is a Person” or "Mary is a Smalltalk instance” or
This example will allow answering many questions both? A simple look at Figure 8 is sufficient to understand
about the organization of models and meta-models as wethat this is a non-problem.
will see in the next section. This situation could be described as follows in the CG



(i.e. program) at level M1. This model is constrained by
the Smalltalk meta-model at level M2. The situation is ob-

M3 viously simplified. In order to pursue the illustration, we
could have noticed that the Smalltalk language allows deal-
ing explicitly with meta-classes. We could have added the
following element:

[NODE:StkMetaClass]— (meta)— [NODE:NODE]

[NODE:Person]— (StkinstOF)— [NODE:Person class]
Notice that this new statement in the meta-model requires
the notion of meta-class (StkMetaClass) to be defined in the

M2 UML Smalltalk meta-model. The statement above shows how-

(etd) ever that the relation between a class and its meta-class is
& identical to the relation between an instance and its class
ML (StkinstOF).
Of paramount importance is the fact that this relation
Figure 7. MOF and UML represented in our StkinstOf does not cross a hypothetical boundary between
framework. layer M1 and MO. If this was not the case, we can see that
the result would be an arbitrary number of levels as the re-
. ] lation between the Smalltalk class Person and the Smalltalk
linear form: meta-class Person class would also cross another boundary
[NODE:StkInstance]— (meta)— [NODE:NODE] between meta-modeling layers.
[NODE:StkClass]— (meta)— [NODE:NODE]
[NODE:StkInstOf]l— (meta)— [NODE:LINK] 5.2 Explicit specification

[NODE:Person]— (meta)— [NODE:StkClass]
[LINK:StkinstOf]— (meta)— [NODE:StkinstOf] . . . . . o
[NODE:Mary]— (meta)— [NODE:Stkinstance] Again here our illustration of Figure 6 is very limited.

[NODE:Mary]— (StkinstOf)— [NODE:Person] We could have included also another Smalltalk class named
AnimatedBeing and madePerson inherit of AnimatedBeing

Mary has two definitions here: a local (contextual) one and in the Smalltalk sense.

a global one. The global definition ("Mary is a Smalltalk E:gBE:Zersor;]:B(S_tkl]nheritS)H [NODE:AnimatedBeing]

instance”) uses the underlying global typing system of the Anmatedbeing)— .

MOF whereas the local definition ("Mary is a Person”) (StkinstOn— [NODE:AnimatedBeing class]

uses the context of the defining Smalltalk meta-model that The point here is that the relati@kinherits represents the
we are using. There is no ambiguity. If we were using inheritance relation of the Smalltalk language. There are
the UML meta-model instead of the Smalltalk meta-model, plenty of such relations in various environments and they
Mary could be aPerson in this context,Person being a are all different —similar but different—. If we were in a Java
UML class. environment, we would call this relatiaravaExtends and

show how it would apply (differently) to the notion adiva-
M2
M1

Class andJavalnterfaces. There are plenty of similar but
different local inheritance (or specialization or generaliza-

meta f?:

Person @
Figure 8. The difference between contextual

tion, or extension) relationships. These should not be con-
and global definition.

fused. Moreover they should not be confused with a global
specialization relation similar to the MOF Specialize rela-
tion defined at level M3 that we have named hsuper.
Making all these relations different improves the precision
of the various models. This seems to be a necessary policy
if we want to avoid confusion in the discussion.

As we have seen, there is a lot to be gained from a precise

We clearly see that we can have many ldeatanceOf and explicit definition of a meta-model[4]. For example, the
relations. These should not be confused with the unique andact that for any Smalltalk class "the super-class of its meta-
global type/instance relation that we have nameth here class is the meta-class of its super-class” could be written in
and that corresponds to the MOF typing hierarchy. In Fig- CGs. Such an assertion could also be added to the Smalltalk
ure 6 we have presented a fragment of a Smalltalk modelmeta-model in OCL.




5.3 Relationships between a model and a meta- andsem are different. The approach known as loose meta-
model modeling consider that these relations are identical. The
loose approach brings a lot of problems and is more and

Models and meta-models are different kinds of contexts. more often replaced by the strict meta-modeling approach
They delimit local spaces in the global knowledge con- [2].
text. The basic property of these spaces is that there is It is clear that there are many reasons to avoid stating
no overlapping allowed. Embedding is however possible that: "a model is an instance of a meta-model because its
since a context may contain any element, including anotherelements are instances of the meta-model elements”. It is
context. also clear that the following assertion is wrong:

Figure 9 illustrates relationships between a model X and
its meta-model Y. Let us consider modetontaining enti-
tiesa andb. There exists one (and only one) meta-model
Y defining the "semantics” oK. The relationship between
a model and its meta-model (or between a meta-model and (\iope; x| (meta)— [NODE:MODEL]
its meta-meta-model) is called them relationship.

[MODEL:X]— (meta)— [METAMODEL:Y]

because it was previously stated that:

The relationshipmeta is unique in the sense that a node
may have one and only one meta-node in the global context
as seen in Section 5.1

5.4 Whatis alayer?

The global modeling context is thus composed of three
kind of local spaces : model, meta-model and meta-meta-
model.

About meta-modeling layers, there are many ways to
look at the problem. Some of them have already been
introduced

Figure 9. Basic relations between a space X ) N ) .
and a meta-space VY. e Thereis along tradition of using a layered architecture

in information systems (e.g. IRDS) and CASE tools
engineering (e.g. CDIF). Multiple independent efforts

The meaning of theem relationship is the following. have converged towards similar architectures.

All entities of modelX find their definition in meta-model

Y. Relationshipsneta andsem are mutually related. If an e It is possible to establish an analogy with other do-
entity of a modelX has ameta relationship with an en- mains like the one mentioned of formal grammars for
tity of a meta-model thenX andY are linked by asem programming languages.
relationship. o . _
The situation illustrated in Figure 9 may be stated by the ® The decomposition is a natural one, i.e. layer M3 is
following assertions in CGs. universal for the entire information systems/software
engineering field. Every feature that could potentially
[NODE:X]— (meta)— [NODE:MODEL] be useful to all meta-models should be put at level
[NODE:Y]— (meta)— [NODE:METAMODEL] . ST
[NODE-X]— (sem)—» [NODE:Y] M3. There is no absolute way to distinguish between
[NODE:r]— (srce)— [A] a model and a meta-model. This is a problem of point
[NODE:r]— (dest)— [NODE:B] of view, corresponding to the precise task performed.
[LINK:f]— (meta)— [NODE:r] This should be taken as an additional argument to stick
[NODE:a]— (meta)— [NODE:A] .
[NODE:b]— (meta)— [NODE:B] to a clear separation between layers M1, M2 and M3.

[NODE:a]— (r)— [NODE:b]
In addition to all these arguments, it is possible to es-

tablish a formal characterization of the notion of meta-
The meta relation may be considered as global and basic. odeling layer. The basis is tem relation presented in
Thesem relation is derived from theeta relation. Thesem Figure 9. The contexts related by themrelation form a
relation allows to know at which level a space stands. ifitis pierarchy. The one at the top is the only self-defined one:
at level M1, itis a model, at level M2 it is a meta-model and
at level M3 it is a meta-meta-model. Relationshipsta [UNIVERSE]— (sem)— [UNIVERSE]



The contexUNIVERSE is the MOF in our MDA organiza- Of course, the immediate question that arises when
tion. From there we can deduce which contexts lie at level studying the diagram of Figure 10 is about the status of the
M2 and which lie at level M1 from their distance to the Transformation Rules Context. Does it have the status of a
MOF measured with theem relation. The situationis a bit meta-model as well? Should it use basic facilities (transfor-
more complex that has been described above, because wmation primitives) provided by the MOF? These are typical
need to take into account variants of meta-models as dis-questions that remain open in the definition of the MDA
cussed below. It is however possible to establish a formalframework.

characterization of theem relation in terms of themeta

relation and of thg appartenance of a cont(_axt to one of the6 Conclusion

three layers. This study has been made in [19] with the

demonstration of the three layers conjecture. L . .
y : Within many environments like the OMG, meta-model

55 Whatis a transformation? technologies are now becoming ready for prime time. The
' ' move from procedural technology to object technology has

The question of model transformation lies at the center triggered a more radical change in our way of considering
of the MDA approach. The above discussion on profiles INformation systems and of conducting software engineer-
may convey the idea that this remains very informal. The g OPerations. One of the possible evolution paths s called
designer and programmer would be given for example theModel engineering. ItconS|sts!n giving aﬂrstjclass status to
profiles UML for CORBA or UML for C++ and can then models anq model elgments, similarly tp the first class status
use these dialects of UML to prepare for the transformation {hat Was given to objects and classes in the 80's, at the be-
between a UML design model and IDL or C++ code, with 9iNNiNg of the object technology era. Two important areas
the help of some limited facilities provided by the UML of interest are models of software components and models

CASE tool vendors. of software processes. The move from implicit to explicit is
characteristic of model engineering. The essential change
MOF is that models are no more used only as mere documenta-
tion for programmers, but they can be directly used to drive
tools. This is the central motto of the new MDA organiza-
tion proposed by the OMG. A consequence is that it will be
Source Target possible to separate more clearly the various business mod-
Meta-model Meta-model els and the various technical models (platform).
: The correspondence between meta-models and formal
Tra”%ﬂfg‘sa“"” grammars could and should be pursued much further than
@ @@ it has been done here. We clearly see that there are a lot of
similarities. The notions of a terminal and a non terminal
p— Targel _exist in the formal grammar of the Java language as well as
Model Model in the UML meta-model.

We have shown in this paper that the notion of modeling
layer is quite different from the notion of abstraction layer.
The evidence for this is based on the precise kind of rela-
tion between two adjacent layers. We have proposed a strict
interpretation of these layers where there are exactly three

As a matter of fact the possibilities do not lie there but modeling layers. Our interpretation is based on the fact that
in more general approaches that are being studied in manyhe so-called fourth layer is not a model, but the system it-
places. A typical proposal has been made in [18] for exam- self (the situation being modeled). As a consequence, the
ple. We may consider that we have here two meta-models.relation between an element of a system at level MO and an
The source one could be UML for example and the tar- element at level M1 may be given any name likpresent-
get one could be Java ore more realistically the EJB meta-edBy, but certainly notnstanceOf.
model. The transformation from a UML model to EJB code  Our interpretation of the layered meta-modeling archi-
may be specified by a set of rules defined in terms of thetecture does not correspond to the conventional view but
corresponding meta-models. The expression of these rulesloes not contradict it. It has many advantages and one of
may be facilitated if a basic generic framework is present in them being to allow closing the debate about the variable
the MOF. Suggestions for building this may be found in the number of meta-modeling layers. As is clearly shown in
CWM meta-model. The transformation engine itself may Figure 8, a new layer is not created whenever a reldtion
be built on any technology like the XSLT tools. stanceOf is found.

Figure 10. meta-model based model transfor-
mation.



Another contribution of this work has been to make a [8]
clear distinction between a unique global typing relation
called heremeta and defined at level M3 and a lot of other
contextual relations often calléastanceOf and usually de-
fined inside various meta-models. The confusion between [9]
all these typing relations has also created many doubts about
the organization of meta-modeling layers. [10]

Among the problems that remain to be solved we may
mention a precise definition of a meta-model profile, of a
model profile and even of a meta-meta-model profile.
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