
ScienceDirect

Available online at www.sciencedirect.com

Procedia Computer Science 109C (2017) 408–415

1877-0509 © 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Conference Program Chairs.
10.1016/j.procs.2017.05.410

10.1016/j.procs.2017.05.410

1877-0509 © 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Conference Program Chairs.

Available online at www.sciencedirect.com

Procedia Computer Science 00 (2016) 000–000
www.elsevier.com/locate/procedia

The 8th International Conference on Ambient Systems, Networks and Technologies
(ANT 2017)

Transformation of compound SOA Design Patterns
Imen Tounsia,∗, Mohamed Hadj Kacemb, Ahmed Hadj Kacemc, Khalil Drirad

aImen.Tounsi@redcad.org, ReDCAD laboratory, University of Sfax, Tunisia
bmohamed.hadjkacem@redcad.org, ReDCAD laboratory, University of Sfax, Tunisia

cahmed.hadjkacem@fsegs.rnu.tn, ReDCAD laboratory, University of Sfax, Tunisia
dkhalil@laas.fr, CNRS, LAAS, 7 avenue du colonel Roche, F-31400 Toulouse, France

Univ de Toulouse, LAAS, F-31400 Toulouse, France

Abstract

Software Design Patterns provide architects and developers with reusable software elements helping them to master building
complex software systems. In real applications, problems are complex and their solutions can be represented by compound patterns
that require the combination and reuse of two or more design patterns. In this paper, we propose a transformation approach of
compound SOA design patterns based on two types of transformations. The first type, is an M2M (Model to Model) transformation.
It allows to transform SOA design patterns modeled with the semi-formal SoaML language and linked together with composition
operators to a compound pattern. The second type, is an M2T (Model to Text) transformation. It allows to transform compound
pattern model to Event-B specifications. So, the compound pattern will have a graphic representation and a formal description.
c© 2016 The Authors. Published by Elsevier B.V.
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1. Introduction

Significant progress has been made in the pattern composition in the field of software architectures. Research is
mainly classified in two branches of work. The first proposes to compose patterns formally11,12,13,14 and the second
proposes to compose patterns using non-formal languages15,7. However, no authors have investigated the composition
of SOA design patterns. Generally speaking, there is no consensus on the composition of patterns. Each of these works
compose patterns in its own way. In spite of the differences in the composition approaches, the basic ideas underlying
them are similar. In particular, the specification of a pattern usually consists of statements on the structural features
and, sometimes, behavioural features. In our work, we adopt a semi-formal notation as well a formal specification
and the automatic mapping between them.

In previous work4, we proposed an approach for modeling and specifying SOA design patterns. The approach
consists in modeling SOA design patterns with the SoaML language5 using a set of modeling diagrams. Structural
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features are modeled with Participant diagram and behavioral features are modeled with UML Sequence diagram.
The formal specification of design patterns is done with Event-B method6. In2, we proposed the composition of
SOA design patterns with the semi-formal SoaML language. It consists in describing the compound pattern with
patterns that it comprise linked together by composition operators w.r.t. composition rules. In3, we provided a formal
composition process using the Event-B method. In this paper, we propose the transformation of compound design
patterns. It supports the description of compound SOA design patterns by taking advantage of the strong expression of
the graphical modeling and the power of formal techniques. We present two types of transformations; M2M (Model
to Model) transformation and M2T (Model to Text) transformation. The M2M transformation provides a visual
representation to the patterns composition by transforming design patterns modeled with the semi-formal SoaML
language and linked together with composition operators to a compound pattern. It is proposed to facilitate the formal
composition of the patterns. The M2T transformation is to associate with the pattern composed in the first step formal
semantics by transforming compound pattern model to Event-B specifications. So, the compound pattern will have a
graphic representation and a formal description.

We developedReMoCo-SDP tool, a graphical modeling tool that implements our approach; it ensures an easy and
efficient modeling way for users and it allows the automatisation of the composition process of SOA design patterns.

The paper is structured as follows. Sections 2 and 3 present the core of our contribution: the M2M and M2T
transformations and how the patterns are composed. Section 4 describes our tool supporting our approach. Section 5
concludes and gives future works.

2. M2M Transformation

The M2M transformation allows to map from a model to another. In our approach, this transformation allows to
map from a compound pattern described with patterns that it comprise linked together by composition operators to the
final description of the resulting compound pattern. More specifically, it allows to transform composition operators
and to concretize them. This step provides a visual representation to the composition of the patterns. It is proposed
to facilitate the formal composition of the patterns. In the followings, we present composition operators and their
corresponding model transformation that we propose. Later, we present how to compose SOA design patterns.

2.1. “Stringing Operator” Transformation

The stringing operator is an element allowing the connection of two design patterns7. It is represented with an
arrow with a single direction. Connected entities can be either two Participants, two Agents or a Participant and an
Agent. The stringing operator is graphically transformed to a new connector added to the compound pattern. It is
a ServiceChannel that links an entity from source pattern with an entity from target pattern. More specifically, by
transforming a stringing operator the following modifications are obtained:

• New entity ports are added to the source entity and the target one to attach the newly created connector.
• A new ServiceChannel is added to form the communication path between the two related entities.
• The direction of the connector is that of the stringing operator.

Fig. 1 illustrates (in its top part), with an example, the stringing operator graphical transformation. It represents two
patterns (Pattern1 and Pattern2). For each pattern, we represent one entity. In Pattern1, we present entity E1 and in
Pattern2, we present entity E2. The stringing operator relates entity E1 with entity E2. The graphical transformation
lead to the compound pattern Pattern12 having two entities E1 and E2 related with a ServiceChannel PushE1E2.

2.2. “Overlapping Operator” Transformation

The overlapping operator is an element allowing the merging of two design patterns7. More specifically, it merges
an entity from source pattern with an entity from target pattern to a completely new entity in the compound pattern.
It is represented with two arrows pointing to a small rectangle. Merged entities should have the same type. They can
be either two Participants or two Agents. By transforming an overlapping operator the following modifications are
obtained:
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