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Introduction

Abstraction is a conceptual process b

which higher, more conceptual concepts

are derived from the usage and
classification of literal (i.e. "real" or
"concrete") concepts.

Wikipedia




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

some particular computer language:
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What is a good Language
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[..] 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
o software or hardware.

Wikipedia

One Language to Rule Them Al

What is a good Language
X F2NJ I 3AA
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* domain specific

A DSL is focussed processable
languagefor describing a specific
concernwhen building a system in
a specifidomain. Theabstractions
andnotations used are
natural/suitablefor the
stakeholderswho specify that
particular concern.

tailor made
effective++

specialized limited

usedby experts

together with other
Specializedools

execute?
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DSL Program

(akaModel)
: map

GPL Progra

[

Generation

Interpretation

LanguageQrientedProgramming AnalysingDomains
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ey ModelDrivenDevelopment Delinnglanguages

Building Edit_ors
ModelDrivenSottwareDevelopment TransformingModels

Building Generators
Building Frameworks




AnalysingDomains
Defining Languages
ecting

Adapting Selectin
Building Editors

TransformingModels

Building Generators

BuildingFrameworks
X andusingall of that to build apps

EEl

external

graphical

textual
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Examplel:
Embedded Protocol Handler
DomainSpecificLanguages
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Examples

processing bigitalln “BI% maduletype Ox08 hal = bigitalfnMiL

Adatatypes
SinglePoine IndieationiithoueT
SinglePoincIndicationBithTy
IndicationVithoutT

procedure uriteRegisterNumberz regquestCode Dx29 (
request: struct reguescl (
int8 acc pattern (
z:h00:
6:parentRequestCode;

niton

parametertypes
DataType default

b
subatle 40 H SntencedDATSTYPE == PAU SLngLEPOINTINGLCATiOANLTHTimE: int8 registeriddress;
Debouncert1terTime default ( )
atte filrer reply: struct dontCareReply (
subattr dni int8 ;
| mubattr anl int8 dontCare patternref defaultReturn:
Mo tsumOned 1 ntangF requaney, b

reguest: struct request2 (
int8 registerType pattern {
4:0b0000;
4:registerType;

function READDATA {) @ Processbata;
function WRITEDATA(inpuv : ProcessDatal:

b:
int8 registeriddress;
int8 registerdata [2];

PEOCESSDATA aTA:

instance memory Bemocy :

ComponentSpecification

Message Format Def

tests

refines

register parameterInst
inte bl pattern (
hanne Number ;

ction address 0x37 struct {

Testing
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Example2:

Pension Fundspecification

* * Library NN LC PA
Documentation
= Groottebepaling®
1 Ink

= 2 Opbouwtoezeggingen

TextualDocumentation

= 3.3 Commutatiegetailen op 1 leven§

= 3.6 Contantd waarde 1 leven/ 2 levensf

= 4 BN(_ris) koopsommeny

CalculationRulesand Tests

InsuranceMathematics

Exampled:
Alarm System Menus
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message TurnOrrAlarm
message TurnOnAlarm
message AlarmLevel
message UnlockNow

compenent AlarmManager {
receives TurnOffAlarm
receives TurnOnilarm
receives AlarmlLevel

}

component MasterSwitch {
receives UnlockNow

}

) afearieam w

Software Components

Menu Structure

Exampleb:
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subsystem the,vorld.zceancios ( orld. scenacion ( import “classpath:/tusuor

the.moon world. scanscios

Aenaveong |

interface Fadic { interface Fadic {

[— £ )t vaid ceport( a: Problemfeport ): vaid
! ! ben on |
st < #wag.problem > ) -3
interfare Press | interfar ‘
Droassast| ar string ) steing Droassast| ar string ) steing BATS51
4

Radio

Prese

subsysten .suenacios

subsysten

wses che,vorld.scensrios

uses che.

private private

heduled oncelpons
adic [0..

Raddo [0..

scheduled oncelpons
: t

c
i)
)
s o
= =
5 =
@ 3
o o
)

e =
Q ()]
c )
o ®
o @)
S 17
Q O
@) [



23.10.2010

Deploymnet

Examples:

Miscellaneous A DSL Hearingid Configuration
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SOLUTION

A DSlfor =
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BPEL Designer
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Conceptst Terms

PLC Programming

Metamodel
(Abstract Syntax)
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ConcreteSyntax
(Notation)

StaticSemantics
(Constraintg

DynamicSemantics
Model vs. Program

.i. I, 6
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Benefits
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Automation IncreasedQuality

faster, deterministic well defined structuresallthrough the system

-

: . Capture
suzzhlyel e Lo eilely DomainKnowledge

formalizedinto languagesand models

SuitableNotations Technology Independence

textual, graphical tabular generateciechnologyglue codex
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Abstractionw/o Capture
RuntimeOverhead Implementation Strategy

generatorooptimizesawayd

in the generators

ﬂEi""Tlﬂzﬁ
DomainSpecificLanguages

ExamplesTools, Practices

Tooling

Toolind Toolind
Editor
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Toolind
Editor, Debugger

Toolind

Editor, DebuggefrTesting Groupware

Toolind

Editor, DebuggefrTesting Groupware,

Scalable& o !E€lipsé& A Yy
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Toolind
Editor, DebuggerJesting

Toolind

Editor, DebuggerTesting Groupware,
Scalable
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Language Definition Tools

abstractsyntax concretesyntax constraints
Editor Frameworks
TransformationLanguages
Code Generation Tools
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Tooling EclipseXtext quelmg

& PROJECT

ecI|p 7 ecI|p 7
Xtext Xtext

Building [ Building
Textual N Textual
Editors | - o Editors
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Constraints

eclipy 7
madeling

expressed
in Java
_Or_

with OCL

and dialects |l

M2M

Model-to-Model §
Transformationsg

LbwL! Qa
QVT
Xtend

GMF

Graphical
Box/Line
editors based
on EMF

eclipy 4
ma@deling

: < PROJECT

eclipy 7
madeling

Graphical Notation
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eclip 4
Xtext Typesystent/W mgdeling
é,' W PROJECT

varx:nt, declare fixed types
calcy:int =1+2*x

Typing
— x:Var y: Cale
1 int !W . check types R U |eS

type hm -
IntType IntType Plus
int int

it | [ 9 ELJ

= IntConst Sqrt

eclipy 4

M2T ma@deling

Model-to-Text

Transformationsj
JET: Java Emitter |8
Templates
Xpand2 ! 2 Q& [
template engine il

eclipge 4
EMF madeling
Ecoremeta meta model
+
Editing
Transactions
Validation

Query
Distribution/Persistence
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DEMO _

Building DSLs with
Eclipsextext
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Programmingvs. Modeling

programmingd?

modelling?
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programming? different?

VS. -
modelling? the same?

Y. Different Worlds

» ngrammmﬁom:

A Different Worlds

Modellng Tkool
Modellng Treol
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\ Different Worlds

\, ; Mix Models antdiPrggram:
ASTNavigatiom& Quer

\ Different Worlds

\, ; Mix Models antdiRPrggram:
ASTiNavigatior& Quer

Modeling Programming

Modeling Programming Modeling Programming

X oa2aufe' X (VO a2 @b Hficd (s oa2aufe'
Notations Notations Notations i

X' o/ 25 ONB (i g U C T el X+ | 2SEONE (18
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X w SDIniR X DiBekeF FASING yERLGERTE:S 412
Visualizations views for model Visualizations
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model, model,
we want to we want to

program! program!
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X integrated!
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28 R2y W 6| 28 R2y W 6|
model, model,
we want to we want to

program! program!

X with different degreesof
domain-specificity And always:
X gA0K ratdiang | 6 f 4 preciseandtool processable
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Modular Languages

Small Language?

/ﬁ\/e@
=AY
0.0

[\

with manyfirst class concepts with a few, orthogonal
and poweful concepts

21
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Modular Language Modular Language
000 Likeframeworks
(\ 000 andlibraries,
000
000
with many optional,
composableconcepts
Modular Language o Viewpaoints

Likeframeworks
and libraries,

but with syntax
and IDEsupport

N— 0 |5”(3‘m S

\;otatlons

+ for each
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Control

SensorAccess
LEGO Robot

SN

Control
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Language Integratiom)_yx
Referencing

Language Integrat_iorh)yX
Extension

Language IntegratiotyX

Contributing

L1 L2
E -
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Language Integratic_)rtnyx
Cascading

Language IntegratiotoyX

Embedding

24



Not a new ideaX

GrowingA Language

(Gw L Steele)

Language
Wgrkbgench
1

(Martin Fowler)
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GrowingA Language

(Guwy L Steele)

stoneageOOPSLA talk,
getit on Google Video!

Language
Wgrkb%nch
1

(Martin Fowler)

languages:and

mtegrate
them
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ork emah ork emah
(Martin Fowler) (Martin Fowler)
language =
persiﬁamt schema
abstract +editors
Tepresenision +generators
ork emah ork emah
(Martin Fowler) (Martin Fowler)
persist
pfojecg?ﬁaj lﬁCﬁmﬁleﬂe
edling contradictory
infarmation
ork emd’ﬂ ork emclh
(Martin Fowler) (Martin Fowler)
powerful
editing support for !
ftestlng wOfdis 4 20! t..ﬁéb
refactoring Progranming
debugging “Rhsdeing © ¢
1 groupware
Iangu@mdéﬁfmtmﬂ
IDEdeﬂnlhmn
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Not a new ideaX Not a new ideaX

practical
reality :-)
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ProjectionalEditing

Parserbased Projectional
text R tree -
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Programming-as/Modeling Programming-as/Modeling

X (Vo-a2 @&Apific8 0 DNJ LJ X tivitrsahyd-Graptficat Any Khildf LI
Notations Notations
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“views for

Language Flexible

Composition@l Notations

_ like ASCII
no parsing

Identity box & line

composition mathematical

Automatic ~ B Multi ple
IDE EXtensic Notations

iInherent

contexts
tasks
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Partial

Projections

VIEWS
roles/people
variant

Live

Programs

Spreadsheet

Infrastructure
Integration

not text

must be in tool

~

G22f a R2
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Storage

I= Schema

meta data

iIndependent
2 SN

Tree Editing

different
feel like text
gettingused

Proprietary
Tools
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Tooling MPS

M’ BRAINS M’ BRAINS
kifo 802 RQ_X releasediin
IntelliJ IDEA Q32009
currently
Resharper 15
April 2011

2.0

M, BRAINS M}
test g nrnmon
&me. S
.Opde? Souree & 1.1BRAINS

Apache?200 & it
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Build new DSks
Build new DSlss Build new DSls
Build DSL s/thai parts Build DSLsithai parts
of other languages of other languages

base!language

Build new DSlks

Build DSLsithai parts
of other languages

base/language

build DSLsf that parts
0
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Demo Scenario

Cis i
limited abstractions
not domain-speci
odangerous
preprocessor
not extensible

Modeling

compensatedor ‘W a
problems spedifically
good absiractions
domain-spedfiic
extensibile

23.10.2010

Cis
fast
flexible

wide-spread

multi-platform

Maodeling

compensatedor LW a
problems

Maodeling

compensatedor L4V a
problems but:
not extensible
tool/toel integration
tool/codeintegration
processntegration
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Two Classes

(yes this isaslight simplification)

Grown

Bottom Up
Small/Medium Systems
SmallerCompanies

—— =

e
s

. mbeddr.com

S’ Modular Embedded Language

Two Classes

X andgoodluckwith
mixingthe two!

IncrementalExtension
of

23.10.2010
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0101101011

Components

Tasks syntactically

State Machines and semanticall
PhysicalUnits integrated
Special Datal'ypes

101101011

extensiblewith
domain-specific
constructs(DSLs

exported interface MotorControl {

= = . = T I . void stop( )
module main imports Osek + EGAPI, Bit void setLeftSpeed( int8 speed );
constant Lnt wvoid setRightSpeed( int8 speed );
}
constant int
comstant tat LOW = 20; exported component Motors {
comatant fat EAST = 40; provides motorControl : MotorControl;
} exported component implementation MotorsNXT : Motors {
procedure void motorControl.stop( ) {
nxt_motor_set_speed (MOTOR_PORT_T::NXT_FORT_B, 0, 1);
ver_eoRn_a1y nxt_motor_set_speed (MOTOR_PORT_T::NXT_PCRT_c, 0, 1);
Z Z '
O O procedure void motorControl.setleft@peed( int8 spesd ) {
defanlt —_— nxt_motor set speed (MOTOR_PORT T::NXT_PORT <, spesd, 1);
I initialize { noop I }
D ) D procedure void motorControl.setRightSpeed( int8 specd )
| | nxt_motor_set_speed (MOTOR_PORT T::NXT_PORT_BE, speed, 1) ;
O O '
n )} ’
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Imported Requirements

module impl imports <<importss> {

int speed( int val ) {
return 2 * val;

}

robot script stopindco

UMY REQUIRMENTS (Lo De replaced by interface to real ME tooll
block main on bump block retreat on bump <no bumpReaction show trace trus
stop

accelerate to 0 - 30 within 2000
drive on for 2000

decelerate to 0 within 1000

yoi
Calibration
Maxspaad

stop
accelerate to spesd(25) within 3000
drive on for 2000
turn left for 2000

st Tk)1 3 Tk]

block driveMors on bump <no humpReaction
accelerate to 80 within 2000
turn right for 3000

decelerate to 0 within 3000

stop

SOLUTION
SOLUTION

Program Codavith Annotations (green)

DummyRequirementsCellection - | 3 w

Selectingfrom the Requirements

trace TwoPhases
stateswitch linefollowes

FindUsagesf Requirements

SOLUTION
SOLUTION

env block Aircraft

: double [— 1 / c
s

ent aircraft spsed

A : double [m m] / cross a:lea of the wing
ca : double [1 1 / Auftriebsbsiwert

cw : double [1 ] / Widerstandsbeiwer
n_wings : double [1 ] / Number of Wings

Z
O
—
)
-
O
0
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function block Stuff on the Wings

SOLUTION
SOLUTION

Extending Languages
With MPS

-‘e‘;""T(ﬂE;E
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Tool: Spoofax
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Traditionally:

Language ::=
Token* | Rule*;

Traditionally:
Language ::=
Token* | Rule*;

Token ::=
Character*;

Rule ::=
Token* | Rule;

What If!

combine languages

same seg<Charas
different tokens?

23.10.2010

Traditionally:

Language ::=
Token* | Rule*;

Token ::=
Character*;

Traditionally:

Language ::=
Token* | Rule*;

2 Phases:
1. Global Tokenization

(aka Scanning)

2. Grammar Recognitio
(aka Parsing)

Ambiguous!
Not Parsable.

Bad Luck.

37



Modern:

Language ::=
Rule*;
Rule ::=
Char* | Rule?*;
1 Phase:

Grammar Recognition
directly on char*

Custom

Syntax

Complete
Symbolic
Integration

Scannerless
Parsing

Limited to
Unicode

23.10.2010
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Graphics !=
Text

Delft Delft
I U Del t University of I U Del t University of
Technology Technology

Eelcor A & &S Eelcot A & &SN

SDEF: Stratego:

Declarative .y .
Syntax Rewriting

Definition Language

Delft
U e t University of
Technology
(i) NBlog/bl

.......
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Recap What did we do? Abstraction

T —

/\ ‘=:""Viewp6“f nts
Make Explicit =i .
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|solate
Technology

Automate

M7 2
Iz s e Limit Expressiveness
DomainSpecificLanguages
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[ ]
A few Best Practices
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Notation, Notation, Notation Graphicalvs. Textual
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DSLSemantics Viewpoints

Partitioning Evolution
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