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Motivation

= Model transformation: a key problem for MDD
— Model analysis, refactoring, model synchronization
code generation, deployment, etc.
— Wide range of model transformation languages and tools

= Who are transformation designers?

- Transformation experts
e Need to understand the transformation language
e Need to understand the source and target domains
e There are not that many of them
- Domain engineers
e understand the source and target domains / languages
e no skills in the model transformation language
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= Analogy from the XML world
— Connect sample source and target XML documents
— Generate XSLT scripts automatically

® Proposal: Model Transformation by Example

— Create interrelated prototypical model pairs
(source — reference/trace — target)

— Generate model transformation rules automatically
m Advantage

— Transformation designers use their own domains
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Overview of the Approach

Design  grorompe 1. Design prototype mapping
Mapping m |
Model I

Source &  Refin gGenem 2. Generate XForm rules

T t -
Models 3. Manual refinement of rules

Model .
XForm 4. Execute transformations
m Rules
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(MT by Example) by Example
The Object-Relational Mapping

3.0.09; MODELS 2006, Genova, Ital

Object-Relational Mapping

v

Customer L

Product Customer Product
PK [id . PK |id
>
kind 4 kind
FK1 |favourite | FK1 | appendix
A A A
VIPCustomer NormalCustomer Book cD
Havourite ; Product Fappendix | CD reviews
rd B
‘ reviews /l\ orders PKFK2 | pid
PK,FK2 | pid PK,FK1 | cid
PK,FK1 | cid

?.0.0.
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Informal rules of the transformation

) 4 A 4 £ |
Customer L

” ~S
Product Customer Product
/ PK |id PK |id

kind 4 } kind
FK1 |favourite | o FK1 | appendix
Book cD

A 4

~— y A
VIPCustomer NormalCustomer
Havourite | Product Lappendix | CD reviews
rd B
‘ reviews /l\ o PK,FK2 | pid
PK,FK2 |pid PK,FK1 |cid
PK,FK1 |cid

Each top-level class is projected into a DB table
2.0.0.
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Informal rules of the transformation

) 4 £ |
Customer L

Product Customer Product
/ <K lid L|PK |id
— >
< lkind e kind
FK1 |favourite | FK1 | appendix
A 4 A
VIPCustomer NormalCustomer Book cD
Havourite ; Product Fappendix | CD reviews
rd B
‘ reviews /l\ orders PKFK2 | pid
PK,FK2 | pid PK,FK1 | cid
PK,FK1 |cid

Two additional columns are derived for each top-level class
* a unique identifier (primary key),
* the type information of instances

?.0.0.
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Informal rules of the transformation

v

Customer e Product SRS Product
PK |id | PK|id
>
o op L & kind < kind
::_F K1 @‘ FK1 | appendix
A 4 A
w¥IPCustomer || NormalCustomer Book cD
g l .
(ﬁuuunte:F’rﬂdu&b tappendix | CD R
rd .
‘ reviews /l\ orders PKFK2 | pid
PK,FK2 | pid PK.FK1 |cid
PK,FK1 |cid

Each attribute of a class will appear as columns in the table
related to the top-level ancestor of the class

(The type of an attribute is restricted to user defined classes)
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Informal rules of the transformation
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Customer orders Product Customer Product
PK [id PK |id
kind > kind
FK1 )| favourite | FK1 | appendix
A A A
VIPCu: r NormalCustomer Book cD
Havouritd(; Product Lappendix | CD reviews
rd B
reviews /l\ orders PKFK2 | pid
PK,FK2 | pid PK,FK1 | cid
PK,FK1 | cid

The structural consistency of valid instances in columns is
maintained by foreign key constraints

?.0.0.
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Informal rules of the transformation
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Customer orders Product Customer Product
PK [id . PK |id
>
kind 4 kind
FK1 |favourite | FK1 | appendix
A y A
VIPCustomer NormalCustomer Book cD
Havourite ; Product Fappendix | CD e reviews
rd B
‘ reviews /l\ orders "N PKFK2 | pid
PK,FK2 | pid PK,FK1 | cid
PK,FK1 |cid
/

Each association is projected into a table with two columns
* pointing to the tables related to the source and the target classes
* consistency insured by foreign key constraints
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Metamodels of the problem

12

src dst‘

y

Class :I
A

parent
attrs" * type

Attribute |<—4c2

LUML |
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Step 1: Create Prototype Mapping Models

® Prototype mapping model
(PMM)
— Any pair of src and trg models
— Interrelated by references

Design Prototype

Mapping
Model

Source & Refine — Capture critical situations of the
L"‘;g:.ts transformation problem

Model = Properties of PMMs

Rules — small models
- may serve as test cases later
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\Customer _J Product

A i i

VIPCustomer  ||NormalCustomer
Havourite : Product Fappendix | CD

[ ]
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> CustomL Product
PK |id o |PK |id
L
kind | g kind
FK1 |favourite | FK1 |appendix
A f A
reviews
orders =
PK.,FK2 |pid
PK,FK2 | pid PK,FK1 | cid
PK,FK1 |cid

RevPId:Column
RevCld:Column

ProdFApp:FKey|

CustFFav:FKey]| —p|RevFProd:FKey OrdFProd:FKey|

ref)

16

appendix:Attribute
A

c2a)

Irl:CIsZTabI"" IrS:AttrZCoII""

fkeys

Cust:Table

Ord:Table|
V-

tcols| tcols|

Custld:Column

CustKind:Column

CustFavourite:Column

s

ProdFApp:FKey|

OrdFProd:FKey|
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Assumptions on Prototype Models

m Reference is also a graph

® Unique references.

m Existence of unmapped model elements.

= No merging transformations.

m Aggregation semantics (EMF).

m Correctness of prototype models (intentions).
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Step 2: Derive Transformation Rules

m Phase 1. Creation of Mapped Target Nodes

— Context analysis of source model

— Context analysis of target model

— Derive transformation rules %—Q = %OO;O
® Phase 2: Interconnecting target nodes

— Connectivity analysis

— Derive transformation rules

Lol
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Context analysis of source model

m ]-context (can be extended to n-contexts)
— Existence or non-existence of
— Incoming or outgoing edges (all possible)
— Related to a certain mapped node

® Joint 1-context
— Generalization of 1-context
— For all mapped source nodes of a certain type

e Must / Forbidden / May edge

® Check 1-context for unmapped elements

— Should be different from joint 1-context
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appendix:Attribute
W
o]
|NormalCustomer:C|ass| |VIPCustovmer:CIass|reviews:Association Book:Class| <
parent] parent | A

t2a) :

orders:Association @ »{Product:Class|¢—————

c2a) A A LY :
le2d e F “ L(t2ds c2a
r2:Cls2Tab}++ |r1:C|szTab|----5 |r3:Altr2CoI|‘"'5

Association
;
parent src dstg
Class
A
parent
attrs"* type |AT2:Artribute| |CZ:CIass| |A1:Association|
1-Context of Customer Attribute 1-Context of Product
(mapped by r2:Cls2Tab) (mapped by r1:Cls2Tab)
|| UML ||
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appendix:Attribute
A 3

|NormalCustomer:C|ass| |VIPCustomer:CIass|reviews:Association Book:Class| <
A
parent] parent| | H
t2a)
Customer:Class| orders:Association @ »|Product:Class| ¢———— :
zd 7y 7y x :
FE T P TR AV, iftad- c2a

|rl:CIs,2T':-1b|'-"E |r3:Attr2CoI|‘"'g

r6:Asc2Tab|

2a
r5:Asc2Tab|

————r -

3
1
| S

A2:Association!

_______________

AT2:Attribute:

|AT2:Artribute| |CZ:CIass| |A1:Association|

1-Context of Customer
(mapped by r2:Cls2Tab)

2.9,0,

Custld:Column
CustKind:Column

yy
icols

——|CustFFav:FKey

2.9,0,"

1
—»{CustFavourite:Column ===

Context analysis of target model

|r2:CI52Tab|-- r4:Attr2Col| . — Take a mapped target node
C.

1-Context of Product
(mapped by ri1:Cls2Tab)

Joint 1-Context of anyClass
mapped by some Cls2Tab

+must| = — —X——forbidden
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® Target context:

(uniguely identified by a ref)
— Collect all unmapped nodes
contained by this target node

— Add corresponding containment
edges

= Main idea:
— Each target node is derived once

— Create unmapped nodes exactly
when their containers are created
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Derivation of model transformation rules

® Graph transformation rules
— LHS: Precondition (with negative conditions)
- RHS: Postcondition
® Derivation of GT rules
— Precondition : must and forbidden in the joint src ctx
— Postcondition : composition of joint src and trg context

(" Againstthe )
NEG B LS ? in?l?ifill)nns'[o:‘qﬁe

—— [c: olumn
AR “ % designer %—I—I

/ | C:Class [«—t2cHR:Cls2TablHcot»
' N

NEG

‘ M parent
w.. @b m CC:Class |K:Column| |FK:FKey|
class2tableR |
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Iterative development of rules

New example

S e
|Manager:CIass|boss:Attribute‘:i|clerk:class|

HE HZ
Jro:attracol |r&:cis2Tab|
éCZt a2q| : [c2d

s|
|CIerkKind:Cqumn|
Mnngind:Cqumnl ->|CIerkBoss:Cqumn 4—|CIerkFKBoss:FKey|
@ keol I
NEG NEG
@ M |K:Column| |C:Column|
parent ‘ tcols, pkey|
[ ciclass |«od{R:cIs2Tab T:Table
LHS [ class2tableR | RHS
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m Goal:

— Derive the links between the corresponding target
elements (created in the previous phase)
m Connectivity analysis
— Investigate pairs (triples, etc.) of reference nodes

— ldentify paths
e between mapped source (target) nodes
e leading through unconnected source (target) nodes
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Connectivity analysis (Source model)

Unmapped

v
|VIPCustomer:CIass| reviews:Association—dst Book:CIassl

parent

—V A 4
3 = orders:AssociationProduct:CIassl

A A

w
~| r6:AchTab| |r2:C|52Tab| |r5:AchTab| |r1:C|52Tab|--@
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Connectivity analysis (Target model)

27

Cust:Table

2t

Custld:Column |«

RevCld:Column| [RevPid:Column

T T kcols

CustKind:Column

—PlRevFCust:FKeyl |RevFProd:FKey|<—

2.9,0,

" LHS:

— Source path
- Reference node
— Target context

®= Negative condition:

— Target path
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Derivation of transformation rules (for edges)

LHS

pkey|

:}CS:Cqumn|

Ch:CEI

—

[c:class|«—tad{R1:Cis2Tab}cot—>[Ts:Tablep
A

tcols\—>{K:Colum|

? tcols

= fokey

|A:Association |<— R2:Asc2Tab TA:Tabl
[t2al

|C1:Column| FK1:FKey|<-
A
—>|C2:Column 4'
tcols|
fkeys——

assocSrcDst2fkeyR

2.9,0,"

MODELS 2006, Genova, Italy |

14



Derivation of transformation rules (for edges)

m RHS:
- FullLHS
— Target path (to be created)
= Note:
— Generate GT rule only if target path always exists
— Generate a GT rule for all source paths yielding the same target path

RHS I— pkey

|c:Class|e—2c—{R1:Cis2Tabl{c2t—>{Ts:Tabl ICOIS:}cs:Column|
A

@EI |C1:Column| FK1:FKey|<'

? tcols

srd] ﬁpkc‘y .

A:Association |<— R2:Asc2Tab TA:Tabl —>|C2:Column -4'

| = |
eys

assocSrcDst2fkeyR
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Derivation of transformation rules (for edges)

[c:Class|«—fzc—{R1:Cis2Tablcat—>{Ts Tablepr »[Cs:Column] +-cre
A

teols
@EI |C1:Column| FK1:FKey|<'

NEG,NEW

? tcols
|A:Association|<—- R2:Asc2Tab TA:Tabl C2:Column 4‘
= — |
eys
—{ assocSrcDst2fkeyR |
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Derivation of transformation rules (for edges)

[c:Class|«—fzc—{R1:Cis2Tablcat—>[Ts Tablef>r »|Cs:Column] +-cre
A

ol

o >[CL:Column| —[FK1:FKey|<+
ﬁpkc‘y .
|A:Association|<E- R2:Asc2Tab TA:Tabl —>|C2:Column 4‘

2

NEG,NEW

fkeysh—oI
assocSrcDst2fkeyR
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Overview of the Approach

Design  grorompe 1. Design prototype mapping
Mapping models

Manual refinement of rules

XForm 4. Execute transformations
m Rules
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Step 3: Generalization of rules (manual)

® Problem:

— Large number of transformation rules may be derived
m Solution:

— Generalization of rules (manually? automatically?)

=>» Path expressions in preconditions

LHS —ipkey
[c:class|«—ftad{R1:cis2Tablcot—>[Ts:Tablep = »[Cs:Column] ¢ Hcreth oy /e
Y
tcols\—>{K:Colum|
Ch:Cl
I:El c1:column| —{FK1:FKey|<
1 tcols
[lbkey .
|A Assomatlon|<— R2:Asc2Tab TA:Tabl —>|C2:Column i
[t2al [Feys——
eys
| assocSrcDstafkeyR |
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Step 4: Execution of rules

Design  drototype = Generated rules can be
‘ ¥ ";PP'"g executed at any time
odel
- ldentify new test cases
— Check if existing rules already
properly handle them

m |n case of failure

— Extend PMMs with the
new test case

— Regenerate rules
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Conclusions and Future work

®m Model Transformation by Example (MTBE)

— Create prototype mapping models
to capture critical situations of the XForm problem

— Derive transformation rules interactively
® |nitial experience

—Very promising new area

— Initial stage of research
®= Ongoing activity

— Semantic foundations for MTBE

— Tool support in VIATRAZ2
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