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Abstract. What isamodel ? What is ametamodel ? What is alanguage? What is a transformation? How are
these concepts related? It is striking to see that, though MDE is supposed to be about precise modelling,
MDE core concepts are usually described in natural language or at best, using sketchy UML diagrams. When
precise descriptions are provided, it isonly to describe a specific technology. But Model Driven Engineering
is about supporting multiple Technological Spaces (TS). The concepts of model, metamodel, and transfor-
mation must be understood, not only in the context of the MDA TS, but aso in the Grammarware TS, the
Documentware TS, the Dataware TS, etc. This paper shows how the set theory and language theory could
help in understanding essential MDE concepts. A first version of a very rudimentary theory for reasoning
about MDE conceptsis provided in the form of a megamodel.

1 Introduction

MDE isnot MDA. The MDA standard from the OM G isjust aspecific incarnation of the Model Driven Engineering
(MDE) approach. MDE is on the contrary an open and integrative approach that embraces many other Technolog-
ical Spaces (TSs) inauniform way [24]. An important aspect of MDE is the emphasis it puts on bridges between
technological spaces, and on the integration of bodies of knowledge developed by different research communities.
Examples of TSsinclude not only MDA and MOF, but also Grammarware [22] and the BNF, Documentware and
XML, Dataware and SQL, Modelware and UML, etc. In each space, the concepts of model, metamodel and trans-
formation take a different incarnation. For instance what iscalled a"metamodel" in M odelware corresponds to what
iscalled a"schema' in Documentware, to a"grammar" in Grammarware, €tc.

From our point of view, to be successful the MDE approach should re-invent the wheel but on the contrary to
integrate and/or adapt existing bodies of knowledge from mature technological spaces. Fortunately, MDE is getting
more attention among research communities from different fields. For instance, the "model-driven" prefix appears
more and morein callsfor papers. Most people arestill puzzled however. Theonly thing that isclear, isthat entering
MDE is not easy. The huge pile of MDA standards is made of more than 2600 pages.

Thetrue essence of the MDE concepts are not described there and the concepts are biased towards the particular
orientation of the OMG. For instance, most people make the confusion between object-orientation and model-driv-
en engineering®. To understand what is MDE, there are a number of papers and books that are business-oriented
(e.g. [18]). But they are not really useful from aresearch point of view. Other books on the contrary concentrate on
MDA concepts and on their use. For instance "MDA distilled” [21] and "MDA explained” [26] provide good intro-
ductory material. The "MDA Guide" from the OMG also aims at defining essential concepts [29].

It is striking to see however, that though MDE is supposed to be about precise modelling, MDE core concepts
are not defined through precise models. One can find plenty of metamodelsin the literature that describe particular
technologies, or tools, but we are not aware of asingle model that fully capture the M DE notions at the global level.
In such conditions, it is very difficult to understand how the basic concepts of MDE are related, and how they can
be mapped to existing Technological Spaces. What is needed is amegamodel for MDE [13]. A megamodel is just
amodel of MDE concepts. Sincethisinclude the concept of "model" and "metamodel”, we use the term megamodel
to avoid the confusion between the framework and the concepts themselves.

Themegamodel presented in this paper istheresult of ongoing work leading to acollection of papers addressing
different topics. The notion of model have been discussed in [13], the notion of metamodel in [14], and the notion
of transformation in [15]. This paper go further and discuss the relationship between the megamodel and two exist-
ing theories, namely the set theory and the language theory.

The rest of the paper is structured as following. In section 2, some existing megamodel of MDE are briefly com-
mented. Basic concepts from the set theory and the language theory are then introduced in section 3. A megamodel
for MDE isthen presented in section 4 and section 5 concludes the paper.

1. It happens that object-oriented technologies are used to implement MDA standards, but thisis just the result of a par-
ticular choice. Again Model-Driven Engineering is also about integrating other TS such as Grammarware for instance.
And they are no objects there. By contrast, the concepts of model, metamodel, and transformation apply in other TSs.
Simply put Model Driven Engineering is not about Object Orientation.



2 Existing megamodels of MDE

Let's start with a definition of what isamodel. " A model isa simplification of a system built with an intended goal
in mind. The model should be able to answer questions in place of the actual system." [5]. According to this defi-
nition, we can say that this paper is amodel: MDE plays here the role of the system under study using Seidwitz's
terminology [35]; this paper is obviously a simplification of MDE; the goal we have in mind is to give an overall
view on the MDE concepts. This paper isamodel of MDE. Soitisfor [2][4][11][21][35], etc.

Some readers might be disagree though. Because in the context of MDE, some authors provide a more restric-
tive definition of models. In[21], Warmer and his colleagues state: "A model is a description of a (part of) systems
written in a well-defined language. A well-defined language is a language with well-defined form (syntax), and
meaning (semantics), which is suitable for automated interpretation by a computer” [21]. We have not found any
well-defined model of MDE in the literature. Just books, papers, ideas. Nothing that could be put in the computer
to get auseful result. MDE experts claim that model s should be precise, but they just use plain english and informal
drawingsto definewhat isMDE. For instance an attempt to provideaUML model for MDE was madein a previous
version of an OMG document [31]. Unfortunately, this was very informal and aimost useless. As a matter of fact,
the UML diagramswere not used in the rest of the OMG document [31]. These diagrams were later removed in the
next versions. The need to reason about models, metamodels, transformations and their combination has not disap-
peared however. The"MDA explained" book [21] usesasimple yet appealing notation to depict these concepts and
their relationships. Though the picturesin the book are rather suggestive, they have no formal meaning.
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Figurel "MDA Distilled" megamodel [26] portant concepts of MDE and what are their rela-

tionships. Unfortunately, this megamodel is not
fully consistent with the text, and worse, it provides wrong answers. For instance, according to the diagram above,
ametamodel is not a model and there is no such thing such as a meta-metamodel. Describing the metamodel of a
mapping function is not considered either, though this is considered as an important aspect in MDE. For instance,
the QVT standard will not fit in this schema, first because QVT is alanguage, and the concept of language is not
modelled here, and then because QVT is alanguage to express mapping functions, and there is no such class like
MappingFunctionLanguage. The reader might argue that QV T isametamodel, but thisiswrong. A languageis not
ametamodel (section 4.1). In short, the "MDA Distilled megamodel” is wrong in the sense that it sometimes pro-
vides wrong answers about MDE. Asamatter of fact, it is neither used nor validated in the rest of the book. Instead
of drawing instance diagrams to validate the class diagram above, examples are expressed using an informal nota-
tion with no explicit link with the megamodel.

All the megamodels we are aware are sketchy models. None of them describe MDE accurately. While these
models could be used to get simple answer to simple questions, they become useless to describe those situations
where informal reasoning is not enough. And thisis precisely in such situations that precise modelling is required.
Infact, itissurprising to see that while everybody in the M DE community advocates for precise modelling, it seems
that no-one applies this principle to MDE.

3 From the set theory to the language theory

We arein the search of abasic theory for MDE; of something that can help in reasoning about MDE, not in simple
cases but in those situations where intuition is not enough. When things turn really complex, the best solution isto
use simple and elementary concepts and to deal with complexity by combining these simple concepts in regular
structures. Let’s forget everything about M DE technology and go back to some of the roots of Computer Science,
namely the set theory and the language theory. With this background in mind, amegamodel will then be presented
in section 4.

3.1 Elementsfrom the set theory: Sets, Pairs, Relations and Functions

Though there are actually various " set theories', we use here simple concepts as defined in the Z language [36]. The
Z formulas below are not part of the megamodel. They just attempt to illustrate the concepts that will be included
inthe megamodel. The concepts of interest here are sets (P), pairs(x), relations («-) which are basically set of pairs,
(partid) functions (-») which are relations, and total functions which are (partial) functions. The symbol == is used
in Z to define shortcuts. The last column give an example for each notation.



[X.,Y] X and Y are "given sets", that is set of elements. [RomanNumber ]

N The set of positive integers. Built-in in Z. IeN

P X The set of sets of X elements. [P can be read "set of"'. {1,2,7} e PN

XxY The cartesian product of X and Y, that is a set of pairs. (1,5) e NxN

XY The set of relations from X to Y, basically a set of pairs. {(0,1),(1,2),(1,3) }e Ne»N
X X ==P(XxY)

dom R The domain of the relation R. (the set of elements with an image). dom{(0,1),(1,2),(1,3)}=1{0,1}
domR={xX | (3y:Y|(xy) eR}

ran R The range of the relation R. ran{(0,1),(1,3)}={1,3}
domR={x:X | (3y:Y|(xy) eR}

A-+B The set of functions from A to B. At most one target for one source. {(0,1),(1,3)}e N-N
XY =={f XY [ (Vx:Xiy Ly2:Y [{ Ceyl),(xy2) }f =y=y2) }

A—B The set of total functions from A to B. +: NxN-N

XoY={f:X>Y|domf=X}
In fact arelation is not only a set of pairs. In mathematics, relations are often defined as atriple (X,Y,G) where X,
Y are sets, here called definition domain and definition range, and G isthe set of pairsfrom X x Y. In Z, when one
states div : NxN-»N, then NxN is the definition domain and N the definition range of the div partial function. This
function is partial because the element (2,0) has no image: (2,0) isin the definition domain, but not in the domain.
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Prolog, in Z, and in Hieroglyphics [34].
All these languages are just used as nota-
tions, and we carefully avoid to mix the megamodel concepts with those that come from the language used. For
instance in the UML megamodel, the € concept is represented as standard UML association named ElementOf, not
the asthe built-in ->includes OCL expression. In Prolog, it becomes the el ementOf predicate, not the built-in member
predicate. In Z this is arelation named ElementOf, not the built-in € symbol. Finally it becomesthe + ideogram
in hieroglyphics [34].

The good way to test aUML model isto describe object diagrams showing particular situations. Thisisthe only
way to get reasonable confidence in a MDE megamodel. A model might be good enough, until it is shown that it
provides bad answersin agiven situation. We have built simpletest cases that acts as counter examples to show the
invalidity of existing megamodels and none pass the tests.

Object diagrams can also be used to illustrate MDE concepts Wdemomajn W defRange@

Figure2 SetTheory package

by considering particular situations. The object diagram
shown in Figure 3 conforms to the UML language. This Elementof A ElementOf {A  ElementOf A
model describes the fact that a function called f maps the IV V:System |-S2urce [opair |2 fowsysem |

roman number to the integer number four. The top part of
Figure 3 describes the function itself, while the bottom part
isthe application of the function to a particular value (it states f(1V) = four). Figure 3 isfully compliant with UML.
The same information can be represented in other ways (Figure 4): (1) using the Z language to specify this particular
situation, (2) using the megamodel in Prolog (symbolsin bold are part of the Prolog megamodel), and (3) using the
megamodel in Z (symbolsin Z are parts of the Z megamodel).

Figure3 A model representing f(1V) = four

[romanNumber ] function (f). romanNumber f,n,iv.four : System
(1)  iv:romanNumber (2) ‘takes(f,romanNumber) 3) f € Function

f: romanNumber + N yields(f,n) (fin) < Yields

fliv) =4 elementOf (pair (iv, four), £) (iv.four) e Pair

((ivfour),f) e ElementOf
Figure4 The"f(1V) = four" model in various languages



Thereader might have noticed that thereis moreinformation in the UML object diagram than the prol og facts. Some
facts have been omitted because they can be automatically deduced thanksto the set theory, which isin fact encoded
in each megamodel. For instance the fact elementOf(iv,romanNumber) can be derived by the prolog megamodel. Note
that this information could also be derived from the UML megamodel, because this model describes the samerule.
However, the benefit of the prolog megamodel isthat it is executable.

Finally note that though the notion of model is not part of the set theory, this notion can be found implicitely in
languages that deal with this theory. For instance the Z language introduce the notion of "definition”.

Set definitions by comprehension {x:N|Gx+2)>4 } {x:N]x=0 }
Relation definitions by comprehension { (xy): NxN [y>x } { (x;y) : NxN | x<y }
Function definitions by comprehension Ax:Nent]

In fact the expressions given above can be considered as models. For instance { x : N | (x+2)?>4 } isamodel repre-
senting a set, it is not the set. They are plenty of other models that represent this set.

3.2 Elementsfrom the language theory: Languages, Programs, and Interpreters

There is no such thing such as "the definitive language theory", but let’s introduce here some of the concepts that
are traditionally defined when dealing with programming languages. The relationship between the set theory and
the language theory was further described in [17]. Here we will continue to use Z for illustration purposes.

A language is a set, at least according to people from the Grammarware community. For instance RomanNumber iS
the language of numbers used by Romans. Similarly Java is the set of al java programs. {"a","ab"; "abb", "abbb",
"abbbb", ...} isthe language of the stringsthat start with an "a" and then continue with some"b". Since languages are
usualy infinite, reasoning with these languages requireto deal with models of languages. The string "ab*" isamodel
of the language described above. Grammars are models of languages, they are not languages.

Programming languages are languages of programs, that is sets of programs, where each programis an executable
model of a function. Not all models of afunction are executable. For instance the following signature of aC function
"int power(int a,intb)" isamodel of that function, but it cannot be executed. If amodel of afunction is executable, then
it iscalled aprogram. Beforeto continuelet’ sintroduce a simple programming language called RomanStackPL. This
programming language implements a stack machine with push and pull operations and incr, add and mul arithmetic
operations. Programs take a stack of roman numbers asinput and yield a stack.

[RomanStackPL,RomanStack ]
Plus IFun : RomanStack --» RomanStack

"incr", "push I; add", "add;push 1I;mul"} < RomanStackPL
{ Lx., "LXL", "I-L", "HI-1", "I-IV-II1.", "X~II." } < RomanStack
{(Lx.exiy, ("I-1aI-1"), ("-1v-11","-1V-111.") } < Plus IFun
The function Plus IFun adds one to the first element of the stack. With the programming language above, there are
at least two programs that model this function "incr" and "push I; add". These programs are semantically equivalent.
Aninterpreter function of a programming language is afunction that takes a program with an input value and that
returns an output value that corresponding to the result of the execution of the program. Interpreter functions of a
programming language L that allows to describe programs that transforms xsinto Ys are therefore characterized by
the following pattern: (L xX) - Y. An exampleis given below to show that an interpreter function is amathematical
object.
InterpreterPLFun[L.X,Y] == (LxX) » Y
{((Miner","LX."),"LXL."), ((Mincr","II-1),"III-1."), (("incr" " I-IV-IIL.") "II-IV-IIL."), ...
(("add:push II;mul","1I-1.","VL.")) , (("add;push Il;mul","I-IV-II1."),"} ... }
e InterpreterPL[FunRomanStackPL, RomanStack, RomanStack) ]

4 Towardsatheory for MDE
Now that basics of the set and language theories have been introduced, let’s define a megamodel for MDE.

4.1 Megamodel infrastructure

Let's start with the infrastructure of the megamodel which  [ena |

istotally technology independent. The main package of the model * PO
infrastructure is shown in Figure 5. So far only mathemati- | RepresentationOf ¥ | System — Decomposedin
cal entities have been considered. They are special cases of xi:mplae ~ * part

Abstract Systems. The relationship between the Kernel I 1 |

package and the SetTheory has been shown in Figure 2. Ab- | Pryscaisysten | [ pigtaisysem | [ Abstractsysiem |
stract systems are those processed by human minds. Shorteuts sus : systemUnderStudy

By contrast the dog Fido, which is often cited in the meta- g; S;‘g;”;f,”oﬁg?ﬂ‘” ;;;‘;{2""“

modeling literature, isan example of Physical System. MDE

aims at building better computer programs and better com- Figure5 Excerpt of Kernel



puter model. They are Digital Systems. This raw classification is not really important [13]. It is just used to show
that the term System (we could have used any other term) cover a very wide range of artefacts.

Since a system could be a complex thing, it can be decomposed in many parts (Figure 5). A system can play the
role of model with respect to another system, which then play the role of system under studies (Figure 5) [13][35].
Thisrelation, called RepresentationOf (LL for short), have been identified by many authors (e.g. [2][4][35]).

[SaTheory | The concept of transformation is also fundamental to MDE. The defini-
tion of this concept can be based on the set theory because the concept
- of relation is clearly a good abstraction for transformations. Thereis no
e T 7 consensus however about what is atransformation precisely. The mean-
ing of this term depends on who use it. Many concepts that are closely
| Transiormationinstance| [ransfor mationFunction| | e ated, but that are distinct, can be put under this common terminology.
For instance the package Transformation contains the concepts of
Transformationlnstance and TransformationFunction (Figure 6). Figure
5 and Figure 6 are linked by the fact that Pairs and Functions are Ab-
stractSystems as shown previously in Figure 2. We call Transforma-
tionlnstance the application of a transformation to a particular input. By contrast TransformationFunctions are
functions, and therefore sets of Transformationlnstances. Thanks to the set theory, these concepts can be clearly
defined. The goal of this paper is not to normalize the terminology, but to make explicit the existence of each con-
cept. In fact, it is not strictly necessary to define the class TransformationFunctions. Formally speaking, this class
does not convey more information that the invariant associated with this class. Introducing this class just gives a
convenient way to refer to a particular role played by a Function in a pattern. We discovered that they are indeed a
lot of interesting MDE patterns. Simple yet very common patterns are presented in [15]. The next section shows
more elaborated patterns based on the theories described above.

I Pair I I Function I

A

elements->forall(e|
e.ocl1sKindOf (Transformationl nstance))

Figure6 Excerpt of Transformation

4.2 MDE patterns

The reader might be surprized to see that until now, no mention was made to the notion of metamodel. Thisis be-
causethisisindeed aderived concept [14]. A metamodel isamodel of alanguage of models. Thisdefinitioniscom-
patible with those found in the literature (e.g. [35]).

The meta-step pattern. The metamodel concept corresponds to a role played transformation
by a system in a MDE pattern coined meta-step. This pattern is discussed at L
largein [14]. As shown on the left of Figure 7 is based on a particular configu- - NS

ration of two U—links (Kernel::RepresentationOf) and one €—link (SetTheo- X4 i
ry::ElementOf). A model Con-

Kernd] formsTo ()) a metamodel. This
derived association is commonly
used in MDE [4][35], so it makes
sense to defined it in the Kernel package. This definition can also be
conformentModel seen asatransformation rule (Figure 7). Most of thetime, representing

X links in common situations is enough.

A pattern of model transformation. The pattern depicted

pattern

Figure7 The "meta-step"
pattern and transformation rule

System

in Figure 8 corresponds to the notion of mode! transforma-
wul tion. The names of the instances have been used here to

| wransformationModelingl anguage | AX name therole played by each element in the pattern. As sug-
Ac | / gested by the figure, one can distinguish transformation in-

sourceMetaM odel transformationM odel

i

transformati onFunction

tergetmm stances (e.g. an XML file transformed into another XML

file), transformation functions (e.g. a set of somehow relat-
A) ed pairs), transformation models (a description of a func-
tion, also called transformation program if it is executable,
— e.g. a XSLT file), transformation modelling language or
v v transformation programming language if it can be executed
" " (e.g. XSLT), transformation metamodel (e.g. the DTD of
XSLT). Infact many other concepts could have been added
inthisfigure using other links, but the approach isthe same.
The interpreter pattern. A transformation program is a
transformation model that can be executed. Thisleadsto the "interpreter pattern” (Figure 9.a). The detailed descrip-
tion of this pattern is quite complex, and recognizing such pattern mentally is not easy. Fortunately one can define
some derived associations (in bold in Figure 9.8) including the LanguageTheory:: Interprets relation (1). Complex
graphs can be simplified by applying for instance the rule shown in Figure 9.b. This leads to much more intuitive
but still safe views. Figure 9.c illustrates the application of the simplification rule. It shows the various levels of

A

Figure8 A typical pattern of model transformation



interpreter

vu Shortcut:
dd interperterFunction| U 5 e

ipl : interpretedProgrammingL anguage
pi : programinput

’J_?E vl po : programOutput

Lt

(a) interpreter pattern (b) example of simplification rule (c) example of a stack of interpreters
Figure9 The "Interpreter Pattern”

interpretation required by the effective execution of an xdt transformation instance on a computer. Thisis areal
world problem. The stack of interpreters stops at the end because the i386 interpreter is Physical System.

4.3 Megamodel superstructure and technological spaces
The megamodel infrastructure presented so far istechnol ogy-free. In [34],

[infrastructure | it is shown how it can be applied to real-word situations from Ancient
Kernel] Egypt to modern world. The megamodel is not limited to digital systems,

* metamodel though this is the focus of our research. The megamodel infrastructure

| S/S‘em"*j"'{ °°”f,°\'mST° | plays the role of a common umbrella under which various technological

| = spaces can be described. The relationships between the megamodel infra-
Supersiructure] structure and the superstructure containing TSs-dependent megamodels
[Computer TS| should be made explicit. Defining the superstructure, that ismodelling TSs

of interest is not an easy task. More research is required to study the rea
nature of TSs and their relative organizations [24], but defining the map-
pings Infrastructure <-> TSs seems to be a very promising approach.
Showing how particular TSs could be integrated in the megamodel is also
a very good point to communicate with other research communities, be-
cause the megamodel provides a concrete mean to establish terminology
correspondences across T Ss. Establishing acomplete software engineering
map is obviously a huge work, but we started with a few examples for the
proof of concept and for teaching purposes. As an example Figure 10 con-
siders the relationship between the XMLWare Technologica Space and
the infrastructure. It shows the relationship between the ) association
which is the abstract concept and "references to XSchema files* (.xsd)
which isone of itsincarnationin the XML TS. From avery concrete point
of view, such areferenceisrepresented inan XML fileasan XML attribute
of the form xsi:schemal ocation="s.xsd".

Digital System

Figure10 Simplified mapping
Infrastructure <-> XML TS

4.4 Towards abasic MDE theory

The diagrams presented in this paper describe the megamodel, but where is the theory mentioned in the title of this
paper? The relationship between models, metamodels and theories is described in [35]. According to Seidwitz, "A
model is a set of statements about some system under study (SUS). ... A theory is a way to deduce new statements
about a SUSfromthe statements already in some model of the SUS.". While this rel ationship between the megamo-
del and atheory for MDE might not be apparent with the UML incarnation, it becomes much more clear with the
Prolog incarnation. As shown in the centre of Figure 11, the Prolog MDE megamodel is an executable program. It
can deduce new facts about a particular MDE situation such as the one modelled on the left of Figure 11. The ex-
cerpt of the megamodel in the center shows the tranglation the meta-step pattern presented before. The power of
Prolog can be used to ask questions and get answers (right of Figure 11).

representationOf (aUmlModel, aSystem) .| |conformsTo (M,MM) :- conformsTo (X,Y) ?
representationOf (umlMetaModel,uml) . representationOf (M, S) , X=aUmlModel Y=umlMetaModel
representationOf (mofMetaModel, mof) . elementOf (M, L), X=umlMetaModel Y=mofMetaModel
elementOf (aUmlModel,uml) . representationOf (MM, L) . X=mofMetaModel Y=mofMetaModel
elementOf (umlMetaModel, mof) . metamodel (MM) :- metamodel (mof) ?
elementOf (mofMetaModel, mof) . conformsTo (M, MM) . no.

A model for a particular MDE situation Excerpt of the megamode! Kernel package  Asking questions and getting answers

Figure11l Automated reasoning about MDE



45 Discussion

Building amodel is not easy when the system iscomplex. Thousands of yearswere necessary beforeto get acorrect
map of the world. Model Driven Engineering is a moving field and there is alot to say about it. Building a good
model for it is complex research issue, but this could be a rewarding task. First experiments are very encouraging
and we were quite surprised of the results that can be get thanks to this very simple approach.

Our approach consistsin introducing conceptsincrementally, trying at each step to add only truly essential con-
cepts. At each step we take care of developing examples either from computer technology or real world to check
the validity of the theory. Over the last years we have accumulated hundreds of metamodels from many different
sources. This "metamodel zoo" is used as the basic material to understand how people from different communities
use metamodelling techniques, and they are in fact great variations. Our metamodel zoo acts as basic material to
test the megamodel. Conversely, the megamodel provides a way to organize the metamodel zoo, but further re-
search isrequired on this topic.

All thisis ongoing work, and the megamodel presented in this paper is subject to many refinement. For instance
the notion of conformance is very weak here, but this is on purpose. We are defining various other kinds of more
elaborated conformance relations, but this require the introduction of the notions of syntax, semantics and so on.

This very abstract vision of reality might give the false impression that these concepts are disconnected from
reality, but thisis not the case. For instance the conformance relations are typically checked by actual tools such as
LanguageRecognizers or Parsers. All these concepts can be described in the megamodel. A very important require-
ment during the design of the megamodel was to give the ability to extend it to suit the needs of particular techno-
logical spaces. Another interesting aspect of the approach proposed hereisthat it allows to compare existing MDE
technigues and tools with acommon framework. Other concepts such asthe notion of platform areredly ill-defined
and we are not sure that they should be included in the megamodel. May be they are simply wrong concepts but
more research isrequired.

5 Conclusion

Though MDE experts advocate for the use of precise modelling, it is striking to see that MDE concepts are usually
described only in plain english with sketchy informal pictures. The few UML models we have found are quite sug-
gestive but they don’t passthe tests. They often give wrong answers. Infact, it seemsthat none of these models have
been seen as away to build consistent instance diagrams. This is a pity, because a design which is not tested will
invariably be thrown away, sooner or later. We strongly believe that the future of MDE is not necessarily in adding
yet another complex technologies on top of already complex technology layers. On the contrary, instead of building
(again) new tools from scratch and entering legacy-MDA very soon, it could be wise to learn from the past. The
identification of Technological Spaces is fundamental with this respect. Again, MDE is not MDA. MDE is about
integrating in a smooth way existing and mature bodies of knowledge. But this could be done only with a shared
understanding. And one could not expect researchers from other community to enter the MDE space if MDE con-
cepts are not properly identified. The set theory and language theory are parts of the lingua francain Computer Sci-
ence, so using these concepts can greatly help in identifying bridges with existing TSs. In fact, by using the mega-
model to model real world situations we discovered that it was much more powerful than we had expected. It realy
helped us to connect concepts and technol ogies that were apparently disconnected. The introduction of the set the-
ory had been decisivein this process. Surprisingly we discovered on the run alot of interesting patterns and we are
till discovering new ones. We are still very far from a sound and complete theory for MDE. This paper has only
scratched the surface of the topic. Let’'s hope however that this very little step towards a better understanding of
MDE could be helpful to others.
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