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Q13: A Software Factory's Heart: the Multi-TS Megamodel
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Software Factory

Multi-TS Megamodel

Technical Space
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Mapping, Transf., Composition
Model Analysis
Querying, Interpretation AN J

( Metapyramid (Metahierarchy) for Token Modeling ’

Model Analysis
Querying, Interpretation \ J
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Integration of Tool Suites by Data Connection

5 Model-Driven Software Development in Technical Spaces (MOST) [ES89.6,S.11]

> Material of several tool (suites) can be data-connected by transformations or access
adaptations

Tool Suite 1 Tool Suite 2

M {5 A A
AN AN
Document type set 2

Document type set 1

A

(D 1) (D 2)
_ Other Technical Space:
Tool Suite 3
/ Tool Suite 4
A A \
. l}il \ < » —1
—
Document type set 3 | '
(D3) Document type set 4
(D 4)
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54.1 ,Synchronizing” Models with Triple Graph
Grammars

e Mapping graphs to other graphs, also in data connections of different tools
e Specification of mappings with mapping rules

e Incremental transformation

e Traceability



Triple Graph Grammars - Moflon Example

Model-Driven Software Development in Technical Spaces (MOST)

» ATriple Graph Grammar (TGG) is a mapping-oriented transformation system, consisting of rules
with three ,areas” (better called metamodel mapping grammars)

= Left side: (source) graph pattern 1 in (source) graph 1
= Right side: (target) graph pattern 2 in (target) graph 2
= Middle: relational expression (net) relating graph pattern 1 and 2 (trace model)

Correspondance
Left . Right
7 s (Trace link) 5 .
wS0MICE D % 0 ClazzTaTable % atargets
Clazz o g g 0 1%’ Table
; = \ ClazzToTablefn:String / = B
% 0 AttributeToColurmn %
wSOUIGE s £ £ «wtargets
Adtribute 0.1 s = 0.1 Cal
= \ atkributeToColurmnin:Skring ) / = eumn

Ve /.




Basic Types of Synchronization Rules

Model-Driven Software Development in Technical Spaces (MOST)
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Depending on the modification colors, a TGG rule can be checking or creating the
correspondance.

Rule classes from [KSO5] Koenigs/Schuerr 2005:

>

Consistency Checking rules - test whether both patterns exist
= modification color is black (test)

Traceability relationship creating rule - add a trace relation between elements of both
sides
= modification color is green in correspondance part (add)

Create model element in one domain matching its correspondant
= modification color is green on one side (add)

Lower layer create model element - create model in a lower grammar layer
= modification color is green on lower layer (add)



TECHNISCHE
@ UNIVERSITAT
DRESDEN

Fakultat Informatik - Institut Software- und Multimediatechnik - Softwaretechnologie - Prof. ABmann - Model-Driven Softwrae Development in Technical Spaces

54.2.1. Mapping Objects to Tables (Object-
Relational Mapping, ORM)



TGG for Object-Relational Mapping (ORM)
Left Metamodel: Class Diagram Metamodel (CD)

Model-Driven Software Development in Technical Spaces (MOST)

» Synchronize Class-Diagram-metamodel (CD) with a relational schema (RS): object-
relational mapping (ORM)

tra_asspags oo ToTarget

Association 9&_<>

C'j © Prof. U. ABmann

. 1.7 aprimitives
name ;. String _
zro Clazz String
brg : Cl =

Left Metamodel . ry : Clazz
Classifier
name : string = Src_assocs 1.7 wprimitive s
AssocTaSaurcp Bool
1.,
SIG 1
X trg 1
PrimitiveDataType Clazz

children

aftrs : Attribute [1..%]
is_persistent : Baal 1.7
parent : Clazz [0..1] =

; parent ? 0.1

claz= 1
#
e ClassToATrs

ClassToClass

Attribute

i=_primary : Bool 1.7
name ;. String
bype : Classifier [1..%] =




Right Metamodel:
Relational Metamodel (DB, relational schema)

11 Model-Driven Software Development in Technical Spaces (MOST)

Right Metamodel
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table

TahleContainsF Key
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oo, | MEIME: =tring
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reference : Takhle =

.1

fheys
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table
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String
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TGG for Object-Relational Mapping (ORM)

12

Model-Driven Software Development in Technical Spaces (MOST)

» The metamodel mapping grammar of a TGG has a top rule (start rule) which describes
the relationship of the graphs on topmost level

Left Metamodel

Correspondance
(Trace) Metamodel

Right Metamodel

@ © Prof. U. ABmann

wimports

wimports

KSOUTCaxn

________________________________ wtargets
intecration
cod_metamodel db_metamodel




Example of Consistency-Checking Rule

13 Model-Driven Software Development in Technical Spaces (MOST)

» Fromthetop-rule ClazzToTable, other TGG rules are associated (,called/”invoked”)
» Inthis case, the TGG only checks (black color - TEST)
» Q:What hap=pens, if both sides are in different TechnicaLSpaces?

4 )

aZ0UrNCan

a CIazzTu:uTaI:uIe"

\ CIazzTnTahIe’fn:String ) /

atargets
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TGG Specify Transformation Bridges Between Roles and
Technical Spaces

14 Model-Driven Software Development in Technical Spaces (MOST)

» TGG can also be used to data-exchange and synchronize Material classes and roles
= between two material objects
= between two tools with different repositories
- even in different technical spaces

» The only assumption: 1:1 mappings of model elements
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54.2. Triple Graph Grammars in MOFLON

e MOFLON in MOF Technical Space
e eMOFLONin EMOFTS



Triple Graph Grammars - Moflon Example

17 Model-Driven Software Development in Technical Spaces (MOST)

» Because they are named, TGG rules can be started by Fujaba Storyboards (activity

diagrams)
» The activites can be associated to a transformation class ClazzToTable

ClazzToTable: :performForwardattributehaluePropagation (): Boolean

®

T ;
krue
false
[ guccess | [|tzilure |
¢lad gz zClazz ToTablesssocistion this * TahleClazzToTabled ssocisHakle -
objl :Clazz obj? :Table
name :=objl.getMame) =

© Prof |1 ARmann




Example of Lower-Level-Creation Rule

18 Model-Driven Software Development in Technical Spaces (MOST)

» Lower-level-creation rule creates lower level elements and a pairwise correspondance of
model elements on both sides

= Here, objects on the lower level are created anew if needed from the tested
upper level

obil : Atkribute

obj3 : &kkribuke ToCalumn obijZ : Column

narme (=n

name =n

obj4 : Clazz e g obif : ClazzTaTable g_ =[] obie: Table
olazz % % table
ClassTolttr % %
= s TableCortainsCalumn
attrs % %
= = cols
zCreates = :
= zCreates 5 zCreates

. .



Triple Graph Grammars - Moflon Example

19 Model-Driven Software Development in Technical Spaces (MOST)

» Notation in Moflon/Fujaba Storyboards
» Checking a pattern with adding an attribute to obj2

i - obij6 :ClazzToTable
objdLlazz | o)z . ClazzClazzToTablesssocistion ] k TableClazzToTablesssocistion table obi5 :Table
ob]ja:lable
clazz
table

¥ ClagsTobtrs ]
¥ TahleCoftair

atti=

attribute attribte Attribute ToColumnd.ssocistion .
objl :Attribute this

CalumnAttribute ToColumnSedMmStion cols
obj2 :Column

name :=objl,getMame] =

ai
[ guccess | [ taifure ]

attributeToColumn: :performForwardattributeyaluePropagation O Boolean

ﬁ @ False

krue

D



Q12: The ReDoDeCT Problem and its Macromodel

20 Model-Driven Software Development in Technical Spaces (MOST)

» The ReDoDeCT problem is the problem how requirements, documentation, design,
code, and tests are related (— V model)

» Mappings between the Requirements model, Documentation files, Design model, Code,
Test cases
> A ReDoDeCT macromodel has maintained mappings between all 5 models

Requirements Design Code Test

Package Bill {Hkage TestBill {
Uses Order; ses TestOrder;

Class Counting { Proc testCounting

Procedure count IS IS
End;
P }
X ”e Test er{
rder { Uses Bill;
Uses Biir, s TestOrd| ring{
)4 Class Ordering rocedure
X Procedure count IS testCount IS
End;

}
}

“ Documentation

@ © Prof. U. ABmann




Ex. 2: TGG Coupling of Requirements Specification and

Design

21
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Bl-ujaba Tool Suite - MOFLON [DoorsMatlabIntegration] __-_ID_E_ZI
File MOF 2.0 Diagram Tools Options ‘Window Help
|D|@| @& @) e =
= L
S Proec oo oI
=) [ DoorsMatlabIntegration p—
EI Matlab -
=13 Doors
o ook PrimitiveTypes = nesting
E Requirement 5 requirement
-3 Module 5
; _?_ Requirement
[ == heading : String &
#-P PrimitiveTypes : —=| module : Module moduls g 0.1
=-F3 Integration nested | Requirement Module
nesting : Reguirement 5
text : String - ratne | String
reguirement ;| Reguirement -
(£ntegration =12 x|

—
—rh g ModuleRealizedByModel
H
o RequirementRealizedBySubsystem
= I & I é; DoorsMatlabl, .. I é@ Doars I I ﬁ; Integration

Cument Project = [null]

I‘IIJ MByte of 18 MByte allocated




TGG Coupling Requirements Specification and Design
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zireates

m1 :Module

name =n =

createModulefndMadel {n: Skring)

«Creates

> This TGG grammar builds up a module-requirements graph
» Starting from a relation “ModuleRealizedByModel” and “RequirementRealizedBySubsystem’

zireates

re1 :ModuleRealizedByModel

addTopRequirementAndTopSubsystem (n: String)

m3 :Module 4( re2 :ModuleRealizedByModel ™

M

«Creates

zCreates
«Creates
] gCreates
t1:Requirement
heading:=n =

addhestedRequirementandsubsystem (n: String)

rZ :Requirement

gCreates

sCreates

r3 :Requirement

heading :=n =

{ r4 :RequirementRealizedBySubsystem N

«creates

gcreates
goreates . g .
m2:Model Initial, creational
name '=n -
md :Model lower-layer
zcreates Creatlona.l
«Creates
re3:RequirementRealizedBySubsystem «Creates | g :Subsystem
! name '=n =
52 :Subsystem
ccredtes lower-layer
zCreates .
- streales creational

15 :RequirementR ealizedBySubsystem j

s3:Subsystem

name . .=n

)
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54.3. Using Triple Graph Grammars in MOFLON



Example: Object-Relational Mapping “TiE-CD-DB”:
ClassDiagrams / DatabaseSchema
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TiE-CD-DB - Constraints in Class Diagrams (1)
Generate Code from MOF model (CD metamodel)
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‘t" MOFLON [ClassDiagrams] - C:\Dokumente und Einstellungeniklar\Eigene Dateien\developme...del_classdiagrams\model\C lassDiagrams_withCon... |ZHE”E‘
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et - o b e g| e | File  Edit  Diagrams MOF 2.0 Diagram  ImportjExport  Tools Options  Window  Help
L attrNamesMustDIFer o £ AttrToType pardgl: Clazz [0, o . . E‘I )
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TiE-CD-DB - Constraints in Class Diagrams (2)
Loading Metamodels and Models
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TiE - Integration Framework

© Prof. U. ABmann

System  Linkbrowser ’

[-] Canfiguration 8

Tool Adapter Mode Icon § Model inik save edit

Source Domain jmi_adapter_classdiagrams_offline. jar = offline -&E cd_model, xmi | = [ - ”_ E ” 7

Target Domain  jmi_adapter_dbschemata_offline, jar & | offine =3 | = [ & ” =] ” 7

Lirk Domain inteqration_classdiagrams_dbschemata  jar offine Bl  [cdds_empty.xmi = - e
Configuration File | CDofflineDSaffling conf W .E.. “ l/

r
Constraint Validation

source domain model does not Fulfill its conskraints:
constraink named 'attrMamesMustDiffer is violated in instance: Customer: inv:attrs- =forallial, az: Attribute|al <=a2 implies al.name <= az.name)

conskraink named ‘attrMustHaveMame' is violated in instance: @ inviname. sizei=0

association '=d_metamodel, ClassTadkkrs', memberEnd ‘attrs's size af links is out of bounds in context 'Ordericd_metamodel Clazz's should be [1,unbounded] butk is 0: irv: attrs-=sized)==1 and attrs- =sizel) <=unbounded

+- b SOUR
= TARGET

SOURCE

relates with ko
oot Mode Relatio,., 4=root

show inferred relations

1 AttributeImpl
¥ Customer : ClazzImpl

name ; AttributeImpl

name ; Attributelmpl
Order : ClazzImpl

String : PrimitiveDataTypeImpl
address : AssociationImpl

customer : AssociationImpl

= int : PrimitiveDataTypeImpl J

#

nitialize integration ready.




TiE-CD-DB - Constraints in Class Diagrams (3)
Model Browser

28
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TiE - Integration Framework

System  Linkbrowser

[-1 Configurakion
Tool Adapter

Source Domain jmi_adapter_classdiagrams_offline. jar

Targek Domain jrni_adapter_dbschemata_offline. jar

Mode Icon  Model inik save edit merge

offine 8E  |cd_model.xmi = - =] V4 B || 2 i
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inkegration_classdiagrams_dbschemata. jar

JmiModeBrowser

Configuration File |CDOFFIineDSoFFIine.conF

v|
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Attributes | Operations | Diagram |

S|(=1E

delete |o.0 7 cd_metamodel
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refresh

Configuration File |Iast.c0nf

v (&
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i idiAttributeImpl

(=¥ rook | Close Up View ] Circle\-‘iew|

IEIE‘ iCuskamer ClazzImpl

B & SOURCE Il SOLRCE

W= marne: AbtributeImpl

i w TARGET

relates with ko
oot Mode Relatio,., 4=root

o @ name:Atkributelmpl
- address:ClazzImpl

show inferred relations

Shows relations for & Node

Lol =20 < OURCE
B ¥ Address : ClazzImpl
- = ! AttributeImpl

B ¥ Customer : ClazzImpl
- ® name : AttributeImpl
- ® name : AktributeImpl
Order : ClazzImpl

S street; AkkributeImpl
- # int:PrimikiveDataTypelmpl
# String:PrimitiveDataTypelmpl

String : PrimitiveDataTypeImpl
address : AssociationImpl
customer : AssociationImpl
----- = int : PrimitiveDataTypeImpl
v 2|
nitialize integration ready.
L

name value
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edit
| edit |
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TiE-CD-DB - Constraints in Class Diagrams (4)

Integration Framework
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Tik - Integration Framework

System  Linkbrowser
[-] Configuration
Tool Adapter Mode Icon Model imit Save edit
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= v FeiGTE
B ¥ Address : ClazzImpl
; = street : AttributeImpl
¥ Customer : ClazzImpl
-~ name : Attributelmpl
“.m surname : AttributeImpl
= ¥ Order : ClazzImpl
E omjd 3 AttributeImpl
@ - w Skring : PrimitiveDataTypelmpl
g - = address : AssociationImpl
< - w customer : AssociationImpl
> ¥ >
-
e nitidlize source ready.
o [ [T
©

&



TIE-CD-DB - Constraints in Class Diagrams (5
Forward Translation to DB representation
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ik - Integration Framework
System  Linkbrowser

[-] Configuration

- Integration Framework
Swstem  Linkbrowser

[-]1 Configuration

Taol Adapter Mode Ican Madel Tool Adapter Mode Icon  Model init save edit merge
i Source Domain jmi_adapter_classdiagrams_offline, jar offline &E odel, i = o -
Saource Domain jmi_adapter_classdiagrams_offline. jar offline 150 DL o ! *H u‘ ’ e ] ’ = ” = ” Zz ]
Target Domain jmi_adapter_dbschemata_offline. jar offline olrlﬂ“ 414, xmi = o p"
Target Domain jmi_adapter_dbschemata_offline. jar unknown -850 ds_ermpty . xrii I—I ’ ] ’ = " = ” ] %
Link. Domain inkegration_classdiagrams_dbschemata. jar offline S 2414, xmi = o
Link Darnain integration_classdiagrams_dbschemata. jar unknown -850 cdds_empty. xmi
Configuration File |CDoFFIineDSoFFIine.c0nF
Configuration Filz |CDoFfIineDSoFfIine.conF v| E
[-] Action
sl Algorithm |Forward Translation {Bakch, Simple) A4 | Strakegy |Unsorted Simple L | Log Level |WP.RN w
Algorithr |Forward Translation (Batch, Sirmple) v | Strategy |L|nsorted Sirnple: E]
Configuration File |Iast.c0nF v| [ A ] [ & ]
Configuration Filz |Iast.conF v| [ H ] l & ] [-] Output
(] Output LinkBrowser | Log|
T (=¥ roct Closs Up View | Circletview | < 2>
inkBrowser | Log| - SOURCE ‘/B - - o ~
= ¥ root Clase Up Yiew | CircleYiew | < - [BRCEN relates with ta ‘/_.l/ ‘/_.I//./ <,
- SOURCE /
R relates with to |§'$
i i N
show inferred relations O show inferred relations O
|Show relations For a Node |Show relations For & Node | b 4D 4D 4 4 ) & s
~=-v CE
- ¥ Address ; ClazzImpl = v Address ; Clazzlmpl » *
. m street : AttributeImpl “ou street : AttributeImpl » .
- w Customer : ClazzImpl Customer ! ClazzImpl b .
name : AttributsImpl = name : AttributeImpl » *
surname ¢ Attributelmpl o ;urnar:'le : Attlributelmpl » .
=¥ O 1 Clazzli L ]
= ¥ Order : ClazzImpl e ; r.er a.zz e y
id b I tew o jd + AbtributeImpl » -
o _I 'Att_n _Htﬂmp - Skring : PrimitiveDataTypeImpl
- m Skring ; PrimitiveDataTypelmpl = address : AssociationImpl
o - w address : AssociationImpl .. gustomer : AssociationImpl
- m customer : AssociationImpl - mjnt ¢ PrimitiveDataTypeImpl
) < * v|< >
nitislize source ready. perform operation ready.
[ e GC




Other Software Engineering Applications of Model
Synchronization
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» Mapping a PIM to a PSM in Model-Driven Architecture
» Graph Structurings (see course ST-I1)

» Refactorings (see Course DPF)

> Semantic refinements

> Round-Trip Engineering (RTE)
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54.4 The Tornado Method: Specification of TGG
Rules using Textual Concrete Syntax

e Slides about Tornado courtesy to Mirko Seifert and Christian Werner
e Presented at Fujaba Days 2009, Eindhoven, The Netherlands, 16.11.2009

e Christian Werner. Konzeption und Implementierung eines Debuggers flr textuelle Triple Graph
Grammar Regeln. Belegarbeit, Lehrstuhl Softwaretechnologie, 2010, TU Dresden

e available on request



Motivation for Textual Syntax of TGG
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» TGGs are fine for model synchronization, but writing TGG rules is not always easy
Why?

» Rule specification typically on the level of abstract syntax

= Complex abstract syntax (AS) graphs vs. simple concrete syntax (CS)
fragments

= Rule designers not always familiar with AS
» Rule specification is based on graphical syntax
= But: There is lots of textual (modelling) languages
= Gap: Graphical rules vs. textual models
= Large graphical rules are hard to read

Can we do better?



|dea for Rule Specification in EMFText
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» employ EMFText; use concrete textual syntax of involved languages
> derive rules from pairs of models

» doitinageneric way (automatic application to any language)

& MyFormforms 52 = B [J] MyForm.java &2
poblic clas=s MyvForm {

1FORM "L simple examwple form™

2 GROUP "General questions™
ITEM "MNatwme™ : FREETEXT = public final =static 5tring names =

ITEM "ige™ : HUMBER "h zimple example form™;
ITEM "Gender™ : CHOICE |

frmEale™,

3
4
=
il public void group General{Questions() {

4

¥
public String gquestion Name () {
retorn noll;

Instead of arrows use textual annotations:

|® trackZarc.pr o3 |® trackZarc.pn 2 = O

APr2PH project — > @Pr2PH net -

ACp2PH++ track AIPZ2P1++ place p 1}
ATP2P1++ 9Sm: AOP2Tr++ transition tr
AO0P2Tr++ Sut: ACp2PH++ arc p —= Lr

L ¥

@ © Prof. U. ABmann
-
-



Tornado Generation Process of TGG Rules
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MM of L1 MM of L2
M2 @ Annotation MM \‘ @

MM of L1 with MM of L2 with
Annotation Concepts Annotation Concepts

i«instance-of»

«instance-of»

Annotated Annotated

M1 Model |:>[ Delii?/l:torJ@ Model
U

TGG Rules J

(2’ © Prof. U. ABmann



Generation Steps of Tornado Method
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1. Make meta models extensible

2. Extend meta models @
(with annotation concepts)

Annotation MM

e/

MM of L2 with
Annotation Concepts

MM of L1 with
Annotation Concepts

3. Extend concrete syntax instance-of

Annotated
Model

J=

4. Derive rules from
model pairs

@ © Prof. U. ABmann

Rule
Derivator

{

=

TGG Rules

)

instance-of
]

Annotated
Model

36



Step 1 - Getting (more) Extensible Metamodels
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Extensibility provided by Ecore (EMOF):

» Add new metaclasses (i.e., new complex types)

» Reference existing metaclasses (Reuse)

» Subclass existing metaclasses

What is missing in EMOF:
» Distinction between subtyping and inheritance

» Extensibility for primitive types

»  Example:

= Can’t add things that do not have a property year
= Can’t add subtypes for EString

H Person

-
1

name : EString

ownedThings

H Stamp

0.*

T year : Eint

37



Step 1a - Getting Extensible Metamodels

Model-Driven Software Development in Technical Spaces (MOST)
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Separate subtyping and inheritance (algorithm from [HJSWB]):

For each feature’s type that has at least one superclass or defines at least one feature:
» Introduce a new abstract metaclass Feature<ClassName><FeatureName>

» Change the type of the feature to the new metaclass
> Make the former type of the feature a subclass of the new metaclass

Example:

H Person ownedThings H FeaturePersonOwnedThings
T name : EString o -
H Stamp

T year: Elnt




Step 1b - Getting Extensible Metamodels

39 Model-Driven Software Development in Technical Spaces (MOST)

Wrap primitive types (also from [HJSWB]):

For each attribute that has a primitive type:

» Create a new subclass of the primitive type wrapper class
» Replace attribute with reference to new subclass
Example:
: : H Person name |E FeaturePersonName H EStringElemeng]
= EStrng!'emem!] - [from primitive_types)
(from primitive_types) 1 - ‘uaiUE' EStr;n;g- '
T value : EString ‘T : :
A“A E WrappedPersonName
H Person name H WrappedPersonName
1

@ © Prof.

Wrapped attribute

Wrapped attribute after step 1a)




Step 2 - Extending Metamodels with Annotation Concepts
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Goal:

>

Every model element can be annotated

HowTo:
For each meta class X create new metaclass AnnotableX with

>

E IAnnotation

= type : RuleElementType
= identifier : EString

<<enumeration>> [7]
% RuleElementType
(from tggRules)

Reference to class Annotation
(to store the annotation)

Reference to the original class X
(to store the data of X)

- CREATE
- REQUIRED
- FORBIDDEN

Make AnnotableX a subclass of each feature class that X inherits from

(to make AnnotableX usable wherever X can be used)

40



Step 3 - Extending the Concrete Syntax Specification

41 Model-Driven Software Development in Technical Spaces (MOST)

» Steps 1 and 2 added annotations concepts on the level of abstract syntax, but concrete
one is need to write them down

» Textual syntax tools (e.g., EMFText, xText and TCS) use one rule per metaclass

= Retain the existing syntax rules
= Add syntax rules for new annotation classes in meta model

"FORM" name['"','"'] groups¥*;
(identifier[IDENT])+ (type[TYPE])? form;

/ — /

Form :
AnnotableForm ::

! FORM "A simple example form"
g MyForm.forms &5 = g
1FOBM "4 simple example form™ -

2 GROUP "General questions®

IDENT is some identifer starting 5 ITEM "Name" : FREETEXT
with an @ 4 ITEM "ige" : HUMBER
TYPE 1s !, ++ or —-- 5 ITEM "Gender” : CHOICE [ "male"™, "female" )
& -

@ © Prof. U. ABmann



Step 3 - Extended Concrete Syntax
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Rail tracks to Petrinet example

B
& trackZarc.pr &3

-

B
& trackZarc.pn &3

#Pr2PH project <

-

ACp2PH++ track |
AIP2P1++ ST:
AOP2Tr++ oukt:

> @Pr2PH net {
__——> @AIP2P1++ place p {}

I\

T ACp2PH++ arc p - tr
t

_—> @A0P2Tr++ tran=ition tr

(bold black and green elements are new - TGG rule annotations)

42



Step 4 - Deriving Rules from Model Pairs
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» For each annotated model element, create a rule node
» For each set of model elements that are annotated with the same identifier,

= create a correspondence node and create links connecting the new correspondence
node with the respective rule nodes

» Mark all rule nodes as “create” where the corresponding model element is annotated as create
element

» For each pair of model elements that is connected by exactly one reference
= create alink between the respective rule nodes

» For each pair of model elements that is connected by multiple references
= use the references specified in the annotation
= and create links between the respective rule nodes

® trackZarc.pr 23 'm trackarc.pn &5 = O
APr2PH project | » APr2PH net | »
HCp2PH++ track | EIP2P1++ place p i}
EIPZ2P1++ in: E0P2Tr++ transition tr
AOPZ2Tr++ out: ECp2PH++ arc p —-= Lr
¥ ¥
¥ - -
4 } 4 }

43



Step 4 - Deriving Rules from Model Pairs
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Rail tracks to Petrinet example

:Project :Pr2PN :PetriNet
s s -
§++ ++
o + :In :IP2PI :Place ++
-+ ++ | i
4 i L+t
:Track :Cp2PN i :Arc
o T
+F -+ ++
:Out ; :OP2Tr ; : Transition
domain: toy train correspondence domain: petri net

@ © Prof. U. ABmann
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Restrictions of Tornado
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Constraints
» Canbederived (e.g., equality if attribute values match), but:

= What about boolean attributes?
=  What about more complex constraints (a.name == b.id)?

Negative Application Conditions
» May need additional annotations

Concrete Syntax (CS) restricts rules that can be specified
> |f ASis less restrictive than CS (e.g., metaclasses with empty CS)

45



Conclusion of (Experimental) Tornado Method
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Textual (modelling) languages can be automatically extended with:

= annotation support (This whole stuff is for free!)

= other features (More stuff is for free as well! See e.g. [1])
» Rule specification using concrete syntax seems intuitive

» Combines benefits of specification by example (CS) and classic rule specification
(precision)

» Debugging based on CS is enabled
» More annotations may be needed, but can easily be added
» Metamodelling languages should support extensibility to its full extent

Looking for a student to combine
Tornado with GrGen!




The End: What Have We Learned
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» Graph rewrite systems are tools to transform graph-based models and graph-based
program representations

» MOFLON supports OCL queries and constraints
» TGG enable to bidirectionally map models and synchronize them
»  Why can a TGG also be called a metamodel mapping grammar?

» Correspondances in models can be expressed by annotations



This slide set needs much more care and examples.
NOT, FORALL, etc.
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>
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* TGG between multiple documents and models
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Q13: A Software Factory's Heart: the Multi-TS Megamodel
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Software Factory

Multi-TS Megamodel

Technical Space

Mega- and Macromodels

Technical
Space
Bridges

Pattern
Languages

Model Analysis
Querying, Interpretation

Technical Space

Mega- and Macromodels

Technical
Space
Bridges

Pattern
Languages

Model Analysis
Querying, Interpretation




Integration of Tool Suites by Data Connection

[ES89,6,5.11]

5 Model-Driven Software Development in Technical Spaces (MOST)

> Material of several tool (suites) can be data-connected by transformations or access

adaptations
mn H e " )(\_ Y
\ /;ocument type set 2
(G2

Document type set 1
(©1)

. Other Technical Space:
Tool Suite 3
/ Tool Suite 4

AN e p—

Document type set 3

Document type set 4
D4

@ © Prof. U. ABmann



11N
[VERSITA

&

54.1 ,Synchronizing“ Models with Triple Graph
Grammars

e Mapping graphs to other graphs, also in data connections of different tools
e Specification of mappings with mapping rules

e Incremental transformation

e Traceability



Triple Graph Grammars - Moflon Example

7 Model-Driven Software Development in Technical Spaces (MOST)

> A Triple Graph Grammar (TGG) is a mapping-oriented transformation system, consisting of rules
with three ,areas” (better called metamodel mapping grammars)

= Leftside: (source) graph pattern 1in (source) graph 1
= Right side: (target) graph pattern 2 in (target) graph 2
= Middle: relational expression (net) relating graph pattern 1 and 2 (trace model)

Correspondance .
Left (Trace link) Right )

asoUTCE» 0 ClazzToTable s
Clazz o A 19 Tahle
h ClazzToTable(n:String -

0 AttributeToColumn
wEOUTCE R “ta[get”
Attribute 0.1 0.1
AttributeToColumngn:String ) it

Pl



Basic Types of Synchronization Rules
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Depending on the modification colors, a TGG rule can be checking or creating the
correspondance.

Rule classes from [KSO5] Koenigs/Schuerr 2005:

>

Consistency Checking rules - test whether both patterns exist
= modification color is black (test)
Traceability relationship creating rule - add a trace relation between elements of both
sides
= modification color is green in correspondance part (add)
Create model element in one domain matching its correspondant
= modification color is green on one side (add)
Lower layer create model element - create model in a lower grammar layer
= modification color is green on lower layer (add)
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54.2.1. Mapping Objects to Tables (Object-
Relational Mapping, ORM)



TGG for Object-Relational Mapping (ORM)
Left Metamodel: Class Diagram Metamodel (CD)

10 Model-Driven Software Development in Technical Spaces (MOST)

> Synchronize Class-Diagram-metamodel (CD) with a relational schema (RS): object-

relational mapping (ORM)

Left Metamodel

( % © Prof. U. ABmann

Classifier

name : String

Attribute

ix_primary ;| Bool
rame | String
type : Classifier [1..*%] -

Association
rame  String 1
arc: Clazz
triy : Clazz

sto_assocs | 1.7
AssocToSours

X trg

Clazz

aftrs : Attribute [1..%]
is_persistent | Bool
parert : Clazz [0..1]

; parent

clazz 1
ClagsToATrS

tro_asspigsacToTarget

aprimitives
Bool

children

ClassToClass



Right Metamodel:
Relational Metamodel (DB, relational schema)

11 Model-Driven Software Development in Technical Spaces (MOST)

(5

ks

table table
TahleContainsFKey TableCaontainsCalumn
— Table
Right Metamodel 4 1
cols  Column [*]
FREFRER BN g thevs : ey [*]
name ; String —
1 |pkey : Column [*¥] = «primitives
String

table 1
TableRefargnces Column

fheys Foews | 7

Fey
fueys FKeyReferendesColumn
cols : Column [*]
reference : Takle = L

Column

name ; String
type : String =

© Prof. U. ABmann




TGG for Object-Relational Mapping (ORM)

12 Model-Driven Software Development in Technical Spaces (MOST)

> The metamodel mapping grammar of a TGG has a top rule (start rule) which describes
the relationship of the graphs on topmost level

Correspondance ,
Left Metamodel (Trace) Metamodel Right Metamodeli

simporty wimports

SEOUTEE D —— = — = == stargets

integration

cd_metamodel dh_metamoadel

@ © Prof. U. ABmann



Example of Consistency-Checking Rule
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» Fromthe top-rule ClazzToTable, other TGG rules are associated (,called"/”invoked”)

> In this case, the TGG only checks (black color - TEST)
> Q:What happens, if both sides are in different Technical Spaces?

)

AEOUTCER 0 ClazzToTable stargets
Clazz 0 . ——?9 Takle
- ClazzToTable(n:skring ) h

y
0 AttributeToColumn
WEOUTCE «talget»
Attribute [} 0.1 Column
AttributeToColumnin:String )

L.E /



TGG Specify Transformation Bridges Between Roles and
Technical Spaces

14 Model-Driven Software Development in Technical Spaces (MOST)

> TGG can also be used to data-exchange and synchronize Material classes and roles
= between two material objects
= between two tools with different repositories
- even indifferent technical spaces

> The only assumption: 1:1 mappings of model elements

@ © Prof. U. ABmann
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54.2. Triple Graph Grammars in MOFLON

e  MOFLON in MOF Technical Space
e eMOFLONiInEMOFTS



Triple Graph Grammars - Moflon Example

17 Model-Driven Software Development in Technical Spaces (MOST)

> Because they are named, TGG rules can be started by Fujaba Storyboards (activity
diagrams)
> The activites can be associated to a transformation class ClazzToTable

ClazzToTable::performForwardattributey aluePropagation (): Boolean

I ;
true
false
[ quccess | |fsiture 1
¢la8T|azzlazz ToTakle Assaciation this = TakleClazz ToTakleAssociatishle :
objl :Clazz obj2 Table
name = objl.getMame) -

( & © Praf |1 ARmann



Example of Lower-Level-Creation Rule
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> Lower-level-creation rule creates lower level elements and a pairwise correspondance of
model elements on both sides
= Here, objects on the lower level are created anew if needed from the tested

upper level
ohj4: Clazz obij6 : ClazzToTable — objs: Table
slazz table
ClassTobt
aIsToALr TahleCortainsCalumn
attis
cols
screates
. zcreates «Creates
. objl : Attribute - - .
: obj3 1 Attribute ToColurn = obi2 : Column
name :i=n
' name :=n
s
\



Triple Graph Grammars - Moflon Example
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» Notation in Moflon/Fujaba Storyboards
» Checking a pattern with adding an attribute to obj2

i - bj6 :ClazzToTabl -
0bj4:00a22 | siazz 4 ClarrciazzTaTablessocistion o azzlolable * TableClazzToTabledssocistion bl [ ) ue pope

clazz
table
¥ ClagsTolttrs .
¥ TahleCoitair

attrs

| attribule stripute AtributeToColumnAssocistion [ LolumnAftributeToColumn S mation cols
obj1 :Attribute this |.

obj2 :Column

name ;= objl.getMame) -

[ Fuccess ] [ fare ]

AttributeToColumn:: performForwardAttributeyaluePropagation {): Boolean

false
true

&



Q12: The ReDoDeCT Problem and its Macromodel
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Model-Driven Software Development in Technical Spaces (MOST)

> The ReDoDeCT problem is the problem how requirements, documentation, design,
code, and tests are related (— V model)

> Mappings between the Requirements model, Documentation files, Design model, Code,
Test cases

> A ReDoDeCT macromodel has maintained mappings between all 5 models

Code Test
Package Bill { Hﬁkage TestBill {
Uses Order; ses TestOrder;

Class Counting { Proc testCounting
Procedure count IS 1S

Requirements

End;
}

e Test

>0

Uses Bill;
Uses B, TestOrd ring{
Class Ordering, rocedure
k Procedure count IS testCount IS
B End;

}
}

-\- Documentation




Ex. 2: TGG Coupling of Requirements Specification and

Design
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3 LA A KAEN]:

3 Fujaba Tool Suite - MOFLON [DoorsMatlabIntegration] = =101 x|
File MOF 2,0 Diagram Tools Options Window Help
|D]a|=|e|al e
o —ioix]
- (8 DoorsMatlablntegration —
B3 matlab -
=-F3 Deors
> PrimitiveTypes = esting
B Requirement i requirement
Module =
?_ o — Requirement
< = heading : String
5B PrimitiveTypes i moduie : Modie module ¢ 0.1
B3 Integration | =2 nested : Requirement Module
[a] nesting -
— text : String = name : String
o =]
Integration il == x|

<o | - & DoorsMatiabl. .. & Doors ” & Integration

| cunent Projest = [null)

110 mEyte o1 18 MByte allocated




TGG Coupling Requirements Specification and Design
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> This TGG grammar builds up a module-requirements graph
» Starting from a relation “ModuleRealizedByModel” and “RequirementRealizedBySubsystem’

)

o | {n: String)
screates «Creates «creates
g «creates | i N screates E R A
m1:Module ¢ rel:ModuleRealizedsyModel _| m2:Model initial, creational
name'=n - name!=n
— PRequi (n: String)

T re2:ModuleRealizedByModel ma:Model lower-layer
Treates creates creational
«creates «creates «creates

r1:Requirement <CIE3Ie o3 RequirementRealizedBySubsystem . <CIZa(e> s1:Subsystem

headingi=n namei=n
——— addNestedRequi {n: String)
r2:Requirement ! r4:RequirementRealizedBySubsystem ! $2:5ubsystem
L | L 1
wreate ‘ CET lower-layer
«creates -
creates cretes creational

«creates ;/ r5:RequirementRealizedBySubsystem , “C/®41

r3:Requirement 53:Subsystem

headingi=n 5 name i=n =

@ © Prof. U. ABmann
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54.3. Using Triple Graph Grammars in MOFLON



Example: Object-Relational Mapping “TiE-CD-DB”:
(ClassDiagrams / DatabaseSchema)

25 Model-Driven Software D in Technical Spaces (MOST)

Class Diagrams Metamodel Database Schemata Metamodel

Generated

. [ Repository
s £ (TGG)
1o

] =

Run-Time Verification
of Constraints

1 .l
integration rule code ;‘T T Lr‘g
| |

* Integration Framework

© Prof_U. ABmann

S

shows how our architecture is realized with the MOFLON metamodeling and translation
specification approach



TiE-CD-DB - Constraints in Class Diagrams (1)
Generate Code from MOF model (CD metamodel)
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s
& @ Covsineoraton
@ Covsinegratin greraed
e s

= B3 c petanodel

B atlameststofter

@ oustaseschonats

o i Dy P 200t gt T Ot Voo 155
DO 6% W@ X00 BBOP oo BN & RLAE

Association cpimve
PO ESer oo
B~ s —"
SR AssocTasaure|
BX"y
2 my ™
B OFLO assDiagra Dokumente und ellungeniklar\Eigene Dateie
B 3
-.; (et awsen | File Edit Diagrams MOF 2.0 Diagram Import/Export Tools Options ‘Window Help
- Cozz — -
e et DEE 9% d o0 BDERO P o o B
n ™ P - - 3
& 0 Atrioute a | 1f Projects ClassDiagrams [ClassDiagrams]
S e Y — g CODSIntegration
|name- st 57 B
°° = t, - Rename Fz
e |[ o | (Eemma) £ Praject Dependencies

B Project Preferences

¥ Edit MOF Constraint a: [ save Project ShrgHS
— a
Genaral Tag;‘ - Save Project As
MNarne Language Body | Close Project
[stermiamestustpiffer | [ocL ¥| inviattrs->forlll(al,s?:httribuce|al<raz | | B -
Wisibiity (&) invariant implies al.neme <> a2.name) - Create new MOF package
O undefined () define Refresh Inspections
(&) public
.. Generate MOMoC-Code
Elrnee

Generate MOFLON-Code (Schema + Transformatmns”

Shrinn

D



TiE-CD-DB - Constraints in Class Diagrams (2)
Loading Metamodels and Models

27 ™
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- Integration Framework
System  Linkbrowser

[-] Configuration
[ Tool Adapter

tode Tcon [ Madel Wt save  edt  merge
Source Domain  jmi_adapter_classdiagrams_offine.jar = ]nfﬂme A | [cd_modeloni | [ & I & [E] 7
Target Domain  jmi_adapter_dbschemata_offline.jar (& | offine &% |ds_emptyomi =

Link Domain ntegration_classdiagrams_dbschemata jar

Corfiquration File_ CDofflneDsaffline. conf -

Constraint Validation

source domain model does nok Fulill its constraints:

canstraink named ‘attriamesMustDiffer’ is violaked in instance: Customer: inv:attrs-sFaral{al, a2:attribute| a1 a2 implies a1.name <> a2.name)
canstraink named ‘attriustHaveName' is violated in instance: ¢ inviname. size() =0

association 'cd_metamodel ClassTaAttrs', memberEnd ‘attrs': size of links is out of bounds in context ‘Order:cd_metamodel. Clazz't should be [1,unbounded] but is 0: nw: attrs->size()>=1 and attrs->sizef) <=Unbounded

relates with
Root Node Relati..

to
oot

v
=¥ Address ; Clazzlmpl
© L w rastributelmpl
= ¥ Customer : Clazzlmpl
- x name : AttibuteTmpl
- a name : AttibuteTmpl
+ = Order : Clazzlmpl

Sting : PrimitiveDataTypelmpl
acklress : Assaciationimp!

stomer ; Assodiationmpl
int : PrmitiveDataTypelmpl

ready.

@ © Prof. U. ABmann



TiE-CD-DB - Constraints in Class Diagrams (3)
Model Browser

28 Model-Driven Software Development in Technical Spaces (MOST)

B it - Integration Framework

System Linkbrowser

1] Configuration
Tool Adapter Mode Icon  Model init. save edit merge.
Source Domain  jmi_adapter_classdiagrams_offine.jar fiine £E]  [cd_madel.xmi & 7
Target Domain  jmi_adapter_dbschemata_offine.jar
JmiModeBrowser
Link Domain integration_classdiagrams_dbschemata jar
e b i . .
Configuration Fs m e Model | Associations | | Attributes | Operations || Diagram |
»:] Mt:an F d Translation (Batch, Simple) V| strate d8|8te E@ Cd_mEtadeEI name Value Edlt
orttn rate Ak
* " * | refresh - 4 Customer:AssociationImpl — pp— (I —
- 4 address:AssociakionImpl s_primary Fales et
P— Order:Clazzlmpl tvpe setfString]  [C__edt |
[ outpue # id:AttributeImpl
Unkrowser | Log| |- Customer:ClazzImpl
ot Tose Up Yiow | crdevien] — = q g q
== e FEEMEAL] alsine Editer Dialoe,
- TaRGET TFooh 5 # name:AttribukeImpl
Raat Node Relatio... 4= root Rddress:c|azzlmp| Change \"alue...
# street:attributelmpl |
- 4 ink:PrimitiveDataTypeImpl
- 4 String:PrimitiveD ataTypeImpl L QK J [ Abbrechen ]
+ Attributelmpl
=¥ Customer : Clazzlmpl
name : Attributelmpl |
: name : Attributelmpl
© = Order : Clazztmpl .
© w String PrimitiveDataTypelmpl name type upper |ower
- = address ; AssociationImp| -
* = cwstomer ; Assodationimpl name Gkring 1 1
= ink: PrimitiveD ataTypelmpl Sjrimar‘y’ BUDlean 1 1
> 3 e
- bype Classifier 1 1
ready.
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TiE-CD-DB - Constraints in Class Diagrams (4)

Integration Framework
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System _ Linkbroviser
[-] Configuration
Taol Adapter Mode  Tron  Modsl

Source Domain jmi_adapter_classdiagrams_offline.jar offine  8E]

Unknown e [ds_empty |
urknosn 88 [cadds_emptyomi
Canfiguration File | CDoffineDsofflie.conf v ('] [&]

[-] Action

TargetDomain  jwi_adapter_dbschemata_offline.jar

Link Domain integration_classdiagrams_dbschemata.jar

Algorithm |Forward Translation (Batch, Simple) v | Strategy |L

[Joutput 0 i i [1d

LinkBrowser | Log|

(=¥ root Close Up ¥iew | Crcletiew: &
» SOURCE
* = TARGET | relates with to & L,

show inferred relations
I
I

Ay
=¥ Address i Clazzlmpl

" strect ; Attributelmpl
(=¥ Customer : ClazzImpl

& . 5 . .
B 1 source domain model Fulfills its constraints

= name : Attributelmpl
" u surname : Attributelmpl
v Order : Clazzimpl

o

Ik

"= id: Attribtelmpl
String : FrimitiveDataTypelmpl
address : Associationlmpl

customer : AssociationImpl ‘

ritiaize source ready

© Prof. U. ABmann
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TiE-CD-DB - Constraints in Class Diagrams (5)
Forward Translation to DB representation
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© Prof. U. ABmann

Integration Framework:
System _ Linkbroviser
[-] Configuration
Taol Adapter Mode  Tron  Modsl

Integration Framewo:
System  Linkbrowser

[] Configuration

Tool Adapter Mode lcon  Model

it save  edt

erge

o Source Domain jmi_adapter_classdiagrams_offline. jar offline &
Source Domain ni_sdapter_classdagrams_offine.jar offine  HE Jml_peepter lassdagens oiine. ¥ a
Target Domain  jmi_adapter_dbschemata_offine.jar oflne &) @
TargetDomain jmi_adapter_dbschemata_offline.jar unknown #% [ds_empty.xmi
Link Damain integration_classdiagrams_dbschemata jar offline =
LnkDomain  inteqration_chassdiagrams_dbschemata jar unknown 88 [cdds_emptyami
Canfiguration File | CDoffineDsofflie.conf v ('] [&]
[Jaction
= Aot [Forward Transistion (Batch, simpe) V] Strateqy [Unsorted 5mple ] Logtevel [warn o
Algorithm |Forward Translation (Biatch, Simple) v | Strategy |L @
ouput LinkBrowser | Log
——— Close Up View | Circletiew 3
LinkBrowser | Log| » SOURCE . a ~
Close L v | Crovi E > Tascer e B Al
| relates with o ‘959
<
‘S’WW inferred relations ] show inferred relations [u]
[ for aNode | how relations for a fode Yy T3 =
Ay 3 R
v Address ; Clazmpl = v Addvess ; Clazzinpl »oe
- strect : AttrbuteInpl = strest ; Atrbutelmpl > .
(=¥ Customer : ClazzImpl =¥ Customer : Clazzmpl » .
= name : Attrbutelmpl - EemeRATalrel »
+ sumame : Atibuteinel ;. Sanne et >
& v Order : Clazimpl L ’
P “ow id s Attrbutelmpl » .
“n i Attributelmpl = Sting : PrnitveDataTypelmpl
- String : PrimiiveDataTypelmpl . - Bl SaseraonTd
LI ~* address : AssociationImpl = customer ; AssociationImpl
© * customer : Assoditionlimpl - » int 1 rinitiveDataTypelmpl
] L]
ialize source ready. fperform operation ready.
ac GC




Other Software Engineering Applications of Model
Synchronization

31
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C"} © Prof. U. ABmann

> Mapping a PIM to a PSM in Model-Driven Architecture
» Graph Structurings (see course ST-II)

> Refactorings (see Course DPF)

> Semantic refinements

» Round-Trip Engineering (RTE)



54.4 The Tornado Method: Specification of TGG
Rules using Textual Concrete Syntax

e Slides about Tornado courtesy to Mirko Seifert and Christian Werner
e Presented at Fujaba Days 2009, Eindhoven, The Netherlands, 16.11.2009

e Christian Werner. Konzeption und Implementierung eines Debuggers flr textuelle Triple Graph
Grammar Regeln. Belegarbeit, Lehrstuhl Softwaretechnologie, 2010, TU Dresden
e available on request
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Motivation for Textual Syntax of TGG
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@ © Prof. U. ABmann

> TGGs are fine for model synchronization, but writing TGG rules is not always easy
Why?

» Rule specification typically on the level of abstract syntax
= Complex abstract syntax (AS) graphs vs. simple concrete syntax (CS)
fragments
= Rule designers not always familiar with AS
> Rule specification is based on graphical syntax
= But: There s lots of textual (modelling) languages
= Gap: Graphical rules vs. textual models
= Large graphical rules are hard to read

Can we do better?



Idea for Rule Specification in EMFText
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> employ EMFText; use concrete textual syntax of involved languages
> derive rules from pairs of models
> doitinageneric way (automatic application to any language)

[J] MyForm.java %

s MyFarmforms 50

public class MyForm {

1FORM "i simple example form” <

Z BROUP "General guestions"”

3 ITEM "Nswe" : FREETEXT e public final static 5tring nams =

4 ITEM "Age" : HUMBER "A simple example form";

S ITEM "Gender" : CHOICE ([ "male",

3 public void group GeneralQuestions() {

7l

}
public 5tring question Name() {
return null;

Instead of arrows use textual annotations:

|®| trackZarc.pr % |®| trackZarc.pn @2

@Pr2PH project @Pr2PH net { =

ACp2PH++ track { ||l —> @IP2P1++ place p {1}
ETP2P1++ dn: | ——> @0P2Tr++ transition tr
AOP2Tr++ : — ACp2PH++ are p - tr

i i

@ © Prof. U. ABmann
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Tornado Generation Process of TGG Rules
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MM of L1 ] MM of L2 ]
M2 @ Annotation MM ] @
MM of L1 with MM of L2 with
Annotation Concepts Annotation Concepts

. L) LY
«instance-of>» i«instance-of»

Annotated

1
Annotated
Rule
Ml Model JE>[ Derivator <:| Model

TGG Rules J

(Q’ © Prof. U. ABmann



Generation Steps of Tornado Method
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1. Make meta models extensible
2. Extend meta models @ Annotation MM @
(with annotation concepts)
MM of L1 with MM of L2 with
Annotation Concepts | Annotation Concepts |

3. Extend concrete syntax instance-of ? ? instance-of
Annotated Annotated
JE>[ ]c, J

4. Derive rules from @

36



Step 1 - Getting (more) Extensible Metamodels
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@ © Prof. U. ABmann

Extensibility provided by Ecore (EMOF):

> Add new metaclasses (i.e., new complex types)

> Reference existing metaclasses (Reuse)

> Subclass existing metaclasses

What is missing in EMOF:
> Distinction between subtyping and inheritance

» Extensibility for primitive types

> Example:

= Can’t add things that do not have a property year
= Can’t add subtypes for EString

H Person

=}
1

name : EString

ownedThings

H Stamp

0.*

T year : Elnt

37



Step 1a - Getting Extensible Metamodels
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Separate subtyping and inheritance (algorithm from [HJSWB]):

For each feature’s type that has at least one superclass or defines at least one feature:
> Introduce a new abstract metaclass Feature<ClassName><FeatureName>

> Change the type of the feature to the new metaclass

> Make the former type of the feature a subclass of the new metaclass

Example:

H person ownedThings H FeaturePersonOwnedThings
T name : EString o0 %
H Stamp
T year: Elnt




Step 1b - Getting Extensible Metamodels
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Worap primitive types (also from [HJSWB]):

For each attribute that has a primitive type:

>

>

Create a new subclass of the primitive type wrapper class

Replace attribute with reference to new subclass

Example:

H EstringElementi]
(from primitive_types)

T value : EString

H Person | name |H FeaturePersonName B EStringElemen#)

(from primitive_types)

B Person

name H wrappedPersanName

@ ©Prof.

Wrapped attribute

T wvalue : EString

H WrappedPersonName

Wrapped attribute after step 1a)




Step 2 - Extending Metamodels with Annotation Concepts

40
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Goal:

>

Every model element can be annotated

HowTo:
For each meta class X create new metaclass AnnotableX with

>

H_IAnnotation

= type : RuleElementType
5 identifier : EString

<<enumeration>> 7|
2 RuleElementType
(from tggRules)

Reference to class Annotation
(to store the annotation)

Reference to the original class X
(to store the data of X)

- CREATE
- REQUIRED
- FORBIDDEN

Make AnnotableX a subclass of each feature class that X inherits from

(to make AnnotableX usable wherever X can be used)

40



Step 3 - Extending the Concrete Syntax Specification
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> Steps 1 and 2 added annotations concepts on the level of abstract syntax, but concrete
one is need to write them down

» Textual syntax tools (e.g., EMFText, xText and TCS) use one rule per metaclass
= Retain the existing syntax rules
= Add syntax rules for new annotation classes in meta model

Form ::= "FORM" name['"',6'"'] groups*;
AnnotableForm ::= (identifier[IDENT])+ (type[TYPE])? form;
@1 ! FORM "A simple example form"
8| MyForm.forms 52 =0
1FORM "B =siwple example form™ -
A . A . Z GROUP "General questions"
IDENT is some identifer starting 3 ITEM "Name"™ : FREETEXT
with an e 4 ITEM "ige” : HUMBER
TYPE 1is !, ++ or -- 5 ITEM "Gender” : CHOICE | "male”, "female” |
6



Step 3 - Extended Concrete Syntax
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Rail tracks to Petrinet example

@ © Prof. U. ABmann

|8 trackZarc.pr &2

| trackZarc.pn B2

EPr2PH project

ACp2PH++ track |
EIP2P1++ 9m:
EOP2Tr++ out:

APr2PH net
| —> @IP2P1++
| —> @O0P2Tr++
T ccpoPH++
H

i -
place p {}
transition tr
arc p —-» tr

(bold black and green elements are new — TGG rule annotations)

42



Step 4 - Deriving Rules from Model Pairs
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@ © Prof. U. ABmann

> For each annotated model element, create a rule node
> For each set of model elements that are annotated with the same identifier,

= create acorrespondence node and create links connecting the new correspondence
node with the respective rule nodes

» Mark all rule nodes as “create” where the corresponding model element is annotated as create
element

> For each pair of model elements that is connected by exactly one reference
= create alink between the respective rule nodes

> For each pair of model elements that is connected by multiple references
= use the references specified in the annotation
= and create links between the respective rule nodes

& trackZarcpr B2 & trackdarc.pn &2 =08
EPr2PH project | - EPr2PH net { -
ECp2PH++ track | EIPZ2P1++ place p {}
AIP2P1++ in: ADP2Tr++ transition tr
ADP2Tr++ out: GCp2PH++ arc p -> tr
¥ ¥
i - =
L) 2 4 F

43



Step 4 - Deriving Rules from Model Pairs
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Rail tracks to Petrinet example

domain: toy train i correspondence

domain: petri net

:Project f :Pr2pPN f :PetriNet
1 1 .
.

o + :In :IP2PI :Place ++
§++ + i
++ : Pt
‘Track | :Cp2PN | :Arc
A P
++ §++ 1 ++
:Out [«—+—— :0P2Tr T :Transition

@ © Prof. U. ABmann




Restrictions of Tornado
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Constraints
» Can be derived (e.g., equality if attribute values match), but:
=  What about boolean attributes?
=  What about more complex constraints (a.name == b.id)?

Negative Application Conditions
> May need additional annotations

Concrete Syntax (CS) restricts rules that can be specified
> If ASis less restrictive than CS (e.g., metaclasses with empty CS)

45



Conclusion of (Experimental) Tornado Method
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Textual (modelling) languages can be automatically extended with:
= annotation support (This whole stuff is for free!)
= other features (More stuff is for free as well! See e.g. [1])
» Rule specification using concrete syntax seems intuitive
» Combines benefits of specification by example (CS) and classic rule specification
(precision)
> Debugging based on CS is enabled
> More annotations may be needed, but can easily be added
» Metamodelling languages should support extensibility to its full extent

Looking for a student to combine
Tornado with GrGen!




The End: What Have We Learned
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> Graphrewrite systems are tools to transform graph-based models and graph-based
program representations

> MOFLON supports OCL queries and constraints
» TGG enable to bidirectionally map models and synchronize them
>  Why can a TGG also be called a metamodel mapping grammar?

> Correspondances in models can be expressed by annotations



