
Domain Domain SpecificSpecific
LanguagesLanguages

Markus Markus VoelterVoelter
Independent/itemisIndependent/itemis

voelter@acm.orgvoelter@acm.org













A little History
Domain Specific Languages
Examples
Tools
Benefits
A more theoretical View
Programming and Modeling
The LWES Project
Bonus: Best Practices




A little History



programming

close to the hardware
started

abstractionsabstractions
computingcomputing

chips



abstractionsabstractions
computingcomputing

bits



C

abstractionsabstractions
computingcomputing



Java

abstractionsabstractions
computingcomputing??



SQL

abstractionsabstractions
computingcomputing??







?





general purpose



domain specific



effective++

specialized, limited

used by experts
together with other

specialized tools

tailor made




Domain Specific Languages



A DSL is a focussed, processable
language for describing a specific 
concern when building a system in a 
specific domain. The abstractions and 
notations used are natural/suitable for 
the stakeholders who specify that 
particular concern.
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Generation
Transformation
Compilation

Interpretation





Analysing Domains
Defining Languages

Activities
Building Editors

Transforming Models
Building Generators

Building Frameworks

Adapting/Selecting



Analysing Domains
Defining Languages

Activities
Building Editors

Transforming Models
Building Generators

Building Frameworks

Adapting/Selecting

… and using all of that to build apps



internalinternal

externalexternal
vs.vs.



compiledcompiled

interpretedinterpreted
vs.vs.



customizationcustomization

configurationconfiguration
vs.vs.



graphicalgraphical

textualtextual
vs.vs.




Examples



ExampleExample 1:1:
Embedded Protocol HandlerEmbedded Protocol Handler
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ExampleExample 2:2:

Pension Fund Pension Fund SpecificationSpecification
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ExampleExample 3:3:

Radar Systems EngineeringRadar Systems Engineering
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Alarm System MenusAlarm System Menus
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RequirementsRequirements TracabilityTracability



SO
LU

TI
O

N
SO

LU
TI

O
N

Imported Requirements



SO
LU

TI
O

N
SO

LU
TI

O
N

Program Code with Annotations (green)



SO
LU

TI
O

N
SO

LU
TI

O
N

Selecting from the Requirements

Find Usages of Requirements



TO
O

LS
TO

O
LS

JetBrains MPS



ExampleExample 5:5:
OSGiOSGi--basedbased SystemSystem
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ExampleExample 6:6:
MathMath, Science , Science andand JavaJava
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ExampleExample 7:7:

FountainsFountains
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Unit Test Support
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MiscellaneousMiscellaneous
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Tools



ToolingTooling!!
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ToolingTooling!!
Editor, Debugger,Editor, Debugger, TestingTesting, Groupware, , Groupware, 
ScalableScalable, „All in , „All in EclipseEclipse““





Tools Tooling

Language Definition Tools 

Editor Frameworks
Transformation Languages

Code Generation Tools

abstract syntax, concrete syntax, constraints





Current Version 2.0:
improved performance
Xbase: expressions for reuse
Xtend2: „Better Java“, with support

for Xpand-like templates

Eclipse-based, Eclipse Project
Very flexible, very popular!

Open Source (EPL)



Open Source (Apache 2.0)
Projectional Editor
Very good at lang. Composition
Current Version 2.0:

Improved performance
Unified generate/compile/build
Debug MPS in MPS
Tables in the editor
(Diagrams planned for 2.1)



Commercial Tool.
Projectional Editor
Very flexible notations
Version 1.8 is current



Way More:
Spoofax
Rascal
oomega
The Whole Platform

see also
http://languageworkbenches.net




Benefits



AutomationAutomation
fasterfaster, , deterministicdeterministic



IncreasedIncreased QualityQuality
well well defineddefined structuresstructures allthroughallthrough thethe systemsystem



MeaningfulMeaningful ValidationValidation
moremore semanticssemantics in in thethe modelmodel



CaptureCapture
Domain Domain KnowledgeKnowledge

formalizedformalized intointo languageslanguages andand modelsmodels



SuitableSuitable NotationsNotations
textualtextual, , graphicalgraphical, , tabulartabular



Technology IndependenceTechnology Independence
generategenerate „„technologytechnology glueglue codecode““



AbstractionAbstraction w/ow/o
RuntimeRuntime OverheadOverhead

generatorgenerator „„optimizesoptimizes awayaway““



ImplementationImplementation StrategyStrategy
Capture Capture 

in in thethe generatorsgenerators



EverythingEverything isis a modela model
includingincluding forfor exampleexample hardwarehardware ((somesome) ) hardwarehardware




A more theoretical View
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concern when building a system in a 
specific domain. The abstractions and 
notations used are natural/suitable for 
the stakeholders who specify that 
particular concern.
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Much Much betterbetter withwith newnew linguisticlinguistic abstractionabstraction

No sophisticated analysis required to 
understand the semantics of a contruct
and treat it “correctly”.
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A DSL is a language at D that provides 
linguistic abstractions for common 
patterns and idioms of a language at 
D-1 when used within the domain D.
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A DSL is a language at D that provides 
linguistic abstractions for common 
patterns and idioms of a language at 
D-1 when used within the domain D.

A good DSL does not require the use of 
patterns and idioms to express 
semantically interesting concepts in D.
Processing tools do not have to do 
“semantic recovery” on D programs.
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Programming and

Modeling



ModelingModeling ProgrammingProgramming



ModelingModeling ProgrammingProgramming

… (Mostly) Textual … (Mostly) Textual 
NotationsNotations

… Concrete Syntax … Concrete Syntax 
StorageStorage

… (Fancy) ASCII Editors… (Fancy) ASCII Editors
… Read… Read--Only Only 

VisualizationsVisualizations



ModelingModeling

… (Mostly) Graphical… (Mostly) Graphical
NotationsNotations

… Abstract Syntax … Abstract Syntax 
StorageStorage

… Projecting Editors… Projecting Editors
… Different editable… Different editable

views for modelviews for model

ProgrammingProgramming

… (Mostly) Textual … (Mostly) Textual 
NotationsNotations

… Concrete Syntax … Concrete Syntax 
StorageStorage

… (Fancy) ASCII Editors… (Fancy) ASCII Editors
… Read… Read--Only Only 

VisualizationsVisualizations



WhyWhy
the difference?the difference?



It is time for …It is time for …



… a… a Different PerspectiveDifferent Perspective



ProgrammingProgramming
the waythe way we dowe do

Modeling?Modeling?

ModelingModeling
the waythe way we dowe do

Programming?Programming?



ModelingModeling ProgrammingProgramming
ProgrammingProgramming ModelingModeling

====
====





We don‘t wantWe don‘t want toto

we want towe want to
model,model,
program!program!



We don‘t wantWe don‘t want toto

we want towe want to
model,model,
program!program!

… at different levels of … at different levels of abstactionabstaction
… from different … from different viewpointsviewpoints
… … integratedintegrated!!



We don‘t wantWe don‘t want toto

we want towe want to
model,model,
program!program!

… … with different degreeswith different degrees of of 

… with suitable … with suitable notationsnotations
… with suitable … with suitable expressivenessexpressiveness

domaindomain--specificityspecificity



We don‘t wantWe don‘t want toto

we want towe want to
model,model,
program!program!

preciseprecise and and tool processabletool processable
And always:And always:





Programming Programming 
LanguagesLanguages

areare notnot

enoughenough..
MODULARMODULAR
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LanguagesLanguages
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COMPOSABLECOMPOSABLE
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LanguagesLanguages

areare notnot

enoughenough..
CONFIGURABLECONFIGURABLE
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ADAPTABLEADAPTABLE



Programming Programming 
Language SyntaxLanguage Syntax
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FLEXIBLEFLEXIBLE
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Big Language?
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Small Language?

and poweful concepts
with a few, orthogonal



my L





a b c

d e f

g h i

j k l

Modular Language

composable concepts
with many optional,



Like frameworks
and libraries, 

Modular Language



Like frameworks
and libraries, 

but with syntax
and IDE support

Modular Language
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A: mixed
B: separate Viewpoints
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When DSL (for several concerns) are 
developed from scratch, as a group, 
then dependencies between the 
concerns can be materialized as 
dependencies between the languages 
and the language concepts
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A language B extends another 
language A if B contains additional 
language concepts. This means that 
for programs written in B, all concepts 
from A are available, plus those 
defined in B.
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A language has been developed to be 
used in contexts not known at the time 
of development. No dependencies 
allowed! The reusable language has to 
be extended so it can reference 
concepts from languages in that 
context.
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Composition is a special case of
reuse, where the reused language is 
syntactically embedded into languages 
from the context.




The LWES Project



LWES
Language Workbenches 

for

http://mbeddr.com

Embedded Systems



LWES
Language Workbenches 

for

http://mbeddr.com

Embedded Systems

Incremental Extension of C
with DSLs for Embedded Systems,
integrated with Formal Methods
and support for PLE and
Requirements Tracing



LWES
Language Workbenches 

for

http://mbeddr.com

Embedded Systems



LWES
Language Workbenches 

for

http://mbeddr.com

Embedded Systems
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Bonus: 

Best Practices



Limit Expressiveness



Notation, Notation, Notation



Graphical vs. Textual



Viewpoints



Teamwork Support



Interpretation 
Generation

vs. 



Rich Domain 
Specific Platform



Checks First
and Separate



Cascading



Annotation Models



Don‘t forget
Testing



Iterate!



Co-Evolve Language 
and Concepts



Domain Users
Programming?



Compatible
Organization



web 
email 
twitter

xing
linkedin

www.voelter.de
voelter@acm.org
markusvoelter

http://www.xing.com/profile/Markus_Voelter
http://www.linkedin.com/pub/0/377/a31

.coordinatesTHE END.
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