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Introduction

In Model-Driven Engineering (MDE), the potential
advantages of using bidirectional transformations are
largely recognized.

Despite its relevance, bidirectional languages have
rarely produced anticipated benefits as demonstrated
by the lack of a leading language comparable, for
instance, to ATL.
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Introduction

Transformations may be non-bijective: given a source
model, there could be more than one target model
which correctly related to the source

Transformations may be not total: only the relevant
concepts of the source models are mapped toward the
corresponding target elements

UNCERTAINTY IN BIDIRECTIONAL TRANSFORMATION

Introduction

The solutions for this specific problem can be given at

— transformation-centric: the transformation specify
how to resolve the ambiguity;

— language-centric: the language is endowed with
appropriate semantics to allow transformations to
yield all the valid solutions.
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Uncertainty

Uncertainty means that «rather than having a single
model, we actually have a set of possible models,
and we are not sure which is the correct one».
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Uncertainty

Uncertainty occurs when

* The designer does not have the complete,
consistent and accurate information required to
make a decision during software development.

¢ In model transformations

In both cases, design decisions are delayed requiring
the manual intervention of the modeler.
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Uncertainty
In User Models

Designers are often unsure about the information to
specify in models because of uncertainty and
incompleteness of requirements.
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Uncertainty
In Generated Models

Uncertainty in generated models could arise when
reversing a non-injective transformation.

It is non unfrequent that the implementor is (partly or
completely) unaware that details are missing at design-
time and this will be manifest only when the
transformation will be executed.
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Uncertainty
In Generated Models

In reference to the previous example:

Active

Authentication Selecting Transaction
Transaction

Left Hand Side Hierarchical State Machine
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Uncertainty
In Generated Models

Right Hand Side State Machine
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Uncertainty
In Generated Models

Modified Right Hand Side State Machine

UNCERTAINTY IN BIDIRECTIONAL TRANSFORMATION Dipartir
“ dellinfor




Uncertainty
In Generated Models

Active

Selecting Transaction
Transaction

Propagating changes in Left Hand Side Hierarchical State Machine:
more of then one model occurs (multiplicity of solutions)
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Uncertain Transformation
JTL

JTL is a constraint-based model transformation language
specifically tailored to support bidirectionality. It adopts a
QVT-R like syntax and allows a declarative specification of
relationship between MOF models.

The semantics is given in terms of Answer Set Programming
(ASP), which is a form of declarative programming oriented

towards difficult (primarily NP-hard) search problems and
based on the stable model (answer set) semantics of logic
programming.

UNCERTAINTY IN BIDIRECTIONAL TRANSFORMATION

diIngegneria e Scienze

Oiparti Ing
5‘ dellInformazione & Matematica

Uncertain Transformation
Specifying uncertanty transformation

ltransformation h. £ : SM) {
=

3 top relation

13 relation Transiti
14 enforce domain

15  scurce - so

enforce domain ta

relation Tran
enforce doma

enforce domain ta
source = targetS

SEIEAR ARG

1 B2 1 19 1 1 I b
3

when {
CompositeState2State (sourceState, targetState);

e
o

GRt

A fragment of the HSM2SM transformation in JTL
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Uncertain Transformation
Specifying uncertanty transformation

13 relation TransitionSource2TransitionSource |
14 enforce domain source sourceTrans: HSM: :Tranaition {

15 source = sourceState : HSM::State { }
16 |
17 [enforce domain target SM::Transition |
18 source - targetState {}
19 Vi 9.9 q
20 when | Non injective
21 State2State (sourceState, targetState) and
2 sourceState.owningCompositeState.oclIsUndefined();
-
53 "' Different source
25 relation TransitionSourceComposite2TransitionSource { and same target
26 enforce domain source {
4} source - sourceState Elements
28
29 |enforce domain target targetTrans: SM::Transition {
30 source - targetState : SM::State { }
k)| H
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Uncertain Transformation
Generating concrete alternatives

error

in(Card)
Active
Authentication Selecting Transaction
Transaction
Target HSM (a)
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Uncertain Transformation
Generating concrete alternatives

n(Card) |

Active

Authentication Selecting Transaction ]

Target HSM (b)
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Uncertain Transformation
Generating concrete alternatives

in(Card) |

Active
Authentication Selecting Transaction
Transaction

Target HSM (c)
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Uncertain Transformation
Generating concrete alternatives

in(Card) |

Active
Authentication Selecting Transaction
Transaction

Target HSM (d)
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Uncertain Transformation
Generating concrete alternatives

Active

Selecting Transaction
Transaction

Multiple Solutions in HSM
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Uncertain Transformation
Factorizing alternatives

& HSMm'xmi 22

4 & platform:/resource/JTLuncertainty/model/HSMm'.xmi Property Value
4 4 State Machine Effect
< Initial State Idle Source = Composite State Active
4 State Out of services L Target ‘= State Printing
4 4 Composite State Active Trigger "= print

4 State Authentication

4 State Selecting transaction Property Value

< State Transaction Effect =
4 State Printing > Source State Authentication
4 Transition service Target State Printing

< Transition fixed
< Transition in{card)
4 Transition done

Trigger  '= print
Property Value

2 Effect =
< Transition error Source "= State Selecting transaction
L >
4 Transition cancel Target = State Printing
4 4 U-Point1

Trigger "% print
% Transition print

4 Transition print

4 Transition print

4 Transition print
4 Transition authenticated
4 Transition selected

Property Value
Effect e
Source

State Transaction
Target *= State Printing
Trigger  *= print
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Conclusions

We discussed the problem of non-determinism in
bidirectional transformations. In many respects, the
multiplicity of solutions in non-bijective
transformations is an aspect which has been largely
neglected.

Our proposal is based on JTL, a language which is able
to generate more than one model at once, whose
transformation engine has been modified to
accommodate uncertainty.
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