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Variability

Variability

... differences among
products in PL




Variation Point

.. a point where
a variation can occur

.. must be bound for
each product

.. bind when?

.. bind how?

Binding Time

flexibility performance code size complexity
ource time - + + -
compile time + + + -
link time + + + =
load time + 4 S + +
run time + 4+ - = +
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Variability Mechanisms

Removal

... optionally take away

from overall whole
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Variability Mechanisms

Removal

... optionally take away

from overall whole

Challenge:
overall whole can
get big and unwieldy
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Variabilit\! Mechanisms
Injection

... optionally add to
minimal core
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Variability Mechanisms
Injection

... optionally add to
minimal core

Challenge:
how to point into the core
and add something to it
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Variability Mechanisms

Parametrization

... define values for
predefined params
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Variability Mechanisms

Parametrization

... define values for
predefined params

Challenge:
types for parameters can
be non trivial (DSLs)
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Configuration vs. Customization

Variability

< Guidance, Complexity,
Efficiency Flexibility P

Routine

Creative
Configuration Construction
Configuration Feature-Model Graph-Like
Parameters Based Languages
Configuration

Property Files

Tabular
Configurations

[

Wizards

Configuration
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Configuration

... selecting options
... setting param values

I
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Configuration

Feature Models
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Configuration

Feature Models

Alrcraft

./(L mandatory
mandatory optional
Wing Engine
alternative or (n of m)
msfm) /0\1 nati
high shoulder fonw Jet Piston metal | | wood || cloth | plastic

- Robin DR-400

An aircraft with a low wing, piston
engine and made of metal, wood and
cloth

Configuration

Feature Models

Ajroraft
./J) mandatory
mandatory optional
Wiy Engine
WWWWWW alternative or (n of m)
mf m) /()\1 of m)
high shoulder fonay Jet Piston metal i | wood || cloth || plastic

Airbus A 320
An aircraft with low wing, jet engine(s)
and made of metal.
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Configuration

Feature Models

Adroradft
’/(I) mandatory
mandatory optional
e Engine Materials |
mj’f ) /O\al(tf';}a;:\)’e or (n of m)
high shoulder low Jet Piston metal | | wood || cloth || piastic
Schleicher ASW 27

An aircraft with shoulder wing, no
engine and made of plastic

Configuration

Feature Models

Size p—— Stack
Counter
Fixed Dynamic Optimization
value ElementType Speed Memory Additional
[open] Usage Features

int float String

10



Configuration

Feature Models

Connector

Technology
S

[incomplete]

Client/Server Message-based

<>
[ synchronous ] [ Asynchronous | Sender Receiver

[incomplete]
[ Timeout | | Polling | [ callback ] [ Pun ] Push
[incomplete] F\.
[ Blocking ] [ Non-blocking ] Queued Non-queued
[incomplete] [incomplete]

Customization

24.06.2009
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Customization

... ,real languages”
... instantiation
... connections

Customization

Languages

: Commit Transaction; Sele

: 1S g&y Selectsgm .
.2 0
KX

24.06.2009
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Customization

Languages

e e T
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Customization

Languages

data |

data FAtient persistent
mame: String
age @ int range 0..120
firstHame: String(20) regex ~[a-z]"~
birthbate: String
insuEnrceNnse: String
insuranceNumber: String
=» ade: Miress
> tel: Telephone®
-> stays: Scayt

1

data Adcess persistent (]

data Telephone |
COURLEyCOde: SLring
cityCode: String
localluwsber: String

1

data Bray |
beginbace: String
-+ stations: Staticn®
endbate: String

]

data SLation |
date: String
sraticeName: String

records {

record POO1 {
p: Patient
1 -> p.name
2 -> p.firstlame
3 -> p.birthdate

record K001 {
a: ldress
1 -> a.street
2 -» a.zip
3 > a.city
p.adr = a

record VOOl {
1 -> p.insurancelame
2 -» p.insuranceNumber
H
record TOO1 {[]
record 5001 {[]

24.06.2009
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Customization

Languages

Measuring

measure

A stop

MDD Intro

-
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programming, -'—*-_H‘
started
close to the M

abstractions |
computing

abstractions
computing

15



extractMessage(res )
urn niull;

siblic lntl] Entrlct t[] reg)
for { it A i++) bufli] = &;
int lec = E

shile (1 ¢ rea ltngth} S

abstractions
computing

abstractions
computing?

24.06.2009
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abstractions
computing?

17
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general purpose

domain specific

19
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tailor made
effective++

specialized, limited

used by experts

together with other
specialized tools

focussed, processable
language
concern
domain abstractions
notations
stakeholders

20
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A

.

- i‘?r .
- L00% execute?
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DSL Program

(aka Model)
: map

GPL Program

map

Generation

Interpretation

24.06.2009
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Language(rientedProgramming
DomainSpecificModeling

Grraebogrning ModelDrivenDevelopment

ModelDrivenSottwareDevelopment

Automation

faster, deterministic

24.06.2009
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Increased Quality

well defined structures allthrough the system

2o

Meaningful Validation

more semantics in the model

24
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Capture
Domain Knowledge

formalized into languages and models

Suitable Notations

textual, graphical, tabular

25
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Technology Independence

generate ,technology glue code”

Abstraction w/o
Runtime Overhead

generator ,,optimizes away“

26
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Capture
Implementation Strategy

in the generators

Everything is a model

including for example hardware (some) hardware

27
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MDD Tooling

-7
odeling

& PROJECT

ecllpi

28
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eclipy 3
madeling

/O

PR O

Ecore meta meta model
+
Editing
Transactions
Validation
Query
Distribution/Persistence

eclipy 3
EMF madeling

PR O

Metamodel As Tree g

= topLevellamespace : Namespacs

=+ featureModel : FeatureModelImport
imparts ; Impark

Mamespace

4.4 tompanents : Compaonent

&3 interfaces : Interface

can also be edited S

&% subNamespaces : Namespace
0 . & usings : Using
as UML-like dia gram 2 compostons . ampostin
4.4 datatypes : DataType
- H Using
Zompaonent
=+ tags : TagsClause
= featureclause | FeatureClause
= poinkeut : Painkcut
= name : EString
o3 ports : Part
Port
= narne : EString
MessagePort -> Port
= featureclause | FeatureClause
= interface | Interface
~H ProvidedPart - MessagePort:
H Requiredport - MessagePort
-H DataPort -> Port

29



EMF

Constraints

with OCL
and dialects

GMF

Graphical
Box/Line
editors based
on EMF

import exdsl:

extension net::ample::adsl::exdsl::Extensions;
extension org::openarchitectureware::ucil::stdlib::io;

context Component ERROR "Qualifisd Name "+eualifisdName()+" must he unicue’
allComponents () .select( c| c.qualifiedName () qualifiedName () |.size *

context DataType ERROR "Qualified Name "+gualifiedName()+" must be unicue"
allDataTypes () .zelect| c| c.qualifiedNeme() == gualifiedNeme() ).size =:

context Namespace if !isEmpty() ERROR "Qualified Nawe "+qualifiedName()+" :
allNamespaces () .select( c| c.qualifiedName () qualifiedName () |.size :

context emf::EOhject if metaType.getProperty("nams")!=null ERROR "neme not
weraType. getProperty ("nawe"] .get (this) != "Unneamed®

context Interface ERROR "interface nemes must start with a capital I™:
name. starcsTith("I")

context MessagePort ERROR "interface not defined. Missing a 'using'?: ™:
visibleInstancesOfType (this, Interface).contains|interface):

context Attribute ERROR "no type defined: "+type.name:
visibleInstancesOfType (this, DataType).contains (type):

context DataPort ERROR "data not defined: "+Cype.neme:
visibleInstancesOfType (this, ComplexType).contains(type);

Metamodel

Graphical Notation

Teol Definition

wediteditor

diagram

24.06.2009
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TMF / Xtext

° °
“Hamespace:
B u I I d I ng = "namespace” nawe=ID (featursclause=FeatursClause)? "{"

(usings+=Using) *
[ subNamespaces+=Namespace |

I ext u a I components+=Component. |
datatypes+=DataType |

interfaces+=Interface |

E -t compositions+=Composition j*
ditors e

“Using:
"uzing” namespaces[Namespace|quallD];

~ Component.:

{pointcut=Pointeut) ? "component” nmne=-ID (tags—TagsClause) ? (featurec
(ports+=Porc) *
"y,

~Port:
MNessagePort | DataPort:

“MessagePort:
ProvidedPort | RequiredPaort;

“ProvidedPore:

"provides” name=ID ":" interface=[Interface] (featureclause=FeatureCl:

“RequiredPort:

TMF / Xtext madeling

O

° ° Sl
Building st
uming com.oaiee Jama it ypea

Textua I using com, aicvizazd.types

namespace shared |
struct sea |
%5 FAAGREALRT

Editors .

Lypedef Sreing FlightTD

struct Flightstatus |
£ ¢ FlightStatus
24 FightiD = com.snwand shared
eta: B Fghustas - com, s dared
L
O Sirng - com sevazerd. bypes
interfac B fime - com arwaurd domantypes
ONEV [ sss - comsrwiand. shared Fatus(]]
crdees - com. pavas e Eypes
ink - com drwizerd bypes

" A
173 vt | |1 ecmroer
2 ertors, 0 woerings, 0 e (Fiter matched 2 of 62 em)
Descrption = fosowce | Path
D Coukdn® resohre reference 1o TIGAIDE  components,.. net.anple.adsl eads sargl... e : 14
O e tygom i) commrormita.. | fd_rple skl okl aagdl... e c 14
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M2M

Model-to-Model

Transformations
INRIA’s ATL
QVT
Xtend

M2T

Model-to-Text

Transformations
JET: Java Emitter
Templates
Xpand: oAW'’s
template engine

eclipy 3
madeling

m STl GpesAEERITeSTUrTAEE ]
entenaion . ecturevace:
extenaton cxg

uyest vop(Tile filen
taGeaphitilel s

qEaph toGraphirile file
aacType idar

eclipy '._
madeling

dataxpt £2

1«IMPORT imp
z

3 «EXTENSION dataimport::dsl::impUcils
4

S«DEFINE root FOR DataStructures
6«FILE f£ilensme()s

p

Simport java.util.List;

Simport java.util.irrayList;

10import dataimport.platform, Database;

class «classname (1» extends dataimport.platform.DataBase

«FOREACH attributes AS a»
private «a.types «a.names:
«ENDFOREACH:

«FOREACH references AS r»
«IF r.ismultis
private List<er.type.fgClassname ()»> «r.namesList = :
«ELSE»
private «r.type.Ifgflassnawe()s» «r.names;
«ENDIF»
«ENDFOREACH:>

«FOREACH attributes AS as
public void setca.name.toFirstUpper{l»| «a.types value_)l_l

24.06.2009
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M2T

PRO'1ECT

Model-to-Text Transformations
Extensions to modularize complex expressions

arrayindexxpt &5

«EXTENSTON templates::utils
< notaus

«DEFINE roo

«FILE 1

pac

& orgiopenarchitectureware sutilistdlibiio
< orgiopenarchitecturewareutilstdlibinaming

Extensions.ext &3 < templatestutil

limport imp;
2

pub. » extends =
< i

Jextension datsimport::dsl::GenExtensions reexport;
4
SCollection[Instance] instancesInScope | RecordHandler this |
& parentHandler (] '= null ? instances.union{ parentHandler () .instancesInScope() ] : instances;
-
SparentHandler | RecordHandler this ):

eContainer '= null ? ([ RecordHandler.isInstance (eContainer] ? | (RecordHandler)eContainer) @

. eclip*
openArchitectureWare  madeling

www.openarchitectureware.org
ECT

One Stop Toolkit for DSLs + X

Version 5.0 is current

Lively ecosystem of tools and extensions
Proven track record in various domains & project contexts

Stable, productive and helpful developer, support and user
communities

Integration with Eclipse:
Part of Eclipse, Working Group
Uses EMF as a basis
Graphical editors based on GMF
All editors and tooling based on Eclipse

24.06.2009
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openArchitectureWare

Textual
Graphical Syntax Spec
Editor Spec

Ecore

xText

Model Verification using
Constraints

L3
instanceof | | instanceof °

Integrating Generating Code
with Manually Written Code

Customn

. Code G ti
Textual Editor ode Generation

Metamodel Il Metamodel |

3 Model Madification/Completion

instanceol .~ builds
4 Model-to-Model Transformation

Model I Model | Xpand

i T [xend]@
Classic ? 9 | | o T
Xtend Xtend v

Generated Code
(any textual artefact)

Loading/Storing Models

Model Editing based on Custom-
built Textual Editors

Model Editing using UML Tools

UML Tool

0006 00C00O0CF€C

Serialized
Model (.xmi) |:
Recipe FIW °

Manually Written
Code

amespace :

= "namespace” namwe=ID (fzatureclause=FeatureClause)? "{"
(usings+=Using) *

& { subMawespaces+=Nawespace |

components+=Component |

datatypes+=DataType |

interfaces+=Interface |

comwpositions+=Composition ) *

TeUsing:
"using” namespace= [Nemespace|quallD] ;

~ Component :
= (pointcuc=Pointcut) ? "component” name=ID (tagys=TagsClause)] ? (featurec

(ports+=Port) *
nyn,

“Port:
MessagePort | DataFort:

“MessagePorc:
FrovidedFort | RegquiredPort;

~ProvidedPort:
nprovides” nawe=ID ":" interface=[Interface] (festureslause=FestureCl:

“RecuiredPort:
< |

34



Antlr Grammar and
Parser is generated
from this specification

Generated Metamodel

8 exdsl -
=-E File

= toplevelMamespace | Namespace
=+ featureModel : FeatureModellmport
& imparts : Import

Mamespace

&% companents @ Component

&3 interfaces : Interface

=+ featuredause : FeatureClause

= name : EString

&% subMamespaces : Mamespace

4.2 usings : Using

= compositions : Composition

&% datatypes : DataType

Using

Companent

= tags : TagsClauss

=+ featuredlause | FeatureClause

= pointeut | Poinkaut

o name : EString
MessagePort - Port
=+ featureclause | FeatureClause
=+ interface | Interface
B ProvidedPort - MessagePort
Q RequiredPort - » MessagePart
[+ H DataPort - Port -

24.06.2009
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Specify Constraints

import exdsl: -

extension net::ample::adsl::exdsl::Extensions;
extension crg::openarchitectureware::util:istdlib::ios

context Component ERROR "Qualified Name "+cualifiecdName ()+" must be unigue'
allComponents () .select | o| c.qualifiedMame() == gqualifiediame() }.size

context DataType ERROR "Qualified Name "+gualifiecName()+" must be unicue”
allbataTypes () .select | c| c.qualifiediame ()

cualifiedName () ) .size =

context Nemespace if 'isEmpty() ERROR "Qualified Mame "+gualifiedName ()+" 1
allNamespaces () .selecc| | c.cqualifiecdNamei)

qualifiedName () ) .s5ize

context emf::EQbject if mecaType.getPropercy (Mname™) '=null ERROR "namne not
metaType.getProperty ("name™) .get (this) != "Unnamed’; l

context Interface ERROR "interface names must start with a capital I®:
neme . startslith (MIM)

context INessagePort ERROR "interface not defined. HNMissing a 'using'?: ":
wvizikhlelInstancesC0LfType (this, Interface).contains(interface):;

context Aitcribute ERROR "no type defined: "+oype.names:
visibleInstancesOfType [this, DataType) .contains (Lype):

context DataPort ERROR "data not defined: "+type.names:
visikleInstancesOfType (this, ComplexType).contains (type); _'J

Generated Editor

Elicompaneats exdslec? -0
namespace com { ’T”‘gv
namespace airwizard { © <unnamed>
& <unnamed>
using com. airvizard.domaintypes - © <unnameds
using com.sirwizard.types E-88 com
£ sirwizard
namespace shared { odb| cunnameds
struct asa { & <unnamed>
o %5 FAAght AIDT £ diagnostic
v : Flights 3 mobile
)  server
O serverstuff
typedef String FlightID 8 shared
-8B aza
struct FlightStatus ( @ Flighto
£ : FlightStatus 188 Fiights
id: @ FlightlD -- com.airwizard,shared @ flights: Flightt
eta: BEFightStatus - com. airmizard.shared =1-88 Fightstatus
i BB Flights - com. irizard.shared @ etar Time
O String -- com. airwizard.bypes o Rl
interfac B8 Time -- com.airwizard domaintypes & idk FlightTo
onew 58 aaa -- com,airnwizard shared tatus(]] © Fighmataconsu
3 O boolzan - com.airwizard, bypes 3 TFlightReporter
O ink - com,airizard bypes
_l_I | |
(21 Problems 58 @ Javadac| [£} mecrracer ¥|lw~=0
2 errors, 0 warnings, 0 infos (Filter matched 2 of &2 tems)
Destription_~ | Resowrce [ Path [ Location |
4 Couldnt resolve reference bo FightAIDI  components... net.ample.adsl,exdsl.sampl.., | line : 14
@ no type defined: null comporents... net.ample.adsl.exdsl.sampl... line : 14

24.06.2009
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Generated Editor

Code Completion

FlightStatus

[0 FlightID -- com. airwizard, shared
BB Flightstatus - com. airwizard. shared
BB Flights - com. irizard.shared
O String -- com.airwizard.bypes
€ B8 Tirne - com.airwizard domaintypes
1% B8 aaa-- com airwizard shared o
© boolean - com.airwizard, bypes
O int - com.airvizard.bypes

itched 2 of 62 items)

Generated Editor

namespace com {
namespace airwizard {

using com. airvizard.domaintypes
using com.sirwizard.types

namespace shared {
struct asa {

% 3 FlightAIDT
¥ : Flights

typedef String FlightID

struct FlightStatus {

Syntax Coloring
Custom Keyword Coloring

24.06.2009
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Generated Editor

x_: FlightiIDT |

Realtime Constraint
Validation

2 errors, 0 warnings, 0 infos (Filter matched 2 of &2 tems)

Destription_~ | Resowrce [ Path [ Location |
@ Couldnt resolve reference to Fight 10T components... net.ample.adsl exdsl sampl... | fine : 14
@ no type defined: null comporents... net.ample.adsl.exdsl.sampl... line : 14

Generated Editor

@ <unnamed:
© =unnamed>

Customizable | ::=
Outlines

<unnamed >
4 <unnamed>
7 disgnostic
3 mobile
1 server
‘O serverstuff
8 shared
-B8 asa
@ Fighto
=1-BB Fiights
@ flights: Flight
=1-BB FiightStatus
o eta: Tine
< il
“ @ id: FlightIn
© IFlightDataConsu
€3 TFlightReporter

4 o

24.06.2009
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Generated Editor
'|Code Folding

Generated Editor

Goto Definition
Find References
Cross-File References
Model as EMF

24.06.2009
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Generated Editor

[2] componerts.exdsl &2

] Task [ B2 outin 52 = O

namespace com {
namespace airwizard {

using com. airvizard.domaintypes
using com.sirwizard.types

namespace shared {
struct asa {

x] x_: FlightiIDT
: Flights

typedef String FlightID

struct FlightStatus {
f : Flight3tatus
id: @ FlightlD -- com.airwizard,shared
eta: BEFlightStatus -- com. airmizard.shared
3 BB Flights - com. irizard.shared
O Skring - com. airwizard.bypes
interfac 55 fime - com.airwizard, domaintypes
onew 88 5aa-- com airwizard.shared
} o baclean - com.airwizard types
O int -~ com.airwizard bypes

&=

@ <unnamed:>
& <unnamed>
@ <unnamed:>
= com
- airwizard
2| <unnameds>
£ <unnamed>
7 disgnostic
3 mobile
1 server
[ serverstuff
8 shared
-B8 asa
@ Fighto
=1-BB Fiights
@ flights: Flights
=1-BB FiightStatus
@ eta: Time
o Fonl
e id: Flightn
© IFlightDataConsu
€3 TFlightReporter

_'l_|<| B

tatus[]]

£ Problems 53 . @ Javadoc | [ oeerararor

= ==
EaE =]

2 errors, 0 warnings, 0 infos (Filter matched 2 of &2 tems)

Destription_~ | Resowrce [ Path [ Location |
@ Couldnt resolve reference to Fight 10T components... net.ample.adsl exdsl sampl... | fine : 14
@ no type defined: null comporents... net.ample.adsl.exdsl.sampl... line : 14

Xtext Overview

xtxt
(Grammar)

properties
(Configuration)

A
manual,
required

|
|
I
|
|
I
|
I
.ecore File !
(Metamodel) |, manual
| optional
|
|
I
|
I
|
1

Antlr Parser i

generated

Editor ! ali
Plugin

Incl. Defaults for

Navigation,
Outline,
Code

Completion

24.06.2009
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Building a sample textual DSL
and code generator for a
simple domain using Eclipse
TMF/openArchitectureWare

Another Tool...?

24.06.2009

41



24.06.2009

Another Tool...?

also do...

IntelliJ IDEA
Resharper

42
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BRAINS
M" U 3 v

released in

Q3 2009

licensed under

Apache 2.0

Build new DSLs

Build DSLs that parts
of other languages

base language

build DSLs that parts
of

43
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Language Extension Example

Structure ¢ Editor ¢ Typesystem ¢ Generator

5) Lockstatement |

¢f concept LockStatement extends Statement
implements <none

instance camn be root: false

properties:

children:

Statementlist body 1 specializes: <none
Expression lockExpression 1 specializes: <none
references:

concept properties:

alias = lock

concept links:

concept property declarations:

concept link declaratioms:

Skruckure | Editar ‘ Conskraints | Behavior | Typesystem Intentions | Find Usages | Daka Flaws ‘ aengratar

44



Structure ¢ Editor ¢ Typesystem ¢ Generator

5) LockStatement |

editor for comcept LockStatement
node cell layout:

L/
[> lock { % lockExpression %) { <]
[> % body % <]
¥

/1

inspected cell layout:
choose cell model>

Struckure | Editar ‘ Conskraints Behavior Typesystem

Intentions

Find Usages

Data Flaw

(Generatar

Structure ¢ Editor ¢ Typesystem

5) LockStatement |

¢ Generator

editor for comcept LockStatement
node cell layout:

L/

[> lock { % lockExpression sy { <]

[> 5

H © lockExpression  linkDeclaration (jaxdem Lock§tatenent)
/1

inspected cell layout:
choose cell model>

Struckure | Editar ‘ Conskraints Behavior Typesystem

Intentions

Find Usages

Data Flaw

(Generatar

24.06.2009
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Structure ¢ Editor ¢ Typesystem ¢ Generator

\5) LockStatement =) typeof_LockStatement |

rule typeof_LockStatement {
applicable for comncept = LockStatement as lockStatement
overrides false
child type restrictions

do {
‘f 8 typeofilockStatement. lockEs <<= <m
} il 4=
1 L) Lock3upport ~class (J.u.concurrent, locks@i)
Cl==E
jetbrains.mps. baselanguage. structure., Classifier Type Open Concept Declaration

[cuotediliode] ClassifierType <no name>[1242291552632] in jaxdemo.typesystem

Structure ¢ Editor ¢ Typesystem ¢ Generator

\——_9 main

conditional root rules:
mapping rules:
weaving rules:

reduction rules:
‘j concept LockStatement | --> reduce LockStatement
inheritors false
condition <always

abamdon roots:

pre-processing scripts:

24.06.2009
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Structure ¢ Editor ¢ Typesystem ¢ Generator

(1) reduce_Lockstatement:

content node: B_
piblic class someclass extends <none> implements <none> [
@ kestatic fields

static initializer
fields |-
properties
initializer

B public someclass() {

}

public void somemethod{) {
Lock 1 = mill;
<IF [ try { TF>
§COPY_SRCS[1].lock():
$100P§| $COPY_SRC$ mull;
} finally {
§coPy_sRC§[1].unlock();

[pRvuSEvERa S al

static methods

static inner classifiers

[«

Structure ¢ Editor ¢ Typesystem ¢ Generator

(1) reduce_Lockstatement:

content node: B_
piblic class someclass extends <none> implements <none> [
@ kestatic fields

static initializer
fields |-
properties
initializer

B public someclass() {

}

public void sememethod () {

g Lock 1 = mull;
<IF [ try { TF>
=) srorr smOSI1l.lock():
& $100P§| §COPY_SRC$ mull;
} finally {
8 $CoPY_SRCS[1].unlock( ) ;
a ]
) ) 2 D
jetbrains.mps.lang.generator.structure, CopySrchiodeMacro Open Concept Declaration
static methods
copy/reduce mode macro
static inner class
1 mapping label : <no label
mapped node : (node, genContext, operationContext)-»node< > {
node. lockExpressi

24.06.2009
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Structure ¢ Editor ¢ Typesystem ¢ Generator

(1) reduce_Lockstatement:

content node: Bj
piblic class someclass extends <none> implements <none> [

@ kestatic fields

initializer

public someclass() {

}

public void sememethod () {

9 Lock 1 = mull;
<IF try { TF>
=) §COPY_SRCS[1].lock():
& $2.00P5| §COPY_SRCS mull;
} finally {
8 $CoPY_SRCS[1].unlock( ) ;
a }
) ==

jetbrains, mps.lang.generator . structure LoopMacro Open Concept Declaration
static methods

loop-macro
static inner class

1 mapping label : <no label
mapped nodes : (node, genContext, operationContext)->secuence<node< >> {
=t node. body. statement;
1

Language Extension Example

Result behaves like a native
base language construct

) DemoClass ‘

public class DemoClass extends <none> implements <none> |
static fields

static imitiali
private Lock loc
perties
initializer
public DemoClassi) |
lock ( this.getlock() ) {
SharedResouce. instance( ) .doSomethingi )
}
}

private Lock getlocki) {
return this.lock;

¥

static methods

static inmer classifiers

24.06.2009

48



Language Extension Example

Result behaves like a native
base language construct

() DemoClass

public class DemoClass extends

private Lock lock;

public DemoClass() {
Tock (1) {
SharedResouce. instance( ). doSomething () ;

} Typesystsm etror: int is not a subtype of Lock
1

private Lock getlock() {
return this.lock;
}

Language Extension Example

Translated to regular Java code
based on the generator

() DemoClass

public class DemoClass extends implements {

package jaxdemo.sandbox.sandbox;
private Lock lock; import java.util.concurrent.locks.Lock;
public class DemoClass {

private Lock lock;
(). doSom
public DemoClass() {
try {
this.getLock().lock();
SharedResouce.instance().doSomething();
}finally {
this.getLock().unlock();
}
}

private Lock getlocki) {
return this.lock;

¥

private Lock getLock() { return this.lock; }

}

24.06.2009
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Example Languages
Ul Language

component NewLanguageDialog

IDEDialoy
left: 100 top: 100 width: £00 height: 200
title = New Language

content pane:
Grid
Row

Label
text : "Language Namespace:"

TextField ( name )
text : | this.languageNamespace }
Row

Label

[ text @ "Language Path:“]
Row

PathField ( path )

[ path : { this.languagePath }

buttons
text 0K ]ltext Cancel

default true default false

handler this.onlk( ) handler this.onCancel()

Example Languages
HTML Templates

html template MessageHeader (Message message, boolean hidelser, hoolean userLast)

is not refreshable: Only one root element allowed for refreshable template.

if (!(hideUser) ss ! (userLast)) {
<span class: >
html include
[ : UserlLink(user: message.getUser( ), bold: I:rue)]
</span>

: Date (date: lllessaqe.cleated)]
</span>
if inull != message.updated) {
<span class: >

updated:

html include

[ : Date(date: messaqe.llpdﬂted)]
</span>
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Example Languages
Persistent Classes

public persistent class Forum extends <none> implements <none> |

features

save changes history if: false

save changes history callback: no callback
version mismatch resolution: default
invariant: no imvariant

static fields

public simple string name H

public unordered child FThread[0..n] threads H

public unerdered bidirectional association User[0..n] subscribers onDelete (clear):
public unordered bidirectional association User[0..n] watchers omDeleteclear):

public Forumistring name, User creator) {

}

this.name = name;
this.watchers.add (creator);

< destructor

Model Variability

24.06.2009
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Two Levels

~ problem space
vs. software space

Problem Space:
Configuration

Software Space:
Customization

Two Levels

~ problem space
vs. software space

24.06.2009
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Two LEVEIS Removal

#if defined (ACE_HAS TLI)
static ssize_ t t snd n (
ACE_HANDLE handle,
const void *buf,
size_t len,
int flags,
ACE_Time Value *timeout = O,

size_t *bytes_transferred = 0);

#endif /* ACE_HAS TLI */

Model-Based

Implementation

... customization in
problem space

... Problem-Space DSL
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Model-Based

Implementation

Model

@

5%

|mn’| Artﬂf?cﬂ
f'wj / f

; I"‘J’F'J
amy

,ﬁ\“-
)
I\.

. | Irﬁpl Art&fﬂm2

v
E}"PJ
o

g
e

Model-Based

Implementation

Problem Space Software Space
o
=
~
o
]
=
=]
S Formal Formal Core Assets
c Dormain C'VD Solution Spac
5 MetaMode! MetaMode l:_l O L:l
E
<]
(=]
o
8
=
@
]
=
=]
=
III:J Formal I S —
8 Dom M Solution Spa Product
i Model del | ey
£
=
o
<

24.06.2009

54



MDSD - Thumbnail

Implementation

Artefacts

Transformation

more abstract less abstract
iess detaiied more detaiied

MD-PLE - Thumbnail

o Transformation

O = Variation Point

fewer!
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WO LEVEIS Removal

e

NeedsState

Phone \
Multiple k
Addresses @

International LocalPhone Persistence H
® Phone H
H Hibernate i
<<entity>> e »| <<dependentOb>>
i Party i/ 1 Address
name: String i address | city: String
H on state: String e-.......
.;' - zip: String
H street: String
i | o.n
<<dependentOb>>
H Phone
number: int
% [regionCode: int
*~-gcountryCode: int

Two LEVEIS Removal

default: IDelayCalculator
screens[0..n]: IInfoScreen

mon: IMonitoring

monitoring

Data
Management

Failover Monitoring

| Centralized | | Distributed

Graceful Redundancy
Degradation
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Two LEVEIS Removal

monitoringStuff monitoring {

MonitoringConsole {
devices:[*]: IMonitor
monitor: MonitoringConsole

monitor.devices
type = IMonitor

Two LEVEIS Removal

Ll vis b I &) testadm £ =0

namewpave shased ( =l = 1 system

interrace 11n ¥ Herderen

interface IAirerast: ] T Fadovee
' K aracehibegradstion

& Redundancy

namespace daracenter | =T DutaManagement

using mrcompany. shared # Covtralioend

interface IMgtcons [}

component DelayCalculacar |
provides stecrafe: IAircrafeScatus
provides managrse

IRt Cena

rrquires scres

component Hamager |
requires backend: IEgroons

requires bockend?: ThgtCona frature Failover

4| Cerdrokersd
1 £ ot b gt
namespace mabile | Chtrbted
using mycompany.shared 1 abover
“iGeacefuDegradstion
component Infodcreen | ]
provides defaulc: IInfoScreen IBsdurdancy
system
wemponent AiEerartlodile |
requires : IAam
1
| | e [T Table | 21 Duead| =3 rach | 4 Coratraicts
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Two Levels Injection

monitoring {

MonitoringConsole ..
: monitor:
monitor.devices ..

(*) ' ' {

mon: IMonitoring

DelayCalculator {
AjircraftModule {

InfoScreen {

aspect (*) compnent { mon: IMonitoring
provides mon: IMonitoring

}

DelayCalculator {

AircraftModule {

mon: IMonitoring

InfoScreen {

mon: IMmonitoring
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Two LEVEIS Removal

.+
Injection

monitoring monitoring {

MonitoringConsole
monitor:
monitor.devices

(*) {

mon: IMonitoring

anual Code
Variability

public class LightDriverimplementation extends LightDriverimplBase {

@0verride
protected String getldinternal() {
return getConfigParamvValueForld(Q);

¥

//# dimmableLights

@0verride

protected int setLightLevellnternal(int level) {
state() -setEffectiveLightLevel (level);
return level;

3
//~# dimmableLights

24.06.2009
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cciogge </
deellng

&, PROJECT

http://dslvariantmanagement.googlecode.com

Extending the sample DSL to
include feature-based
variability connected to an
external feature model
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Transformation Var.

) o O o
° ° o Transformation
°© o O 0 o

O = Variation Point

more options
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Transformation
Variability

create System transformPs2Cbd( Building building ):
hasFeature("burglarAlarm™) ? ( handleBurglarAlarm() -> this) : this;

handleBurglarAlarm( System this ):
let conf = createBurglarConfig(Q): (
configurations.add( conf ) ->

conf.connectors.add( connectSimToPanel( createSimulatorinstance(),
createControlPanelInstance() ) ) —>
hasFeature( "siren" ) ? conf.addAlarmDevice("'AlarmSiren™) : null ->
hasFeature( "bell™ ) ? conf.addAlarmDevice("'AlarmBell') : null ->
hasFeature( "light" ) ? conf.addAlarmDevice("'AlarmLight’™) : null

ransformation
Variability

>

>

workflow

transform
> configuration model
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Generator
Variability

eeeeeeeeeeee

UNDER

CONSTRLCTION

Introducing Variability into the
Code Generator built before
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Summary & Wrapup

DSLs can be used to effectively
describe customization variab.

Transformation and Generation
can be used to map PS to SS

Configuration and Customization
can be sensibly combined

Various Tools are available,

http://eclipse.org/modeling
http://dslvariantmanagement.googlecode.com/
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Using
Domain SpeC|f|c Languages

Product Lme Engineering

Markus Voelter
Independent/Itemis
www.voelter.de
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