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Background

• Systematic use of models as the core artifacts 
in Software Engineering

• Also to understand, interact, configure and 
modify the runtime behavior of software

• Break the wall between the documentation 
and the real state of the run-time
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Key Issues of MDE

• Architectural Separation of Concerns (SoC)

• Portability, interoperability and reusablity

• Models and transformations between models

• Meta-models and meta-meta-models
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Model-Driven Architecture™

• MDA is a registered MDE solution of the OMG 
(Object Management Group)

• Supported by a set of standard specifications:
– UML: Unified Modeling Language

– OCL: Object Constraint Language

– MOF: Meta-Object Facility

– XMI: XML Interchange Format

– QVT: Query/View/Transform

– etc
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Core Definitions 

Model

άŀ ǎŜǘ ƻŦ ǎǘŀǘŜƳŜƴǘǎ ŀōƻǳǘ ǎƻƳŜ ǎȅǎǘŜƳ ǳƴŘŜǊ ǎǘǳŘȅέ

Meta-model

άdefinitonof the structure, abstract syntax, semantics and constraints of 

the family of models which can be expressed with their underlying 

ƳƻŘŜƭƛƴƎ ƭŀƴƎǳŀƎŜέ

Minimal reflexive meta-model

άŀ reflexivemeta-modelthat requires the minimum number of elements 
and that it is usually placed on the top layer as the meta-meta-ƳƻŘŜƭέ

Technological Space (TS)

άa working context with a set of associated concepts, body of knowledge, 
tools, required skills, and possibilities, which is often associated to a given 
user community with shared know-how, educational support, common 
ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ŜǾŜƴ ǿƻǊƪǎƘƻǇ ŀƴŘ ŎƻƴŦŜǊŜƴŎŜ ǊŜƎǳƭŀǊ ƳŜŜǘƛƴƎǎ έ
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9Fig. 3 ςMeta-meta-model Architecture
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11
Fig. 4 ςModel Transformation Pattern

Transformation Models



Proposed Model Transformation Taxonomy

– Vertical /Horizontal

– Declarative / Imperative / Hybrid 

– Endogenous / Exogenous

– Full (Static) / Adaptable (Dynamic)

– Deterministic / Non-deterministic

– Bidirectional / One-way

– Atomic / Chain

– Bijective/ Injective

– etc

12

Transformation Models



• Key Issues of Model-Driven Engineering

• Model-Driven Architecture™

• Core Definitions

• Transformation Models

• System Architecture

• Methodology and Results

• Conclusions

• Future work

• Dissemination of Results
13

Summary



System Architecture

• Focused on transformation model measurement

• First step toward a better understanding of transformations 
through quantitative evaluation of the available models

• Software metrics are usually considered an objective method 
for quantitative software measurement

άȅƻǳ ŎŀƴΩǘ ŎƻƴǘǊƻƭ ǿƘŀǘ ȅƻǳ ŎŀƴΩǘ ƳŜŀǎǳǊŜέ 
[DeMarco, 1986]
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System Architecture

• Orchestration of a chain of ATL transformations with ANT

• ATL meta-transformation to perform measurements over ATL 
transformation elements (modules and rules)

• Different complementary end-user models, like SVG charts and 
(X)HTML reports

• Source code conforms to DSL concrete syntaxes, like KM3 and 
ATL, as well as XML files, like Ecore models serialized with XMI
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System Architecture

16Fig. 40 ςAll Targets for One Source Model 

Fig. 39 ςComplete Build



System Architecture
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Fig. 45 ςTCS Injector



System Architecture
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Fig. 49 ςMeasureMerge Transformation

Fig. 48 ςATL2Measure Transformation



System Architecture
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Fig. 52 ςXML Extractor
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Methodology and Results

21
Fig. 53 ςTS Bridges between Meta-models



Methodology and Results
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[ lazy ]? rule rule_name {

from

in_var : in_type [ (

condition

) ]?

[ using {

var 1 : var_type 1 = init_exp 1;

...

var n : var_type n = init_exp n;

} ]?

to

out_var 1 : out_type 1 (

bindings 1

),

...

out_var n : out_type n (

bindings n

)

[ do {

statements

} ]?

}

[ entrypoint ]? rule rule_name ( parameters ){

[ using {

var 1 : var_type 1 = init_exp 1;

...

var n : var_type n = init_exp n;

} ]?

[ to

out_var 1 : out_type 1 (

bindings 1

),

...

out_var n : out_type n (

bindings n

) ]?

[ do {

statements

} ]?

}

Matched Rule (Declarative ) Called Rule (Imperative)
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Table 5 ςAMMDT: Absolute Metrics for Model-Driven Transformations
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Table 18 ςPMMDT: Percentage Metrics for Model-Driven Transformations
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Table 42 ςAMMDT Comparative Results
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Fig. 72 ςAMMDT Comparative Bar Charts Fig. 73 ςAMMDT Comparative Pie Charts

Methodology and Results
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Table 43 ςPMMDT Comparative Results

Methodology and Results
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Fig. 74 ςPMMDT Comparative Bar Charts Fig. 75 ςPMMDT Comparative Pie Charts

Methodology and Results
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Conclusions

The main contributions of this work are:

– Extensible definition and execution of formal metrics for 

transformation models 

– Measuring results and discussion over several TS bridges 

designed with ATL 

– A proof of concept ATL meta-transformation: ATL2Measure 

– A secondary ATL refining transformation: MeasureMerge
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• The deduction system is more important than 
any meaning the statements might have

• More formal specifications could lead to more 
generic and measurable transformations

• Provide multiple-syntax models, conforming 
to equivalent or complementary meta-models

31

Conclusions



• The deduction system is more important than 
any meaning the statements might have

• More formal specifications could lead to more 
generic and measurable transformations

• Provide multiple-syntax models, conforming 
to equivalent or complementary meta-models
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άŦƻǊƳŀƭ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ 
ƻŦ ŦƻǊƳ ƻǾŜǊ ƳŜŀƴƛƴƎέ

Seidewitz, E. (2003). What Models Mean
IEEE Software, 20(5), 26-32
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Future Work

Identified research trends:

– Inference of TS bridges and parallel meta-models, providing 
inference features to transform XML Schemas (or even a set 
of related XML instances) into Ecore meta-models and to 
generate the corresponding TS bridges automatically

– Development of a generic meta-modeling environment, 
supporting all meta-layers among the available meta-
modeling approaches

– Improvement of the proposed metrics and transformations, 
adding support for alternative transformation languages and 
extending the available metrics
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Future Work

• Transformation toolkit to support the 
interoperability of state of art meta-models

• Transformations of transformation models, 
offering reusability and composition

• More formal syntaxes in order to achieve 
better foundations for inference engines
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