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Domain SpecificLanguages
Examples, Tools, Practices

Markus Voelter
independent/itemis

Introduction

Domain SpecificLanguages
Examples, Tools, Practices

A short

of programming
History

Abstraction
Abstraction is a conceptual process by 

which higher, more conceptual concepts 
are derived from the usage and 

classification of literal (i.e. "real" or 
"concrete") concepts.

Wikipedia
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Abstractions may be formed by reducing the 
information content of a concept or an 

observable phenomenon, typically to retain 
only information which is relevant for a 

particular purpose.

Wikipedia

[..] to understand and solve problems and 
communicate their solutions with the computer in 

some particular computer language. It allows 
programmers to separate concepts from 

implementation, so that they do not depend on 
software or hardware.

Wikipedia

[..] to understand and solve problems and 
communicate their solutions with the computer in 

some particular computer language. It allows 
programmers to separate concepts from 

implementation, so that they do not depend on 
software or hardware.

Wikipedia

One Language to Rule Them All?

What is a good Language? What is a good Language?

Χ ŦƻǊ ŀ ƎƛǾŜƴ ǇǳǊǇƻǎŜΚ
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generalpurpose

domainspecific

effective++

specialized, limited

usedby experts

together with other
specializedtools

tailor made

A DSL is a focussed, processable
languagefor describing a specific 
concernwhen building a system in 
a specific domain. The abstractions
and notations used are 
natural/suitablefor the 
stakeholderswho specify that 
particular concern.

execute?
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map

DSL Program

GPL Program

(akaModel)

map

automated!

map

Generation
Transformation
Compilation

Interpretation

AnalysingDomains
DefiningLanguages

Activities

BuildingEditors
TransformingModels
BuildingGenerators

BuildingFrameworks

Adapting/ Selecting



23.10.2010

5

AnalysingDomains
DefiningLanguages

Activities

BuildingEditors
TransformingModels
BuildingGenerators

BuildingFrameworks

Adapting/ Selecting

Χ andusingall of that to build apps

internal

external

vs.

customization

configuration

vs.

graphical

textual

vs.
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Examples

Domain SpecificLanguages
Examples, Tools, Practices

Example1:

Embedded Protocol Handler
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Example2:

Pension Fund Specification
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Example4:

Alarm System Menus
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Example5:

OSGi-basedSystem
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Example8:

Miscellaneous
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A DSL Hearing Aid Configuration
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A DSL for
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Configuration
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Concepts& Terms

Domain SpecificLanguages
Examples, Tools, Practices

Metamodel 
(Abstract Syntax)
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Metamodel 
(Abstract Syntax)

ConcreteSyntax 
(Notation)

Metamodel 
(Abstract Syntax)

ConcreteSyntax 
(Notation)

StaticSemantics
(Constraints)

Metamodel 
(Abstract Syntax)

ConcreteSyntax 
(Notation)

StaticSemantics
(Constraints)

Dynamic Semantics

Metamodel 
(Abstract Syntax)

ConcreteSyntax 
(Notation)

StaticSemantics
(Constraints)

Dynamic Semantics
Model vs. Program

Benefits

Domain SpecificLanguages
Examples, Tools, Practices
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Automation
faster, deterministic

IncreasedQuality
well defined structuresallthrough the system

MeaningfulValidation
more semanticsin the model

Capture
Domain Knowledge

formalizedinto languagesandmodels

SuitableNotations
textual, graphical, tabular

Technology Independence
generateαtechnologygluecodeά
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Abstractionw/o
RuntimeOverhead

generatorαoptimizesawayά

ImplementationStrategy
Capture 

in the generators

Tooling

Domain SpecificLanguages
Examples, Tools, Practices

Tooling! Tooling!
Editor
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Tooling!
Editor, Debugger

Tooling!
Editor, Debugger,Testing

Tooling!
Editor, Debugger,Testing, Groupware

Tooling!
Editor, Debugger,Testing, Groupware, 
Scalable

Tooling!
Editor, Debugger,Testing, Groupware, 
ScalableΣ α!ƭƭ ƛƴ Eclipseά
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Tools Tooling

Language Definition Tools 

Editor Frameworks
Transformation Languages
Code Generation Tools

abstractsyntax, concretesyntax, constraints

Tooling: Eclipse Xtext

Domain SpecificLanguages
Examples, Tools, Practices

Xtext

Building 
Textual 
Editors

Xtext

Building 
Textual 
Editors
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Constraints

expressed
in Java
-or-
with OCL
and dialects

Xtext TypesystemF/W

Typing
Rules
For 
9ȄǇǊΩǎ

M2M

Model-to-Model 
Transformations
LbwL!Ωǎ !¢[
QVT
Xtend

M2T

Model-to-Text 
Transformations

JET: Java Emitter 
Templates

Xpand: ƻ!²Ωǎ
template engine

GMF

Graphical 
Box/Line 
editors based 
on EMF

EMF

Ecoremeta meta model
+

Editing
Transactions
Validation

Query
Distribution/Persistence
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DEMO

Building DSLs with 
Eclipse Xtext

Programming vs. Modeling

Domain SpecificLanguages
Examples, Tools, Practices

programming?

modelling?
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modelling?

programming?
vs.

the same?

different?

Modeling Tools 

Programming Tools
!=

Different Worlds

Modeling Tool

Modeling Tool
!=

Different Worlds Different Worlds
Mix Models and Programs
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Different Worlds
AST Navigation & Query

Mix Models and Programs

Different Worlds
AST Navigation & Query

Mix Models and Programs

Code Constraints

Modeling Programming

Modeling Programming

Χ όaƻǎǘƭȅύ ¢ŜȄǘǳŀƭ 
Notations

Χ /ƻƴŎǊŜǘŜ {ȅƴǘŀȄ 
Storage

Χ όCŀƴŎȅύ !{/LL 9ŘƛǘƻǊǎ

Χ wŜŀŘ-Only 
Visualizations

Modeling

Χ όaƻǎǘƭȅύ DǊŀǇƘƛŎŀƭ
Notations

Χ !ōǎǘǊŀŎǘ {ȅƴǘŀȄ 
Storage

Χ tǊƻƧŜŎǘƛƴƎ 9ŘƛǘƻǊǎ

Χ 5ƛŦŦŜǊŜƴǘ ŜŘƛǘŀōƭŜ
views for model

Programming

Χ όaƻǎǘƭȅύ ¢ŜȄǘǳŀƭ 
Notations

Χ /ƻƴŎǊŜǘŜ {ȅƴǘŀȄ 
Storage

Χ όCŀƴŎȅύ !{/LL 9ŘƛǘƻǊǎ

Χ wŜŀŘ-Only 
Visualizations
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Lǘ ƛǎ ǘƛƳŜ ŦƻǊ Χ

Χ ŀDifferent Perspective

²Ŝ ŘƻƴΨǘ ǿŀƴǘto

we want to
model,

program!

²Ŝ ŘƻƴΨǘ ǿŀƴǘto

we want to
model,

program!
Χ ŀǘ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ abstaction

Χ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ viewpoints

Χ integrated!
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²Ŝ ŘƻƴΨǘ ǿŀƴǘto

we want to
model,

program!
Χ with different degreesof 

Χ ǿƛǘƘ ǎǳƛǘŀōƭŜ notations

Χ ǿƛǘƘ ǎǳƛǘŀōƭŜ expressiveness

domain-specificity

²Ŝ ŘƻƴΨǘ ǿŀƴǘto

we want to
model,

program!

preciseand tool processable
And always:

Modular Languages

Domain SpecificLanguages
Examples, Tools, Practices

L

a
b

c

d

e

f

g
h
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j

k
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o

with manyfirst class concepts!

Big Language?

L

a

b

lw

d

Small Language?

and poweful concepts
with a few, orthogonal
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myL

a

b

a b c

d e f

g h i

j k l

Modular Language

composableconcepts
with many optional,

Likeframeworks
and libraries, 

Modular Language

Likeframeworks
and libraries, 

but with syntax
andIDE support

Modular Language Viewpoints

Viewpoints
suitable

abstractions

notations
for each

and

Viewpoints

Integrated

references

transitions

symbolic

seamless
and

via
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Viewpoints
GeneralPurpose

predefined
library

configure

Viewpoints
Domain Specific

custom
purpose-built

create/ include

Viewpoints

Custom
Notations

business
expert integration

real

Domain Specific
Viewpoints

C

LEGO Robot 
Control

General Purpose

Domain 
Specific

Viewpoints

C

LEGO Robot 
Control

Components

StateMachines

SensorAccess

General Purpose

Domain 
Specific
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Language Integration byΧ

Referencing
Language Integration byΧ

Cascading

Language Integration byΧ

Extension
Language Integration byΧ

Embedding

Language Integration byΧ

Contributing
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Not a new ideaΧ

GrowingA Language
(Guy L Steele)

GrowingA Language
(Guy L Steele)

stoneage-OOPSLA talk,
get it on Google Video!

Language
Workbench

(Martin Fowler)

Language
Workbench

(Martin Fowler)

Freely

define

integrate
them

languages and
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Language
Workbench

(Martin Fowler)

use
persistent

abstract
representation

Language
Workbench

(Martin Fowler)

language::=

schema
editors

generators
+

+

Language
Workbench

(Martin Fowler)

editing
projectional

Language
Workbench

(Martin Fowler)

persist

incomplete

contradictory
information

or

Language
Workbench

(Martin Fowler)

powerful

editing
testing

refactoring
debugging

language definition

IDE definition
implies

+
groupware

Language
Workbench

(Martin Fowler)

support for
αŎƭŀǎǎƛŎŀƭά

programming
αŎƭŀǎǎƛŎŀƭά

modeling
and

+
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Not a new ideaΧ Not a new ideaΧ

But

a practical
reality :-) 

Projectional Editing

Domain SpecificLanguages
Examples, Tools, Practices

Parser-based
text
Χ ǘƻ ǘǊŜŜ
Χ ǘƻ ǘŜȄǘ

Projectional
tree
Χ ǘƻ ǘŜȄǘ-lookalike (editor)
Χ ǘƻ ƻǘƘŜǊ ǘǊŜŜǎ Χ ώϝϐ
Χ ǘƻ ǘŜȄǘ 

Tree
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Programming as Modeling

Χ όaƻǎǘƭȅύ DǊŀǇƘƛŎŀƭ
Notations

Χ !ōǎǘǊŀŎǘ {ȅƴǘŀȄ 
Storage

Χ tǊƻƧŜŎǘƛƴƎ 9ŘƛǘƻǊǎ

Χ 5ƛŦŦŜǊŜƴǘ ŜŘƛǘŀōƭŜ
views for model

Programming as Modeling

Χ όaƻǎǘƭȅύ DǊŀǇƘƛŎŀƭ !ƴȅ ƪƛƴŘ ƻŦ
Notations

Χ !ōǎǘǊŀŎǘ {ȅƴǘŀȄ 
Storage

Χ tǊƻƧŜŎǘƛƴƎ 9ŘƛǘƻǊǎ

Χ 5ƛŦŦŜǊŜƴǘ ŜŘƛǘŀōƭŜ
views for model

Language

¢ƘŜǊŜΨǎno parsing.

Unique Language Element Identity.

Unlimted language composition.

Composition
Textual

Graphical

Semi-Graphical

treated the same

can be mixed

like ASCII }box & line

mathematical

Flexible

Notations

Automatic

IDE Extension
tool support is inherent

for languages build with
projectional tools

language definition

IDE definition
implies

Multiple
Notations

Χ ŦƻǊ ǘƘŜ ǎŀƳŜ ŎƻƴŎŜǇǘǎ

e.g. in different contexts
or for different tasks
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Partial
Projections

Χ ŘƛŦŦŜǊŜƴǘ views
Χ ŦƻǊ ŘƛŦŦŜǊŜƴǘ roles/people
Χ ƻƴƭȅ ŀ ǇŀǊǘƛŎǳƭŀǊ variant

Storage
!= Schema

Χ independentof language schema!
variability annotations

Χ ǎǘƻǊŜ ŀǊōƛǘǊŀǘȅ meta data
change log
conflicting information

Χ αŀǎǇŜŎǘǎάΣ ƻǾŜǊƭŀȅ

Programs
Live

think: spreadsheet

a change to one part of program
can lead to (dependent) changes
in other parts

Tree Editing

Χ ǘǊȅ ǘƻ ƳŀƪŜ ƛǘ feel like text

Χ ǘŀƪŜǎ ǎƻƳŜ gettingusedto
but: for more flexible notations 
a more general editing paradigm 
is needed

Χ ƛǎ different from editing text

Infrastructure
Integration

Χ ŘƛŦŦκƳŜǊƎŜ must be in tool

Χ ŜȄƛǎǘƛƴƎ ǘŜȄǘ ǘƻƻƭǎ ŘƻƴΨǘ ǿƻǊƪ

Χ ǎǘƻǊŀƎŜ ƛǎ not text

Proprietary
Tools

Χ ƴƻ ƛƴǘŜǊƻǇ

Χ ƴƻ ǎǘŀƴŘŀǊŘǎ
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Tooling: MPS

Domain SpecificLanguages
Examples, Tools, Practices

IntelliJ IDEA
Resharper

ŀƭǎƻ ŘƻΧ

Q3 2009
released in

1.5
currently

2.0
April 2011

Apache 2.0
licensedunder

Open Source

&me

&

&
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Build new standaloneDSLs

Build new standaloneDSLs
Build DSLs that reuseparts

of other languages

Build new standaloneDSLs
Build DSLs that reuseparts

of other languages

(MPS comes with BaseLanguage)

extendbase language

Java++

Build new standaloneDSLs
Build DSLs that reuseparts

of other languages

(MPS comes with BaseLanguage)

extendbase language
build DSLs that reuseparts

of BaseLanguage

Java++
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Demo Scenario

Domain SpecificLanguages
Examples, Tools, Practices

C is good
fast
flexible
wide-spread
multi-platform

C is bad
limited abstractions
not domain-specific
αdangerousά
preprocessor
not extensible

Modeling
compensatesfor /Ψǎ

problems

Modeling
compensatesfor /Ψǎ

problems, specifically

goodabstractions
domain-specific
extensible

Modeling
compensatesfor /Ψǎ

problems, but:
not extensible
tool/ tool integration
tool/ codeintegration
processintegration
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TwoClasses

(yes, this is a slight simplification)

Plan Oriented
Top Down

Big Systems
Big Companies

Modeling

Grown
Bottom Up

Small/MediumSystems
SmallerCompanies

C Code

TwoClasses

Χ andgoodluckwith
mixingthe two!

mbeddr.com
Modular Embedded Language

IncrementalExtension

Cof
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IncrementalExtension

Cof Components
Tasks
State Machines
PhysicalUnits
Special Data Types

IncrementalExtension

Cof
syntactically
andsemantically
integrated

IncrementalExtension

Cof
extensible with
domain-specific
constructs(DSLs)

S
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L
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T
IO

N

S
O

L
U

T
IO

N
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S
O

L
U

T
IO

N

S
O

L
U

T
IO

N

Imported Requirements

S
O

L
U

T
IO

N

Program Code with Annotations (green)

S
O

L
U

T
IO

N

Selectingfrom the Requirements

Find Usagesof Requirements

S
O

L
U

T
IO

N
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S
O

L
U

T
IO

N

S
O

L
U

T
IO

N

DEMO

Extending Languages
With MPS

Tool: Spoofax

Domain SpecificLanguages
Examples, Tools, Practices
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Traditionally:
Language ::=

Token* | Rule*;

Traditionally:
Language ::=

Token* | Rule*;

Token ::=
Character*;

Traditionally:
Language ::=

Token* | Rule*;

Token ::=
Character*;

Rule ::=
Token* | Rule;

Traditionally:
Language ::=

Token* | Rule*;

1. Global Tokenization

2. Grammar Recognition

2 Phases:

(aka Scanning)

(aka Parsing)

What if!
combine languages

same seq<Char>as
different tokens?

Ambiguous!

Not Parsable.

Bad Luck.
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Modern:
Language ::=

Rule*;

Rule ::=
Char* | Rule*;

Grammar Recognition
1 Phase:

directly on char*

Scannerless
Parsing

No Ambiguity

Always Parsable.

when combining languages

όǿŜƭƭΣ ŀƭƳƻǎǘΦ ¢ƘŜǊŜ ŀǊŜ ǎƻƳŜ ŎƻǊƴŜǊ ŎŀǎŜǎΧύ

Custom 
Syntax

Graphical
Textual
Symbolic++

IDE
Support

Teamwork
Debugging
Custom Editors

Complete
Symbolic
Integration

Goto Def
Find Refs
Refactoring

Unicode
Limited to

how to handle
non-character symbols
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Text
Graphics !=

ǘǿƻ ǿƻǊƭŘǎΧ

separate editors
Χ ǇŜǊ ǎȅƴǘŀȄκǾƛŜǿǇƻƛƴǘ
Χmodels can still be ref integrated

Eelco±ƛǎǎŜǊΨǎgroup Eelco±ƛǎǎŜǊΨǎgroup

Eelco±ƛǎǎŜǊΨǎgroup
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Recap: What did we do?

Domain SpecificLanguages
Examples, Tools, Practices

Abstraction

MakeExplicit

Viewpoints

Formalize Notation



23.10.2010

41

Isolate
Technology

Limit
Freedom

Automate

A few Best Practices

Domain SpecificLanguages
Examples, Tools, Practices

Limit Expressiveness
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Notation, Notation, Notation Graphicalvs. Textual

DSL Semantics Viewpoints

Partitioning Evolution


