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omAbstra
t. It has been estimated by various studies [1, 2℄ that over50 per
ent of all software development e�ort is spent on maintenan
eproje
ts. Therefore it is important to 
onsider maintenan
e aspe
ts whenevaluating new development methodologies. Here we report on our expe-rien
e of migrating an existing business appli
ation to the MDD (Model-Driven Development) methodology during a maintenan
e proje
t.1 OverviewThe organization performing the experiment is a small ISV (Independent Soft-ware Vendor) that was a
quired by a mu
h larger organization during the timethe experiment was in progress. However, the a
quisition has not yet had anye�e
t on the development pro
esses within the organization and we believe the
on
lusions we draw should be appli
able to many SMEs (Small and MediumEnterprises) within the industry.The appli
ation used for the experiment is a fairly typi
al 
lient-server desk-top appli
ation, where a Java-based GUI (Graphi
al User Interfa
e) and businesslogi
 layer is used to a

ess and manage data stored in an SQL (Stru
tured QueryLanguage) based relational database.The appli
ation has been in development sin
e 2001. The initial version wasprodu
ed with the e�ort of 30 person-months. Sin
e then, several maintenan
eproje
ts have been performed, with the total e�ort of another 30 person-months.The 
ode base has rea
hed the size of approximately 175,000 SLOC (Sour
e Linesof Code).2 Baseline Pro
ess and Tool-ChainThe development life
y
le is split between two 
ompanies: a foreign partner inter-fa
es to the end users, de�ning business requirements and providing te
hni
alsupport, espe
ially during deployment; the SME under investigation designs thesoftware and implements it, essentially working as a sub
ontra
tor for the foreignpartner.The baseline pro
ess before the introdu
tion of MDD did not use any model-ing tools. The requirements were managed as text do
uments where 
olor-
oding



2was used for attribution and history tra
king. Ar
hite
tural design was managedas a text do
ument as well. User interfa
e design was managed mostly as anno-tations on top of s
reen shots of the existing appli
ation. Database design wasmanaged as a set of SQL DDL (Data De�nition Language) s
ripts. The sour
e
ode was hand-written and debugged using a generi
 Java IDE (Integrated De-velopment Environment).Test 
ases were managed using a spreadsheet where 
olor-
oding was used totra
k the status (passed/failed/skipped) of ea
h test 
ase in ea
h testing round.External bug reporting (interfa
e to the foreign partner) was managed using anNNTP (Network News Transport Proto
ol) server, while internally an o�-the-shelf bug tra
king appli
ation was used. All design do
uments and sour
e �leswere versioned using a standard version 
ontrol tool.3 MDD Pro
ess and Tool-ChainOne of the 
onstraints was that the interfa
e to the foreign partner should not bedisturbed by the deployment of the MDD pro
ess and tool-
hain. Therefore, thelife
y
le is still split the same way as before, and text do
uments and s
reen shotsare still used to negotiate the requirements. However, on
e the requirements havebeen agreed upon, they are imported into a UML (Uni�ed Modeling Language)model where they 
an be linked to the relevant use-
ases for dependen
y tra
king.True to the MDD spirit, the tool-
hain operates on two levels of UML models.The �rst model, the PIM (Platform Independent Model), 
ontains the importedrequirements, the use-
ases with possible work
ow transfers between them, andthe business obje
ts. For dependen
y tra
king, the requirements are linked tothe use-
ases that must satisfy them and the use-
ases are linked to the businessobje
ts that they manage or use. Be
ause this is the information that is tradi-tionally related to the work done by business analysts, this model is 
olloquially
alled the Analysis model within the proje
t team.The se
ond model, the PSM (Platform Spe
i�
 Model), is generated fromthe PIM using the ATL (Atlas Transformation Language) tool [5, 6℄. The trans-formation 
reates several 
lasses for ea
h use-
ase and one 
lass for ea
h businessdata obje
t in the PIM, to suit the existing framework and established designpatterns. As this is the information that is traditionally handled by designers,this model is referred to as the Design model within the proje
t team.Both models have a 
ustom pro�le applied to them. Stereotypes from thepro�le are used to express behavioural aspe
ts of the use-
ases and the businessobje
ts they are operating on. Attributes of the stereotypes are used to 
arryauxiliary information (for example, the labels and titles to be used in the GUI)from PIM through PSM to 
ode. Both models and the pro�le are managed usingthe RSA (IBM Rational Software Ar
hite
t) tool [4℄. More details on the pro�le
an be found in [3℄.The Java and SQL 
ode is then generated from the PSM using the MOFS
ripttool [7, 8℄. Two related Java 
lasses are generated for ea
h 
lass in the PSM: anabstra
t base 
lass that 
ontains all the generated attributes and methods, and



3an empty 
hild 
lass as a pla
eholder for any hand-written 
ode. All the 
lassesfollow a pre-de�ned naming 
onvention whi
h makes it easy to generate 
odethat referen
es them from other 
lasses.As the 
urrent tools do not support keeping manual 
hanges during re-generation of the model, we have to 
ompletely avoid editing the PSM. Whilethe tool support is no better for manual 
hanges to the 
ode, we 
an use theJava inheritan
e and overloading features to isolate the hand-written parts intoseparate �les. Unfortunately, we're not aware of a 
omparable me
hanism forthe UML models.With all the requirements, use-
ases, and business obje
ts 
olle
ted into thePIM, and a highly 
ustomizable model to text transformation tool at our dis-posal, it is only natural that big parts of the proje
t do
umentation are generatedfrom the model. So far we do not see mu
h bene�t in generating do
umentationfrom the PSM, as it is me
hani
ally generated from the PIM, and thus does not
ontain any additional information.For the time being, most of the testing and bug tra
king a
tivities are per-formed as before. However, we do use a test generation tool to help the testerto design the test s
enarios.4 Lessons Learnt4.1 Requirements ManagementThe weakest point in our limited implementation of the requirements manage-ment and business modeling phase is the handling of requirement 
hanges. Whena requirement 
hanges, we only have two possibilities to pro
eed with the 
urrenttools: either to re-import the 
hanged requirement and manually re-
onne
t itto the dependant model elements, or to manually update the already-importedinstan
e in the UML model.We have found that in pra
ti
e, it is most eÆ
ient to use the existing require-ments stored in the UML model as a referen
e while negotiating with the foreignpartner, and to aim to import the new requirements only when the 
han
e ofany further 
hanges is minimal. Basi
ally the same approa
h also goes for the
ase when a new requirement is a request to 
hange an existing one: during thenegotiation pro
ess, we keep the text do
ument and the UML model open sideby side and only update the model when a 
onsensus has been a
hieved.The bene�t over the previous approa
h is that there is a 
entral 
olle
tionof all existing requirements. Admittedly, this is not really an MDD result, asrequirements tools exist also outside the MDD world. However, we believe thatfor future maintenan
es, it is also important to have the tra
e links from therequirements to the use-
ases and the business obje
ts, and this would be diÆ
ultto a
hieve using an external non-model-aware requirements tool.4.2 Model to Model TransformationsSimilar to the requirements management, also for model to model transforma-tions the hardest part is 
hange management. As mentioned before, there is
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urrently no tool support to keep the manual 
hanges to the PSM when re-generating it from the 
hanged PIM. As a 
onsequen
e, we have adopted thepoli
y of not 
hanging the PSM at all and editing the 
ode only. However, inseveral 
ases 
hanging the model would have been mu
h less work and perhapseven resulted in better 
ode in the end.We expe
t this to be a signi�
ant area of future resear
h and development forthe tool vendors, as the need for the \di�" and \merge" for models is sure to bequite universal. Unfortunately, the problem is not trivial at all, and it remainsto be seen how soon any sigini�
ant progress 
an be made.A spe
i�
 issue to be aware of in the 
ontext of the ATL tool and UMLmodels is the pro�le support. In general, ATL transformations are 
onsideredto be fun
tional mappings, and the order in whi
h the individual elements aretransformed should not matter. However, applying a pro�le to a UML modele�e
tively 
hanges the meta-model at runtime and thus makes the evaluationorder of transformation rules important.The 
urrent workaround for this issue is to provide in the ATL language away to spe
ify that all the pro�le and stereotype appli
ations are to be performedin a spe
i�
 order after all other transformation work has been done, but thisimposes a few additional 
onstraints on the transformation. A preferred solutionwould be a spe
i�
 UML driver for the ATL language that would handle thisproblem transparently.4.3 Model to Text TransformationsAs mentioned above, the issue of keeping manual 
hanges to the generated 
ode
an quite easily be solved with the help of the inheritan
e and overloading fea-tures of the Java langage. The do
umentation we generate from the models isXHTML, thus merging the manual 
hanges from one version to the next 
ouldbe handled using standard text-manipulation tools or the version 
ontrol system,whi
hever is more 
onvenient for the development team.A point worth mentioning is that, unlike the ATL engine, the MOFS
riptdoes not have an intera
tive debugger. The only debugging support in the 
urrentversion is printing tra
e messages out to the 
onsole. This is not a real problemfor experien
ed users of the language, but 
ould intimidate beginners. On theother hand, the MOFS
ript plug-in for E
lipse has an auto-
ompletion feature inthe 
ode editor, whi
h ATL la
ks, and whi
h makes it mu
h easier for a beginnnerto explore the meta-model.4.4 TestingWe looked into the possibility to have at least some of the test 
ases generatedfrom the model, but this proved to be a diÆ
ult proposal. Most of the behaviouralinformation is 
ontained in the transformations (espe
ially the model to 
odetransformation) and merged with the sour
e model during the transformation,based on the stereotypes found on the model elements.



5For generating the test 
ases, this behavioural information would have tobe somehow made available to the test generation tools. Also, the tool-
hainis designed to allow the behaviour spe
i�ed in the model to be overridden bymanually added 
ode, and this 
annot possibly be 
overed by the test 
asesgenerated from the model.So, we settled for generating general use-
ase level test s
enarios to help thetester to a
hieve the desired 
overage of the use-
ase transition graph. At themoment we do not yet have enough experien
e with this approa
h to tell howbig the bene�ts are (or even if there indeed are any). Of 
ourse, model-based testgeneration is still a rather young area, so we may see signi�
ant improvementsin methods and tools in quite short term.5 Con
lusionsThe most important result so far is that, unlike any other modeling tools weare aware of, it is possible to have the generated 
ode follow the patterns and
onventions of the existing 
ode base 
losely enough that we 
an move the proje
tfrom 
ode-
entri
 to model-
entri
 approa
h gradually.This means we 
ould get by with only modeling the use-
ases that we neededto 
hange within the maintenan
e proje
t and leaving the rest of the 
ode alone.The plan is to 
onvert the remaining 
ode during following maintenan
e proje
ts,if and when they need to be worked on.One issue 
ertainly worth dis
ussing is resour
e 
onsumption. We have al-ready spent almost 30 person-months to set up the MDD tool-
hain and to
reate the partial model of the appli
ation. While this may seem really high
ompared to the e�ort spent over the past 6 years to develop the appli
ation inthe traditional 
ode-based way, two points should be kept in mind.First, a signi�
ant portion of that e�ort went to testing and debugging ofearly prototype versions of the tools we used. Now that the tools have somewhatmatured and end-user do
umentation has been improved, we expe
t any futureattempts at su
h a 
onversion to be mu
h more eÆ
ient.Se
ond, the team that embarked on the proje
t did not have any previousMDD experien
e. Of 
ourse we had done a few UML diagrams before, but mostof us had not seen or used, mu
h less developed, an UML pro�le before. Again,with mu
h more training materials available, for example on the ModelWareproje
t website [9℄, and new ones popping up on a daily basis, we expe
t thelearning e�ort also to be signi�
anly lower now than it was two years ago.Another issue that 
an't be overlooked in the 
ontext of industrial appli
a-tions is that of tool and support availability and 
ost. At the time of writing,several 
omponents of the tool-
hain | most notably the test generation tooland some glue 
ode to improve the interoperability of the modeling tool andthe model to model transformation engine | are not publi
ly available at all.However, the parts that should be most useful to small ISVs | the model and
ode generation engines | are available immediately, and even free of 
harge.



6 For our parti
ular tool-
hain, we expe
t the most likely next improvementsto be upgrading to a proper requirements tool and more automation of the wholegeneration sequen
e. We are also interested in installing quality 
ontrols betweenthe di�erent transformation stages, most likely using the OSLO OCL (Obje
tConstraint Language) tool [10℄.A
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Fig. 1. MDD tool
hain


