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Frameworks Frameworks
are not enou

Modeling

Modeling Modeling

... Higher Level
... Domain Specific

... Higher Level
... Domain Specific

Concepts & Notations Concepts & Notations
... Code Generation ... Code Generation
Interpretation Interpretation
Solves the

Problem!
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'u\ leferent Worlds
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Mix Models a rams
AST Navigation & Query
s ', Integration of 3GL code
b Code Constraints
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Domain Specific

Notations
and

Abstractions

Com

Flexible! BRETTILL

Frameworks
Libraries
(Fluent) APIs

Graphical Customize
Textual Generator
Forms or
Tables Interpreter
Flexible! BEGIiC] Flexible! BRE[Iid]

Textual
Trees

Reflection
Meta Programs
Open Compilers




Define custom
orQue(y
o;‘\lamgate
Transform

Flexible!

Different

Representations

and projections

Flexible!

Brittle!

Modeling Tools...!?

Limited!

AST APIs
Static Analysis
Regex

Limited!

Text is Text
Code Folding
LCEEAEYS
Visualizations

Scalable
Usable
IDE Support

Mature!

Custom

.Validation

Error Checks

Flexible!

Mixing
and :
Composing
Languages

Flexible?
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Limited!

IDE plugins
Static Analysis
Open Compilers

Limited!

Python-to-C-like
Internal DSLs
Embed-As-String
Specific: LINQ

Debugging
Refactoring
Testing

Mature!



06.11.2009

Versioning
Diff, Merge
Branching

Gets some BCEER [
Brittle! Mature! Jobs done. E[e)sRpleIyl=)

some people doubt that...

for some tools...

Why

the difference?

Modeling Programming Modeling Programming

... (Mostly) Textual
Notations

... Concrete Syntax

Storage
... (Fancy) ASCII Editor

... Read-Only
Visualizations




Modeling

.. (Mostly) Graphical
Notations

. Abstract Syntax
Storage

... Projecting Editors ;

... Different editable

~ views for model

It is time for ...

Programming
the way we do

Modeling?
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Programming

... (Mostly) Textual

Notations
... Concrete Syntax y

Storage
... (Fancy) ASCII Editor

... Read-Only
Visualizations

the difference?

... a Different Perspective

- Modeling == Programming
Programming =g\ [eJe [lI]3T:4

Modeling

the way we do
Programming:



We don‘t want to

model,
we want to

program!

... at different levels of abstaction
... from different viewpoints
... integrated!
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Where
do we go
from here?

We don‘t want to

model,
we want to

program!

We don‘t want to

model,
we want to

program!

... with different degrees of
domain-specificity

... With suitable notations
... With suitable expressiveness



We don‘t want to

model,
we want to

program!

And always:
precise and tool processable

Enabling
0 Technologies

Enabling
Technologies

Available
Tooling

A vision for
programming
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Enabling
Technologies

Available
Tooling
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Enabling Enabling
o Technologies o Technologies

Modeling as Programmig

... (Mostly), Textual
Notations

... Concrete Syntax ) C u Sto m

Storage

... (Fancy) ASCII Editors L e Syntax
... Read-Only .
Visualizations

Complete
Symbolic
Integration
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Xtext-like Tools

Limitgd to
Unicode

Custom Editors
Teamwork
Goto Def

Find Refs
Refactoring

Graphics 1=
Text

Parser-based
0 Enabling text
Technologies e

Textual AST G Trad. {5 73
Source (Model as rator Source [~ "5 e |
Code Objects) Code LAY
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Projectional

tree

... to text-lookalike (editor)
... to other trees ... [*]

... to text

. Intenti Some Trad 7
- @ ™ e . @

g

Programming as Modeling

... \MViostly) Graphicatl Any kind of
Notations
... Abstract Syntax P
htorage i g‘é f«i
... Projecting Editors %’“?‘:,’"
..Different editable

Flexible :
Notations

like ASCII
box & line

mathematical
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Programming as Modeling

... (Mostly) Graphical

Notations
... Abstract Syntax g
-.‘,,Storage i ;‘i f«f
... Projecting Editors 5’“?‘:,"'
_..Different editable
~ views for A sl o B

Language

Composition

no parsing
Identity

composition

Automatic

IDE Extension

inherent
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Multiple

Notations

contexts
tasks

Storage

I= Schema

meta data

independent
»aspects”, overlay

Tree Editing

different

feel like text

getting used

Partial

Projections

views
roles/people
variant

Live

Programs

spreadsheet

Infrastructure
Integration

not text

must be in tool

06.11.2009

tools don‘t work
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Proprietary
Tools

Available
2 :
Tooling

eclips L
madeling

&/ PPPPPPP

http://eclipse.org/modeling

@

Available
Tooling

eclips 4

madeling

&/ PPPPPPP

http://eclipse.org/xtext
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eclipy 4

Xtext: Specify Grammar  madeling

Fre——

"namespace name=ID
(usings+=Using) T
[ subNamespacessslaneapace
components+=Component |

(featurerause=FeatureClanse) 2 *("

datatypesi=bacaType
interfaces+=lnterface |
BOS1E1OnICORPEALEION ) *

5" namespace=[Namespace|gualll]:

Component :
(pointeut=Fainteut)? "
[porta+=port)

nawe=I0 (tags=TagsClause]? (featurec

Fore
MessagePort | DataPort:

NesaagePart:
ProvidedPort | RequiredPort:

dedPort

provides” name=ID 73" i

Bequiredpore:

eclipy 4
madeling

BEsg P RO JECT

Xtext: Constraints

import axdzl:

extension ne

Extension or

context Component ERROR "Qualifisd Neme "+qualifiedName ()+" must be
16 ).select( e c.qualif iame |

context DataType EHROR "Qualifisd Name “4gualifisdiams ()" must be unigus”
aLIPAtaTypes () .select| ¢| c.gualifisdéams(] == qualifiedhase() ).size

context Namespace if 'isEmpcy(] ERROR "Cualified Mawe ®tqualifiedame ()
al

J.select( cl c.qualifiediame () }.8t2e {

context emfiiEChisct if metaTyps.getProps
WEEATYpE . JECPTOPETTY (ThaNaT] . gat (this)

context Interface ERROR "interface names tart with a capital

name, STAETENLTL.

context MessagePort ERROR "in

erface not defined, Nissing &
visiblel

uaing'?

ins [ '

context kreribute ERROR “no ty,
visibleInstancesOfType (this, DATaType).contains(type):
context DataPort EAROR "data not

defined: "+Cype.nase:
visihlelastancesOfType (th

5, ComplexTyps) .contains (Lype ;

eclipy 7
madelin

Xtext: Generated Editor

Code Completio

B S - G

o BB Tine - com iz s

[ EBaas - comsivinad.shared
FPTe———

It E———

Xtext: Gen. Meta Model
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eclip 4
madeling

Plamespace | Nemespace
- e FratureModel : Fraturetodsiport
-2 ports : It
& H Hemespace

1- 4 components : Component
8 i3 ehertaces | dnteface

B o feanrodouss | FestueCiiuse

- datatypes : Dataype
Lsing

 foahuredsuse | FeatweClause

S tartace : Irterface

[ Provdedort -> MessagePrrt
FeqursdPirt - Messageburt
Dstapor - Pt

Xtext: Generated Editor

|| conpenares s 5

namespace con
namespase aicw

wsing com.mirvizacd. donaintypes
[T ——

Anterfac B Time - con. st dorck rpes
omewr B aaa . com sivizied.sharsd
FPTeR———
I E———

48 o 1
2 e, 0 g, 0 s (e kb 3 of &2 )
phion_~ Bescrce | b

| Location

eclipy 4
madeling

et acle-acd el o, b 34

... et ancle.acd exklsanl... b 34

[T —
@ o iype defiond: nd congrects,

Xtext: Generated Editor

|| conponares e £

framecpace con
namespase aicw

wsing com.mirvizacd. donaintypes
[T ——

typeder seeing FligneIn

struce Fisgnes:

Syntax Coloring

eclipy 7
madelin

Custom Keyword Colc
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eclipi 7 eclipi 7
Xtext: Generated Editor ma@deling Xtext: Generated Editor ma@deling

Bl Task [ EF outin

Customizable
Outlines

Realtime Constraint
Validation

eclip. 7 eclip. 4
Xtext: Generated Editor mde Xtext: Generated Editor mde

'|Code Folding

Goto Definition

Find References
Cross-File References
Model as EMF

eclipi 7
Xtext: Generated Editor ma@deling
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DEMO1

Building DSLs with
Eclipse Xtext

Available
2 :
Tooling

M’ A\ BRAINS
2

(0L -

also do...

Intelli) IDEA

Resharper

06.11.2009

Available
@ :
Tooling

M’ = BRAINS
2

(e

Q3 2009

currently

1.1 RC1
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BRAINS

licensed under

Apache 2.0
Build new DSLs
Build DSLs that parts

of other languages

Build new DSLs

Build DSLs that parts
of other languages

base language

build DSLs that parts

of
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Build new DSLs
Build new DSLs
Build DSLs that parts

of other languages

base language

Language Extension Example

19
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Language Extension Example Language Extension Example

Structure ¢ Editor ¢ Typesystem ¢ Generator Structure ¢ Editor ¢ Typesystem ¢ Generator

inspected cell Layout inspected cell Layout

Smte | Edior I T Topemyatem | [ | I | Smte | Edior I T Topemyatem |

20



Structure ¢ Editor ¢ Typesystem ¢ Generator

3] in Jaxdenn . Lypesystem

Structure ¢ Editor ¢ Typesystem ¢ Generator

scary_swcg(1]. lock
SLOOPS| SCOPY_SRCS mull

) Hmaly |
scary_smes[1].ualock 3

Structure ¢ Editor ¢ Typesystem ¢ Generator

scary_smcg(1]. lock
SLO0FS | SOOFY_SRCS milL

) Hmaly |
scary_smes[1].ualock 3
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Structure ¢ Editor ¢ Typesystem ¢ Generator

Language Extension Example

Result behaves like a native
base language construct

21



Language Extension Example

Result behaves like a native
base language construct

Example Languages
HTML Templates

06.11.2009

Language Extension Example

Translated to regular Java code
based on the generator

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

¥

Example Languages
Ul Language

Example Languages
Persistent Classes

22



Programmin
" Langu
are no
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M_

Building DSLs with
JetBrains MIPS

A vision for
@

Programming

Programmin

Langu
are no

!

" ""cenodgh. o
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Programming .suw Programming .sw

Languages @ y Languages @ ~
are not — are not -

-
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Modular Language Modular Language
Like frameworks Like frameworks
and libraries, and libraries,

but with syntax
and IDE support

Not a new idea...

Growing A Language

(Guy L Steele)
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Language
Workbench

1 L (Martin Fowler)
o 1
) i |
n
¥

Freely
define

languages and

integrate

them

Language
Workbench

! | (Martin Fowler)
il ¢

language ::=
schema
+editors
+ generators
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Language
Workbench

(Martin Fowler)

Language
Workbench

1 L (Martin Fowler)
o 1
) i |
n
¥

_—

use .
persistent
abstract’

representation

Language
Workbench

! | (Martin Fowler)
il ¢

—

projectionﬂ(

editing
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Language
i 2 Workbench

(Martin Fowler)

‘S : persist
Yy ) incomplete
e AT or
? contradictory
y information
gl WY
i r “‘
Language

(Martin Fowler)

i 2 Workbench

\
support for -
nClassical .

programming

= . an
. ,classical”

R )
i '_i:f"f* modeling

primarily
textual

with more symbols
think: mathematics
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Language
i 2 Workbench

(Martin Fowler)

powerful
editing
testing
refactoring
debugging
groupware

S
R e . = e §
* o Sy
i J
¢ \ anguage definition
i r T " { Ut derinitior

~ primarily
textual

~ primarily
textual

sometimes
box&line style
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primarily

textual

sophisticated
visualizations

... abstractions : = i Tbolic
£ and S ey .  references
"\\nOtatIOI"IS : % o S Ramless ==
=~ foreach _transitions

Business

Business
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Business Web App

‘ Daployment |-—| Web Form Styling |
l —

| Stets Machinas |

[ e Controtiers

derived
atribules

l—’.—

Business Web App

|-—| Web Form Styling | Daployment |-—| Web Form Styling |
l —

| Stets Machinas | | Stets Machinas |

[ web conn ...,m [ web conn

derived derived
atribules atribules

’—’.— l—’.—

‘ ORM-Parsistence | | Currency Types ‘
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Business Web App

|-—| Web Form Styling | ‘ Daployment |-—| Web Form Styling |

— 1 | — 1

| |
[ Web Controiers

| Stets Machinas | | Stets Machinas |
Componens,

[ Web Controiers

st st
i Sproadhest s Sproadhest
Objects. .
Closures

Business Web App
|-—| Web Form Styling | |-—| Web Form Styling |
— 1

{  sueacnines |

[ Web Controiers ) ¥ [ Web Controiers

derived
atribules

st st
i Sproadhest s Sproadhest
Objects. .
Closures

Business Web App

|4—| Web Form Styling |
|

State Machines | | Stets Machinas |

[ Web Controiers ) ¥ [ Web Controiers

tasiin tast
i Spreadhest Tyoes, s Spreadheat
“Objects .
\agregation ‘Closures

s R e
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|-—| Web Form Styling |

— 1

| Stets Machinas |

derived
atribules

tesin
- Sproadhest

|-—| Web Form Styling |

— 1

| Stets Machinas |

[ Web Controiers

tesin
- Sproadhest

— 1

Jlln. Machines

derived
atibutes

Tomporal Typos

Business Web App

— 1

|-—| Web Form Styling |
|

| Stets Machinas |

[ Web Controiers

— 1

Jlln. Machines

derived
atibutes

06.11.2009

31



derived
atibutes

[ omanpurisionce

Embedded Apps + PLE

derived
atlibules

Insurance Apps

06.11.2009

[ oertoyment

derived

atibutes

Embedded Apps + PL

Tomporal Typos

derived

atlibules

guards.

test
Ll Sproadhost

Embedded Apps + PL

derived

atlibules
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Embedded Apps + PLE

Currently:

o ¢ Declare Data Structures in XML
> * Generate Headers
S ¢ Implement manually in C

Embedded Apps + PLE

Adding
matrices
toCinan

embedded

environment.

Currently:

not supported

06.11.2009

33



Currently:

Tool team

Better Solution

Dar * Nengine
qmatrix<int16>[3,3] ModellMatrix = par, + npgine *q 0

temp,
vector<int16>[3] modellvektor = temp,
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ) {
int n = size(A);

return Zies,. (sgn(i) k=1 ﬂk,i(k)}l

Currently:

compiler support

Better Solution

PAN * Nengine
qmatrix<int16>(3,3] ModellMatrix = par, + Nypgine *q 0

temp,
vector<int16>[3] modellvektor = temp,
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ) {
int n = size(A);

return Zies,. (sgn(i) k=1 ﬂk,i(k)}l

Better Solution

pan *Rengine
qmatrix<int162[3,3] ModellMairix = par, + noypine * g 0

temp,
vector<int16>[3] modellvektor = temp,
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ) {
int n = size(A);

return Zies,. (sgn(i) k=1 ﬂk,i(k)}l

06.11.2009
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Better Solution

Dar * Nengine
qmatrix<int16>[3,3] ModellMatric = par, * ngpgine *q 0

temp,
vector<int16>[3] modellvektor = tempy
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ) {
int n = size(A);

return zies,. (s,gn(i) k=1 “k,i(k)}l

Better Solution

Dar * Nengine
qmatrix<int16>[3,3] ModellMatric = par, * npgine *q 0

temp,

vector<int16>[3] modellvektor = temp,
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ) {
int n = size(A);

return zies,. (s,gn(i) k=1 “k,i(k)}l

Better Solution

Dar * Nengine
qmatrix<int16>[3,3] ModellMatric = par, * npgine *q 0

temp,

vector<int16>[3] modellvektor = temp,
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ) {
int n = size(A);

return zies,. (s,gn(i) k=1 “k,i(k)}l

highlights

overloading

optimization

Better Solution

Dar * Nengine
qmatrix<int16>[3,3] ModellMatric = par, * npgine *q 0

temp,
vector<int16>[3] modellvektor = temp,
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ) {
int n = size(A);

return zies,. (s,gn(i) k=1 “k,i(k)}l

Better Solution

Dar * Nengine
qmatrix<int16>[3,3] ModellMatric = par, * npgine *q 0

temp,
vector<int16>[3] modellvektor = temp,
tempy

vector<int16> gausszerlege( gmatrix<int16> A, vector<int16> b H
// gausszerlegung.... alaAx=b =>x=A\b
return X;

vector<int16> erg = ModellMatrix * modellvektor;

int16 det( gmatrix<int16> A ] {
int n = size(A);

return Ziss" (5.‘?”(f) k=1 ﬂk.i[k))i

06.11.2009

overloading
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In addition: PLE Variability

Pudormiege
typedef intl6elementType;

Pt
typedef int8 elementType;

variability
W expressions

vector<elementType>[3] modellvektor = temp,
temps

elementType someOperation {

}

Type> g lege(gmatrix<elementTyp
// gausszerlegung.... alaAx=b =>x=A\b
return x;

In addition: PLE Variability

variability
W expressions

vector<elementType>[3] modellvektor = temp,
temps

typedef int8 elementType;

elementType someOperation {

}

Type> g lege(gmatrix<elementTyp
// gausszerlegung.... alaAx=b =>x=A\b
return x;

Available
@ :
Tooling

06.11.2009

In addition: PLE Variability

Pudormisne
typedef intl6elementType;

1 Patermeain
typedef int8 elementType;

variability
W expressions

vector<elementType>[3] modellvektor = temp,
temps

elementType someOperation {
}

vect s Type> (gmatrix<elementTyp
// gausszerlegung.... alaAx=b =>x=A\b
return x;

}

Available
@ :
Tooling
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INTINTIONVL

S OFTWARE

Commercial
Product

Statemachine Example

c
2
=
(8]
()
om—
o
S
[~ N
(]
2
=)
1]
2

06.11.2009

INTINTIONVL

S OFTWARE

Version 1.0 released in

Dec 15, 2008

currently at 1.4

INTINTIONVL

S OFTWARE

Eval available

upon request

Statemachine Example

c
=
)
(S}
&,
o
i
o
S
L
=
®
[
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Statemachine Example Statemachine Example

Textual DSL Projection

Java Projection

Statemachine Example Statemachine Example

Two projections side/side

c
2
ot
(8]
2
o
S
a
>
Ko
=]
o

Two projections side/side
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Pension Workbench Example

°| - Library NN LC PA
Documen

Text Editing Domain

Pension Workbench Example

Pension Contract Rules Domain

Pension Workbench Example

Symbolically integrated

06.11.2009

Pension Workbench Example

& 2.3 Commutatiegetalien op 1 fevent

i

# 3.6 Contante waarde 1 leven/ 2 levens§

= 4 BN{_ris) koopsommen1

All in one Document
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A

A Journey... ~ A Journey...

.coordinates

www.voelter.de
voelter@acm.org
schogglad

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

emis

one more thing...
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Sioux Embedded Systems
Domain Specific Languages (for Product Lines)
http://sioux.nl

Feb 3 -4, 2010
Eindhoven, NL

itemis

Xtext

http://itemis.de
12./13.11.2009: Hamburg
18./19.02.2010: Hamburg
25./26.02.2010: Stuttgart
15./16.04.2010: Miinchen

itemis

Eclipse Modeling (GEF, EMF, GMF)
http://itemis.de

23./27.11.2009: Bonn

P

premium
courses

emis

http://bit.ly/3gRt8l

emis

30./04.12.2009: Miinchen http://bit.ly/2n9H9j

THEEND. Really.

06.11.2009
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