
24.04.2009

1

ArchitectureArchitecture As LanguageAs Language

www.voelter.dewww.voelter.de
voelter@acm.orgvoelter@acm.org

MarkusMarkus VoelterVoelter

AboutAbout
Markus Voelter
I d d C l /i iIndependent Consultant/itemis

AboutAbout
Markus Voelter
I d d C l /i iIndependent Consultant/itemis

Software Architecture
DSLs & MDSD
Product Lines

AboutAbout
Markus Voelter
I d d C l /i iIndependent Consultant/itemis

http://www.voelter.de
voelter@acm.org
skype: schogglad

BasedBased on on actualactual
practicalpractical experienceexperience



24.04.2009

2

CurrentlyCurrently in in useuse withwith
severalseveral ofof mymy customerscustomers

BenchmarkedBenchmarked byby
suitabilitysuitability forfor useuse in in 
today‘stoday‘s projectsprojects
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A RealA Real‐‐World StoryWorld Story

CustomerCustomer

ConsultantConsultant

RequirementsRequirements
DomainDomain ExpertiseExpertise

Solution ApproachSolution Approach
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11.1.1

A RealA Real‐‐WorldWorld StoryStory
System BackgroundSystem Background

FlightFlight
ManagementManagement

SystemSystem

MonitorsMonitors
WebsiteWebsite

AircraftAircraft‐‐ModuleModule

Data CenterData Center

DistributedDistributed
SystemSystem

A A lotlot ofof experienceexperience withwith
systemssystems likelike thesethese
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EvolveEvolve overover 1515 2020 yearsyearsEvolveEvolve overover 1515 –– 20 20 yearsyears

Multiple Multiple LanguagesLanguages

JavaJavaJavaJava
C++C++
C#C#

TechnologyTechnology
AbstractionAbstraction

CannotCannot update update 
everythingeverything atat onceonce

Loose Loose couplingcoupling
VersioningVersioning
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11.2.2

A RealA Real‐‐WorldWorld StoryStory
The The StartingStarting PointPoint

Backbone:Backbone:
M iM iMessagingMessaging

[[GoodGood]]

Technology Technology gygy
EvaluatedEvaluated

BusinessBusiness
Obj tObj t M d lM d lObjectObject ModelModel

[Not so [Not so goodgood]]

Problem:Problem:
ConsistenceConsistence??ConsistenceConsistence??
BigBig Picture?Picture?

Technology Technology AbstractionAbstraction??

HugeHuge & & TypicalTypical
ProblemProblem



24.04.2009

7

Language!Language!Language!Language!
FormalFormal

Language!Language!

11.3.3

A RealA Real‐‐WorldWorld StoryStory
WhatWhat isis a a languagelanguage??

Set Set ofof wellwell‐‐

INFORMAL

defineddefined termsterms

StakeholdersStakeholders
aagreegree onon

INFORMAL

aagreegree on on 
meaningmeaning
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MetamodelMetamodel
FORMAL

MetamodelMetamodel
GrammarGrammar

FORMAL
GrammarGrammar

MetamodelMetamodel
GrammarGrammar

FORMAL
GrammarGrammar
NotationNotation

11.4.4

A RealA Real‐‐WorldWorld StoryStory
DevelopingDeveloping thethe LanguageLanguage

ComponentComponentss
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Initial Components:Initial Components:
DelayDelay CalculatorCalculatorDelay Delay CalculatorCalculator

Info ScreenInfo Screen
AircraftAircraft ModuleModule

component DelayCalculator {}

component InfoScreen {}component InfoScreen {}

component AircraftModule {}

LanguageLanguage
====

ConceptualConceptual
ArchitectureArchitecture

„Program“„Program“
====

ApplicationApplication
ArchitectureArchitecture

ConceptualConceptual::
ComponentComponent

ApplicationApplication::
DelayCalculatorDelayCalculator, InfoScreen, , InfoScreen, 

AircraftAircraft ModuleModule

DelayCalculatorDelayCalculator
receivesreceives datadata fromfromreceivesreceives datadata fromfrom
AircraftAircraft ModuleModule
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DelayCalculatorDelayCalculator
forwardsforwards datadataforwardsforwards datadata
toto InfoScreensInfoScreens

InterfacesInterfacesInterfacesInterfaces

component DelayCalculator
implements IDelayCalculator {}

component InfoScreen
implements IInfoScreen {}

component AircraftModule
implements IAircraftModule {}

interface IDelayCalculator {}
interface IInfoScreen {}
interface IAircraftModule {}

But But wewe don‘tdon‘t
expressexpress interfaceinterfaceexpress express interfaceinterface
requirementsrequirements!!

Interface Interface provisionprovision ++
InterfaceInterface requirementrequirement

DependencyDependency graphgraph

EssentialEssential forfor
uunderstandingnderstanding
aandnd tooltool‐‐basedbased

AnalysisAnalysis
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component DelayCalculator {
provides IDelayCalculator
requires IInfoScreen

}
component InfoScreen {
provides IInfoScreen

}
component AircraftModule {component AircraftModule {
provides IAircraftModule
requires IDelayCalculator

}

interface IDelayCalculator {}
interface IInfoScreen {}
interface IAircraftModule {}

ThereThere areare manymany
InfoScreensInfoScreens andandInfoScreens InfoScreens andand
AircraftModulesAircraftModules

ComponentsComponents
needneed toto bebeneedneed toto bebe
instantiatedinstantiated

InstantiationInstantiation::
veryvery importantimportantyy pp
conceptconcept whenwhen

definingdefining languageslanguages

component InfoScreen {
provides IInfoScreen

}

instance screen1: InfoScreen
instance screen2: InfoScreen
…

ComponetsComponets ((typestypes))
areare alreadyalready compatiblecompatibleareare alreadyalready compatiblecompatible
viavia theirtheir interfacesinterfaces..
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OneOne DelayCalculatorDelayCalculator
typicallytypically talkstalks toto manymanytypicallytypically talkstalks toto manymany

InfoScreensInfoScreens

Port:Port:
C i tiC i tiCommunicationCommunication

EndpointEndpoint

component DelayCalculator {
provides default: IDelayCalculator
requires screens[0..n]: IInfoScreen

}

component InfoScreen {
provides default: IInfoScreenprovides default: IInfoScreen

}

component AircraftModule {
provides default: IAircraftModule
requires calculator[1]: IDelayCalculator

}

HowHow toto actuallyactually
connectconnect instancesinstancesconnectconnect instancesinstances
andand theirtheir portsports??

Connector:Connector:
ConnectsConnects twotwo oror moremore

portport instancesinstancesportport instancesinstances

component DelayCalculator {
requires screens[0..n]: IInfoScreen
…

}

component InfoScreen {
provides default: IInfoScreen

}}

instance dc: DelayCalculator
instance screen1: InfoScreen
instance screen2: InfoScreen

connect dc.screens
to (screen1.default, screen2.default)
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Systems Systems areare a a 
separateseparateseparate separate 
viewpointviewpoint

namespace com.mycompany.test {
system testSystem {
instance dc: DelayCalculator
instance screen1: InfoScreen
instance screen2: InfoScreeninstance screen2: InfoScreen
connect dc.screens

to (screen1.default, screen2.default)
}

} 

WeWe don‘tdon‘t knowknow thethe
InfoScreens InfoScreens staticallystatically
whenwhen thethe systemsystem isis

designeddesigned!!

DynamicDynamic
ConnectorsConnectors

Dynamic Dynamic Connector:Connector:
Discovers tDiscovers targetarget(s) (s) atat

runtimeruntime usingusing aaruntimeruntime usingusing a  a  
namingnaming//tradertrader//registryregistry

serviceservice

namespace com.mycompany.production {
instance dc: DelayCalculator

// InfoScreen instances are created and 
// started in other configurations 
dynamic connect dc.screens every 60 query {
type = IInfoScreen
status = active

}
} 
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RegistrationRegistration
Properties Properties forfor instancesinstances

usedused in in lookuplookup

namespace com.mycompany.datacenter {
registered instance dc1: DelayCalculator {

parameters {role = primary}
}
registered instance dc2: DelayCalculator {

parameters {role = backup}
}

} 

Interfaces Interfaces aren‘taren‘t
reallyreally defineddefined yetyet

Interface:Interface:
ff l dl dsetset ofof relatedrelated

messagesmessages

interface IAircraftStatus {

oneway message reportPosition
(aircraft: ID, pos: Position )

request-reply message reportProblem {
request (aircraft: ID, problem: Problem, 

comment: String)
reply (repairProcedure: ID) 

}

} 

Is Is itit reallyreally
Messages?Messages?



24.04.2009

15

???? StatusStatus Updates!Updates!
Flight Plans…!Flight Plans…!

WrongWrong
AbstractionAbstraction!!

Messages Messages areare thethe
implementationimplementation,,

nnotot thethe architecturalarchitectural
intentintent..

Data Data 
ReplicationReplication

Data ReplicationData Replication
1)1) DefineDefine DataData
2)2) Updated Updated byby fewfew, , 

readread byby manymanyreadread byby manymany
3)3) FulFull update, l update, 

incrementalincremental update,update,
invaldationinvaldation……
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struct FlightInfo {
from: Airport
to: Airport
scheduled: Time
expected: Time
…

}

replicated singleton flights {
flights: FlightInfo[]flights: FlightInfo[]

}

component DelayCalculator {
publishes flights

}

component InfoScreen {
consumes flights

}

component DelayCalculator {
publishes flights { publication = onchange }

}

component InfoScreen {
consumes flights { init = all update = every(60) }

}

WeWe stillstill needneed
messagesmessagesmessagesmessages. . 
SemanticsSemantics??

Message Message 
SequencesSequences::

Protocol State Protocol State 
MachinesMachines

interface IAircraftStatus {
oneway message registerAircraft(aircraft: ID! ) 
oneway message unregisterAircraft(aircraft: ID! ) 
oneway message reportPosition(aircraft: ID!, 

pos: Position! ) 
request-reply message reportProblem {
request (aircraft: ID!, problem: Problem!, 

comment: String!)
reply (repairProcedure: !ID) 

}
protocol initial = new {protocol initial = new {
state new {
registerAircraft => registered

}
state registered { 
unregisterAircraft => new
reportPosition
reportProblem

}
}

} 

TheThe EEndnd !!TheThe EEndnd !!
ofof thethe Story :Story :‐‐))
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None None ofof thosethose
thingsthings isis newnewthingsthings isis newnew
oror uniqueunique..

But But everythingeverything
isis expressedexpressed explicitlyexplicitly
andand consistentlyconsistently, all in , all in 

oneone placeplace..

22

TheoryTheory andand ConceptsConcepts

22.1.1

TheoryTheory andand ConceptsConcepts
WhatWhat wewe diddid in a in a NutshellNutshell

As As youyou
understandunderstand
aandnd developdevelopaandnd developdevelop

youryour
ArchitectureArchitecture……
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DevelopDevelop a a languagelanguage toto
express express it!it!

Language Language resemblesresembles
architecturalarchitectural conceptsconcepts

WeWe express express thethe
applicationapplication(s) (s) withwith

thethe languagelanguage..

ArchitectureArchitecture

DSLDSLDSLDSL

22.2.2

TheoryTheory andand ConceptsConcepts
Domain Domain SpecificSpecific LanguagesLanguages
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A DSL is a focussed, processable
language for describing a specific 
concern when building a system in a 
specific domain The abstractions andspecific domain. The abstractions and
notations used are natural/suitable for 
the stakeholders who specify that 
particular concern.

22.3.3

TheoryTheory andand ConceptsConceptsTheoryTheory andand ConceptsConcepts
The The ImportanceImportance ofof

ViewpointsViewpoints

viewpointviewpoint

A „A „perspectiveperspective“ “ 
towardstowards thethe systemsystem

Viewpoint Stakeholder
uses

Activity Tool/DSL

requires

Implementation
Artifact Technology

uses

creates

uses

BasedBased on a on a slideslide byby SteveSteve Cook Cook andand IEEE 1471IEEE 1471

TypeType

CompositionComposition

DeploymentDeployment
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22.4.4

TheoryTheory andand ConceptsConcepts
BenefitsBenefits

ClearClear UnderstandingUnderstanding
fromfrom buildingbuilding thethe

languagelanguage

UnambigiousUnambigious
V b lV b lVocabularyVocabulary

ConceptsConcepts independentindependent
fromfrom TechnologyTechnology
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ProgrammingProgramming Model Model cancan
bebe defineddefined basedbased ononbebe defineddefined basedbased on on 

ConceptualConceptual ArcitectureArcitecture

ArchitectureArchitecture „„executableexecutable““
(i.e. (i.e. moremore thanthan rulesrules andand docsdocs))

22.5.5

TheoryTheory andand ConceptsConcepts
WhyWhy TextualTextual??

22.5.5

TheoryTheory andand ConceptsConcepts
… … oror:: whywhy not not graphicalgraphical??

LanguagesLanguages andand EditorsEditors
areare easiereasier toto buildbuild
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LanguagesLanguages andand EditorsEditors
areare easiereasier toto buildbuild
EvolveEvolve Language Language andand simple simple editoreditor
asas youyou understand understand andand discussdiscuss thethe

architecturearchitecture, in real time!, in real time!

IntegratesIntegrates easilyeasily withwith
currentcurrent infrastructureinfrastructure::currentcurrent infrastructureinfrastructure::
CVS/SVN CVS/SVN diffdiff//mergemerge

Model Model evolutionevolution
isis trivialtrivial youyou cancan

adaptingadapting existingexisting
modelsmodels asas thethe DSL DSL 
evolvesevolves

isis trivialtrivial, , youyou cancan
alwaysalways useuse grepgrep..

ManyMany Developers Developers 
preferprefer textualtextualpreferprefer textualtextual
notationsnotations

WhenWhen a a graphicalgraphical
notationnotation

isis betterbetter youyou cancanisis betterbetter, , youyou cancan

visualizevisualize. . 

Via M2MVia M2M
ReadRead‐‐OnlyOnly
AutoAuto‐‐LayoutLayout
DrillDrill‐‐DownDown
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Textual DSLsTextual DSLs
vs.vs.
GraphicalGraphicalGraphicalGraphical
vs.vs.
VisualizationVisualization

Graphviz

Prefuse
I am aware of the usefulness of I am aware of the usefulness of 
graphical notations.graphical notations.
I am exaggerating here a little bit.I am exaggerating here a little bit.

But: We’ve been building software But: We’ve been building software 
with text only for a long time. We with text only for a long time. We 
know it works.know it works.

22.6.6

TheoryTheory andand ConceptsConcepts
ToolingTooling
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SeveralSeveral toolstools availableavailable..
ExampleExample:: oAWoAW XtextXtext

SpecifySpecify GrammarGrammar

AntlrAntlr GrammarGrammar andand
ParserParser isis generatedgeneratedParserParser isis generatedgenerated

fromfrom thisthis specificationspecification

GeneratedGenerated MetamodelMetamodel

SpecifySpecify ConstraintsConstraints GeneratedGenerated EditorEditor
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GeneratedGenerated EditorEditor

CodeCode CompletionCompletionCode Code CompletionCompletion

GeneratedGenerated EditorEditor

Syntax Syntax ColoringColoring
Custom Custom KeywordKeyword ColoringColoring

GeneratedGenerated EditorEditor

RealtimeRealtime ConstraintConstraintRealtimeRealtime ConstraintConstraint
ValidationValidation

GeneratedGenerated EditorEditor

CustomizableCustomizable
OutlinesOutlines

GeneratedGenerated EditorEditor
Code Code FoldingFolding

GeneratedGenerated EditorEditor

GotoGoto Definition Definition 
Find ReferencesFind ReferencesFind ReferencesFind References
CrossCross‐‐File ReferencesFile References
Model as EMFModel as EMF



24.04.2009

26

GeneratedGenerated EditorEditor XtextXtext OverviewOverview

GrapVizGrapViz OverviewOverview GrapVizGrapViz TrafoTrafo CodeCode

AnotherAnother Tool…?Tool…?

OSLOOSLOOSLOOSLO JetbrainsJetbrainsMPSMPS

AnotherAnother Tool…?Tool…?

JetbrainsJetbrainsMPSMPS
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AnotherAnother Tool…?Tool…?

22.7.7

TheoryTheory andand ConceptsConcepts
Model ValidationModel Validation

GrammarGrammar isis notnot
expressiveexpressive enoughenough

More ValidationMore Validation
Rules Rules RequiredRequired::
ConstraintsConstraints

Simple Simple ExamplesExamples::
NameName‐‐UniquenessUniqueness

Type ChecksType Checks
NonNon‐‐NullnessNullness
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More More ComplexComplex ExamplesExamples::
Version Version CompatibilityCompatibility
Overall Overall completenesscompleteness
Quality Quality ofof ServiceService

context Interface ERROR "interface names must start "+  
"with a capital I":

name.startsWith("I");

context Component ERROR "Qualified Name "+
qualifiedName()+" must be unique" :

allComponents().
select( c | c.qualifiedName() == qualifiedName() ) 
.size == 1;

context Attribute ERROR "no type defined: "+
type.name:

visibleInstancesOfType(this, DataType)   
.contains(type);   

context Connector ERROR "target must be provided port":
ProvidedPort.isInstance( u);

PreconditionPrecondition I:I:
AlgorithmAlgorithm forfor ConstraintConstraint

PreconditionPrecondition II:II:
All Data All Data AvailableAvailable

22.8.8

TheoryTheory andand ConceptsConcepts
Generating CodeGenerating Code
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SinceSince wewe alreadyalready
havehave a formal a formal modemodel….l….

GenerateGenerate APIAPI
MapsMaps ArchitecturalArchitectural ConceptsConcepts toto

ImplementationImplementation languagelanguage (non(non‐‐trivial!)trivial!)

Implementation 
C d

Programming
M d l APICode Model API

Runtime Infrastructure
(Platform/Middleware)

Glue Code

ImplementationImplementation
ImplementationImplementation onlyonly dependsdepends onon

thethe generatedgenerated programmingprogramming model APImodel API

Implementation 
C d

Programming
M d l APICode Model API

Runtime Infrastructure
(Platform/Middleware)

Glue Code

ProgrammingProgramming ModelModel
GeneratedGenerated API + API + UsageUsage IdiomsIdioms

CompletelyCompletely TechnologyTechnology‐‐IndependentIndependent

Implementation 
C d

Programming
M d l APICode Model API

Runtime Infrastructure
(Platform/Middleware)

Glue Code

RuntimRuntimee InfrastructureInfrastructure
Select Select basedbased on on fifit t wrtwrt. . toto architecturalarchitectural

conceptsconcepts andand nonnon‐‐functionalfunctional requirementsrequirements

Implementation 
C d

Programming
M d l APICode Model API

Runtime Infrastructure
(Platform/Middleware)

Glue Code

GlueGlue CodeCode
Aka Technology Mapping CodeAka Technology Mapping Code
MapsMaps API API toto selectedselected platformplatform

Implementation 
C d

Programming
M d l APICode Model API

Runtime Infrastructure
(Platform/Middleware)

Glue Code
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GlueGlue CodeCode
ContainsContains ConfigurationConfiguration Files Files forfor PlatformPlatform

MightMight requirerequire „mix in „mix in modelsmodels““

Implementation 
C d

Programming
M d l APICode Model API

Runtime Infrastructure
(Platform/Middleware)

Glue Code

SeveralSeveral PlatformsPlatforms
Different Different PlatformsPlatforms, not , not LanguagesLanguages

Support Support forfor ScalingScaling (non(non‐‐functionalfunctional reqreq))

Implementation  Programmingp
Code

g g
Model API

Runtime Infrastructure
(Platform/Middleware)

Glue Code

Platform 2

Glue Code 2

Testing!

BenefitsBenefits::
More More EfficientEfficient ImplImpl..
Technology IndependentTechnology IndependentTechnology IndependentTechnology Independent
ConsistenceConsistence/Quality/Quality
ArchitectureArchitecture‐‐ConformanceConformance

Code Gen Code Gen SequenceSequence

Programming
Model API1) 1) GenerateGenerate APIAPI

Implementation 
Code

Model API

Platform

Glue Code

))

2) Write 2) Write ImplImpl CodeCode

3) Select 3) Select PlatformPlatform

4) 4) GenerateGenerate GlueGlue CodeCode

SeparateSeparate ModelsModels
forfor stuffstuff relevant relevant forfor thethe APIAPI
vs. vs. systemsystem//deploymentdeployment stuffstuff

ProgrammingModel 1 Programming
Model API

Model 1
(Types)

Model 2
(System, 

Deployment)
Glue Code
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22.9.9

TheoryTheory andand ConceptsConceptsTheoryTheory andand ConceptsConcepts
Standards,Standards,

UML UML andand ADLsADLs

FormalFormal ArchitectureArchitecture
DescriptionDescription isis notnot newnew::Description Description isis not not newnew::

ADLs, UMLADLs, UML

But allBut all ofof thosethose useuse
existingexisting genericgenericexistingexisting, , genericgeneric

languageslanguages!!

ThisThis
missesmisses
thethe

pointpoint!!

TryingTrying toto express express youryour specificspecific
architecturearchitecture withwith predefinedpredefined
abstractionsabstractions isis not not usefuluseful!!

YY tt tt b ildb ild llYouYou wantwant toto buildbuild a a languagelanguage
toto capturecapture youryour ownown

architecturalarchitectural abstractionsabstractions asas
youryour learnlearn thingsthings. . 



24.04.2009

32

WhereWhere areare
standardsstandardsstandardsstandards
usefuluseful??

PeoplePeople havehave
toto learnlearn

architecturalarchitecturalarchitecturalarchitectural
conceptconcepts s 
anywayanyway..

Is UML Is UML 
withwith a a 
profileprofile
still a still a 

standardstandard
languagelanguage??

On On whichwhich
metameta levellevel do do 
I I wantwant toto

standardizestandardize??
M2 (UML), M2 (UML), 
M3 (MOF)?M3 (MOF)?

Isn‘tIsn‘t a a DSLDSL
basedbased on on MOFMOF
asas „„standardstandard“ “ 
asas a a profileprofile
basedbased on on 
UML?UML?

UMLUML ProfilesProfiles insteadinstead??
You‘llYou‘ll thinkthink moremore aboutabout
UMLUML‐‐itiesities thanthan youryour ownown
conceptsconcepts
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UMLUML ProfilesProfiles insteadinstead??
Tool Tool integrationintegration issuesissues
((repositoryrepository, , diffdiff//mergemerge, , 
versioningversioning))

UMLUML ProfilesProfiles insteadinstead??
Tools Tools areare oftenoften complexcomplex, , 
heavyweightheavyweight, , bloatedbloated. . 
AcceptanceAcceptance limited.limited.

UML Generally UML Generally UselessUseless??
NoNo. UML . UML cancan bebe usedused forfor
docudocu‐‐mentationmentation
((sequencesequence diagramsdiagrams, , egeg))

NB: NB: YouYou cancan do all do all ofof thisthis withwith
UML! UML! 

HoweverHowever, , mymy exprienceexprience showsshows
itit isis muchmuch lessless productiveproductive andanditit isis muchmuch lessless productiveproductive andand
agile.agile.

IfIf youyou havehave a UMLa UML‐‐basedbased
organizationorganization, , useuse UML.UML.

22.10.10

TheoryTheory andand ConceptsConceptsTheoryTheory andand ConceptsConcepts
ComponentComponent

ImplementationImplementation
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ByBy Default:Default:
ManualyManualy ProgrammingProgramming
againstagainst thethe ProgProg ModMod APIAPI

Alternatives:Alternatives:
GenerateGenerate, , basedbased on on configconfig

Alternatives:Alternatives:
GenerateGenerate, , basedbased on on configconfig
State MachinesState MachinesState MachinesState Machines

Alternatives:Alternatives:
GenerateGenerate, , basedbased on on configconfig
State MachinesState MachinesState MachinesState Machines
RuleRule LanguagesLanguages + + EnginesEngines

Alternatives:Alternatives:
GenerateGenerate, , basedbased on on configconfig
State MachinesState MachinesState MachinesState Machines
RuleRule LanguagesLanguages + + EnginesEngines
SpecificSpecific DSL DSL 

ToTo integrateintegrate behaviorbehavior, , createcreate
specificspecific abstractionsabstractions in in thethe
architecturearchitecture DSL.DSL.



24.04.2009

35

Note:Note:
A A lotlot ofof implementationimplementation
cancan bebe generatedgeneratedgg
automaticallyautomatically ((nono configconfig) ) 
fromfrom thethe modelmodel
((persistencepersistence, , serializationserialization, …), …)

22.11.11

TheoryTheory andand ConceptsConcepts
DocumentationDocumentation

The DSL The DSL andand thethe
programsprograms““ areare„„programsprograms   areare
documentationdocumentation..

So I So I don‘tdon‘t havehave
toto writewritetoto writewrite……
… … moremore docsdocs??

NotNot quitequiteNot Not quitequite..
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1111
GrammarGrammar isis a a goodgood formal formal 
definitiondefinition, but , but not a not a 
teachingteaching tooltoolteachingteaching tooltool..

GrammarGrammar isis a a goodgood formal formal 
definitiondefinition, but , but not a not a 
teachingteaching tooltoolteachingteaching tooltool..

TutorialsTutorials

TutorialsTutorials::
ArchitecturalArchitectural ConceptsConcepts ((MetaMeta Model)Model)
HowHow toto useuse thethe languagelanguage
HowHow toto useuse thethe programmingprogramming modelmodel
((HowHow toto generategenerate codecode))((HowHow toto generategenerate codecode))
((HowHow toto addadd manualmanual codecode))

TutorialsTutorials::
ArchitecturalArchitectural ConceptsConcepts ((MetaMeta Model)Model)
HowHow toto useuse thethe languagelanguage
HowHow toto useuse thethe programmingprogramming modelmodel
((HowHow toto generategenerate codecode))((HowHow toto generategenerate codecode))
((HowHow toto addadd manualmanual codecode))

ExampleExample DrivenDriven!!
2222
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GrammarGrammar describesdescribes whatwhat
thethe architecturearchitecture lookslooks likelike..

GrammarGrammar describesdescribes whatwhat
thethe architecturearchitecture lookslooks likelike..

But: But: WhyWhy isis itit thatthat wayway??

RationalesRationales RationalesRationales
ConceptualConceptual ArchitectureArchitecture

RelateRelate toto GrammarGrammar

RationalesRationales
ConceptualConceptual ArchitectureArchitecture

RelateRelate toto GrammarGrammar
Technological Technological DecisionsDecisions

NonNon‐‐FuncFunc. . ReqReq..
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22.12.12

TheoryTheory andand ConceptsConcepts
ProcessProcess

IterateIterate!!

IterateIterate!!

Concepts

IterateIterate!!

ConceptsGrammar
Constraints

IterateIterate!!
E l

ConceptsGrammar
Constraints

Examples

IterateIterate!!
E l

Generator

ConceptsGrammar
Constraints

Examples
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IterateIterate!!
Code Completion,etc.

E l

Generator

ConceptsGrammar
Constraints

Examples

THE ENDTHE ENDTHE END.THE END.
ThankThank youyou..
QuestionsQuestions??


