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Abstract. Recently Model-Driven Engineering (MDE) is becoming more
and more popular as it is able to solve complex problems by exploiting the
abstraction power of models. As models, metamodels and model trans-
formations are the heart of MDE, they play a vital role. Nevertheless,
existing transformation languages and accompanying tools cannot deal
with large models such those used in the fields of astronomy, genetics,
etc. The main problems are related to the storage of very large models,
the unreasonable time needed to execute the transformation and the im-
possibility of transforming distributed or streaming models. We tackle
this problem by means of incorporating the concurrent and distributed
mechanisms that Linda (a mature coordination language for parallel pro-
cesses) provides into model transformation approaches.
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1 Introduction and Problem

MDE is a relatively new paradigm which has grown in popularity in the last
decade. So to speak, model transformations (MTs) are, together with models
and metamodels, the key of MDE, allowing to systematically manipulate models.
MTs can be classified according to different characteristics [6,19]: abstraction
level of input and output models (i.e., horizontal vs. vertical transformations),
kind (i.e., model-to-model, text-to-model or model-to-text), directionality (i.e.,
uni-directional vs. bi-directional transformations), manipulation of input and
output models (i.e., in-place vs. out-place transformations), etc. And there are
several different intents for which transformations are applied [1]: abstraction,
refinement, synthesis, model composition, etc.

Because of this increasing variety of MT's scenarios, there exists a wide range
of different languages for developing MT's, each of them comprises different char-
acteristics [5]. Some examples of MTs from different language categories are
GrGen (graph transformation) [14], Kermeta (imperative) [20], QVT-R (declar-
ative) [12], ATL (hybrid) [16] and UML-RSDS (general purpose MDE tool) [18].

Lately, the MDE paradigm is being embraced by companies, thus, MTs are
extensively used and the problems being addressed are increasingly complex.



The main reason for its use is that there are scenarios where MDE is the most
appropriate option to solve their problems or necessities. For instance, generating
code or migrating the architecture/software/data is very appropriate for using
MTs. However, state-of-the-art tools and languages have several limitations [17]
as:

Scalability They do not allow to work with big models with millions elements.

Performance The MTs for some well-known tools take a long time even for
medium size models (around 250,000 model elements).

Concurrency They do not support concurrent transformations. Although the
machines of nowadays count on several cores, they are not taking advantage
of the full IT infrastructure.

Distribution They are not able to deal with models distributed among different
machines. Nowadays, and given the trend to move towards Cloud Computing,
distribution is really needed for ensuring dynamic scalability.

Streaming They need to read the complete model into memory before starting
the transformation and do not allow that the model is a data flow.

The research question we address is “Can the performance of MTs be im-
proved so that MTs are used for industrial practices?” which leads to the fol-
lowing: (1) Can MTs be executed in parallel? and (2) Can models be distributed
and/or stored in the cloud?

2 Related Work

The scalability problems of loading large models represented by XMI documents
into memory have been already recognized several years ago. One of the first
solutions for EMF models is the Connected Data Objects (CDO)! model repos-
itory which allows to store models in all kinds of database back-ends such as
traditional relational databases or emerging NoSQL databases. CDO supports
the ability to store and access large-sized models due to the transparent load-
ing single objects on demand and caching them. If objects are no longer refer-
enced, they are automatically garbage collected. There are also several emerging
projects that are considering to store very large EMF models, like MongoEMF?2
and Morsa [7]. Both approaches are built on top of MongoDB, which is used as
storage technology. In [4], Clasen et al. elaborate on strategies for storing models
in a distributed manner by horizontal or vertical partitioning into the Cloud.

So far, we are reusing the storage of Gigaspaces Technologies [10] by trans-
forming models and their associated metamodels to a tuple representation to
inherit the good scalability from the underlying technology.

Several lines of work consider the transformation of large models. We plan
that our work is focused on out-place model transformations, i.e., loading input
model and producing the output model from scratch by applying all matching

! http://projects.eclipse.org/projects/modeling.emf . cdo
2 http://code.google.com/a/eclipselabs.org/p/mongo-emf
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transformation rules. However, to deal with large models, orthogonal techniques
may be applied. Especially, two scenarios have been discussed in the past that
benefit from alternative execution strategies. First, if an output model already
exists from a previous transformation run for a given input model, only the
changes in the input model are propagated to the output model. Second, if only
a part of the output model is needed by a consumer, only this part is produced
while other elements are produced just-in-time. For the former scenario, incre-
mental transformations [15,21] have been introduced, while for the latter lazy
transformations [23] have been proposed. In this work, we propose a fundamen-
tal approach for parallelizing model transformation executions that may be also
combinable with incremental and lazy transformations. Furthermore, it can be
generalized to other types of MTs (e.g., in-place MTs).

Another interesting line of research for executing transformations in parallel
is the work on critical pair analysis [13] in the field of graph transformations.
This work has been originally targeted to transformation formalisms that do
have some freedom for choosing in which order to apply the rules. Rules that
are not in an explicit ordering are considered to be executed in parallel if no
conflict, e.g., add/forbid or delete/use conflicts, is statically computed. However,
the execution engines follow a pseudo-parallel execution by going back to a
sequential application of the rules. But the general notion of critical pairs may
be also a valid input for distributing transformation rules. In particular, having
non-conflicting transformation rules allows for distributing them easier without
having negative side-effects.

The performance of model transformations is now considered as an integral
research challenge in MDE. For instance, Amstel et al. [24] considered the run-
time performance of transformations written in ATL and in QVT. In [26], sev-
eral implementation variants using ATL, e.g., using either imperative constructs
or declarative constructs, of the same transformation scenario have been con-
sidered and their different runtime performance has been compared. However,
these works only consider the traditional execution engines following a sequen-
tial rule application approach. The only work we are aware of dealing with the
parallel execution of transformations is [4] where Clasen et al. [4] outlined several
research challenges when transforming models in the cloud. In particular, they
discussed how to distribute transformations and elaborated on the possibility to
use the Map/Reduce paradigm for implementing model transformations.

3 Proposed Solution

Our goal is to provide model transformations with concurrency and distribution,
addressing the problems of storing and handling large models, distributed models
and models which are available as a infinite stream of elements.

Instead of starting from scratch dealing with the partitioning of models into
model slides and its physical location in the set of available machines, we propose
to make use of Linda [9], a mature coordination language for parallel processes.
Linda implements a shared tuple space that can be distributed over a set of
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machines and accessed in parallel. All those features are implemented in an
user-transparent way and Linda only provides to the user the primitives to read
from the tuple space and to write to it.
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Fig. 1. Architecture for executing MTs based on Linda

Then we plan to create a model transformation process according to the
schema that Figure 1 shows. In the figure we can see two layers, one in the top
and another in the bottom, separated by a dotted line. To the user’s only the top
layer is visible and he/she will only need to provide the model transformation,
the input and output metamodels involved and the input models. The model
transformation will be required either in a well-known language such as ATL
or QVT or in a new language that we plan to build. The input models may be
given as an XMI file, a set of XMI files, a data flow, several data flows, etc. and
can be located in a single machine or can be distributed over a set connected
machines.

Internally, the system will transform the model transformation given by the
user, which is written in what we call a high level model transformation lan-
guage, to a low level transformation language that supports distribution and
concurrency and that makes use of Linda. This low level language as well as the
Linda implementation can be, for example, Java code.

Furthermore, the system will translate the input models to the model rep-
resentation required by the low level transformation and the concrete Linda
implementation, i.e., the objects belonging to the models will be transformed
into tuples and stored in the input tuple space. This model representation and
low level model transformation language will be designed taking into account
characteristics as, for example, readability and semantic, but most importantly
efficiency.

12



Once there is data available in the input tuple space and the transformation
has been transformed to the low level transformation language the transforma-
tion process will start. For it, several threads will be launched and concurrently
each thread will execute the following steps: (1) read objects (model elements)
from the input tuple space, which can be distributed or not, (2) transform the
objects (create the output objects from the input ones), (3) store the output
objects in the output tuple space, (4) go back to 1. if there are more objects in
the input tuple space.

4 Preliminary Work and Current Status

The first step in order to implement model transformations over Linda is to
count on a Linda implementation. So far, we have used the Java implementation
of an in-memory data grid offered by GigaSpaces Technologies [10] called XAP
Elastic Caching Edition.

Our work is still in an early state but so far we have taken several design
decisions. For instance, how to represent models and metamodels as tuples, how
many independent tuples spaces are required, how the elements are distributed
among those tuples spaces, how the transformation rules are executed in parallel,
study the need of encode and store trace links, etc. Some of these points were
presented in [2].

First of all, as the Linda implementation is in Java, the models and meta-
models are represented in Java too. The metamodels are represented by means
of Java classes where each meta-class is represented by a Java class and each
attribute or reference is a Java field. The inheritance between classes is also
represented by Java inheritance. Regarding the models, they are composed of
class instances, i.e. Java objects. Furthermore, in order to support EMF, we
are working on a code generator that provides the translation from Ecore-based
metamodels to the Java classes.

We have decided that our concurrent and distributed model transformation
will be an out-place transformation language and for it we consider two different
tuples spaces, one of them containing the input models and another containing
the output models. The previously mentioned low level transformation language
is written in Java too. Nevertheless, we consider to experiment with Scala in
addition due to its support for concurrent and functional programming.

As the transformation is executed concurrently, the dependencies among the
objects in the models need to be solved. In order to achieve that, we have given
to each input object a string attribute with an identifier (ID) which makes it
unique. Then, for each relationship between two objects, an attribute with the
target object ID is stored in the source object. We also have built a function,
F, similar to the resolve methods in current transformation languages, that is
able to compute the identifier of the output element given the identifier of the
input element. In case of dependencies when transforming an object, counting
on F| it is not necessary to wait until the dependent object has been transformed
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because we can know its ID beforehand and, thus, create the relationship in the
output model.

Finally, the last thing to be defined is how to assign the code to execute by
each thread and the objects to transform. So far we have applied the process
farm approach where all the threads execute the same code. Then, every object
to transform is filtered and the corresponding rule (piece of code) is executed.
The problem is that there exist rules which take longer to finish their execution.
Let us suppose the hypothetical situation where our machine has two cores, and
we have a transformation with two rules. If all the objects assigned to the first
thread need to be executed by the heaviest rule and all the objects assigned to
the second thread are executed by the lightest rule, the first core will end very
soon in comparison with the second thread, thus, the performance will not be
the most efficient. The execution time could improve changing the assignment of
objects to the threads. For that we have to work on several points, establishing
metrics to measure the weight of the rules, i.e., the time their execution takes
and creating an algorithm to do the optimal assignment. For the metrics, we
plan to extend the work on the complexity of the OCL expressions [3] with
model transformation specific metrics and for finding an optimal assignment to
use genetic algorithms such as harmony search.

5 Expected contributions

So far, we have analyzed the existing implementations of Linda and we have
adopted the option that best fits our needs. We have also created a metamodel
and model representation according to that implementation. Nevertheless, after
some experiments, we have realized that, for concrete cases, small variations of
this representation might improve the performance. For that, we plan to analyze
carefully each scenario and take it into account when translating the models and
metamodels given by the user to our representation. Furthermore, we do not
discard to change the whole Linda implementation and, thus, the model and
metamodels representation in the future if we find some deficiencies that make
it an unsatisfactory solution for our requirements or if we find another one more
efficient. We neither discard to create our own Linda implementation.

The parallelization of the model transformation execution is in an early stage.
As we presented in Section 4, the performance depends on several parameters
and we still have to find the optimal configuration for them in order to finish
the model transformation execution as quickly as possible.

Until now, we have not worked in the top layer reflected in Figure 1. As next
step, we are developing Higher-order Transformations (HOTSs) [22] for producing
the Linda-based transformations on the lower level from transformations written
in ATL and QVT relations. We will probably define our own syntax and create a
high level language from scratch if we realize that that will improve considerably
the performance.

To sum up, we have just reached the first steps but, at the end of this work,
we expect to count on a concurrent and distributed model transformation engine.
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6 Plan for evaluation and validation

We plan to make a comparison between our approach and the most well-known
and extended languages (such as ATL, QVT relations, etc.) by mean of executing
the same model transformation over the same set of input models and evaluating
the time they take. Nevertheless, when the input models are big enough to be
transformed by the existing languages, we will have missed the reference to break.
Then, our aim will be to finish the transformation in the shortest possible time.
Some preliminary results of our work can be found in [2].

We will need a methodology for assessing the quality of model transfor-
mations. With that methodology we will be able to measure the speedup of
transformations, the best and the worst execution times and the kind of runtime
complexities that current model transformations have, i.e., we will know the
complexity class (linear, polynomial, exponential, etc.) with respect to certain
elements such as the model size. One work in this direction is [8].

An additional problem is that we will need to create or, preferably, to count on
big and distributed models to run the transformation. For that, we plan to make
use of model repositories such as the case studies used in TTC (Transformation
Tool Contest) *

Another important issue is to check the correctness of the parallel transfor-
mations, i.e., the transformations must be deterministic and the output models
must be the same as in the sequential execution. For this, we plan to use the
Tracts approach [11,25] to test the implementation of the parallel execution
engine by using a test set of models and model transformations.
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