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,4óstrccÍr - The MDA (Model DriveÍr AÌchitccture) is an approach for softwãe devclopment thât has the ability
to produce applicâtions for virtually every middlewarc plàtform ftom the same base model. All tlÌe MDA
developmeÍrt projects staÌt with the creâtiotr of a Platfotu Independent Model (PlM), which expresses only
business fibctionality and behavior, absFâctirg away platfoÍm-speciÍic details.

This paper focuses on definilg ÌecoÌrunendations to help Ìeducing the necessary effort to represelìt the PIM
model, by tlÌe adoptioD of predefined soluúons for the software to be ganerated. The papêr âlso presents a
taxonoÍD/ foÌ thes€ prcdefined solutions and the consequenc€s oftheiÌ use, pertaining to modeling effort.

Ke))-Words: - NÍD^,Ìv'DD, cAsE TOOLS, Generative PrograrDmin& softll?Ìe AÌchitectuÌ€, Abstractions.

I Introduction
The OMG'S MDA (Model Driven AÍchitecture)

proposes automatic oode generation from IJML
models, independently from the implementation
platiom. To meet this goal, MDA defnes an
approach to ÌT system specification that sepaÌates the
specifioation of system fimcúonality from the
specification of the iÍÌtplementation of that
frDctionâlity on a specific tlohnolog. platfoÍm [1ì.
The MDA pÍocess is diüded in 3 dodels: the PIM
(Platform Independent Model), a system's model that
has no plaform consideratioís; the PSM (Platfom
Specific Model) úlat is generèted fiom PIM and
coDsiders the platform's tecbnological issues, and the
Source Code, generated tom PSM.

For the modelìriven softw?Íe developmeÍrt
üsio[ to become reality, CASE Tools must support
this automatioú [2ì.

This paper proposes that tlrc MDA CASE Tools
must be elaboÍated considering tlÌe commonalities
between the different ploducts [3], which raises two
points:
. Its is advantâgeous to the developer that MDA

Câse tools pmúde solutions that could help

defining/implementing the conmonalities of
these applicaúons, re&rcing tlrc effoft in
modeling softwate;

r C-onsidering that these proüded solutioís
establish some pads of the softuare design,
developef,s Írust direct their efroÍts to whÂt
really needs design definitions.

1.1 Taking D€cisions
Coúscientiously or not, a set of decisions is

always takeÍr ir â softwarc developÍÌrcnt effoú. These
decisions aÌe relatcd m high-level software issues,
like the choice of ân aÌchitectural pattem; or with
more specific issues, like data persistence.

These decisions Íepresent solutioís with
different charôcteristics. Focus on easiness of
maintenance by separatioú of coocems can take to tlÌe
decision of adoptioí of the Layers architectural
pattcrn, An architectural patten, "describes a
particular recurring design problem thÂt arises in
specific contexts, and presents a well-pro!'€n gmeric
scheme for it6 solution" [4]. The patt€m Foüdes
solutioÌ! but pÌovides no iÍuplementation.

Differnt decisions can also rcsult in sollrtions
with coÍplete or partial iÍìplemeútation. FoÌ
exâÍÌple, úe decision about the preseítâtioí of an
application car lead to the adoption ofúe STRIJIS
fiamework (Apache Software Foundation), which
proüdes design and oode.
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1.2 A Taxonomy foÍ Solutiotrs
[5] presents a taxonomy to classi& these issues.

The taxonomy is about abstmctions, vhich are
defined as "composed new solutions fÌom eústing
ones to solve probleÌns expected to be encormtered
durìng system refnement". The taxonomy is:
. Whìíe-boxabstïactiôú

Proüdes a description of the solution, but no
implementation. I can be applied in ÍrÌany
coítexts.
Patlerns aÍe examples of white-box abstÉctions.

. Black-boxabstraction
Proüdes a fully implemented solution that is
completely opaque io the user.
'Web seÍvices, components or featues supplied
by libÍaÍies oÍ compiled languages are generally
black-hox âbsFlctions.

. Cray-boxabstra!:lion
Repleselrts lhe hkrmeüate level: provides
souÌce code and design fo. a paÍtial or coÍplete
implemeÍrtaüon of the solution, which can bc
coÍÌpleted or modified when needed.
Frameworks are exârÌples of gay-box
abstrâctiôns-

1.3 The Impact of the Presented AbstÌrctiotrs
or Modeling Effort
The pÌesented taxonomy basically classifics

absFactions id a speotüÍ that ra[g€s ftom no
iriplementatioÍt at all to firlly iÍnplemented solution.

By providing a completely iÍÌplemented
solution, a black-box abst'action is inflexible and can
oíly be applied to Foblems thât Íequire that exact
solution. On the oúer hand, white-box abstaction
pÌovides no implementation but a descriptioÍt of the
solutioÍÌ. The user of this latteÌ type of abstraction
studies the proüded description of the solütioÍr and
applies this solution when necessary. lle useÍ
supplies its implementation and cân tailor this
impleÌnentation in any way trccessaÍy fo! the problem
at hand. So, the less iÌ$pleÍlentation an abstraction
proüde, the moÌe geoeric it is and câÌÌ therefore be
appüed in rnany contexts, supporting vaÌiations [5].

Because of its intinsic differences, this paper

states that the different abskâctioús peÍform different
Íoles on Ìeducing modeling eÍforts.

1.3.1 Effort Redüchg Caused by White-Box
Àbstractiotrs
Being oÍúy speciÍication, not iÍplementation,

white-box abstracüons have a geat scoPe of
application and are mâinly concemed úth
architectuÌe solutions.

Architeotìjre patterns, for exaÍrìple, suppoí the

conshuction of softv,/aÌe with defiúed Propertìes,
proüding a scheme fú a geneÍic solution to ê fâmiÌy
of pÌobleÌns, Íather than a prefabricated module tl61
can be used "as is" [4].

The rnodeling effort economy caused by the
white-box abstractions v/ould be pÌovided by tool's
automaúc appÌicâtion of thetÍ! resulting in solìware

structuÌe 'without manuaÌ intervention of the user. Of
course, rüier's reasoíing is rcquired to determine if
the tool's Fedefin€d v/hite-box abstmctions aÌe
suitable for the softv/are to be built.

Being conoemed üth high-level architech[e
definitions, the white-box abshactions greatly

constraints the possible black dd gruy-bo*
âbsbactions-

1.3.2 EffoÌt Reducing Caused by Black-Box
Abstractions
As mentioned, black-box abstsactions are

infleÍble and rnust be used "as is". They allow no
firrther design or behaúoral consideration, but on the
other hand, they reqúrc no modeling effort because

all the stÍuctuÍe and behaúor have b€en already
defined.

Components arc example of Black-box
abstacúons and can bc used foÍ busin€ss rules
solution or technical issues solutioÍ! this latteÌ inside
a specilic &chitecture context.
. Business Rules Solxtions

When modeling soft\ÌÌare, aÌchitects ÌÌìây \Ì/atrt

to use existing built component, which may
address project rcquirements, e.9., a conponent
to calcuìate an asset value. In this case it is not
úecessaÍy to Ìsodel the coÍnponent (it âlÌeady
exists), but only to model úe software to use

this component.
Some platform problems can occur in this Íeus€
attempt. FoÌ example, during I .Net teclnology
software development there could exist a

component that exactly fulfills a particulaÍ
service, but is r Ìittrn in CORBA. In úis ca6e, it
is necessary to conshuct appropriate wrapper
code to adrapt the component to úe actì.ral

enviÌonment [7]. The CASE tool could provide
tlus wlapper.
Appropriated interface also could be ploüded
by the tool for veb services oormections.

. Techúícal Issues SolulíoL|
Following the idea of provide the fiâxiúuÍn
number ofready-to-use solutions to tlìe user ofa
MDA CASE Tool, ând also focusiíg on

reducing effoÍt to Ííodel softwaie, the tool oarì

proüde abshactions to solve technical issues

perÌaining to specific developmmt stÍategles
Fo! exaÍple, DAo-based classes normally
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Íequire a component to proúde DB coÌmectiods
and SQL StatÊment execuúon. Such component
could be supptied and autornâtically applied to
úìe sotware by tle MDA CASE tool.
In the same way, a CASE Tool can also apply
featuÌes proüded by programming languages.
For exaÌÌUúe, DisconÌected Recordset (Al)O in
.Net projects o! CachedRowset in Jara Fojects)
is a feature supplied by programming languages
that enable the access ofpersistent data. With no
úeed of extra implementatioÍt, it also can be used
as a medium to transport data between layers or
to help preventing problems caused by
uncontolled multi-access. However, it is only
possible to take advaÍltâge of these two latter
chúacteristics if the application's architech.Ìre
allows it. This Ìeshiction is caüsed by the
limited scope oftlack-box abstactions.
The point is that the use ofblack-box ôbstraction
on modeling effoÍt becâuse it is not necessary

to model the abstractions - úey alÌeady exist
b€forehand. MoÌe htportant, the use of black-box

ions iepresents an economy of modeliúg not
foÌ stÍuchrÌal aspects of úe softwâre, but also

for the behaúoràl aspects.
The repÌesentaúon of b€haüoral as?ects is the

Í,eak froht of t ML [8].
Ìn the speoific case ofblack-box abstactions to

solve business Ìules, the user must knoìv the
abstsactions and must hrcw the context in which thât

. dbshaction \ì/oÌks.
For teclhical issues black-box abstractions, the

scenario clúDges: the tool must autoÍraticolly apply
these absfactions, based on úe ar€hitecture context,
in a way tllat the user do€s not have to li-tÌow the
abstactions and does not hav€ to veri& if the

, architectuÌe choices arc sútable, It is axioftatic that
t!rc overall decisions taken by úe tool must be

ient for all the appÌied abstrÀctions.

1.3.3 EÍfort Reducirg Crused by crây-Box
Àbstractions
Being a partialy iÍÌpleÍÌrented solution, the

Sray-box absaactions allow code aúd design chânges.
As mentioÍed, fiamewoÍks are examples of

GrÀy-box abshactions. A fi'amewoÌk is a reusable
design of all oÌ pârt of a slstem. It is the skeleton of
an application that oan be customized by aÍt
application developer. A fiamework proúdes reuse of
desigr and reuse of code [6].

Most coquneÍcially aÌ?ilable frameworks seem
to be for technical donâins, such as user hterfaces or
distribution [6,].

Similar to úe black-box abstmctions, this paper

stâtes that, based on its own embedded architecture
strategy, a CASE tool calr automatically apply these
technical doÍnains gBy-box abstractions. This
represqìts an oppoúmity of ÍÌrodeling effoÍ
rcduction, but even more interesting, having a CÂSE
tool automatically applying a fiamework is a way to
avoid the costs of the leaming curve of úat
framewoÌk, "FramewoÍks aÍe Ìnore customizable than
most coúrponents, and have more coÍnplex interfaces.
PrograrÌúne6 must leam these interfaces before they
can use úe ô:amework" L6].

In fact, the user does IIot have to krow about
which gray-box abstractions arc supposed to be
applied by the CASE tool to cope Ì.iú technical
issues.

Also similar to black-box abstractions, grây-box
abstÍactioÍrs (frameworks) can be used to help the
user ür busiÍress modeling task, but in this case the
fiêmework mdeÌstanding is a prc-requisite for
evaluâting its applicability [9].

Fmmeworks are derived from business domain
and âÍe the key to sÈccessful design atrd code Íeuse in
object-oriented softwâIe development [10].

Business doÍnain gray-box absbactions can be
used foÌ PIM's prc-configuÌation.

2 A Practical Example
A MDA CASE Tool cad be configured to

geoemte business applications fiom a set of design
decisions. As an example of solution thÂt does not
provide iEplemertation (white-box abstractions), úe
tool must geneEte soft[ãre based on the La]€Ís
Pattem [4] in three-tier configuratioÍI, lsing DAO
Pattem [l2] for data peÌsistence. The separation of
concems in layels must be done in the folloqillg
Írúníer:
. UppeÍmost laye!: business entiúes;
. InterÍnediated layeÍ: DAO classesj
. Lowest layer: access to the peNistent data.

DAO classes must irnplêment a CRUD-based
intÊrface [13], and the Use-Cas,e Controller patteÍn
[14] [15] Ínust be used to Ìnap the ÌequiremcÍÌts
specifi cations to the iÌrplernentation,

2.1 Âpplyhg the lYhite.Box AbstÌactiors
The above design example will be used for tlÌe

development of online Íetail sales softwate. In the
Use Case "Customer Maintenance", there is a
customü iníormation query, which selects customer
by ID and validates the deale!'s password (two
business objects interacting to allow úis query). The
conmtional Ìepresmtation of this behaüor is:
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The abor€ s€quence diagram (figue 1)
represents the necessary messâges for úis query
üthin the desigo context. The DAO and ACCESS
classes, for example, are consequence ofthe adopted
decisions.

Now, suppose a MDA CASE tool able to
âutornatically apply the mentioíêd set of white-box
abstactions. In this s,âme example, the tool *oÌrld be
pÌepared to understand thât every peFistent class
would have a coÌÌesponding DAO clâss, res?onsible
for any Ìequest Ìelâted üo persistent data. Also defined
by abshactions, the DAO classes would iÍherit â
CRUD intedace and would use a class (ACCESS
class) foÌ SQL stateÍEents execution.

Despite the fact that the software architecture
Ìemains the sane, having a MDA CASE tool that
autoDatically applies this set of white-box
abstactioÍs will allow the ü6er to only speci& the
folloúng PIM behaüor for the s,ame sequence
diagram:

Â
:CustorÌE l- , ---l T- õ;Ë-l T:c"ãnì€

Itcvaintusom.,l I-Il-

Figure 2 - Th€ mce$rry PIM
repÍesetrtldotr for seqüêtrce diãgrrm

With the behaüor presented in figure 2, and
applyng the defined white-box âbskactioN, úe
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MDA CASE Tool would be able to geneÍate a ?SM
sequence diagraú similar to frguÌe l.

But even such diaglam does Dot contâin all the
information for a CASE Tool to genemte the
rccessary code. Despite beiúg repÌeseotative to the
humans' cognition, a method called "ge nfoBylD"
rõpreseÍÌts nothing to a computer. With only the
white-box abstíactions, it would be necessary to
Íoprcsent the detailed behavio! of the method in
UML.

AÍother possible way to solve this problem is by
applying solutions that rcally implement souÌce code,
e.g. black and gray-box abstractions.

2.2 Applyirg the Bhck and cray-Box
Abstractions
Once the CRÌJD pdnciples were applied, the

sorüce code for persistence method implementatiotr
could be paÌtially written and be autornatically

for the CASE Tool to any specific clâss
(the implementations arÊ all very similar), in a gray-
box abstrâction case.
' To configÌ.Ìre the vaÌiants in this partially written
code, parameters coüld be proüded by úe CASE tool
and XVCL QCr{L-Based Varia[t Configuration
Language - â general-purpose lalguage for
configudng v'Àriants in progrâms and other tcrtual
assets) [11] could be usêd to generate the code.

The ACCESS class (Ìesponsible foÍ DB
. comection ând SQL stateÍaeÍrts execution) would not
demand firther parâmeteÌizatio! aúd could be
autoÍnatically irDpleÍnented Olack-box abstraotion).
With these two latter abstractious, the CASE Tool
would b€ abl€ to completely iÍnpleúent all the
pelsistence methods.

3 Modeling and Constraints

3.1 Reasonhg about Modeling

sefler, or the details oflhe w€b browseÍ is not goilìg
to help the designer and architects ol a v,/eb

application" [16].

3.2 CoEstrâints are Useftrl
A MDA CASE Tool customized to work within

the design decisions preseÍrted in this papeÍ would not
work when modeling a digitâl signal processing

systeÌÌ! which uses the Pipes & FilteÌs ârchifecture
patleÍn [17]. On the otlEr haíd, the adopted soluíoús
greatly facilitate the business application modeling
tasì<, as suggested in this paper.

Âided by the plesent abstractions, the tool user
can develop a PIM strictb focus€d otr business, and
the tool vould Foüde the technical solutions,
automatically creating a PSM based on best practices,

The tool could pÌoúde a defâult configuration,
which could be customized by the user. It would be
usofirl if the tool had its own decision fee -
configured beforehand - thêt could offer consistent
choices. TheÌe is ío point in choosìng J2EE \Á'ith
contâìner-nanaged persisteace aÌú Hibemate for the
same projecl but úere is some room for r€asoning.

It is ÌecorDmended that tools be êlaborÀted v/ith
differÊnt terÌìplates, each oÍre customized foÌ different
software developrnent conditions. Even in busiíess
âpplications, it would be usefii to bÂve tenÌplâtes for
.Net with DAO st"ategy, or J2EE applicatioÍÌs, etc...

4 Conclusions
This pap€r supports the need of MDA CÁSE

Tools to incorpomte Fcdefmed solutions, which oâÍt
be classified in a spectlum varying ftom just
specifioation to firly iEplemented code. These
solutions constaint the scope of possible domain
problerns where tools cân work but, oo the other
hand, they aiEt to specialize the tools in a way to
rcduce thc amout of necessaÍy efforh to model
soft*zre.
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