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MDA Context
Model transformation in an MDA framework:

PIM to PSM
PSM to PSM

Input and output model represent the same 
system

The transformation rewrites the same system in other 
“words” (in other metamodel elements)
In an ideal world the transformation preserves the 
meaning of the input model

Perfect transformation depends on:
Source and target Metamodels’ expressiveness
The mapping transformation rules
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OMG modeling levels
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An example of the four-layer 
metamodel hierarchy
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Metamodels compared with natural 
languages 

Natural languages Metamodels

Huge number of words Limited number of metamodel 
elements

Grammar: a set of rules that 
evolve continuously 

Grammar: from metamodel 
structure and constraints

A text is a sequence of words A model is a structured set of 
metamodel elements instances

Many different meanings for a 
single word with evolving new 
usage of the  word

A defined meaning for any 
instance of a metamodel 
element
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How to facilitate the elaboration
of transformation rules?

Migrating form one platform to another 
implies defining model transformations
Defining model transformation is a 
labour intensive and error prone activity

Among the several approaches to 
elaborate the transformation rules, 
we are interested in exploring 
Machine Learning.



3M4MDA 2006 University of Quebec in Outaouais 8

The Transformation Definition and 
Machine Learning

We assume that we have a knowledge 
base consisting of a large number of 
corresponding models written in two 
metamodels.
Machine learning technique :

Use the knowledge base to infer mapping 
rules

Analogy with using Machine Learning in 
natural languages translation
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Machine Learning context
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Machine Learning techniques
Connectionist
A network of elements that change their 

structure and weights
Emergent learning
We start with a population of solutions of the 

domain problems
Symbol Based
We consider a set of symbols that represents 

the entities and relationships of a problem 
domain
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Symbol Based Approach

The transformation is a function f
A space H of Hypotheses on the sought 
after transformation function f: 

H results from our knowledge about f 
characteristics.
f is a pattern mapping function.

The LH : the formalism expressing the 
function.

a vector representation of a pattern mapping.
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The formalism expressing the 
function of the hypotheses space

We consider finite metamodels MM1 and MM2.
Metamodels elements are ei (i ≤ k) and ej (j ≤ h). 
V is a vector of k+h Boolean elements :

An element ei of MM1 participates in the pattern 
mapping represented by V iff αi is true.

An element ej of MM2 paritcipates in the pattern 
mapping represented by V iff βj is true.
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The Candidate elimination algorithm

We consider the set of all possible 
pattern mappings: a set of vector V.
Credit vectors consistent with the 
training example.
Vectors non consistent with the training 
example are candidates for elimination.
For each vector V we can count positive 
and negative examples.
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The Candidate elimination algorithm

We can define strategies for detecting 
matching elements in a couple of 
models ( ex. same name for named 
elements)
Adding some restrictions to the sought 
after mapping helps avoid combinatorial 
explosion
Associations can be considered as 
elements of the vector V
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Illustration example with the OO and 
the relational metamodels
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The relational metamodel
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A vector V of a pattern mapping

2 3

65

The resulting Vector V =
[0,0,0,0,1,1,0, 0,1,1,0,0]
Object-oriented      ,       Relational

1,2,3,4,5,6,7- 1,2,3,4,5
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Conclusion
We can use Machine Learning technique to:

Assess given transformation rules
Improve existing transformation rules
In absence of experts in the two considered 
metamodels, we can extract rules that are 
unpredictable by experts of each domain

We expect:
The elaboration of an advanced hypotheses space 
and a formalism expressing the mapping rules.
Better results compared with natural languages 
translation.

Limited number of elements
Finite and non evolving grammar (structure) 
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Thanks for your attention

Questions



3M4MDA 2006 University of Quebec in Outaouais 20

Backup Slides follow this slide

Backup Slides
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PIM

CODE2CODE1

PSM2PSM1

Vertical
transformation

Vertical
transformation

Horizontal
transformation

Vertical
transformation

Writen in a technology
neutral metamodel

2. Written in the EJB
metamodel

1. Written in the.Net
metamodel

Written in
Java

Written in
C#, VB,

....

Horizontal
transformation

Vertical
transformation

Transformations & Levels
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Target & source metamodels:
EJB metamodel / main diagram

Element 
representing 

any EJB  
Component
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MDA Lifecycle

Transformation
tool

PSM CodePIM Transformation
tool

PSM is a Platform Specific Model.
For each platform (J2EE, .Net, …)
a metamodel is needed as a language
to write PSMs

PSM is a Platform Independent Model.
One metamodel is enough as a language
to write PIMs

Transformations definitions are 
Written in terms of metamodel
Elements. [1]
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Transformation & Metamodels
MDA Guide of OMG

The transformation depends on expression languages of source and target models
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Metamodel characteristics

Subsuming the technology
High level concepts: component interface (exhibited 
methods), host application.
Covering components implementation aspects like channels, 
ports, url, uri, activation modes, .Net Attributes, pooling 
policy, transaction management, synchronization, etc.
Capture the structure and interaction between the above 
elements

Of intermediate complexity 
No redundancy
Written in UML notations and complying with MOF ⇒
ease of integration in most well known tools like 
EMDF  and ADT of Eclipse, Mia-Transformation, etc. 
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Use of The Metamodel 
Describes domain specific (PSMs) models

Ex. ServicedComponent (SC) instance expresses all the 
semantics and structure of SC
The metamodel gives the appropriate vocabulary and  
structure to .NET specific models

Writes model transformation rules, ex.:
A session instance of EJB can be mapped to a 
ServicedComponent instance
A MethodTransaction EJB instance can be translated to a 
.NET TransactionAttribute

Helps to elaborate a specific code generator 
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