MODEL TRANSFORMATIONS?
TRANSFORMATION MODELS!

PRESENTED BY: RAFAEL OLAECHEA




WHY USE
TRANSFORMATION MODELS?

e Focus on the properties of
transformations instead of an
operational description of them.

e Undirected.
e Higher Order Transformations.

e Validations and Completions.




OPERATIONAL VIEW OF
MODEL TRANSFORMATIONS

Query View Transformation (QVT) Standard

~conformsT
MOF -::I

conformsTo conformsTo conformsTo

e ~

SimpleUML{ QvT }npleRDBMS

conformsTo knows conformsTo knows conformsTo

UMLMod je——source UMLtoRDBMS |——target———=> RelMod




OPERATIONAL VIEW OF
MODEL TRANSFORMATIONS

Map packageToSchema 1n umlRdbms {

LN
p:Package

}

BEemS: Gy
s:Schema

}

e Ee s ()]

p2s:PackageToSchema |
p2s.umlPackage = p;

p2s.schema = s;
}
iMEel Al
e e S ]
pZ2s.name := p.name;
p2s.name := s.name;
p.name := p2Zs.name;
S.name := p2s.name;
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OPERATIONAL VIEW OF
MODEL TRANSFORMATIONS

map 1ntegerToNumber 1n umlRdbms

class PrimitiveToName { 3 RN
refines primitiveToName {

owner : PackageToSchema opposites primitivesToNames;

NS Ering ; uml ()'{

Sl prim.name = "RiEcEica.

R ESEE e P imi tiveDataType; )

L check enforce rdbms ()
sglType := 'NUMBER';

typename: String;

}

map primitiveToName in umlRdbms {
uml (p:Package) {
prim:PrimitiveDataType|
prim.owner = p;

check enforce rdbms () {
sglType:String
}
where (pZ2s:PackageToSchema| p2s.umlPackage=p) {
realize p2n:PrimitiveToName |
pZ2n.owner := p2s;
B2 e e V= D rim;
p2n.typeName := sqglType;
}
map {
where () {
pZ2name := prim.name + '2' + sqglType
}
}
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MODELLING VIEW OF
MODEL TRANSFORMATIONS

|—:ﬂnfun'n sTo

conformsTo conformsTo conformsTo

MMa Tm MMb
Knows knows knows  knows
satisfies satisfies
conformsTo / conformsTo
Mt1
source target target source
Ma Mb
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WHAT ARE
TRANSFORMATION MODELS?

* Transtormation models express
transformations as a MOF model
relating source and target elements,
including OCL constraints.




UML-BASED SPECIFICATION
ENVIRONMENT (USE)

Model with USE
spacifieg# * | Speclficatlon
Py
/
# Vo
O o
~ |~ D
f 8 ‘ uML ‘ l ocL
Developer structure constraints
& behavior &queries
| |
valid ates System by manipulating’ State
and obsarving (Objects, LInks)

Transformation model of Entity Relationship
into a Relational model, is specified and
validated using USE.

Monday, 12 March, 12



Er2Rel
Packages with dependencies Trans
and introduced classes
I
\4
DataMods
22
ErSem
ErState, Instance,
Link, RelendMap
I
N4
ErSyn
ErSchema, Entity,
Relship, Relend
i R Base

Attribute, DataType,
AttrMap, Value, Named

EXAMPLE: ER TO REL
TRANSFORMATION MODEL

no classes,
only invariants

TN

RelSem

RelDBState,
Tuple

|
v

RelSyn

RelDBSchema,
RelSchema

Figure 2.1: Package Diagram with Class Names
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EXAMPLE: ER TO REL
TRANSFORMATION MODEL

—conformsTo
MOF (:I

conformsTo conformsTo conformsTo

S

target——= RelSyn

ErZzRel

ErSyn peg———-soure

" e
1 - ) ;
1 ~ - 1
b -

1 . ) !

1 - . !

1 - . |

- -

1 - ” 1

1 . . !

1 - . !

1 - . !

I 1

: 1
I 1

source target

ErSem Base RelSem
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SYNTAX AND SEMANTICS
METAMODELS FOR THE ER
MODEL

File Edit State View Plugins Help
g Q g’ » oL =: 29 == ,"). m n i’? fE !E n

Bl erzmof e 0o {# Class diagram
» L Classes
» L Associations
=] rvariants|
w Pre-/Postconditions
t et shipTransbesSene - ) Lr2Re-Ouy ershipis State
T ErSem_ErStateTyping -ll.":.cm ErState
ErSyn_ErSchema F v — Y
‘ ErSy iy rresshipErSchemaRels hig Er Aner "_’,k’(‘: ateLiny |
! .“"--.‘ g '
- ErSem_LinkTypur
ErSyn_Relship ——oro- - ! ]—@ I
| ErSem OwngfshipErStateRelendMag
| | S/ I
) | .
Lroyn_Qwners Ill'F"'"l R na ErSem 1 .‘\;,, adMan - ErSem Owr '-)l]»fl'-'ﬂ.'l stance
context self - ErSem_instance inv keyMapUnique ersyn_DwnershipErsct Entity | |
ErSem_Instance.allinstances-> forAll(self2 : | \ |
ErSem_Instance | (((self <> self2) and (self.entity = | | ) | J/ |
self2.entity)) implies E A ErSem_RelendMapTypine | /
) ) rSyn_Relend . MR
self.erState-> Intersection(self2.erState)-> forAlKs _—]_ {Lrscm Relcn:!\up] |
ErSem_ErState | self.entity.key()->exists(ka P N~
Base_Auribute | (sef.applyArtr(s, ka) <> ErSvn Reler )4";":\':—; ErSer ~RelendMapTarget |
self2 .applyAttr(s, ka)))) _~ |

» T
-~ Sem _InstanceTyping L 41 ErSem_Instance
ErSyn_Entity p-
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SYNTAX FOR THE ER MODEL

P S N e N Y T N O N L O S TN
ErSyn_ErSchema::uniqueRelshipNamesWithinErSchema
ErSyn_ErSchema::differentEntityAndRelshipNamesWithi . .
ErSyn_Entity::uniqueAttributeName sWithinEntity BusbandEr Ersyn Relend | -
ErSyn_Relship::uniqueAttributeNamesWithinRelship

ErSyn_Entity::differentOsRelend AndAttributeName switl
ErSyn_Relship::differentRelend AndAttributeNamesWith \ -
ErSyn_Entity::uniqueOsRelendNamesWithinEntity m&&vﬂ_ﬁﬂ_ﬂmr—_
ErSyn_Entity::entityKeyNotEmpty

&P Object diagram

N e

context self : ErSyn_Relship inv uniqueRelendNamesWithinRelship:
self.relend->forAll(rel : ErSyn_Relend, re2 : ErSyn_Relend |
((rel.name = re2.name) implies (rel = re2)))
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TRANSFORMATION MODEL
OBJECT DIAGRAM

“i1 Ohject diagram

PMErZ2PMEelEr2Rel Trans

/ StateCharles:Ersem Erstate
L

PMErErSyn Erschemma ~tatel nmarried ErSem Erstate

| Statetarried:ErSemm ErState

~tateCharlezREelRelSem EelDEState

PrEelFEelsvn EelDBSchema =tatel nmarriedREel EelSem RelDEState

StatedarriedRel Fel~em RelDBEState
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CONSTRAINTS CAPTURED IN
THE ER2REL
TRANSFORMATION MODEL

e Er2Rel captures 10 constraints:

[ | com_Trans_ErState _ErSchema |
ErSyn e ErSem

A . . . 4. forinstanceExistsOneTuple
x‘kfc:-rReISchemaExlstSOneEntltch:-rRelshlp forLinkExistsOneTuple

forErStateExistsOneRelDBState

forEntityExistsOneRelSchema % / forTupleExistsOneInstanceXorLink

forRelshipExistsOneR el Sch ema\“;" forRelDBState ExistsOneErState ’
] ]
RelSyn (M- RelSem

com_Trans_RelDBState_RelDBSchema
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CONSTRAINT |

e forRelSchemaExistsOneEntityXorRelship

Evaluation browser
SUNILEAL DEN L CHLNEI_Tidrns mmy t!lllllYAUlI'\t:l)lllpl'Ull’\t:l.)LllEllld.

self.reIDBSchema.relSchema->forAll(rl : RelSyn_RelSchema | (self.erSchema.entity->one(e : ErSyn_Entity | ((rl.name = e.name) and
|.attribute->forAll(ra : Base_Attribute | e.attribute->one(ea : Base_Attribute | (((ra.name = ea.name) and (ea.dataType = ra.dataType)) and (ra.isKey
= ea.isKey))))) xor self.erSchema.relship->one(rs : ErSyn_Relship | ((rl.name = rs.name) and rl.attribute->forAll(ra : Base_Attribute |
rs.relend->one(re : ErSyn_Relend | re.entity.key()->one(rek : Base_Attribute | (((ra.name = re.name.concat(’_").concat(rek.name)) and (ra.dataType
= rek.dataType)) and ra.isKey))) xor rs.attribute->one(rsa : Base_Attribute | (((ra.name = rsa.name) and (ra.dataType = rsa.dataType)) and (ra.isKey

£l a0

[ Er2Rel_Trans.allinstances->forAll(self : Er2Rel_Trans | self.relIDBSchema.relSchema->forAll(rl : RelSyn_RelSchema | (self.erSchema.entity->one(e : ErSyn_Er
- Er2Rel_Trans.allinstances = Set{@PMEr2PMRel}

¥ [ self.relIDBSchema.relSchema->forAll(rl : RelSyn_RelSchema | (self.erSchema.entity->one(e : ErSyn_Entity | ((rl.Lname = e.name) and rl.attribute-> forAll(r:
» [ self.reIDBSchema.relSchema = Set{@MarriageRel,@PersonRel}

» [ (self.erSchema.entity->one(e : ErSyn_Entity | ((rl.name = e.name) and rl.attribute->forAll(ra : Base_Attribute | e.attribute->one(ea : Base_Attribute |
» [ (self.erSchema.entity->one(e : ErSyn_Entity | ((rl.name = e.name) and rl.attribute->forAll(ra : Base_Attribute | e.attribute->one(ea : Base_Attribute |

. Display options 7 | Close
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CONSTRAINT Il

e forInstanceExistsOneTuple

Class diagram

—
Er2Fel_Tran

ErSyn_ErSc:hﬂl\ —1 ErSem_ErState |
TEr Sy _Relship | Ersem_Link ]/_,_/_/I
[ ErSyn_Retend | / \\ [ Ersem_Relendhiap
_Ertity |

‘ ErSyn / YErsem_Instance
|B e_DataType [ Base_Value !\
I .ﬂ-.ﬁ ibute B e _Atrhiap

| RelSyn_RelSchetma | I| Rel=em_Tuple I
| RelSyn_RelDBSchema | IRelSem_ReIDEISlate!

context self:Er2Rel_Trans inv forInstanceExistsOneTuple:
self.erState->forAll(erSt | self.relDBState->one(relSt |
erSt.instance->forAll(i | relSt.tuple->one(t |
i.attrMap->forAll (amEr |
t.attrMap->one(amRel |
amEr.attribute.name=amRel.attribute.name and
amEr .value=amRel .value))))))
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ADVANTAGES OF
TRANSFORMATION MODELS

e Direction Neutral

conformsTo
|: MOF (:|

conformsTo conformsTo conformsTo

S

Ersyn pe——-=target Er2Rel

conformsTo
|: MOF (:|

conformsTo conformsTo conformsTo

——source——— RelSyn

target

™~

ErSyn pe——source ErZRel

source

o, - ‘ o,
1 \‘_ __-’ ]
! . . !
! - . !
1 s - ]
! !
! !

------------------------ ={ Base

——source——— RelSyn

target

target

o, - ‘ o,
] \‘_ __-’ ]
! . . !
! - . !
] s - ]
! !
! !

RelSem

Base
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ADVANTAGES OF
TRANSFORMATION MODELS

e Higher Order Transformations

ErSchema2ErState

Trans

ErSchema

RelSchemaZ2RelState

ErState

RelSchema

RelState




ADVANTAGES OF
TRANSFORMATION MODELS

 Uniformity of Development

 Avoiding QVT and using only UML
and OCL.

e Transformations of Transformations

e E.g Refactorings




ADVANTAGES OF
TRANSFORMATION MODELS

e Validations and Completions.

e “Analysis of Model Transformations

via A

lloy”.

: MOF
MDEvCompliant representation of
Model y source metamodel
Transformation
Specification o
=
L ] [ ) §
|_
Allo
Model y

Transformation
Specification in
Alloy

Analysis in
Alloy

representation of
source metamodel

<<ConformgTo>>

Random instance
of source
metamodel
OR
Counterexample

) INPUT

Specification of
Transformation
Rules (QVT)

Mapping Relation +
Transformation Rules in Alloy

<<ConformsTo>>

Instance of mapping
between metamodel
elements

MOF
representation of
target metamodel

Translate

Alloy
representation of
target metamodel

<<Conform$To>>

OUTPUT

Fig. 1. An outline of our approach

Instance of target

metamodel created
OR

Counterexample
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ADVANTAGES OF
TRANSFORMATION MODELS

e Complete Language Description.

e Syntax and Semantics part.




DISCUSSION QUESTIONS

e Why would you prefer a transformation
model instead of standard QVT to describe
transformation?

e Would it be possible to automatically complete
transformations defined by the transformation
model?

e What are the advantage of partitioning the
models into semantic and syntax part?

Monday, 12 March, 12



