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RESUME. En génie logiciel, pour tirer un maximum de bénéfices de l'ingénierie dirigée par les
modeéles, il est essentiel de permettre les transformations entre ceux-ci. Parmi les nombreux
types de transformation, |’extension de méta-model permet notamment de profiler des langages
de modélisation afin de les rendre spécifiques a un domaine. Les méta-modeles décrivant la
syntaxe de tels langages sont souvent peu complexes. Mais, du fait des imprécisions dues a
l"abstraction, [’extension pilotée par un expert est a préférer a une autre approche entierement
automatique. Ainsi, nous proposons dans ce papier trois principes pour étendre, par transfor-
mation manuelle, des méta-modeles a I’aide de modéles spécifiques a un domaine. Les profils
généreés sont rétro-compatibles. L’approche est exemplifiée pour produire un profil d’architec-
ture d’entreprise dédié a la création de services de télécommunications.

ABSTRACT. Model Driven Engineering aims at changing the focus from code to models. To
achieve it, enabling model transformation is essential. A type of transformation is meta-model
extension. It is particularly salient for the use of models in defining Domain Specific Model-
ing Languages, especially for profiling existing languages. Meta-models describing language
syntax have a low number of components. Accordingly, an expert-driven approach to extend-
ing meta-models is both practicable and preferable to an automatic one, which has a higher
level of inaccuracy. We propose in this paper three principles for aiding an expert in practi-
cally extending meta-models with domain specific concepts. The resulted language profiles are
backwards-compatible. We apply these principles to defining an ArchiMate profile for telecom-
munications service creation.

MOTS-CLES : Transformation de modeéles, extension de modeles, langages de modélisation dédiés.

KEYWORDS: Model transformation, model extension, domain specific modeling languages.




1. Model transformation

Model-Driven Engineering (MDE) aims at changing the main focus from code
to models. For this, model transformation (e.g., extension, inheritance) (Vallecillo,
2010) must be enabled. As meta-models (MM) are themselves models that are in
a conformance relation with their respective meta-MMs, all types of transformation
enabled on models can be enabled on MMs as well. Also, for modeling language
engineering, MMs are used to describe their syntax. So, transformations on models
can be used for performing transformations on modeling languages.

Among types of transformation, in this paper we focus on modeling language ex-
tension (i.e. a special form of model extension). Model extension is defined by (Bar-
bero et al., 2007) as the operation that produces the result model - M,., by applying
a mapping ¢ between two models : M; - initial, and M - fragment. The mapping €
specifies that, if a node from M is equivalent (=) with a node from A/;, the node
from M; will be copied in M,. If a node from M} is not equivalent with any node
from M;, a new node will be created in M., not necessarily the initial node from M.
Defined in this way, model extension is a particular case of model combination (also
called model composition or weaving) (Vallecillo, 2010).

Model composition has been widely addressed. For example, (France ef al., 2007)
propose a generic framework for model composition that is independent from a mo-
deling language. The framework is based on an algorithm structured in two steps :

1) Matching : identifies model elements that describe the same concepts in the
different models that have to be composed ;

2) Merging : matched model elements are merged to create new model elements
that represent an integrated view of the concepts.

Model merging is kept flexible through pre and post-merge directives. This composi-
tion approach is intended for automatic composition of models belonging to separate
aspect-oriented views, to build a global view of a system.

(Barbero et al., 2007) note that the node comparison operators = and # must be
defined in a MM specific way (e.g. if the MM has classes, class names can be used).
This is part of the more general issue of model matching (Kolovos ef al., 2009), de-
fined as a theoretically NP-hard graph isomorphism problem. Approaches to tackle
it automatically, usually consider models as typed attribute graphs and calculate the
similarity of nodes based on the combined weighted similarity of their features. Howe-
ver, these methods are intended for large models. Unlike models, MMs are relatively
small and strongly influence all models that are conformant with them. This is why, a
precise, MM-dedicated approach for comparing and extending them (describing the €
mapping) is both possible and preferable to an automatic, general one.

Next, we present a practical, expert-driven approach for MM-dedicated extension,
in Sect. 2. It consists of three principles that produce a backwards-compatible profile.
We apply it to the ArchiMate business layer MM, which we extend with a telecom
MM, in Sect. 3. We discuss the relation with more theoretical approaches in Sect. 4.



2. A practical approach for meta-model extension

The notations introduced by (Barbero et al., 2007) take into account for compa-
rison only nodes. To obtain better matching, edges must be considered too, and even
patterns - formations of multiple nodes and edges. Also, only two values (equal, not
equal) for equivalence is not enough. A node (edge) from M may be equivalent with
several nodes (edges) from M;, but with different degrees. So, we propose using the
concept of similarity ~ to replace the dichotomic equivalence =/#. Based on their
semantics (definitions/ontologies), the matching of any two nodes (edges) from the
two models - M; and M} - can be calculated using a similarity measure (continuous -
e.g. € [0,1]), chosen by an expert. If a node (edge) from M; has a similarity degree,
greater than a certain threshold (established by an expert), with another node (edge)
from M, the two can be considered similar (~). Now we introduce the principles (p.)
(without any claim on completion) that define our approach for MM extension :

1) Generalization of similarity of nodes. If a node from M is similar with a node
from M;, which is derived from another node (in general, is part of an inheritance
hierarchy, at some level), the node from My is similar with the parent node of the
hierarchy the node from M/; is part of. So, the parent node from A/; is copied to M,..

2) Transitivity of similarity for edges (nodes). Let’s consider a node (edge) (e.g.
Ny in Fig. 1) from M, that is connected with two edges (nodes) (e.g. E'yy and E'yg).
Let both edges (nodes) have a (high and) close degree of similarity (~) with an edge
(node) from M; (e.g. E;). Both edges (nodes) from M are similar with the edge
(node) from M;. Only this edge (node) (e.g. I;) from M; is copied to M,..

3) Pattern matching. Let’s consider several nodes from two models that are similar.
If they form a connected graph in M}, the edges connecting the nodes in M have to
be similar with the edges connecting the nodes in M;.

M¢ M; M,

E E. E,
2Ny b !

Figure 1. [llustration of transitivity p.2 for edges (E1 ~ Ey ~ Ey).

We now define the concept of dissimilarity 5. Two individual nodes (edges) are
dissimilar if their similarity degree is under the established threshold. A second possi-
bility for having dissimilarity is when pattern matching p. 3 conditions are not fulfilled.

Priority of principles. The generalization p. 1 should be applied before the tran-
sitivity p. 2, as it provides looser node semantics and more possibilities of matching,
albeit with a smaller similarity degree. The pattern p. 3 is the most difficult to fulfill
(it involves multiple nodes and edges), so it should be applied the last. Semantics of
groups (global semantics) is more important than semantics of individual nodes or
edges. So (minor) changes may be beneficial in the overall similarity degree of the
pattern. Changing the order of principle application may change the obtained results.



3. A telecommunications case study

We apply the proposed three principles to extend the MM of the ArchiMate (The
Open Group, 2009) business layer - M; (Fig. 3 without the nodes marked with a red
T and the edges that connect them), with the telecommunications specific MM - M,
Fig. 2, proposed by (Bertin, 2009) :

1) We start by determining the similarity degree of nodes; Stakeholder, Action,
ServiceProcess from Fig. 2 can be considered similar respectively with BusinessRole,
BusinessFunction, BusinessService from Fig. 3. Moreover, through the generalization
p. 1 between BusinessFunction and BusinessBehaviourElement from Fig. 3, Action
is similar to BusinessBehaviourElement. The is done by edge between Action and
Stakeholder can be considered similar with the edge assigned to between BusinessBe-
haviourElement and BusinessRole from Fig. 3.

2) We have seen that ServiceProcess is the most similar with BusinessService. We
apply the pattern p. 3. However, the edges that connect it must be taken into account.
The only edge is aggregation with Action. An edge similar with it must be found in
the ArchiMate MM. If none is found, a new one will be introduced. The candidate
aggregation edges from the ArchiMate MM, that relate to BusinessBehaviourElement
are : the one with Product through the realizes edge with Business Service, and the
one with BusinessCollaboration through the assigned to edge. The BusinessColabo-
ration node has a higher similarity degree with ServiceProcess than that of Product.
Consequently, through the pattern p. 3 and the priority of principles, ServiceProcess
can be considered similar with BusinessCollaboration. However, due to the rather low
similarity value, we decide to introduce ServiceProcess as a derived node (Fig. 3).

3) ServiceEntityState has the highest similarity with BusinessObject, but in a low
degree. As the produces and uses edges between Action and ServiceEntityState from
Fig. 2 have a strong similarity degree with the accessed by edge between BusinessBe-
haviorElement and BusinessObject from Fig. 3, we apply the pattern p. 3 and introduce
ServiceEntityState as derived from BusinessObject. ServiceEntity has a low similarity
degree with all other nodes from the ArchiMate MM, so it is introduced as a new node,
with edges refers to and in relation with. The result is M (Fig. 3 with ared T).
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Figure 2. Meta-model of the telecom reference business view.

4. Discussion

A special case of model extension, inheritance, is discussed by (Kiihne, 2010). It
allows adding only nodes (classes) that have a derivation relation with existing nodes.
The author identifies three forms of inheritance and investigates properties of forward



and backward compatibility. However, we have found the constraints imposed on these
forms too strong in practice. Even if the generalization and transitivity p. 1 and 2 keep
the impact of M on M; at a minimum and to enable forward-compatibility, the in-
herent dissimilarity introduced by domain specificity breaks this type of compatibility.
So new models specified with the profile cannot be used with former tools developed
for the base language. As this is an important property for language engineers, an
approach that guarantees it, while still allows adding new nodes (other than through
derivation) is needed. However, as the ArchiMate MM is totally contained in the tele-
communications profile MM, we do ensure backward-compatibility. So, former mo-
dels written in ArchiMate can be used with new tools developed for the profile.

The approach proposed in this paper for meta-model extension is intended for
manual application on small meta-models. It can be used of course on the model level
as well. It provides guiding rules, ensuring uniformity and the possibility to justify
decisions. It can be used by working groups laboring to define language profiles using
existing domain models. This approach may be suitable to form the basis of a decision
aid system for such groups.
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Figure 3. ArchiMate business view MM extended by a Telecom profile (superscript T).



