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

4 Model-Driven Software Development in Technical Spaces (MOST)
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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 N A
N X
/;ocument type set 2
(D2)

Document type set 1
(D1)

Other Technical Space:

Tool Suite 3

Tool Suite 4

d

AN e —

Document type set 3
(D3)

Document type set 4

@ © Prof. U. ABmann



U

&

1IN
NIVER
)

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)

» ATriple 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
= Rightside: (target) graph pattern 2 in (target) graph 2
= Middle: relational expression (net) relating graph pattern 1 and 2 (trace model)

Correspondance )
Letic (Trace link) i -

*EOUMEE D 0 ClazzToTable stargets
Clazz o o == Table
h ClazzToTable(n: String ) h
0 AtkribukeToCalumn
wsOuUrces atargets
Attribute 0.1 0.1 ol
AttributeToColumnin: String ) sumn

~tn



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)
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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)

trg_asspogs e ToTarget
Association
w
«primitives
name : String -
. String
ste: Clazz

Left Metamodel - ry:Cezz
Classifier
name : String (= ste_assacs 1.7 wprimitive
AssocToSource Bool

L 1

x g | 1

Clazz

children

attrs : Attribute [1..%]
is_persistert : Bool
parert : Clazz [0..1] =

¥ parent

ClassToClass

c clazz 1
s Attribute At ClassToARS
& :
< is_primary : Bool 9.7
:’: namme : String
) type: Classifier [1.*] =
a
©
u!



Right Metamodel:

Relational Metamodel (DB, relational schema)

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

Right Metamodel

table

TahleContainsFkey
il

feys Teays *

R Encd

FKey

cols : Column [*]
reference : Table -

C‘j © Prof. U. ABmann

table

TahleContainsColumn

9

Table

coks : Column [*]
fheys | Fiey [*]
name :
17 |pkey : Column [¥] =

String

fleys FieyReferendesColumn

table

1

phey Teols
g

TahleRefergncesColumn

aprimitives

String

Column

nate © String
by String




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 Metamodel

] wimpots ] imports ]

——— - ———————— = — %‘ atargets
integration
dh_metamodel

KSOUTGED

cd_metamodel

@ © Prof. U. ABmann



Example of Consistency-Checking Rule

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

» Fromthe top-rule ClazzToTab le, other TGG rules are associated (,called“/”invoked”)
> Inthis case, the TGG only checks (black color - TEST)
» Q:What happens, if both sides are in different Technical Spaces?

S

ESOUTGED 0 ClazzToTable » ctargets
Clazz o T‘E’ Table
h ClazzToTable(n: String ) v
| 4
0 AtkributeTaColumn
wEQUICE «1arget»
Attribute 0.4 0.4 col
AttributeToColurmnin:String ) omn

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 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: :performForwardattributey aluePropagation () Boolean

®

T ;
true
False
[ quocess | [|faiure 1
claqT |z z Clazz ToTakled ssociation this ® TableClazzToTable Associsfiahle :
obijl :(Clazz obj2:Table

name ;= abjl.getMame) =

(_& © Proaf 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
obj4: Clazz obj6 : ClazzToTable — ohis: Table
slaz= table
ClazsToAt
ass oAl TahleContainsCalumn
attrs
cals
zCreates
’ zCreates zCreates
. objl : Attribute ; ] .
: obj3 : Atkribute TaCalumn = obiz : Column
. nare :=n
‘ name :=n
s
\



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

j4: - obj6:ClazzToTable o
obj4:Clazz | ;az A ClazzClazzToTableAssocistion » TahleClazzToTableAssociation table obi5:Table

iy

clazz
table
¥ ClagsTolttrs * TableCoftai
ableCoMtair
att= L attribute attriputesttribute ToColumnAssocistion J—[:D|umnAﬂribm3TDCU|umn,4§éamatijn cols
bil :Atkrib this
obij1 :Attribute — obj2 :Column
objl1 :Attribute 0bj< :Lolumn

name ;= objl.gethame) -

[ guccess ] [ faftare 1

AttributeToColurn:: performFarwardAttributeyaluePropagation (): Boolean

false
true

o



Q12: The ReDoDeCT Problem and its Macromodel

20

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

> AReDoDeCT macromodel has maintained mappings between all 5 models

Requirements Code Test
Package Bill {Hkage TestBill {
Uses Order; ses TestOrder;
Class Counting { Proc testCounting
Procedure count IS IS

End;
}

e Test

Uses Bill;
Uses Bir, TestOrd ring{
* Class Orderin rocedure
X Procedure count IS testCount IS
End;

}
}

-\- Documentation




Ex. 2: TGG Coupling of Requirements Specification and
Design

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

[ 3 Fuijaba Tool Suite - MOFLON [DoorsMatlabIntegration] = =10 x|

File MOF2.0Diagram Tools Options Window Help

|o|@| =& a] =z =]
praecs oo, T =T
=1 @ DoorsMatlablntegration —_—
B3 matlab -
=-E3 poors —
~t> PrimitiveTypes = nesting
B requirement _rh requirement
-8 module 5
?_ oo —_ Requirement
< = heading : String
B3 PrimitiveTypes i module - Module module @0
&-F3 integration —_— nested : Reauiremert Module
11 nesting i -
=2 text : String = name: String
£ Integration i =13 x|
-
h
i
S | @ | &peosmatiabr. | &pous |[ & mtegaton
| cun=nt Project = null] 10 MByte of 18 MEyte allocated

@ © Prof. U. ABmann



TGG Coupling Requirements Specification and Design

22

Model-Driven Software Development in Technical Spaces (MOST)

@ © Prof. U. ABmann

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

«Creates

name i=n [

createModuleAndModel (n:

String)

«creates

mi1Module |_<“%31€* " ye1:ModuleRealizedByModel

«creates

«creates

m2:Model

name:=n

addTopRequirementAndToy

pSubsystem {n: String)

m3:Module |
«creates
«ireates

re2:ModuleRealizedByModel

«Creates

m4:Model
«creates
«Creates

r1:Requirement ﬂ/

re3:RequirementRealizedBySubsystem

«creates
\

s1:Subsystem

heading :=n

name:=n

dSubsystem (n: String)

r2:Requirement !
]

r4:RequirementRealizedBySubsystem

|52 :Subsystem

«creates
«Creates screates
r3:Requirement k
heading:=n

«creates

r5:RequirementRealizedBySubsystem

acreates,

«creates

«Creates

53:5ubsystem

name :=n

initial, creational

lower-layer
creational

lower-layer
creational
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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 De: 1t in Technical Spaces (MOST)

Class Diagrams Metamodel

W ee—r—

| MOFLON generates\

A A <Generated
Repository
(TGG)

LLLLL

integration rule code

X

Run-Time Verification
of Constraints

© 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)

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

Fle Edt Dograms MOF20Dlgram Inpor/Export Took Optiors Window Hep

Do 2K Ed X668 BB
Projets

& @ Coosinegrson

& &) Copsinteqration generated

200 S P L&

Association

e cozz | vmemer pssocToTarget
- Gozz

Joame : sring =" 1.7

AssocTosource

clarz
ehidn

Edit

File

)

Diagrams MOF 2.0 Diagram

ImportfExport:

Tools  Options

Window  Help

Clzz 0,

s per

o

ClassToatrs

Attibute
(1

i - Clssiter [1..7)
is_prinary - Bool
e - Sting oS

/7

[ cd_metamodel

1! Edit MOF Constraint

General Tags|

= Projects
i CDD3Inkegration

ek % E Lo a BBEIP

ClassDiagrams [ClassDiagrams]

Rename
Project Dependencies

B Project Preferences

=

cd_metamadel
m

Fz

& save Project

Save Project As

Close Project

Strg+5

Hame Language Body
\ﬂtt'NﬂmesMustD'fFEr\ |OCL %| |inv:attrs-»forill({al,aZ:ittribute|al<ras B creat MOF packa
Visibilicy (&) innvariant implies al.nawe <> &2 .name] feate new package
3 undefined O define Refresh Inspections
@ public
., Generate MOMaC-Code
() private

0 e | By

Srrinn

[Generate MOFLON-Code {Schema + Transformations) |

D



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

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

PR

B TiE - Integration Framework

System Linkbrowser

[-] Configuration

Tool Adapter Mode Icon [Mude\

e save  edt
SourcsDoman  jmi_adaptsr_dlassdiagrams _offine jar = ]nfflw'\e £ | [cd modelami = I E ]
Target Domain _ imi_adopker_dbschemata offine.jar S | offine BN |ds_empky.mi = ER ] i

e

Link Domain integration_classdisgrams_dbschemata jar

CDofflneDsofflne. conf

=
Constraint Validation

Corfiguration Fie

source domain model doss not FuFil its constraints:
Q constraint named "sttrhamesMustDiffer” is violated in instance: Customer: inviattrs-forAl(al,a2:Attribute| a1 < >a2 impliss al.name <3 a2.nams)
constraint named attrMustHaveMams' is violated in instance: : inv:name, sizs()>0
association 'cd_metamodel. ClassToattrs', memberEnd ‘attrs's size of links is out: of bounds in context 'Order:cd_metamodel. Clazz's should be [1,unbounded] but is 0: inw: attrs-»size)>=1 and attrs-»size()<=unbounded

SOURCE

* =g rekates wih

o
0ok Node Relatio... 4=root

<how inferred relations

= w Customer : ClazzImpl

» name: Attrbutelmpl
- name : Attributelmpl

i+ Order : Clazzlmpl

L+ Stiing : PrimtiveDaEaTypelmpl

ritialize integration ready.

© Prof. U. ABmann
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TiE-CD-DB - Constraints in Class Diagrams (3)
Model Browser

28

Model-Driven Software Development in Technical Spaces (MOST)

- Integration Framework

System Linkbrowser

[-] Configuration
Tool Adapter

SeurcsDomain  jmi_adapker_classdiagrams _offine jar

Target Domain  jmi_adapter_dbschemata_offine.jar

Pode lcon  Modsl

it save  edt  merge
offine £E]

Link Domain integration_classdisgrams_dbschemata jar

Configurtion Fie | CDoflineDSoffline.conf v

H new

Madel | Associations |

cirosiom | [ ]

| attributes | operations || Diagram|

Flacion delete |55 cd_metamadel name value edit
Algorithm Forward Translation (Batch, Smpls) v | Strakegy v - # customer:AssociationImpl ame kurname II
- # address:AssociationImpl s_primary False __edt |
25 OrderiClzelng ipe i S )
[Joutpue # id:attributeImpl
Unkrowser | Log =05 Customer: ClazzImpl
o e EaD Gf;ﬁ:‘:!g\ surname:AttributeImpl ll String Editor Dialog
+ TARGET e 5 # name:Attributelmpl
o0t Node Relatio... =root EJ"@ fddress: ClazzImpl Change value...
show inferred relations [&] # street:AttributeImpl
Show relatons for aflode - @ ink:PrimitiveDataTvpeImpl
& v Address t Clazzimpl - 4 String:PrimitiveDataTypeImpl l QK ] [ Abbrechen ]
HEE + AttributeImpl
= w Customer : ClazzImpl
H name : AttributeImpl |
= name : Attributelmpl
- = Order : ClazzImpl —
c i+ Stiing: PrimitveDataTypelmpl name byvpe upper lower
© . = address : AssociationImpl
& -+ customer : Assactiringl name Btring 1 !
; (' + ST s s_ptimaty  Boolean 1 1
§ jnitialize integration ready. type CIaSSIFIer -1 1
a
©

&



TiE-CD-DB - Constraints in Class Diagrams (4)

Integration Framework

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

System _ Linkbrowser

-] Configuration
Mode Tcon Model

g
ds_smpty. xmi

Tool Adapter

Source Domain offine

ji_adapter_dassdiagrams _offline.jar

Target Doman  jmi_adapter_dhschemata_offine.jar urknown -85

save  edt  merge

cdds_empty i

urknown a5

Link Domain integration_classdiagrams_dbschemata.jar
Corfiguration File | CDoffineDsoffine corf v RN

[] Action

Algarithm | Forward Translation (Batch, Simple) V| Strategy [Unsorted Simple V| Loglevel [warn v

[-] Output L]
LinkBrowser \E;
= ¥ root Close Lip View | Circleview <
» SOURCE
- A relates with t ‘?:f" .
show inferred relations ol i l
Show relations for a Nods
As-v
- ¥ Address : ClazzImpl

+ Attributelmpl
lazzimpl

= name : Attributelmpl

= sumame ; Atrbutelmpl
=¥ Order : ClazzImpl
- id s Attributelmpl
String : PrimitiveDataTypelmpl
‘address : Associationlmpl

source domain model Fulfills its conskrainks

84

customer : AssociationImpl

niisize source ready.

&C

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

Forward Translation to DB representation

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

© Prof. U. ABmann

System _ Linkbrowser

System  Linkbrowser

-] Configuration

[-] Configuration

Tool Adspter Mode  Ton  Model ;““""“:D"” ot " M:Hda ";
- ource Do jri_adapter_clasdiagrams_offine.jor ofine
Saurce Domain  jmi_adspter_classdiagrams_offine.jar offine -5 Jri-pespter chssdagrans erine |
TargetDomain jmi_adapter_dbschemata_offline. jar offline 5%
Targer Domain  jni_adspter_dbschemata_offine.jar urknown s5 [ds_empty.m
Link Domain inkegration_classdiagrams_dbschemata.jar offline Sl
Link Domain  integration_classdliagrams_dhschemata. jor urknown cdds_empey i

Configuration Fle | CDofflneDsoffine conf v @ @

€ (] (&

[ ction
- Algorithm |Forward Translation (gatch, Simple) v | strategy [Unsorted simple v | Loglevel [warn v
Algorithm | Forward Translation (Batch, Simple) V| Strategy [Unsorted Simple
Canfig: lest conf Y (=] (]
[ Outat LinBrowser | Log |
Er—— =¥ root Close Up Yiew | Circleiew & 5
neromser | Log| » SOLRCE ——————— ./f)a pr e .
= ¥ root Close Up Yiew | Cirlevien| ] > TEEER velstes with T 4
» SOURCE /
- A relates with t ‘?:f"
show inferred relations O b show inferred relations
[Show relations for a Node | Show relations for aode FIYIIYTIY
Ay
v Address : Clazzimpl v Adehess : Clazzlmpl o
= street : Attributelmpl * - strest : AttributeTmpl »
=/ ¥ Customer : ClazzImpl »
~ = hame ; Attributelmpl ’ .
— ~» sumame : Atrbutelmpl » .
=1 ‘= ¥ Order : ClazzImpl » .
- id: Attributelmpl » .
o BHi itiveDataT ypelmpl
: = address : Associationtmpl
= address : Assodiationmpl = customer ; Assaciationimpl
+ = customer : AssociationImpl - T
L] <
niisize source ready. foerform cperation ready. .
= S ]




Other Software Engineering Applications of Model
Synchronization

31

Model-Driven Software Development in Technical Spaces (MOST)

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 fir textuelle Triple Graph
Grammar Regeln. Belegarbeit, Lehrstuhl Softwaretechnologie, 2010, TU Dresden
e available onrequest

32



Motivation for Textual Syntax of TGG

33

Model-Driven Software Development in Technical Spaces (MOST)

@ © 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

Canwe do better?



Idea for Rule Specification in EMFText

34

Model-Driven Software Development in Technical Spaces (MOST)

@ © Prof. U. ABmann

» employ EMFText; use concrete textual syntax of involved languages

» derive rules from pairs of models

» doitinageneric way (automatic application to any language)

ﬂ@ MyForm.forms 53 -

IFORM "A simple example form"

ITEM "Gender" : CHOICE ( "wale", 1" )

Z  BROUP "General questions™

3 ITEM "Name=" : FREETEXT

4 ITEM "Age" : HUMBER

5 "
&

4

Instead of arrows use textual annotations:

public elass MyForm {

public final static String nams =
"L simple example form";

public void group GeneralQuestions() {
}

public String question Name() {
return null;

'[@ trackzarc.pr B

A ‘-@ trackZarc.pn EX--- ~ =8

EPr2PH project

}

EPr2PH net { =
| —> @IP2P1++ place p {}
| —> @0P2Tr++ transition tr

ECp2PH++ track {
EIPZ2P1++ §m:
@OP2Tr++ Gut: I

ACp2PH++ arc p - tr




Tornado Generation Process of TGG Rules

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

MM of L1 ] MM of L2 ]
M 2 @ Annotation MM ] @
\ \
MM of L1 with MM of L2 with
Annotation Concepts Annotation Concepts

LI
«instance-of>»
1
1
1

. )
«instance-of>»
1

1

1

1

1
M1 Arotated Aroated
Derivator

4

TGG Rules J

(m’ © Prof. U. ABmann



Generation Steps of Tornado Method

36

Model-Driven Software Development in Technical Spaces (MOST)

@ © Prof. U. ABmann

1. Make meta models extensible
2. Extend meta models @ m @

(with annotation concepts)

MM of L1 with ] MM of L2 with ]
Annotation Concepts Annotation Concepts
3. Extend concrete syntax instance-of A instance-of
Annotated Annotated
E Jop(( e )
4. Derive rules from @

36



Step 1 - Getting (more) Extensible Metamodels

37

Model-Driven Software Development in Technical Spaces (MOST)

@ © 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

[}
i

name : EString

ownedThings

H stamp

O"'.i’

T year: EInt

37



Step 1a - Getting Extensible Metamodels

38

Model-Driven Software Development in Technical Spaces (MOST)

@ © Prof. U. ABmann

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

[}

T name : EString

H FeaturePersonOwnedThings

ownedThings

0.*

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

@ ©Prof.

Example:
e H Person name |H FeaturePersonName B EstringElementg]
«fmumis :‘:::%El:':?:_, 1 (from primitive_types)
i : = Ypes) 7 value : EString
T value : EString
E WrappedPersonName
H Person name E WrappedPersonName
1
Wrapped attribute Wrapped attribute after step 1a)




Step 2 - Extending Metamodels with Annotation Concepts
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@ © Prof. U. ABmann

Goal:

>

Every model element can be annotated

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

>

| IAnnotation

o type : RuleElementType
52 identifier : EString

<<enumeration>> ]E_'
% 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)
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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" name[ e ] gI’OU.pS*;
(identifier[IDENT])+ (type[TYPE])? form;

[/ /
(Ch

Form :
AnnotableForm ::

" : "
! FORM "A simple example form
|8 MyForm forms 2 =o
1FORM "L =imple example form™ -
A . . . 2 GROUP "General guestions"
IDENT is some identifer starting 3 ITEM "Neme" : FREETEXT
vylth an @ 4 ITEM "ige™ : HUMBER
TYPE 1is !, ++ or -- 5 ITEM "Gender" : CHOICE | "male", "female" )
a p

@ © Prof. U. ABmann



Step 3 - Extended Concrete Syntax
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Rail tracks to Petrinet example

@ © Prof. U. ABmann

ACp2PH++ track {
AIP2P1++ 4m:
EOP2Tr++ out:

> @Cp2PH++ arc
i

|8 tracklarc.pr E@ ] |8 trackZarc.pn E@ = 8|
EPr2PH projeci EPr2PH net ¢ o
| —> @IP2P1++ place p {}
| —> @0P2Tr++ transition tr

p - tr

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

|8 track2arc.pr &2 & trackZarc.pn E2 =8
@APr2PH project - APr2PH net | -
ACp2PH++ track @IP2P1++ place p {}
ATP2P1++ in: A0P2Tr++ transition tr
@O0P2Tr++ out: @Cp2PH++ arc p -> tr
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Step 4 - Deriving Rules from Model Pairs
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Rail tracks to Petrinet example

domain: toy train

correspondence

domain: petri net

:Project f :Pr2pPN f :PetriNet
| | -
bt o

A ++ :In :IP2P :Place ++
i+ ++ A
++ : P
:Track ; :Cp2PN + :Arc
o P
+F ++ ++
:Out «=— :0P2Tr i :Transition

@ © Prof. U. ABmann
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Restrictions of Tornado
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@ © Prof. U. ABmann

Constraints
» Canbe 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)
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Conclusion of (Experimental) Tornado Method
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@ © Prof. U. ABmann

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

e

Looking for a student to combine
Tornado with GrGen!




The End: What Have We Learned
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@ © Prof. U. ABmann

» 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



