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Abstract. This papercompletesour proposal for automatic development” of
ObjectRelational (OR) DataBse (DB)schemas. By means of & casesstulis

work focuses on presenting ttaoling developed to support(the whel®gpess.

As usual, the proposal starts from a conceptualgdata model (Platform
Independent Model) depicted in a UML class diagram. Then; the conceptual
data model is mapped into arR@B model (Platform Specific Model) that
represents the OR DB schema. Tattlend, we(haveé implemented a set of
formalized mapping rules using the ATL language. Rinally, the SQL code that
implements the modeled schema in Oraclg i$Cautomatically generated from
the OR model by means of a MOFScriptodel to text transformation
Moreover, since the OR model couldubg\ refined along thegsiocess, we
have developed a graphialitor for-@R DB'models.

Keywords: ModelDriven Engineering,ObjectRelational Database Model
TransformationsCode Generatian

1 Introduction

In spiteof the impaet ofrelational Databases @#Bver the last decades, this kind of
DB has somg, limitations for supporting data persistence required by present day
applicatiops.\Due_to hardware improvements, more sophisticated applications have
emerged, Whichcan be characterized as consisting of complex objects related by
complex/relationships. Representing such objects and relationships in the relational
me@del implies that the objects must be decomposed into a large number of tuples.
Thus, a considerable numbof joins are necessary to retrieve an objEktis, when
tables”are too deeply nested, performance is significantly red@ted hew DB
generation appeadeto solve these problems: the Objéxtented DB generation,
which includes ObjeétRelational (OR) DB 22]. This technology is well suited for
storing and retrieving complex datasuppors complex data types and relationships,
multimedia data, inheritance, etdoreover, itis based o sandard[1(]. It extends
the basic relational model with user defined types, collection types, typed tables,
generalizations, etc. Nowaday@R DBs are widelyusedboth in the industrial and
academic areaand they have been ioiporated into a lot of commercial products.
Nevertheless, good technology is not enough to support these extedsgirike
it happens withrelational DB [8], designmethodologiesare needed for OR DB



developmentThosemethodologieshave to incorporate the OR modeahdto take irto
account old and new problemiske choosing the right technology, solving platform
migration and platform independence problems, maintenance, etc.

Following the ModelDriven Engineering(MDE) [5,21] proposal, this paper
presents anodeldriven approach for fjectRelational Databaseslevelopmentof
MIDAS [13], a methodological framework fonodd-driven development ogervice
oriented aplications.Since it is amodeldriven proposalmodels are considered as
first class entities and mappings between the different madetiefined, formalized
and implementedBy means of a case study, this weresers the tooling developed
to support the@roposal.

The proposal starts from Rlatform Independent Model (PIMjhe.conceptual
data model, which is mapped to @R DB modelthatrepreserdthe ORDB\schéma.
To that end, we have defined metamodels@& DB modeling.Then, the Platform
Specific Model (PSM) is translatedto SQL code by means™ef ‘a,model to text
transformation. This work focugs on the mappings definedo tttansform the
conceptual data model into the OR DB schengata obtaiasthe PSMrom the PIM
as well asonthe code generation fromahschema

The rest of the paper is structured as follows: fisettion 2 summarize the
proposed OR DB development processncluding, the metamodel forOR DB
modeling as well as drief overviewof the PIM&%g,_RSM mappingdNext, section 3
uses a case study ithustratethetooling developed to“suppdtie proposalSection4
examines related woraind finally, sectiomb outlines the main findgs of the paper
andraises a number of questions for future research

2 Object-Relational DB Development in MIDAS

Our approach for OR, DB development is framed in MIDAS, a mddegen
methodology forserviceorienteéd applicationslevelopmentlt falls on he proposal

for the content agpeetvhich’ corresponds to the traditional concept of a BBre we
focus onthe PIM ‘andyPSM levelswhose models are depicted Fig. 1 In our
approach, thezproposed data PIM is the conceptual miadel represented with a
UML class diagram while the data PSM is the OR model or the XML Schema model,
depending 6n theelectedechnology to deploy the DB.

RégardingOR technology we consider two different platforrisis two different
P8SMs) The first one is based on the SQtandard 10] and the second one on a
specific product, Oraclet0[20]. Here, wefocus on the OR DB developmem/e
have defined two metamodels for OR D®deling, one forthe SQL standard and the
other one for Oracle 10 The later will be presented the next section sindde one
for Oracle is still valid for SQL just by considering some minor differences.
Moreover,using theone forOraclewe can checkhe outputby loading thegenerated
code ino anOracle DB

In the proposed development processce the conceptual data mod®@lIM) is
defined, an ATL model transformation generates the OR DB n{e&M1). If needed,
the designer could refine or modify tieodel usinghe graphical editodeveloped to
that end. knally, a MOFScript model to text transformatitekes the previous OR



DB model as input andjenerates the SQL coder Oracle that implements the
modeled DB schema. We will present all these magpimghe following sections.
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Fig. 1. MIDAS techni Qﬁolution foORDB DevelopmentM2DAT/DB
All this work i grated in M2DAT (MIDAS MDA Tool) as a new

module M2DAT. AT is a case toowhose aim is tosupportall the

techniques proposed, in” MIDASIf the semiautomatic generationtbe information
system Th w nature ofhe MIDAS architecturefacilitates the modular
develop DAT. Therefore, weare ableto address the development of
separ 0 hat implement the different propdsaf MIDAS andlater integrate
the % s of a model transformation Auwe tool is now under development in

search group and its early functionalities have been already pre&eitédg]
1sh the architecture of M2DAT/DB.

2.1Modeling OR DB

In previous workswve describeda pair of UM profiles for OR DBmodeling They
were defined according to the earlier specificationghef SQL standardand Oracle
OR capabilitieg12].

However, when wdirst addressedhe task of implementing the PIM to PSM
mappings of our proposal, veecided to shiffrom UML profilesto Domain Specific



Languages (DSL}14]. Technology is playing a key role the distinction between
UML based and nctUML based tools: the facilities provided in the context of the
Eclipse Modeling Project (EMP) and other DSL frameworks, like th®eneric
Modeling Environmen{GME) or theDSL Tools have shifted the focus from UML
based approaches to M@ased one§5]. Thereforeregarding existing technology
for (meta) modeling and model transformationswiéis more convenient to express
the new concepts related with OR DBodeling by means ofwell defined
metamodelsTo that end we havedined a pair of MOF based metamodeierewe

will summarizeonly theonefor Oraclel1@ sincethe one fothe SQL standards very

similar.
Figure 2 shows the metamodel that represents the object charaeteristics of
Oraclel@gds OR model . T h e regard tothedtanddidenremmodet s  wi t h

are: Oracleneithersupports the ROW type nor the inheritance, of tables”and Oracle
does support the NESTED TABLE type instead of the MULRNSET type (although
they representealy the samesoncept).
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Fig.2.0racle 10g6s OR metamodel

2.2 PIM%0 PSM Transformations for OR DB Development

We, havejto define a set of mapping rulesmove from the conceptual data model
(PIMito the OR DBone(PSM). Regarding howhey should be defingdh [19] it is
stated that Aithe mapping description may be in
action | anguage, or a Tiswagih préviousaorksigppi ng | angua
we sketched a commorpproachto address the development of model to model
transformationsn MIDAS framework
o First, the mappings between models are defined using natural language.
o Next, those mappings are structured by collecting them in a set of rules,
expressed again naural language.
o0 Then, theemapping rules are formalized using graph grammars.



o Finally, the resulting graph transformation rules are implemented using one of the
existing model transformation approacie®& have chosen the ATlanguage
this decision will i explained later)

This proposal is oriented to give solution to some problems we have detected in
the field of model transformations: there is a gap between the developéne
different model transformatioanginesand those whdave to use themie dm at
reducingthis gap by providingvith a simplemethodfor the definition of mappings.

In this sense, the fact that models are well represented as graphs is particularly
appealing to shorten the distance between modelers and model transformation
develogers. Moreover, formalizing the mappings before implementing them can be
used to detect errors and inconsistencies in the early stages of development and can
help to increase the quality of tHmuilt models as well as the subsequent code
generated from thenThese activities are especially important in proposals aligned
with MDA (like the oneof this paper)because MDA proposes, the madels to be used

as a mechanism to carry out the whole software developfnent prhidessgise the
formalization of mappings Isasimplified significantly the development of tools
supporting anynodeldrivenapproach.

We have followed this methodto carry out the PIM. toOyPSM mappis@f our
proposal for OR DB development. As a first step;oatected the mappings in the set
of rules summed up iffable 1

It is worth mentioningthat these rulesqare the“result of a continuous refining
process. Asnentioned beforethe very firstversion of these mappings was conceived
for the SQL:1999 standard and thev8gsionof @racle[12].

Table 1. OR'RIM*te' PSM Mappings

e W e
Class Stru€tured Type + Typed Tablel Object Type + Object Table
Class Extension Typed Table Table of Object Type
5 Multivalued Array/Multiset Varray/Nested Table
‘:,% gwg Composed ROW/Structured Type (column) Object Type (column)
< Calculated Trigger/Method Trigger/Method
OneTo-One Ref/Ref Ref/Ref
QneToMany Ref/Multiset/Array Ref/Nested Table/Varray
_§ Mapg To-Many Multiset/Multiset Nested Table/Nested Table
_g Array/Array Varray/Varray
g Aggregation Multiset/Array Zesozf %%ﬁg%ij%i”ay
Composition Multiset/Array es ?)f Ota)ljests array
Generalization Types/Typed Tables Types/Typed Tables

The next stepwas the formalization of the mapping rulesusing a graph
transformation approacf?]. Finally, those rulesare implemented usinthe ATL
Language 11], a model transformation languageveloped by ATLAS Group. It is
mainly based on the OCL standard @nslipports both the declarative and imperative
approach, although the declarative one is the recommended.

We have chosen ATL becaysewadaysit is considered as a dacto standard
for model transformation since the OMGOSs

Query/ V



practical usage is called into questiure toits complexity andhe lack of acomplete
implementationThere do exist partial implementations, both of QR@&lational, like

i kv++di mQV/ T, and QVT Operational Mappings,
QVTo. However, none of them combines both approachdecidrative and

imperative), in theory, one of the strengths of QVT, and they are still to be adypted

the MDD community On the othehand, ATL provids with a wide set of toolsnd

its engine is bmg constantly improvedNext sctionpresentssome of the mapping

rules next to theirmplementation using the ATL language.

3 Case Study

This sectiompresentsstep by steppur proposal fomodeldriven dévelopment of OR
DB by means of a casgudy: the development of an OR DB“for fianagement of
the information related tthe projects of anrahitect's office,

It should be noticed that, once tRéM has been defined, thé whole process is
carried out in an automatic way.eMerthelessthe designernhas the option to refine
and/or modify the ORyeneratednodel before the.code” generatistep To ease this
task, we have developed a graphiealitor for_models” conforming to the OR
metamodel skehed in sectior2.1

3.1 Conceptual DataM odel

The first step in the proposeatkvelopment process to define theconceptual data
model Fig. 3 shows the modelferouf case studya project manager izlated toone
or moreprojecs. Both, hiscod=manageor his name serve to identify him. He has an
addressplus several phone numbers. In its turmery projecthas a name and it
groups a set gplans each opeontairing a set offigures. We would liketo know
how many figuresa®plan eontains. Thusa number figuresderived attributeis
included in the Figure‘classhose figures could bgolygons,which arecomposed of
lines.Every ling has an identifier and contains a set of points. The length liridhe
obtained by computing the distance between their points.

We hawe used UML2to define this model. UML2 is anEMF-based
implefoentation of the UML metamodel for the Eclipse platfovife use UML2for
the"Graphical definition of PIM modeis M2DAT.



o Project QManager
rojects 5
attributes . 3
Project
Cod_Manager : Integer Manager_Project #* Q = !
Name : String [0..*] attributes
AddressType Address : AddressType |is_managed_by manages Cod_P.ro]e!:t : Integer
attributes Telephone : String Name : String
Street : String operations operations
City : String classes classes
State : String
Zip code : Integer belongs_to
operations Project_Plan
[ PointType [1..*] |has
attributes
Plan
Coord_X : Integer I Figure Q
Coord_Y : Integer ErTriinree Plan Fi g attrl'b:tes
i an_Figure od_Map : Integer
operations Cod_Figure : Integer | [0..*] Delivery date : Date
Name : String i ic i Architects : String [1..*]
Date Colour : String contains is_included Graphic : String
operations /Number Figures : Integer
classes operations
classes
String
Q Line
= poligon -
. attributes
attributes composes is_composed_of Id_Line : Integer
[ Integer Number Lines : Integer Poligon_Line [1..*] |/Long : Integer
operations Points : PointType [1..*]
classes operations
classes

Fig. 3. ConceptuaDataModelfor the case study

3.2PIM to PSM Mapping

Now we will show howsome, ofthe mappingules areapplied to obtairthe OR
PSM for Oracle 10. We presentithe formalization of each rulgh graph grammars
next to its ATL implementations

Mapping ClassesandyRroperties Left-hand side ofFig. 4 shows the graph
transformation ruléyto map persistent classes (PIM) to DB schema objects. (PSM)

1 ruleClass2UDT{

2 from

3 c:UMLIClass

4 to

5 udt: modeloORIStructuredType(

6 Name<-c.name+6 <<UPT>>'

7 typed <-tt,

8 method <- meth_seq,

RHS 9 supertype <-if (not c.generalization-> first()->oclisUndefined() then
~ORModel - 10 c.generalization->first().general

else
@ 12 OclUndefined
] 14 model <- thisModule.package
15 ).
UL d |::> 16 meth seq:distinct modeloORMethod foreach

.
i
i
i
i
V| match(1 n a maR:Strudtured ee@ X <-op.
e Sttng- Peraistent :E (1) ured Jyp ] op in c.ownedOperation)(Name <- op.name),
|

LHs
- UMBClass Diagram -

222UML: Class @

name: Strifig=?7?

3

lownedAttibute

17
18 tt: modeloORITypedTable(

19 Name <- c.name +'s <<PERSISTENT>>)
272:UML::Property * ® 20 }
tatypeiDatalype=7? 23 from

24 p:UMLIProperty(not p.isDerived and not p.isMultivalued() and

25 p refimmediateComposite().oclis TypeOf(UMLIClass))

to

§§ a: modeloORIAtribute(

28 Name <- p.name,

29 Type<-p.type,

30 <p- )

31}

Fig. 4. PersistenClassesmappingrule



Whenever an UML class statgped as persistent is found on the PIM € ), a
structured type (also known aserdefinedtype- UDT) and a typed table are added

on the PSM (6 ) . The type of t h@DT.nEach proparty | e
associated with the persistent class willnbepedby adding an attribute to théDT
(CE¢H) .

Right-hand side ofig. 4shows theClass2UDTandProperty2AttributeATL rules
thatimplement the prior graph transformation rule. T®lass2UDTrule gatesthat
for every Class fond in the source modeU¥IL!Class ), anUDT and a typed table
are created in the target model mofeloOR!StructuredType and
modeloOR!TypedTable ). A set of direct bindings initialize the simple attributes of
the structured type, such as tieme While morecomplex bindingserveste.initialize
the rest. For instance, the expression used to initializesupertypeattribute first
checks if the source class was the descendant of any othefliokes$8.13).

On the other hand, tHeroperty2AttributeATL rule maps everydMbwproperty of
each clasin the source modeb an attribute of theorresponding UDi¥To that end,
the structuredproperty of eaclmewattributeis boundto theseurceclassthat contains
the propertythat is being mappedline 30) When the.ATL~engine evaluates this
expression,the reference to the source class jsireplaced by a refetentse
structured type that maps the source class. ThiS\wayowet need tonavigae the
target modelvhen we neetb establish references.pbetween its @eta.lt is the ATL
engine that deals withthis task using its 4esolve mechanisnil]: whenever a
reference to an elemeni the source modas found, it is replacebly a referenceo
the elementhat magit in the target meel.

4 : B
i <4 Manager <<UDT:
. < Cod_Manager
frule Class2UDT {é} Na
e rule Pro‘pertyZAttrl buiadﬁfe%s}
attributes i <+ Telephone
Cod_Figure : Integer ' <+ manage
Name : String AT Lr
Colour : String 7
operations !
classes 1 <+ Managers <<PERSISTENT >z
N ; )

Fig. 5. Mapping ofclassManager

Fid. Bshews the instantiation of this rule. On the-ledindsidethere isan extractof
the eonceptual datanodel: theManagerUML classowning a set of properties. The
right-hand side is a partal screen capture from our graphical edittir shows the
elements that map the source class into the target madebbject type named
Managerowning a set of attributegext to the correspondinganagestyped table.
Notice thatwe have opted for gimg a UML-alike appearance to the graphical
editor. This way, we try to takehe bestirom UML: it is well-known by software
engineers and developeidowever, we try to take out the worst from UML: its
complexity. When you are developimgodel transformatins for UML stereotyped
models youhaveto deal with the complex and big metamodel of UMLprofiles



always addsomething they never remove anythinglWe prefer to avoid this
compl exity by usignaghicahsynta® L wi th AUML

Mapping Multivalued Properties. The mapping rulesve have just presented work
fine for mapping classes and theiopertiesin the generic case. Howeves, showed
on Table 1, specificnappingrulesare needed to handtbe special nature of certain
properties This way, we have defined rules for mappingltivalued composednd
calculated(i.e. derived)properties For the sake of space yeesentere justhe first
one(seeFig. 6).

rule PropertyMultivalued2Attribute {

from

p :UML!Property (not p.isDerived and p.isMultivalued() and
p.refimmediateComposite().oclis TypeOf(UML!Class))

LHS RHS
- UML Class Diagram - ' -OR Model -
'

©
match(1).name:OR::Typed Table

1

2

3

4

5 to
6 a: modeloOR!Attribute(

7 Name <- p.name,

8 Type<-thi rerateNestedT: ivalued(p)
9 structured <-(p.reflmmediateComposite())

)
11 st: modeloOR!StoredNestedTable(

27%:UML:Class f 12 Name<-p.name +6_ Listd ,
l name: String=2?? ‘ 13 attribute <- a,
] 14 typed <-thisModule.resolveTemp(
15 p->refimmediateComposite(), tt')
ownedAttibute| 16 )
* 17 }
277UMLPropery ig ut%qr# elazy rule generateNestedTableMultivalued {

name: String =272
isMultivalued() = true ! -
datatype: Datatype =777 i | satatype=match(z) datatype | 22 nt: modeloORINestedTableType (

! 23 Name<-NT_'+p.name+6s <<NT>>"
24 Type<-p.type,
25 model <- thisModule.package)

: I
NEST 20 lg.UML.F’ruperty

Fig. 6. Multivalued propeftiesmapping rule

Multivalued propertieson the conceptual data model corresponddilomns of a
collection type on OR DB schemas ~Omcl(y provides with two pre-defined
constructors forollection typesVARRAY,,and NESTED TABLE.Fig. 6 shows the
graph transformation rule when we.Cheose the NESTED TABLE constructor

The UML class { ) has.a.multivalued propgr(¢ ). It is statecby the true value
of its isMultivalued attribute. Therefore, the structured type that maps the persistent
class ( 9 ownsan attributeof, a’NESTED TABLEtype (¢ 6 T 6 fthe same is valid
for aVARRAY type)

When we codéghis.rilewe did not know of any wato decidewhetherwe want
to create a YARRAY”or a NESTED TABLEach time the rule is executed.
Therefore, e “ehose NESTED TABLE as the defaoltection typesince it is the
less restrietive Right nowwe have solvedhis problemusing annotation model®
parameéterizeythe transformatidright-hand side of-ig. 6 showsthat we need two
different{rules to code the mapping of multivadl properties The guard of the
Property2MultiValuedAttributeule ensureghat only multivalued properties of UML
classes will match this rul@ine 3-4). Its target pattern specifies that two elements
will be added in the target modigl map thepropery found on the source model: an
OR attribute and an OR Nested Tafliees 1125). Moreover, by the time the new
attribute is createdy Nested Tablé/pe is also defined. Tihat end, théypeproperty
of the newattribute is initialized bycalling the generateNestedTableMultivaludazy
rule (line 89). A lazy rule is also a declarative rule but it has to be explicitly called.
This way, the type of the attribute is the newly created Nested Table type.

Fig. 7 showstheresult d mapping the multivalued proper&yrchitectsof the class
Plan.



4 7

% VARCHARZ 4 NT_architects <<NT>>

= plan rle PropertyMultivalued2Afttribute {6} -
TS unique lazy rulle generateNest ed|Ta b Blans &PERSISTENT > 4 Plan <<UDT>>
Cod_Map : Integer i - - le| 4 Architects
Delivery date : Date : igaichitect sEIIEL - 4 Cod_Map
architectstSuinalitgl ' EEGHIESSEEE " | 4 Delivery date
Graphic : String AT L( 4 Graphic
/Number Figures : Integer - S
operations ' o + Has_Figures
classes ; e < Number Figures
2
4 Attribute Architects
Core  Property Value
Mame 'S Architects
Size i g
3 Type 4 Mested Table Type NT_Architects <<t
o : — J

Fig. 7. Mapping ofArchitectsmultivalued property

Mapping Associations We proposdifferent transformation yalesegending on the
maximum multiplicity of the clases involved in the associati¢@ee~] able 1)For the
sake of simplicity, we have considered yonini-directional relationshipsThe same
rules can be appliefor bi-directional relationships/withtwo™ minaadjustments:
duplicating the construction in both sides of the jamel/adding sme mechanism to
maintainreferential integrity (a trigger for instancéjergxve introduce the rule for
mapping mamto-many associations

As left-hand side ofFig. 8 shows Maximum Many Multiplicityassociations are
identified in the PIM by the valuef the upperattribute in the UML propertyd() of
the source class. The corresponding-directional relationship inthe PSM is built
upon an attribute in the Structured Tyjpat“mapgshe source classf the association
(16¢0) . T h i is a altedtignioftrafereacas the Structured Type that maps
the target class¢(6 ¢ 6 )Thas,, it\is ‘@ Nested Table object containiagset of
referencesREF type objec)s

1 rulePropertyAssocMulti2Attribute {
LHS RHS 2 from
- UML Class Diagram - i - ORModel - 3 p:UML!Property(p.refimmediateComposite().oclIsTypeOf
H 4 (UML!Association)and p.isMultivalued() and
H G 5 p.isChangeable()
: 7  a:modeloOR!Attribute(
' 8 Name <- p.name,
' 1 9 Type < thisModule generateNestedTable(p.type),
H l Match(1).name+ o _ Ty p eSiruc@id Type 10 structured <-p.getProperty().type),
. 1 11 st:modeloOR!StoredNestedTable(
ownedAttibufe % ! 12 Name<-p.name+6 _ L6i, s t
! 13 attribute <-a,
???2:UML::Property ) match(2).name:OR::Attribute 14 typed <-thisModule.resolveTemp
| 15 (p.getProperty().type, tt))
nameString=227 ! ‘—[—‘ 16 }
:‘Ppe’f;_» ! 2 17 uniquelazy rule generateNestedTable{
- ! [maxcn(z) name+oMSo: OR: \N/E 18 from
! t { 19 c:UML!Class
fat ' 20 to
. il G ! [ ) 21 nt: modeloORINestedTableType(
H [ma(ch(Z) name+o _Refo: ORNZRpferg 22 Name <-'NT_'+c.name+6 s nt=%
' ! { 23 Type <- thisModule.generateReferences(c),
I ! I 24 model <- thisModule.package)
' A 25 }
2??2:UML::Property 4 i match(5).name+ & _ Ty p eSiruc@id Type Q 26 uniquelazy rule generateReferences{
1 | 27 from
H [ 28 c:UML!Class
H . 29 to
222:UML::Class H match(5).name:OR:: Typed Table 30  ref: modeloOR!ReferenceType(
' t { 31 Name <- 'Ref_' + c.name +'<<REF>>'
name: String=2?? 1 32 Type<-c,
' 33 model <- thisModule.package)
34}

Fig. 8. Associations mapping rule

Right-hand side of the picturghows the corresponding ATL implementatidine
guard ensures that only UML multivalued propertiésn UML association will be



mapped by this rule (line-8). To map the property, an OR attribigecreated (lines
6-16). The type of the attribute will be Nested Table typdt is created by the
generateNestedTablazy rule (lines 1725). Also, we need to create a new REF type
by invoking thegenerateReferencdazy rule (lines 2&3). It serves to definehé
type of the elements of thdested Table typeNotice thatboth lazy rules arenique
This way, weensure that neither the REF, nor the Nested Tajges will be
duplicatedif those rules arealled agairwith the same parameteigsteadthey will
returnarefererce to the alreadgreatedypes.

4 N
QPIan

attributes
Plan_Figure Cod_Map : Integer

Q Figure
attributes
Cod_Figure : Integer | [0..*]

Delivery date : Date
Name : String contains is included | Architects : String [1..*]
Colour : String - Graphic : String
operations /Number Figures : Integer
classes operations

classes

rue PropertyAssocMulti 2Att]r
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ATL(.. unique lazy rule gener ateRef er en|c
unique lazy rule generateNest edT|a

4 Attribute Has_Figures

Care Propetty Value
Mame '= Has_Figures
Size g
Type 4 Mested Table Type NT_Figures <<NT>>
N
\ < Figures < <PERSISTENT > < Figure <<UDT>-
<+ Cod_Figure
4 Lines_List <4 Name
4 Plan < <UDT>> < Colour
\ | 4 Architects < Plans < <PERSISTENT > < Number Lines
\| # Cod_Map <+ Has_Lines
4 Delivery date < Architects_List < Belong_Plan
‘¢ Graphic < Figures_List
* Has_Figures

SthiimbeiEIgures) M—)«& Ref_Figure <<REF>>
\_ J
Figw9/Mapping ofHas_Figuresassociation
Fig. 9shows theresult of mapping thesociation betweenRlan andits Figures
apart from the ‘structured types and the typed tables that mapahand theFigure
classes, aZ\REF, typ&R€f Figure) and a Nested Table type are creatdd_figures).
The later contains a collection of objects of the former.

3.3Code Generation

In order to implement the generation of the corresponding SQL code from the OR
model, we have chosen the MOFScript laangg [L8]. MOFScript is a prototype
implementation based on concepts submitted to the OMG MOF Model to Text RFP
process.

In front of thedeclarative approach of ATL (and the vast majority of existing
model to model proposals),atel to texttransformation engines take the form of
imperative programming languagés fact,a MOFScriptscriptis a parser for models
conforming to a given metamodel. While it parses the model structure, it generates a



text model based on transformatioules. On a second phase this text model is
serialized into the desired code. This wthe script usethe metamodel to drive the
navigation through the source model, just as an XML Schema drives the validation of
an XML file. As a matter of fact, evenyodel is persisted in XMl format, an XML
syntax for representing UMlike (or MOF) models.

Theprogramthat implements the model to text transformai®hasically a model
parser It navigates thestructure of theOR model generang a formatted output
stream the SQL script that implements th@odeledDB schema in Oracle §0In the
following we introducethis script showing some code excerfiise reader is referred
to [18] for more information oow to configure MOFScripgxecution

As showed belowa main function (line 13)is the entry point for the Scriptt
includes a set of rules for processing each possible type of elemeat that can be found
in the source moddko-called context types in MOFScripBesides; wengludethe
ecoparametein the script headeto specifywhich the input metamodéd (line 11)

To that end we use the URI that identifies @R metamodelve have presented in
section2.1

18 //Structysed ye"8emgrgeneration

11 texttransformation codigo (in eco:"http:///modeloOR.ecore") { 19 self.détatype->f@rEach(s:eco.StructuredType)
12 20 |
13 eco.Model::main(X 21 s.generateStructured()

224}

Next, a transformation rule is defihdor g€ach context typé=or simple rules, we
code the rule inside thmain body whilstdhe\ complex ones are coded by means of
auxiliary functions Those functiongre invokedyfrom thenain body.

For instancethe rule for Structured Eyjsereation is proably the most complex
one since it encapsulates awlot of semantics. Thus, it is codedthén
generateStructureduxiliary function Themain body invokes it for every Structure
Type object found in the saurce’modéate 21 below).

The next code extractgsents lie generateStructuredunction (for the sake of
spacewe have skippedithe ‘tode for attributes mapgings 106127).

88 // Auxiliary Functionfor’\QtRaglured Type code generation

89 eco.StructuredType:‘generateStructured() {

90  var texto:Stng=""

91 if (self.supertype.Name.size()=0)

92 textgZ"CREAWE @R REPLACE TYPE " + self.Name.replace(" <<UDT>>", ") + " AS OBJECT \r\n("
93 else

94 texto="CREATE OR REPLACE TYPE " + self.Name.replace(" <<UDT>>", ") + " UNDER " +

95 self.supertype.Name.replace(" <<UDT=>>", ") + "\r\n("
96 printin(texto)
97

98 (/ Attributes
99 self.attribute->forEach(a:eco.Attribute) {

128 /I Typed Tables
129 self.typed->forEach(t:eco.TypedTable){
130 printin("CREATE TABLE " + t.Name.replace(" <<PERSISTENT>>","") +

131 t.generateTypedTable()
132 printin("")

133 }

134 }
















