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Introduction

= Model Transformations are the key technology for model-driven
engineering

= Various transformation approaches have been proposed

= OMG Standard: Query/View/Transformations (QVT)
= High-level declarative: Relations
»= Low-level declarative: Core
= |mperative: Operational Mappings

= QVT has not been adopted in practice
= Especially the QVT Relations language

= Reasons
» Tool support is still in it's infancy
= Pragmatics is poorly understood
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Running Example

= Class 2 Relational excerpt

Source

Class
| tabl
Package I‘ Classes name - Sing OVT-R Schema PREGIIES > Table

. . name : Strin
I * isPersistent : Bool ame : String

Meta-
models (M2)

]\,

Cl:Class

S1 : Schema
isPersistent = true

classes <
-

name = "Person’

P1 : Package classes ~_ C2: Class T

~| name = 'Order
isPersistent = false

C3: Class

name = 'ltem'
isPersistent = false

Models (M1)

classes ~_
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UML 2 Relations: First Solution
QVT Code

transformation ClassToRel(
class:Class, rel:Relational){

top relation PackageToSchema{
checkonly domain class

p:Package{
Inpl'Jt classes=

Expected Output
Cl: Cllass . c:Class{ S1: Schema
name = ‘Person isPersistent=true}};

isPersistent = true _
enforce domain rel

classes

C2: Class

: I z
P1 : Package classes -2 s:Schema { O
isPersistent = false I tables=
C3: Class t:Table{}};

classes

name ="'ltem’ }
isPersistent = false

top relation ClassToTable{
cn: String;
checkonly domain class
c:Class{
name=cn};
enforce domain rel
t:Table{
name=cn};




UML 2 Relations:

First Solution

Input

QVT Code

Cl: Class

classes

name = 'Person'
isPersistent =true

C2: Class

P1 : Package classes

name ='Order'

isPersistent = false

C3: Class

classes

name ='ltem’
isPersistent =false

transformation ClassToRel(
class:Class, rel:Relational){

top relation PackageToSchema{
checkonly domain class
p:Package{
classes=
c:Class{
isPersistent=true}};
enforce domain rel

s:Schema {
tables=

Actual Output

S1 : Schema T1 : Table
T1: Table T2 : Table
name = ‘Order*

name = ‘Person*

t:Table{}};
be

top relation ClassToTable{
cn: String;
checkonly domain class
c:Class{
name=cn};
enforce domain rel
t:Table{
name=cn};

T3 : Table
name = ‘ltem*
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= Debugging View based on TROPIC www.modeltransforamtion.net

= TRansformations on Petri nets In Color
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Starting the Debugger 1/3

Setting up Source and Target Places

Debugging View based on TROPIC

.
UML Metamodel Source Transformation Logic Target

Package

Package ©
Class

classes|,*

Packaie classes
name : String

isPersistent : Bool Class
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Class_isPersistent

Class_name
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Starting the Debugger 1/3

Setting up Source and Target Places

Debugging View based on TROPIC

Source

Package

Packaie classes

Class
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Class_name

)

Transformation Logic

Target

Schema
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Table

Table_name
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Starting the Debugger 2/3

Import Source Tokens

UML Model

Debugging View based on TROPIC

classes

Cl: ClassC1

name ='Person’
isPersistent = true

C2. Class@

P1: Packaqe!:iI classes

classes

name ='Order’
isPersistent = false

C3. Class@

name ='ltem'
isPersistent = false

Source

Package

Packaie classes

Class

Class_isPersistent

Class name

Transformation Logic

Target

Schema

Schema_tables

Table

Table_name
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Starting the Debugger 2/3

Import Source Tokens

UML Model

Debugging View based on TROPIC

classes

Cl1: Class

o

name ='Person’
isPersistent = true

P1 : Package

C2: Class

.asses E
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C3: Class

classes
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isPersistent = false
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Starting the Debugger 2/3

Import Source Tokens

UML Model

classes

Cl1: Class |

P1 : Package classes

name = 'Person{Person|
isPersistent = trudtrye

C2: Class

classes

name = 'OrderlQLder
isPersistent = falseffg|se

C3: Class

name ='ltem’
isPersistent = falseff

Debugging View based on TROPIC
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Starting the Debugger 3/3

Represent Transformation Logic

transformation ClassToRel(
class:Class, rel:Relational){

Debugging View based on TROPIC

top relation PackageToSchema{
checkonly domain class
p:Package{
classes=
c:Class{
isPersistent=true}};
enforce domain rel
s:Schema {
tables=
t:Table{}};

by

top relation ClassToTable{
cn: String;
checkonly domain class
c:Class{
name=cn};
enforce domain rel
t:Table{
name=cn};

Source
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Target
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Table

Table_name




QVT Code

top relation PackageToSchema{
checkonly domain class

,,,,,,,,,,,,,,,,, {

" _ t:Tabl e{}}
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QVT Code

top relation PackageToSchema{
checkonly domain class

[isPersistent=true}};
enforce domain rel

4

Source
Package

J

Package classes

g

Class

Class_isPersistent

o>

O

o

O

o

|_

c

o

o

(¢}

wn

o :
C3

: e

2

>

o oIoe

= ‘

=

=)

-

o

<5}

(@]

Class_name

domain object mapping

PackageToSchema

Target

Schema

Schema_tables

-

Table

Table_name




QVT Code

top relation PackageToSchema{
checkonly domain class
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top relation PackageToSchema{
Checkonly domain class
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QVT Code

top relation PackageToSchema{
Checkonly domain class

‘isPersiStentttrue}};
enforce domaln rel
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top relation PackageToSchema{
Checkonly domain class

[<B)

o
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top relation PackageToSchema{
Checkonly domaln class

‘lsPerSIStent true}};
enforce domaln rel

QVT Code

4
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top relation PackageToSchema{
Checkonly domain class

‘isPersiStentttrue}};
enforce domaln rel

QVT Code

4

Source
Package
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Class_isPersistent

&

Debugging View based on TROPIC
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top relation ClassToTable{
cn: String;
checkonly. domaln class

QVT Code

4 4
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Debugging View based on TROPIC

top relation PackageToSchema{ top relation ClassToTable{
checkonly domain class cn: String;
(<) p:Package{ checkonly domain class
. E% classes= c:Class{
Runnlng the Debugger @) c:Class{ name=cn};
E; isPersistent=true}}; enforce domain rel
O enforce domain rel t:Table{
s:Schema { name=cn};
tables=
t:Table{}}; }
3 4 4
SOUNCe ) Taraet
e domain object mapping PackageToSchema SChgma
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B
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Package_classes
CX Yoo

trace

A 4
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Debugging View based on TROPIC

top relation PackageToSchema{ top relation ClassToTable{
checkonly domain class cn: String;
(<) p:Package{ checkonly domain class
. E% classes= c:Class{
Runnlng the Debugger @) c:Class{ name=cn};
E; isPersistent=true}}; enforce domain rel
O enforce domain rel t:Table{
s:Schema { name=cn};
tables=
t:Table{}}; }
3 4 4
SOUNCe ) Taraet
e domain object mapping PackageToSchema SChgma
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Debugging View based on TROPIC

top relation PackageToSchema{ top relation ClassToTable{
checkonly domain class cn: String;
(<) p:Package{ checkonly domain class
. E% classes= c:Class{
Runnlng the Debugger @) c:Class{ name=cn};
E; isPersistent=true}}; enforce domain rel
O enforce domain rel t:Table{
s:Schema { name=cn};
tables=
t:Table{}}; }
3 4 4
SOUNCe ) Taraet
e domain object mapping PackageToSchema SChgma
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Debugging View based on TROPIC

top relation PackageToSchema{ top relation ClassToTable{
checkonly domain class cn: String;
(<) p:Package{ checkonly domain class
. E% classes= c:Class{
Runnlng the Debugger @) c:Class{ name=cn};
E; isPersistent=true}}; enforce domain rel
O enforce domain rel t:Table{
s:Schema { name=cn};
tables=
t:Table{}}; }
3 4 4
SOUNCe ) Taraet
e domain object mapping PackageToSchema SChgma
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Debugging View based on TROPIC

top relation PackageToSchema{ top relation ClassToTable{
checkonly domain class cn: String;
(<) p:Package{ checkonly domain class
. E% classes= c:Class{
Runnlng the Debugger U c:Class{ name:cn};
E; isPersistent=true}}; enforce domain rel
O enforce domain rel t:Table{
s:Schema { name=cn};
tables=
t:Table{}}; }
} 7
SOUNCe ) Taraet
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Debugging View based on TROPIC

top relation PackageToSchema{ top relation ClassToTable{
checkonly domain class cn: String;
(<B) p:Package{ checkonly domain class
Running the Debugger & e .
g g g O c:Class{ name=cn};
|; isPersistent=true}}; enforce domain rel
Problems: O enforce domain rel t:Table{
. z h = -
(1) ClassToTable is to weak srochena nane=ent:
(2) Relations are working independently t:Table{}}; 3
3 4
SOUNCe ) Taraet
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UML 2 Relations: Second Solution
QVT Code

transtormation ClassToRel (
class:Classl, rel:Relationall){

top relation PackageToSchema{

checkonly domain class

:Pack
Input p:Package { Expected Output
oL Class classes=
classes name = ‘Person’ c:Class{}}; S1 : Schema
isPersistent = true enforce domain rel N
P1 : Package classes . | S2-Class I s:Schema { O
name ='Order’ tables=
isPersistent = false _l/
t:Table{}};
classes . | C3: Class where
name ='ltem’ {
isPersistent = false ClassToTabl e(c ) t) .
}
}

relation ClassToTable{

cn: String;
checkonly domain class
c:Class{
name=cn,
iIsPersistent=true};
enforce domain rel
t:Table{

name=cn}; 0
} ¥
be




UML 2 Relations

- Second Solution

QVT Code

transtormation ClassToRel(
class:Classl, rel:Relationall){

top relation PackageToSchema{

checkonly domain class

Input p:Package {
classes=
C1: Class
classes name = 'Person’ c:Class{}};
isPersistent = true enforce domain rel
P1 : Package classes C2: Class I s:Schema {
name ='Order’ tables=
isPersistent = false Tabl {}}
t-:Table ;
classes . | C3: Class where{
name ='ltem'
isPersistent = false ClassToTable(c,t);
}
3

relation ClassToTable{

cn: String;
checkonly domain class
c:Class{
name=cn,
iIsPersistent=true};
enforce domain rel
t:Table{
name=cn};

M
O
~

Actual Output

S1: Schema
T1 : Table T3 : Table

name = ‘Person‘
T2 : Table




top relation PackageToSchema{
checkonly domain class

relation ClassToTable{
cn: String;

% p:Package { checkonly domain class
. @) classes= c:Class{}}; c:Class{
Runnlng the Debugger O enforce domain rel name=cn,
'; s:Schema { isPersistent=true};
O tables= t:Table{}}; enforce domain rel
where{ t:Table{
ClassToTable(c,t); name=cn};
3 }
i 4 4
SOUFCE | ;mmmmmmmmm oo m oo Target
domain object mapping PaCkaquOSChema Schega

@>

Package_classes

s
O

Class

;

Schema_tables

O

Table

©Cee>

Class_isPersistent

Debugging View based on TROPIC

trace
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Class _name

Table_name

\




top relation PackageToSchema{

checkonly domain class

relation ClassToTable{

cn: String;

% p:Package { checkonly domain class
. @) classes= c:Class{}}; c:Class{
Runnlng the Debugger O enforce domain rel name=cn,
'; s:Schema { isPersistent=true};
O tables= t:Table{}}; enforce domain rel
where{ t:Table{
ClassToTable(c,t); name=cn};
3 }
i 4 4
SOUFCE | ;mmmmmmmmm oo m oo Target
domain object mapping PaCkaquOSChema Schega
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Package_classes

s
O

Class
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top relation PackageToSchema{

checkonly domain class

relation ClassToTable{

cn: String;

% p:Package { checkonly domain class
. @) classes= c:Class{}}; c:Class{
Runnlng the Debugger O enforce domain rel name=cn,
'; s:Schema { isPersistent=true};
O tables= t:Table{}}; enforce domain rel
where{ t:Table{
ClassToTable(c,t); name=cn};
3 }
i 4 4
SOUFCE | ;mmmmmmmmm oo m oo Target
domain object mapping PaCkaquOSChema Schega
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Package_classes

s
O
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top relation PackageToSchema{
checkonly domain class

relation ClassToTable{
cn: String;

% p:Package { checkonly domain class
. @) classes= c:Class{}}; c:Class{
Runnlng the Debugger O enforce domain rel name=cn,
'; s:Schema { isPersistent=true};
O tables= t:Table{}}; enforce domain rel
where{ t:Table{
ClassToTable(c,t); name=cn};
3 }
i 4 4
SOUFCE | ;mmmmmmmmm oo m oo Target
domain object mapping PaCkaquOSChema Schega
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top relation PackageToSchema{
checkonly domain class

relation ClassToTable{
cn: String;

% p:Package { checkonly domain class
. @) classes= c:Class{}}; c:Class{
Runnlng the Debugger O enforce domain rel name=cn,
'; s:Schema { isPersistent=true};
O tables= t:Table{}}; enforce domain rel
where{ t:Table{
ClassToTable(c,t); name=cn};
3 }
i 4 4
SOUFCE | ;mmmmmmmmm oo m oo Target
domain object mapping PaCkaquOSChema Schega
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top relation PackageToSchema{
checkonly domain class

relation ClassToTable{
cn: String;

5 p:Package { checkonly domain class
. o classes= c:Class{}}; c:Class{
Runnlng the Debugger O enforce domain rel name=cn,
'; s:Schema { isPersistent=true};
Problems: O tables= t:Table{}}; enforce domain rel
] - . where{ t:Table{
(1) isPersistent has to be checked in ClassToTable(c,t); name=cn};
PackageToSchema } }
¥ 4 4
SOUFCE | p---mmmm=mmmmmmmmmsomosoooososoosoosoooooooooo Target
domain object mapping PaCkaquOSChema Schega
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\ 4
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UML 2 Relations: Third and correct Solution
QVT Code

transftormation ClassToRel(
class:Classl, rel:Relationall){

top relation PackageToSchema{
checkonly domain class

Inout p:Package { Expected Output
P _
classes=
classes _|-SL: Class c:Class{ S1: Schema T1: Table
name = 'Person’ isPersistent=true}};
isPersistent =true -
enforce domain rel
P1 : Package classes | &2 C|'aSS , I s:Schema {
name ='Order
isPersistent = false tables=
: :Tabl ;
classes . | C3: Class t:Table{}};
name ='ltem’ where{
isPersistent = fal
R ClassToTable(c,t);
}
b

relation ClassToTable{
cn: String;
checkonly domain class
c:Class{
name=cn};
enforce domain rel
t:Table{

name=cn}; Q
ks




UML 2 Relations: Third and correct Solution
QVT Code

transftormation ClassToRel(
class:Classl, rel:Relationall){

top relation PackageToSchema{
checkonly domain class

Input DEFEELENE o Actual Output
classes=
classes | CL: Class c:Class{ S1 : Schema T1: Table
name = 'Person’ isPersistent=true}};
isPersistent =true _
enforce domain rel
P1 : Package classes | &2 C|'aSS , I s:Schema {
name ='Order
isPersistent = false tables=
: :Tabl :
classes . | C3: Class t:Table{}};
name ='ltem’ where{
isPersistent = fal
e ClassToTable(c,t);
}
s

relation ClassToTable{
cn: String;
checkonly domain class
c:Class{
name=cn};
enforce domain rel
t:Table{

name=cn}; Q
ks




Conclusion & Ongoing Work

= Graphical debugging of QVT Relations based on TROPIC provides
= explicit representation of operational semantics
= homogenous representation of all artifacts

= No common understanding how QVT Relations should be used
How much transformation logic should be located in one relation?
How should be relations linked appropriately?

First attempt: Taxonomy of common pitfalls

What is missing: QVT Guide

= Ongoing work
= OCL query debugger
* Propagating bug fixes from TROPIC back to QVT Relations
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Backup Slides

Transformation Net for correct Solution
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Backup Slides

Taxonomy of Common Pitfalls of Using QVT Relations
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