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Abstract: Over the last decade Model Driven Development (MDExs
attracted a lot of attention within the Software vBlepment community.
Models are typically used to create (through tramsftions) other artefacts
such as models or source code. There currentlyseaisnultitude of different
tools and technologies to perform the differentgpaf MDD, however few, if
any, address the whole spectre in an integratduofasThis paper presents key
challenges to the industrialisation of MDD throudgscribing areas where the
authors believe there is potential for improvemerfthe technologies based on
experiences of using MDD and traditional softwaggaelopment.
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1. Introduction

Over the last decade Model Driven Development (MOias attracted a lot of
attention within the Software Development communitfhe large scale
industrialization of MDD however has not yet happanStill models are mostly used
for analysis, design and documentation.

There currently exists a multitude of differentltoand technologies to perform the
different parts of MDD, however few, if any, addsethe whole spectre in an
integrated fashion. In this paper we present soayeté&chnological impediments to
MDD adoption based on the current state of thestrgu

This paper presents work in progress, and repbetdindings of WesternGeco as
an end user partner in the MODELPLEX project. Témues presented in this paper
are those that the authors mean are the most iamioones for MDD to become
successful. These issues have been brought astinfeghnology development in the
MODELPLEX project

1.1. About WesternGeco
WesternGeco works in the area of Oil and Gas Eapitmm, offering advanced

seismic services. The aim of seismic surveyingai® dcquisition to produce images
of geological features and their structure belogvsbrface of the earth. The company
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goal is to provide a full seismic service packagehe oil companies, ranging from
acquisition via processing to interpretation.

In order to increase differentiation, WesternGecatsategy is to develop
proprietary seismic-related software and hardwaraycts to support the seismic
service business. The technology covers the ranoge fiigh-speed embedded sensor-
and data-collection networks to advanced instrungentrol and data processing on
super-computers and large clusters. The main fesifrthis type of system are real-
time, large data volumes and CPU intensivenessseltaystems are also highly
technology bound and will therefore face the prospébeing continuously upgraded
for the next 5 to 10 years.

The WesternGeco systems comprise a multitude d¢foptas and development is
done using various technologies and languagesas€lORBA, RMI, Java, C++ etc.

For the last 8-10 years WesternGeco have takenipaat number of projects
related, in some way, to Model Driven Developméhb).

1.2. Structure of this paper

This paper is structured as follows: Chapter 2 garessa detailed description of the
technology areas where we experience shortcom@lgaspter 3 includes a discussion
on the importance of Open Source while chapteradipresent future work and
conclusions.

2. Challenges for industrialization of MDD

Having experimented and worked with MDD and relatechnologies for quite a
number of years we have seen a clear evolution hef davailable tools and
technologies. There are however still areas ofrteldgy that have shortcomings that
we believe are hindering the potential successhef NIDD paradigm. We have
grouped the technologies into two areas; essaniidvalue added. The Essential area
describes what we believe are features and tecpiesidhat absolutely need to be
present, while value added are things that wouldite to have.

2.1. Essential Technologies

2.1.1. Industrial strength Integrated Development Environment
Software development processes include a numbdiffefent tasks that need to be
supported by functionality from tooling. This isalthe case, probably even more so,
for MDD. It is essential that these tools are afustrial quality and comprise a rich
set of features.

Ideally a low cost (open source) modelling tool tsushould be available
comprising the following functionality:

» A requirements management tool
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* A UML modelling tool and/or DSL modelling tool

e A Testing tool /framework

» Model transformation tools (Model to Model and MbtieText )

» Traceability capability (from requirements to meéédment to code to tests)

» A transparent model storage facility providing ftiooality as found in Source
Control Management systems such as Subversion.
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Fig. 1. Integrated toolsuite

A key issue of this tool suite is integration. Tdi&erent tools should provide an
integrated user experience. One simple measuraotf can be how many different
tools need to be started in order to perform ab&sk. The different tools also need
to be able to exchange information, either directlyhrough reading and writing files
or other artifacts.

The Eclipse platform provides an excellent basissfach an integrated tool suite,
and a lot of model related tools are now availaseplugins for Eclipse. Ideally all
tools in the MDD toolsuite should be Eclipse based.

Related to source code developers have become dispgerof source code
management systems. In MDD models are as impoasrdode, and mechanisms
providing SCM functionality such as versioning, fddnd merge on models is
extremely important. Currently not many tools efiigtt provide this functionality.

The issue of low cost is mentioned since over #terlyears one has become
accustom to powerful tools being available as Opeurce, again Eclipse is a good
example.

2.1.2. Tool Substitutability and Standards

Another issue on the long term is tool substitdiigbilt is probable that at some point
in time tools in the tool suite will be changed faew tools with better functionality,
or that one user prefers a different tool than la@otThe example of changing what
tool is used for UML modeling is representative eg\vf there is no immediate need
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to change a tool, the possibility of doing so isimportant strength. The presence of
substitutable tools also creates an environmentavhealthy competition will emerge
between tool vendors; this will in turn benefit #rd users of the tools.

In MDD a lot of the value will be placed in the MDgpecific artifacts such as
profiles, transformations and in the models theimese When tools are substituted it
is essential that this value is not lost, meanivag the artifacts still need to be usable
by the new tools. In this respect standards arnéss

The Object Management Group (OMG) has defined abeurof standards related
to MDD, but not all of these are implemented comiw@mong tools. Even for tools
that do implement the standards, interoperabitityat always straight forward. The
task of trying to move UML models with diagramsrfrone UML tool to another is a
typical example of this. In this case standardstefir both the model information
(defined by the XMI standard [1]) and the diagrarfoimation (Diagram Interchange
Format specification [2]), the latter is implemeahtey very few UML tools and the
former is a larger issue. The problem with the ferns that there exists a number of
versions of XMI and a number of versions of UML, aning that one tool may
implement XMI 1.4 for UML 2.0 while another implemts XMI 2.0 for UML 2.0.
Most commercial tools have extensive import optiéms handling these different
formats, but again the diagram information is l&rgen-interchangeable.

This is actually quite an issue as the diagramm#edves contain a lot of valuable
information from the person who created the modéis information may not be
essential to the MDD toolchain, but is needed byén users of the models.

Another issue regarding substitutability of UML &ds that of profiles. Moving a
profile from one tool to another and moving modelth profiles applied is a clear
challenge today. Since the use of profiles is d&dein MDD this is an issue that
needs to be handled.

In the area of model transformations the two keydards are QVT [3] (covering
model to model transformations) and MOF Model tatTd] (covering model to text
transformations). There exist some implementatan@VT, but the leading model to
model transformation tool, AT.does not implement this standard. For modebitb te
transformations few, if any, tools currently implem the relevant standard. Only
when tools implement the standard it will be poesfbr the standards to mature.

2.1.3. End to End Traceability

Since artifacts in a MDD process typically are irgéated, either by one model being
generated from another or otherwise, the issueeeping track of this information
and making use of it is essential. This is normedferred to asraceability.

What is needed is end-to-end traceability. This maethat trace links should be
kept from requirements through use cases, analygisdesign models all the way
down to the generated source code. Having thisrnmdtion extracted and stored
automatically and transparently is necessary, bet real value is in how this
information can be utilized in the development jpsx

This information can be used for multiple purposBse most evident is that of
some kind of impact analysis. For instance: if guireement changes the trace
information can be used to find and alter the o#lements that need to be updated.
In the other direction one could envision thatitethtest could be linked back to the

1 Atlas Transformation Language, http://www.ecligsg/m2m/atl/
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code it tested and then back again to the modelezies that were the source of the
code.

Traceability information is also useful in evalaeti of requirements and test
coverage. If design elements are connected to tegirirements a simple query can
present what requirements have not been broughtigdign. The same goes for tests,
if tests are connected to the elements in the modebde they are to test one can
discover what parts of the system do not have tegiemented.

It should be noted that it is equally importanttiaintain trace information about
the MDD specific artifacts such as transformati@satiptions. This means that one
will be able to track down what part of a transfatimn created a part of the source
code from a part of a model. This can be usedentity errors in the transformations
themselves.

2.1.4. The ability to handle large and complex models

A model, by definition is a representation of arstediction of something. But, for
non-trivial systems, even the abstraction beconuite gomplex. It is key that tools
support the developers in handling this complexity.

21.4.1. Modelling at different levels of abstraction

In order to handle complex models it is importanthie able to move between
different levels of abstraction in a “seamless” mam An analogy to this is Google
Earth, here one can start out in space and zoan the parts of the world one wants
to examine, the closer one looks the more detaitided to the view. The following

presents an example of the wanted functionality:

1. The Architect creates a high level architecture ehad the system. This might be
a pure logical model. (Sé€g. 2 top).

2. The Architect then refines the model by furtherailetg one or more of the logical
components. This could be done by double clickingttee core class which will
open up a view of the inside. (SErgy. 2 middle). First time this will be an empty
view showing only the external connectors.

3. The Architect/Developer then refines the model dgiag more elements to the
view and connecting them to the external “portSedFig. 2 bottom).This view
could of course also contain abstract elementscihat] be further detailed.
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In modelling this is an issue that is shared betwtbe modelling language and the
tool providing the functionality to model using thenguage. In UML some of the
needed functionality can be obtained using comeagitucture diagrams, but not all
tools support this in the same way. In fact thepsupfor Composite Structure
diagrams varies much, Rational Software Architectlose, albeit not complete, in
providing what we need.

Fig. 2. Different abstraction levels

2.1.4.2. Different views and model synchronization
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One needs to be able to create models at difféesets of abstraction and still be
able to keep them connected or related. One exaimfle application of different
profiles to the same Platform Independent ModeM)PIA possible scenario is
described in the following and depictedriy. 3.

1. The Developer creates the Domain model contairtiegrélevant domain entities
(here called a PIM).

2. The Developer wants to apply a Reliability profite the PIM model. To avoid
polluting the original PIM model with profile stextype information (we want to
apply another profile later) we need to copy theRd PIM'. The copy process
could be done with a copy transformation.

3. The Developer then applies the Reliability profitethe copy of the PIM model
and then runs the transformation that will resultai platform specific model
(PSM) or a code model.

4. The Developer sees that something is missing freendriginal Domain model
(PIM) and adds new information to that model. Tl®ltsuite should then
propagate the changes into the PIM’ model and réhentransformation. The
Developer now wants to apply a Persistence prodil¢he PIM. The Developer
runs a copy transformation creating PIM”.

5. The Developer then applies the Persistence prifithe copy of the PIM Spread
model and then run the transformation that wilutessin a platform specific model
(PSM) or a code model.

6. The same steps are repeated in applying the pfofil€esting.

PIM

Synchronization

PIM’ PIM” PIM™
Simulaiton Profile Applied||Persistence Profile Applied|| Testing Profile Applied

Transformation

A 4 A 4 A 4

PSM/Code PSM/Code PSM/Code
Simulation Persistence Testing

Fig. 3. Model Synchronization

The scenario described above suggests that thdogevehimself has to run the
different transformations in order to create newpies etc. Ideally this would be
hidden by the tool. For instance the user could tur and off profiles in a view of the
model (like features in a graphical informationteys).
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2.1.5. Tool usability

In model based system development one can seedisoof artefacts; one directly
related to the system being developed and one ioomgathe extra MDD artefacts
such as profiles, DSLs and transformations. Reltti¢bese two sets one can envision
two different roles; the software developer and Mi2D developer. As discussed in
[5] the development of the MDD artefacts also idemelopment process. At a high
level the time spent in this process should berfzald in saved time or higher quality
in the software development process.

For the MDD developer it is important that the ®oahd technologies she is using
for defining profiles, languages, transformatiols @&e as easy to use as possible. If
one looks at languages for defining transformatiotieese are usually “new”
languages and thus need to be learned. Neverth#destanguages should be as
simple as possible to learn. Today developers ha&eeme used to have strong tool
support for standard programming languages, suchode completion. Tools for
transformation definition also need to have thigpart. In honesty this is present in
some of the available tools today.

When the MDD artefacts are ready it should be apkintask for the MDD
developer to deploy the artefacts to the developnesm. Ideally this should be
doable within minutes.

Once deployed the developers should not have taree@ternals of the MDD
artefacts. Transformation descriptions are a go@mgle of such an artefact, when
deployed with the right metamodel it should be fidego invoke the transformation
through suitable menus in the integrated tool. @ewils of the transformation code
are not necessarily of interest to the developerredtly most tools seem to be
developed with the MDD developer in mind, and rtee &©nd user of the MDD
artefacts.

In addition developers today are used to get rdpeblback when they are
developing. Tools such as Eclipse and IntelliJ jatennstant feedback if illegal Java
statements are entered in the editor. Based orrierpe this feature seems to be of
significant importance to productivity. Similar foionality should be present in the
MDD tools.

2.2. Value Added Technologies

2.2.1. Model based simulation

For WesternGeco it is important to be able to satalarious aspects of systems as
early as possible. For instance given a requirenténtwvailability for a large
equipment configuration one needs to break dowrctiméiguration into its parts and
predict what availability is needed from the parts.

There currently exist a number of tools that camged to create such simulations.
Typically one creates some kind of model (matherahtor other) of the things that
need to be simulated. These models do not resethélenodels one is used to see
when it comes to system development.

Ideally one should be able to use models of thdesyscreated for system
development (these will be created anyway) as inpussimulation tools. One
possibility is that system development models areotated with various aspects
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relevant for simulation. Examples of such may beacéies, latency, meantime
before failure etc (depending on the case at har).model and its annotations can
then be transformed into a format that is usedhgysimulation tool to perform the
actual simulation.

There already exists ways of annotating models pétihis of this information, one
of such is the UML profile for QoS[6]. The transfaations toward the simulation
tools will have to be developed.

2.2.2. Model based testing

Testing is an important part of software developmbna MDD context it would be
nice if tests for the system could be generatectdas the system development
models. One issues is performing tests on the radblem selves, but we believe that
there is a potential in being able to generate testthe resulting systems. In essence
this means generating tests built to test the systat is also being generated from
models.

Unit tests are a commonly used mechanism to perfests during development. If
models are annotated with pre and post conditiowdllibe possible to generate such
tests from the models. In this one will generatetsts toward a test framework such
as JUnit.

MDD techniques can also be used for black boxrgsthrough generation of
“emulators” of external parts of the system. Theswilators are to provide input data
and behaviour that makes it possible to test thmpoment at hand. This is highly
relevant in the development of large systems asaafiponents will not be ready at
the same time, and there is a need to performratieg testing as early as possible.
In this it is important to have ways of modellifgetessential characteristics of these
external components without creating a completedmtdiled implementation.

2.2.3. Knowledge Discovery

Knowledge discovery is a term used about understgrekisting systems. Related to
MDD one key element is Reverse Engineering, crgatimdels from existing
systems, usually by automatic analysis of the soaotle of the system.

Many tools today provide the ability to reverse iaegr code (for instance Java
code) to UML models. It is our experience that, fary non-trivial system, the
resulting models are of little use to really untkensl the system as they are a UML
representation of a Java program (Java in pictuf@sg example is that in order to
implement a UML association with cardinality larghan one, one will for instance
use a java.util.Vector, that will contain the instas of the type pointed to by the
association. Many reverse engineering tools wikate a UML class for the
association source with an association to javagdtor. The information of the type
actually pointed to is either lost or is not ob\golun fact the resulting UML model
has java.util.Vector as one of its key classes¢hvisbviously is not right.

What is needed is the possibility to tune the wag/ hodels are created from the
code with the goal of creating models that areuls&uch technologies are currently
being worked on in the MODELPLEX project.

Another related aspect is that of being able toewstdnd complex models,
regardless of their origin. One example would be téverse engineered Java code
mentioned. A user should be able to create or iggtsvof the model suitable for the
purpose.
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3. The importance of Open Source

The commercial front-runners in the MDD tooling ke, such as Borland and IBM
Rational, provide sets of systems that remedy sofrtbe issues mentioned in this
paper. However these suites are quite costly.

As mentioned the Eclipse platform and the diffengluigins related to modelling
provide a lot of needed functionality as open seutadeed the above mentioned
commercial actors have contributed greatly to thlBsit more importantly this
platform has become a basis for smaller vendorsuauinersities to provide usable
solutions. It also seems clear that the activitpien source on the Eclipse platform
contributes to the commercial solutions provided.

The value of open source for an end user like VWwieGteco is not only that the
tools are free (“purchase time”), but the posdipitio alter the solutions and to
integrate them with other tools is equally impottal is also easier to start
experimenting with something that is freely ava#abn the Internet. Through such
experimentation, at ones own pace, it will be dassio get hands on ideas of how
such technologies can be used in ones company.

4. Future work

As mentioned in previous sections of this paperettie work going on in most of the
technology areas presented, both inside and outfidthe MODELPLEX project.
WesternGeco will cooperate closely with the tecbgglproviders in MODELPLEX
to ensure that the provided solutions meet theirespents. There currently exists a
plan of how the different results are to be evadadly WesternGeco and the other
end users in the project.

In 2006, as part of the MODELWARE project, Westeee® and SINTEF carried
out a controlled experiment [7] to investigate wWiegtthe use of MDD provided
higher productivity than a traditional approach.eTéxperiment concluded that it,
based on the results, could not be proven thaethes a significant difference
between the two approaches. A similar experimeminparing MDD using
MODELPLEX technologies and a traditional approadh e performed toward the
end of the MODELPLEX project.

5. Conclusions

We believe that the MDD paradigm has great potkbiia tools and technologies

need be become more robust and mature before thke wbtential is achievable in

an industrial setting. We would like to re-emphastbat having an integrated flexible
MDD environment with end to end traceability iserggal. The ability to derive tests

directly from them models is also needed. Such lwiipa@s should be available at a
low cost. Currently well integrated suites are tmstly and in most cases do not
provide the wanted substitutability that is impattéo ensure keeping the value of
created artefacts.
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In this way will be possible to infuse MDD in lamg@arts of the software
development process, thus providing the potenfidlaovesting the MDD promise of
improved productivity and quality.
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