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Background

e 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-Dr I ven Ar C

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

e 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

& asSid 2F adladsSyYSydaga Foz2dzi az2yYs
Meta-model
cdefinitonof the structure, abstract syntax, semantics and constraints of

the family of models which can be expressed with their underlying
Y2RStAy3 fFy3dz 3S§

Minimal reflexive meta-model

a Ireflexivemeta-modelthat requires the minimum number of elements
and that it is usually placed on the top layer as the mata-Y 2 RS f £

Technological Space (TS)

da working context with a set of associated concepts, body of knowledg
tools, required skills, and possibilities, which is often associated to a gi\
user community with shared knelmow, educational support, common
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Transformation Models

Proposed Model Transformation Taxonomy

— Vertical /Horizontal

— Declarative / Imperative / Hybrid
— Endogenous / Exogenous

— Full (Static) / Adaptable (Dynamic)
— Deterministic / Nordeterministic

— Bidirectional / Onavay

— Atomic / Chain

— Bijectivel Injective

— etc

12
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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

Gé2dz OFyQi O2yUNRft ¢
[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 XMl
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Methodology and Results (J

4 EMF Projectors

Fig. 53 C TS Bridges between Meta-models
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Methodology and Results

Matched Rule (Declarative )

[lazy ]? rule rule_name {
from
in_var : in_type [(
condition
) 1?
[ using {
var ; : var_type init_exp 4;

var , : var_type | init_exp
H?
to
out_var ; : out type ; (
bindings
),

out_var , : out type  (
bindings
)
[do {
statements
H1?
}

Called Rule (Imperative)

[ entrypoint  ]? rule rule_name (parameters ){

[using {
var ; © var type | = init_exp ;

var , . var_type init_exp  ;
H?
[ to
out var , @ out_type ; (
bindings
),

out var , : out_type  (
bindings
)1?
[do {
statements
H?
}
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Acronym Metric Name Context
NAH Number of Attribute Helpers ATL Module
NOH Number of Operation Helpers ATL Module
NOR Number Of Rules ATL Module
NMR Number of Matched Rules ATL Module
NCR Number of Called Rules ATL Module
NLR Number of Lazy Rules ATL Module

NIE Number of InPattern Elements Both
NLV Number of Local Variables Both
NOE Number of OutPattern Elements Both
NOB Number of OutPattern Bindings Both
NAS Number of ActionBlock Statements Both
NAB Number of ActionBlock Bindings Both

Table 5 ¢ AMMDT: Absolute Metrics for Model-Driven Transformations
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Methodology and Results

Acronym Metric Name Context
ORF Operational Rules Factor ATL Module
LRF Lazy Rules Factor ATL Module
OSF Operational Statements Factor Both
OBF Operational Bindings Factor Both
GQF Global Quality Factor Both

Table 18 ¢ PMMDT: Percentage Metrics for Model-Driven Transformations
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ATLModule

DSL2KM3

Ecore2KM3

KM32DSL

KM32Ecore

KM32MOF

MOF2KM3

MOF2UML

UML2KM3

UML2MOF

ATLModule

o | o | D | O | O
o | ool a | .
O | o | D | O | O

Table 42 ¢ AMMDT Comparative Results
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ATLModule| ORF | LRF | OSF [ OBF | GQF

= 30 = 30 = 30 = 30 = 50
DSL2KM3 0% 0% 0% 0%| 98.5%
EcoreZKM3 10% 0%| 9.0%| 3.2% 943
KM32DSL 03 0% 0% 0%| 100%
KM32Ecore 0% 0% 03 0x| 100%
KM32MOF 0% 03 0% 0x| 97.3%
MOF2KM3 0z 0% 0% 0%| 98.4%
MOF2UML 0% 03 0% 0x| 100%
UMLZ2KM3 15.3% 0% 5.5%| 76.7%
UMLZMOF 03 0% 0% 0x| 97.8%
ATLModule| ORF | LRF | OSF | OBF | GQF

Table 43 ¢ PMMDT Comparative 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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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

31



Conclusions
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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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