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Abstract. Model Driven Software Development (MDSD) is increasingly
gaining attention in the software development community. The success
of the MDSD approach depends on the usage of artifact managing tools,
due to the number of different artifacts produced during MDSD based
project’s life-cycle. However, the available tools and methods concen-
trate on model authoring. This leads to the negligence of software logis-
tic problems introduced by MDSD. This paper outlines the problem of
Meta Model versioning and Model migration in scope of enterprise scale
applications.

1 Introduction

Models are central artifacts of MDSD based projects. A Model is described in
terms of a Meta Model, which represents the vocabulary of the modeling domain.
A Meta Model conforms to the Meta Meta Model, which is abstract enough to
allow for Meta Model authoring in envisioned development domains. For the rest
of this paper, these modeling levels will be referred to as M1 through M3 cor-
respondingly. This terminology has been proposed by the MOF specification[1].

The M3 models are agnostic to the pursued development domain. Therefore,
they are considered to be unchangeable in scope of the software project life-
cycle. M3 models are normally hardwired into the modeling infrastructure, used
as substrate for modeling tools. Most known M3 models are Ecore[2] and MOF/L,
3].

In contrast to M3 models, M2 and M! models are subject to modification
during project progression. Changes to M1 models are being introduced in course
of day to day work on the project. The changes of M2 models result from insights
into modeling domain, won during the project’s life-cycle.

The eventual modifications of M2 models are arising the problem of M1
model consistency. The M1 models, created to conform to an existing M2 model
may become invalid due to compatibility breaking changes introduced to M2
models. The invalid M1 models have to be adopted to the new versions of M2
models to retain their validity.

The rest of this paper is organized as follows: section 2 extends the presented
problem definition. Section 3 decomposes the stated problem and provides an
outline of research topics relevant to problem resolution. Section 4 presents a



preliminary survey of work related to the presented subject. Finally, section 5
concludes this position paper.

2 Problem Definition

Changes introduced to M2 models during project life-cycle can break already
existing M1 models. The broken M1 models would not be consistent in regard
to their M2 models and therefore not utilizable by the modeling infrastructure.
The introduced M2 model modifications do not necessarily break the M1 models.
There are types of modifications, which alter the M2 model, while retaining the
M1 model’s consistency.

An example of M1 model breaking M2 model modification is the narrowing
of cardinality bounds on association ends. If for example, the upper cardinality
bound is lowered below the cardinality number of the corresponding link set in
the M1 model, the M1 model becomes inconsistent. This inconsistency can not
be resolved by automatic means. A human decision on link deletion is required
to resolve it. An example of automatically resolvable M1 model breaks is the
renaming of M2 model’s elements. Because the M2 model elements are assigned
a unique identifier, the changes of M2 model element names can be tracked
and propagated to M1 models automatically. Changes which do not break the
M1 model, are model extensions. For example an addition of a class to the
M2 model will not break the M1 models, unless association ends with lower
cardinality bound larger than zero are pointing to this class.

The breaking of M1 models, due to M2 model modifications, poses a signif-
icant threat to MDSD adoption in enterprise application development. Enter-
prise Resource Planning(ERP) systems require to be maintained and upgraded
for decades. Further, these systems are subject to frequent modifications, due
to changing business needs of the enterprise. Naturally, the M2 models are also
subject to changes, either because of a better understanding of the described
phenomena, or due to external influences like regulatory requirements. As has
been shown in previous paragraph, even small changes in M2 models can lead to
breaking of the M1 models. Therefore structured and systematic means of M1
models adoptions to changes in M2 models are required. Otherwise, the costs of
manual M1 model adaptation can exceed the savings of MDSD methods adop-
tion.

3 Research Directions

The resolution of the presented model migration problem, arises three main
research directions. The first the creation of the difference model, describing
the differences between two M2 model versions. The second is the question of
serialization of difference information, to be presented to the human developer
or transported to the M1 model migrator. And finally the third is the approach
to the classification of M2 model changes and M1 model migration.



The difference of two M2 model versions can be computed in terms of the
M8 model. Therefore, the outcome of the differences computation would be a set
of expressions about deleted, changed and added M2 model elements. However,
the algorithms for the computation of this set are to be developed and tested
in a real modeling environment. Further, it is to be determined if a single step
comparison would deliver the desired results. A single step comparison, would
compare two M2 model revisions without considering the operations which lead
to the creation of the newer revision. Another possibility to be evaluated, is the
consideration of the trace of operations performed on the first M2 model revision.
It is to be evaluated, if a Change Meta Model should be created. A Change Meta
Model would link to the revisions of M2 model providing information on M2
model evolution. If a Change Meta Model is feasible, the differences set would
represent the population of that M2 model.

The serialization of M2 model differences is highly depended on decisions
made in the difference creation phase. If a change meta model is being created,
then standard model serialization means like XMI[4] can be used. Otherwise
a custom serialization format for M2 model differences has to be developed.
Another research topic, is the human readable notation for M2 model differ-
ences. This notation is needed, to communicate changes between two M2 model
revisions in human readable format. Difference representations, known from tra-
ditional versioning systems like CVS[5], fail to deliver difference serialization in
the same notation, as used by the user for M2 model authoring. These differ-
ence serializations concentrate on textual formats. However, the M2 models are
normally being defined in a graphical notation. This leads to an undesirable
mismatch in authoring and difference notations.

As has been shown in the example in section 2, the migration of M1 models
between M2 model revisions can not be fully automated. Therefore a compre-
hensible catalog of possible M2 model changes has to be created. The emphasis
of this catalog is to the classification of M2 changes, according to their impact
on M1 models. Starting with this catalog, algorithms for automatically resolv-
able breaks resolution can be created. For non-automatically resolvable changes,
means for human assistance have to be developed. The main research topic for
this direction, is the creation of means, to assist the human migrator in the same
concrete syntax, used in the modeling domain. Therefore, the Change M2 model
to be developed, has to be attached to the concrete syntax, used to create popu-
lations of the M2 model under consideration. This attachment can for example
be expressed in links to a graphical M2 model like GMF[6] Graph model. An-
other problem, posed by model migration, are the changes of model interfaces,
introduced by changes of M2 models. These changes would inevitably break the
tools, built on top of the changed M2 model. A solution here, could be the pro-
vision of refactoring[7] facilities, migrating the calls to model interfaces in the
same manner as M1 models are being migrated.

This overview presents three directions, in which the research work in the
model migration domain can progress. The topics are by no means finalized. The



research to be performed is expected to reveal major problems in computability
and performance domains.

4 Related Work

This section reviews the existing related work on the proposed research topics.
This review is by no means complete and is only a preliminary overview, deemed
to provide first insights into the general research field.

There are no industrial standards, concerning the topic of M1 model migra-
tion. OMG has published the MOF2 Versioning specification[8]. This standard
describes the attachment of versioning information to MOF M2 models, but ex-
cludes the means to obtain the difference information. The M1 models migration
is completely uncovered by this standard.

The general topic has been developed under the term of ”Generic Model
Management” by Melnik[9, 10]. This work provides the first results in the field
of Generic Model Management, as described in [11]. The presented work is still
to be evaluated. Firstly, it can provide a basis to build upon, secondly it could
be interesting, to embed the proposed research in the general field description
of Generic Model Management.

Work on difference algorithms for UML models can be relevant, to the pre-
sented topic of differences determination between two versions of a M2 model.
Grischick[12] provides the algorithm UMLDIff.;4. The paper by Girschick also
provides an overview of related work in this field. Further, the work performed
by the database community on schema matching algorithms could be relevant
for the difference determination algorithms.

Sprinkle[13] performed work on migration of M1 models in face of M2 model
changes. This work however concentrates on the preservation of semantic con-
sistency of M1 models. It is to be evaluated, if the proposed approach is fruitful,
when applied to the preservation of structural features of M1 models to be mi-
grated.

5 Conclusion

The presented position paper, suggests work on M1 models migration in face of
M2 model changes. While all three presented topics are relevant to the proposed
work, their combination promises to provide a basis for the inception of a revision
system for modeling artifacts, delivered by the MDSD approach.

This topic is highly relevant, if the MDSD approach is to deliver on it’s
promise of higher development efficiency. Further, the avoidance of notation
mismatch between model authoring and model comparison, promises to provide
the access, to the proposed capabilities, to users beyond the software engineering
community.
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