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general purpose

domain specific
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tailor made
effective++

specialized, limited

used by experts

together with other
specialized tools

focussed, processable
language
concern
domain abstractions
notations
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DSL Program

(aka Model)

: map

GPL Program
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Generation

Interpretation

LanguagelrientedProgramming
DomainSpecificModeling

g ModelDrivenDevelopment

ModelDrivenSottwareDevelopment
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Analysing Domains
Defining Languages

Adapting/Selecting
Building Editors
Transforming Models
Building Generators

Building Frameworks
... and using all of that to build apps

@ Example DSLs
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Example 1:

Embedded Protocol Handler

Component Specification

processing DigitalIn "EI" moduletype 0x08 hal = DigitallnHAL {

datatypes {
SinglePointIndicationVithoutTime:
$inglePointIndicationVithTime:
DoublePointIndicationVithous Time:
DoublePointIndicationVichTime:
BitStringTypeISBitWithourTime:
BitStringTypeISBitWithTime:

parametertypes {
DataType default {
subattr db0 # intendedDataType =

pdt SinglePointIndicationichTime:
r:
DehounceFilterTine default {

attr filterTimeInMs 0x02;
subattr dbl # SP == O0x00;
subattr dbl # IN == Ox00;

Yo
Hax immOscillatingFrequency;

function READDATA {) : ProcessData;
function WRITEDATA{input : ProcessData);

struct ProcessData {
int8 channel;
int8 fixData[4];

struct Memory {
int8 state;
FrocessData data;

instance memory Memory ;

SOLUTION
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Message Format Definition

procedure writeRegisterNumberZ requestCode 0x29 {

request:

struct reguestl {

int8 acec pattern {

¥

Z2:h0o;

6:parentRequestCode;

int8 registeriddress:

I

reply: struct dontCareReply {
int8 statusByte patternref statusByte:
int8 dontCare patternref defaultReturn;

)
request :

struct requestz {

int8 registerType pattern {

¥

SOLUTION

4:p0000;
4rregisterType:

int8 registeriddress;:
int8 registerdata [2];

Testing

procedure vriteRegisterNumberZ requestCode
request: struct requestl {
int8 acc pattern {
2:100:
G:parentRequestCode;
Vs
int8 registerAddress;
b
reply: struct dontCarsReply {

0x29 {

int8 statusByte patternref statusByte:
int8 dontcare patternref defaultReturn;

P
request: struct request2 {
int8 registerType pattern (
2:p0000;
4:regiscerType;
b
int8 registeriddress;
int8 registerdata [2];

refines

int8 dbl pattern {
2:b00;

6 :channe INunber ;
i

SOLUTION

tests

test writeRegisterNurber? for dip writeRegisterNumber? |

send

b:
expe

y:
send

register parameterInstruction address Ox37 struct

regquestl {
attr registeriddress

rey parameterInstruction;

ot dontCareReply |

subattr statusByte # standardStatus == 2;
requestz {

subattr registerType # registerType == 3:

attr registeriddress rey parameterInstruction;
attr registerdata == 0x77;

subattr registerdata # channelNuwber == 5;

{

09.08.2011
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TOOLS

Eclipse Modeling
Eclipse Xtext

Example 2:

Pension Fund Specification

09.08.2011
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Textual Documentation

ini Pension Workbench
Projection  Nawiga!

Search  Format

ocls Dev Generste Pension Team NN

e & B X *® @+ @
NNLCPA 14w2 21112008 %
Table of Contents % 0

Value set member fisico
Value set Deelnemerstatus

Value set member Aspirant
Value set member fctief

Valse set member Sremievri
Value set member Sla
Value set member Uitkarend
Valse set member Overles

Value set member Verval

SOLUTION

Library NN LC PA
Documentation
= Groottebepalingy
= 1 Inleidingy

In it onderdesl wordt uiteengezet hoe de wilze van groattebepaling van toazeggingen plastsvind binnen het NN Comfort Pensicen. Dit wordt
bepaald door de Groottebepalingsmethods.q

1
Binnen het NN Comfort Pensioen warden de volgende methoden Gebruikt:g

deopbouw en toe:
2n en op welke wijze deze worden verwerkt, verschilt
gemaakt met de Indicatie Opbouw / Risico.g

jgen op risicobasis.

risicotoezeggingen. Het anderscheid wor
1

= 2 Opbouwtoezeggingen
Binnien het NN Comfort Pensioen 21jn de toezeggingen In de basisregeling alien met waarde-opbouw e slulten, Zowel het Ouderdomspensioen,

et Fartnerpensioen als het Wezenpensioen. In de basisregeling bestaat ook de mogeljkheid het Partnerpensioen als risico te verzekeres
ook het Wezenpensiosn op basis van éénjang risico wordt verzskerd.q

waarbij

de attributen:q

De opbouw wordt vastgelegd aan de hand van de ol
-8B .

spraak it mutatie;]
spraak uit doorbouw;§
richt

sranimine. 1 litanndarinn hiormn work nounrmd Ao B

Moselecton  Dev

Insurance

Mathematics

T Capgemini Pension Werkbench

Fle Edt Projection Navigation Sesrch Fommat Tool Dev Generste Pemsion Team  MN

22 o xDm & e

NNLCPA-14w2-21117008 * X

Table of Contents X A

Value set Grootabepalingsmethode
Value set member Salaris-diensttjd

fabuse set member
Value set member Afgelside taezegginy
Value set Salars-denstij

Value set Verzekerde bedragen
Value set member Vst
Value sot member Percentage van gron

e van gron

Value set member AOP bedrag

Value set member Uitkerend
/abue st member Overleden
Value set member Vervalien

Tag Wi excedent

SOLUTION

= 3.3 Commutatiegetallen op 1 leveny
1

D =y (3)y

100
Implemented in = L
1

@

'=ZD7 =7 Dec (3
f=o0

= 3,6 Contantd waarde 1 leven/ 2 levensy
D

= 4 BN(_ris) koopsommen1

09.08.2011
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SOLUTION

TOOLS

Calculation Rules and Tests

T Cepgemini Pension Workbench

&t Projection Navigation Sesrch Format Tools Generste Pension Team NN
2o ADMEeO
NNLCPA-14w2-21112008 * X
Table of Contents X Al
 otamentaion Elements
Foundation Rules

Rule Bereken Mutatieperiode

Mutaveperiode

Documentatior
vaststellen van de periode tussen d
De mutatieperiode kan niet meer dan 360 dagy
verslagjaar.g

Dit wordt niet afgevangen

verantwoordelijkheid zijn van d

at het uitvoeren van de beg

Basisberekening

Rule Bareken Salar 3 _ 2 R
i num(Mutat tum) == 1 then daysof(duration(valid(» )) else 0

Valid time Transaction time | Faxture Product Element
elijke datums | 03/01/2008 Mutat

Mut
Mutatiedatur
Vorig

Periode 03/01/2008

Rule Bereken Verzekerd bedrag
Bere erode 03/01/2008 Mut riode
Mutatiedatum >

Mutatiedatum

Vor:

e kent L.v.m. het openen en

ensioenadminis

Expected value |Actual value

0
15

15

80
ke dstums : *Place  Dev

n stuiten van het

INTINTIONVL®

S OFTWARE

Intentional Software‘s Domain
Workbench

09.08.2011
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SOLUTION

Example 3:

OSGi-based System

Component Specification

subsystem the.world.scenarios {

publi;

immutable type ProblemReport {
problem: string
severity: int
emergency: hool

interface Radio {
report| a: ProblewReport ]: void

interface Press (
broadeast{ ar string ): string
private:
component Houston {

provides uplink: Radio
requires press: Press

component PrintingPress {
provides source: Press

subsystem the.woon.scenarios {
uses the.world.scenarios
private:
component Lrmstrong §

task sayHello scheduled oncelUponstartup
requires home: Radia [0..1]

09.08.2011
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SOLUTION

SOLUTION

Component Specification

subsystem the.world.scenarios ( import "classpath:/toowor lds. compds 1t
public: scenaric Simple : the.moon.scenarios, the.world.scenarios
acter IRP { Brmstrong |
immutable type ProblemReport {
problem: string var $m = ProblemReport {
severity: int severaty - 12
emergency: hool emergency = true
' problem = "there's cheese"
interface Radio { )
report | a: ProblewReport ): void
' home.report (msgf$m) -> { Houston |
var jres = press.broadeast{ < fmsy.problem > | —> ¢
interface Press { return "thanks
broadeast | a: string ): string ; 647x551

private:
component Houston {

provides uplink: Radio
requires press: Press

component PrincingPress {
provides source: Press

subsystem the.woon.scenarios {
uses the.world.scenarios
private:

component Lrmstrong §

task sayHello scheduled oncelUponstartup

requires home: Radia [0..1]

log.info "they replied "

log.info §res

assert equals returnValueIsThanks

var §resz = press.broadeast( < #msg.problem > ) —> {
return "again”

§res == "thanks"

¥

log.info "and then they replied "
log.info §resz

assert equals returnValuelIsigain : $res2

Yagain®

Component Specification

subsystem the.world.scenarios {

publi;

immutable type ProblemReport {
problem: string
severity: int
emergency: hool

interface Radio {

import

scenario Simple
actor IRP

"elasspath:/ tuowor lds . compds 1

the.woon.scenarios, the.world.scenarios

{ Armstrong |

var §m = ProblemReport {

severity = 12
emergency = true
problem = "there's cheese"

home.report (msgf$m) -> { Houston |

repore | a: ProblewReport ]: void
¥
interface Press {

broadeast( a: string ): string

private:
component Houston {

provides uplink: Radio
requires press: Press

component PrintingPress {
provides source: Press

subsystem the.woon.scenarios {
uses the.world.scenarios
private:

component Lrmstrong §

impor
impor

var §res = press.broadeast( < fmsg.problem > | —> {
return "thanks"

i 647x551

log.info "they replied "

log.info §res

assert equals returnValueIsThanks

var §resz = press.broadeast( < #msg.problem > ) —> {
return "again”

§res == "thanks"

¥
log.info "and then they replied "
log.info §resz

assert equals returnValuelIsigain : $res2 == "again”

t "zlasspath:/cwowor lds. compdsl™
t "classpath:/twoworlds.scenario”

system SunSystem scenario Simple {

n

H
n

task sayHello scheduled oncelUponstartup

requires home: Radia [0..1]

ode moon §
subsystem the.moon.scenarios

ode earth {
subsystem the.world.scenarios

09.08.2011
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TOOLS

Eclipse Modeling
Eclipse Xtext

Example 4:
Fountains

09.08.2011

18



09.08.2011

-
X
L
-
<
O
o

Hardware Structure

feature BasicOnePump
pump compartment ccl
static compressor cl

feature AtLeastOneZone extends BasicOnePump
water compartment compl
pumped by cl
compartment levelsensor ct fl
light 1 f1

feature[f] SuperPowerCompartment
water compartment adds to f
superFPowerMode

feature WithAlarm
level alarm al

fountain StdFountain extends AtlLeastOneZone

SOLUTION
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SOLUTION

SOLUTION

Behaviour

pumping program Pl for AtLeastOneZone + WithAlarm +
SuperPowerCompartment [ f=compll |
parameter defaultWaterLevel : int
parameter superWaterlLevel: int
event superPowerTimeout

init {
set compl->targetHeight =

}

start:
on (compl->needsPower == true) && ! (compl->isPumping)
do compl->pumpOn

on compl->enough {
do compl->pumpOff

on compl.superPumping->turnedon {
set compl->targetHeight = szuperWaterLevel
raise event superPowerTimeout after 20

on compl.superPumping->turnedoff ox

set compl->targetHeight = defaultWaterLevel

{

Plus:

In-IDE Simulator
Unit Test Support

09.08.2011
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TOOLS

eclip 7

madeling

PPPPPPP

xter<

Eclipse Modeling
Eclipse Xtext

More Examples:
Miscellaneous

09.08.2011
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Hearing Aids

Refrigerators

09.08.2011
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BPEL Designer

- @ B0 Q-
=)

18 Package Explore Hisrarchy

5 OASISSampleprocess bpel 1.1 (ASCIL Ky
} OAsIsSampleProcess bpelex 1.1 (ASCII
¥ OMstsSanpleProcess wed 1.1 (ASCIL-He
¥ purchase.ied 1.1 (ASCH -Hev)
i Lih org.eclipe bpel.excamples. siple. [dev. eclpse

)

S Java - purchaseOr derProcess - Eclipse SOK
File Edit Navigate Search Project Run Window Help

# @~

5

&P B @ 4

. purchassCrderProcess £

Ty Selection Tool

5 (e org cepse bpelcxampls.crcerprocessing_ (|, Marquee Tool

[octions #
ety

& Tnvoke.

%] Receive

| Reply

= Agson

Cocontral  +
@ Switch

& pick
) whle
) Repeat Lkl
@wat

14 Rethraw

{ Compensate
| Zoom In

=, Zaom Out

Sequence
| Receive
sequence Sequence Sequence

# tnvoke hssion # Ik

Invoke & Invole

7
# tnvoks

@] Roceive &) Receive

&) Reply

@

Problems | Javadoc | Declaration | Synehronize | [ Properties £

Description
Detalls
Jon Behavior

Correlation

@] Receive

Partner Link purchasing Browse,
Interface: FurchaseOrderpT

Operation: sendpurchaseorder M

[)ccreate & new Procsss instance if on doss not alveady exist

25mot3pm |

<, purchaseOr derProces,
(i Interface Pa.. 4 3%
purchasing
inveicing
shioping
i Raferenca P, & #
scheduling
®Vriobles %
PO
Inveice
PoFaUl
shippingfiequest
shippingInfo
shepinaschedls
& Corelston 5...4%

< >
BE outine 8| T 0
Z i o Interface Partners
i) [ Reference Partners
i @ Varibles
@ Conelation Sots
5% ssquerce
— %] Raceive
# | E| Flow
&) Roply
d < b4
O !

Block Diagrams

= Tt

e 89 v g

[ Project Explorer 3

» 1 ControlApplication

1.2
1.0
0.8
0.6
0.4
0.2
0.0

File Edit Source Refactor Diagram Navigate Search Project Run Window Help

£+ - ControlApplication/controlApplication-blockdiagram = Eclipse SDK-
YO Qv | & o (e =
- Biv ogv fpv v v ||100% v
= O | &2 ControlApplication.blockdiagram &3 - &5 Process.blockdiagram =a -
w Palette L (=
=
NCC=E
(= General w
.[E] Connection
(= Structure
(= Sources
(= Sinks
(=signal
PID controller ~ Math
/= Logic .
[2! Problems | ¥ Tasks | & Console | = Properties Simulation Results 3 =0
Scope
|
|
|
|
|
|
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

SOLUTION

09.08.2011
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PLC Programmin

CIC++ - Seite 1 - Eclipse Platform

HYOTQY | & v .

fmie 1 oarav gy ¥ GBY Rpv

T MICAS Module Edito Seite 1 2

e e

[mop—t |

Mylmodule

MyMadule.module

g

TF——= i problems | & Tasks | © cons

1 properties £ @) Emar Log| 47 Search
ceneral Name Tempinput
Appearance — I

SOLUTION

 Palette
g e

Analog
Binaer
BinaerAnalog
AT

maz

SCHR

Math
Reglersoliken
Transfer
Verwaltung
Zeit

Components

State Charts

# Eclipse File Edit Diagram Navigate Search Project Run Window _Help
ann Yakindu - HeatingControl/Heating statemachine_diagram - Eclipse SOK

CiCe | Yakindu

1 Weating dnstane. 1)

Variable /Geigms

Tahoma s . sl =
 oebug - Ly, Yakinda Statemachine View ©
¥ 3 eating stazemachine_disgram [Yaindu Simuiation;
v & Weating statemachine._diagram
® Main instance 1 Ctegare
eatingControt blockdiagram | eatng statermachine_dagram Heating ycm =0
M| = paece B
° Ereignis

[ ] Region

GesiredTemo~30

stace
N on
ore « Transition
0 toggieOnOH <entry>
rrSeRoInt=S, st =0
<do> Choke
<do> Sl © Ausgang
<exit> Y junctior Ausgang
toggle0n0N 1 L ¥
L oggeonon ‘1
state
° .
® Finai Stane
Hemg0rop [tempDropvalue ==} oay Shallow History
tempSetPoint-cesiredTems statss -1
Atarm [ — Dees Nistory
oS etPointe ctuaTTemp/256-2 status =10, T2 0 26>

~ ight
~B emoSeolot desiredTenp-Lsunis=2: —

Zoomp 13

increaseTemp [desirecTomy

desiredTamps =1

A simulation Resuks Properies
=\ &

SOLUTION

wermasetpaint

<ext> ———————

O console

Launching Meating sta._nine_diagram

®BROQ° & H L MOO BT Mo = - m MI306 L Q
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SOLUTION

SOLUTION

Requirements (Eclipse)

[(5 Project Ex... &2 | © O | [R) *RIF Model.rif-xmi R b
== ¥ || IR] Specification Document
=RIF 4l Description
system SHALL display speed
1 ‘“, systen_'l SHALL display rpm
| delay is less than "5"
| rpm is greater than

system SHALL display speed ]

system SHALL display rpm

delay is less than “5"

rem ]
{=SHALL
‘=and
'=is disabled
‘=is enabled
'=is equal to
'=is greater than
‘=is less than
!=is not equal to
=or

j'::)(o'

Requirements (MPS)

i) DummyRequirementsCollection = | LineFollower * |

trace Cyclic
task run cyelic prio = 1 every = 2 {
trace TwoPhases
stateswitch linefollower
state running
int8 bump = 0;
bump = ecrobot_get_touch sensor (SENSOR_PORT_ T::NXT_PORT_S3) ;
if ( bump = 1 ) {
event linefollower:bumped
£} terminate;
I3
trace Init
int32 light = 0;
light = ecrobot_get_light_sensor (SENSOR_PORT_T::NXT_PORT_S1) ;
if ( light < ( WHITE + BLACK ) / 2 {

trace ConsistentSetting ;

) updateMotorSettings (SLOW, FAST)
} else {

2 trace ConsistentSetting ;

3 updateMotorSettings (FAST, SLOW)

3 }

state crash

} updateMotorSettings (0, 0);
default
3 <noop>;

doc This is the cyclic task that is called every Ims to do the actual control of the

09.08.2011
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From FMs
9 to DSLs

Structure

[ IsFull Sensor p—— Basin |

I OneNozzle I [TwoNozzIes]
Fountain -> Basin PUMPrpm:int )
Basin -> ISFULLSENSOR? (ONENOZZLE | TWONOZZLES)
Behaviour?

Selection vs. Creation?
Programmingin C?
Selection — DSL — Programming in C

09.08.2011
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+ Attributes + Rec + References

Structure + Behavior

[ IsFull Sensor b—l Basin ]

I OneNozzle I [ TwoNozzles ]
Fountain -> Basin PUMP( rpm:int ) Behavior
Basin -> |SFULLSENSORMNOZZLE*
Behavior -> Rule*
Rule -> CONDITION CONSEQUENCE

Structure + Behavior

[ IsFull Sensor b—l Basin ]

I OneNozzle I [ TwoNozzles ]
Fountain ->Basin id:PUMP(rpm:int )? Behavior
Basin -> id:ISFULLSENSORfull:boolean  )? id:NOZZLE *
Behavior -> Rule *
Rule -> Condition Consequence
Condition - > Expression
Expression -> ATTRREFEXPRESSIQNANdExpression

GreaterThan | INTLITERAL
AndExpression -> Expression Expression
GreaterThan - > Expression Expression
Consequence -> ATTRREFEXPRESSION Expression

09.08.2011
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09.08.2011

Structure + Behavior

(in extended FM Notation)

Pump Behavior
rpm: int
[0..n] [0..n]
Rule
IsFull Sensor
Condition Consequence
full: boolean /\’
"""" Ref | { Expression |
[abstract]
Expression
AttrRef And Greater

IntLiteral

Expression Expression

<attribute-ref>

ThanExpr

2] 121

+ Attributes + Rec + References

4 Structure + Behavior Example
(OB (in extended FM Notation)
=
v
)
“Q-’ Behavior
m Pump
rpm:int o -« X
-+ : “e | _Rule |
u H i
&’ s:| IsFull Sensor i.‘>| Condition | l, | Consequence |
full: boolean / ;
+ '. _ ' AttrRef E’
(7)) Exprenssion Exprissnon
Q i /\ ¥ -
ofd §
- AttrRef Greater |}
Q Expression ThanExpr .
- = /
4": ------- . AttrRef
< Expression | |
+ =

28
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+ Concrete Syntax

Structure + Behavior as Grammar

Fountain -> "fountain” Basin Pump Behavior

Basin -> "pasin" IsFullSensor  Nozzle*

Behavior -> Rule*

Rule -> "if*  Condition "then" Consequence

Condition - > Expression

Expression -> AttrRefExpression | AndExpression |
GreaterThanExpression | IntLiteral

AndExpression -> Expression "&&" Expression

GreaterThan -> Expression ">" Expression

AttrRefExpression -> <attribute -ref - by- name

IntLiteral -> (0..9)*

Consequence -> AttrRefExpression "=" Expression

IsFullSensor -> "sensor" ID ( ful:boolean )?

Nozzle -> "nozzle " ID

Pump -> "pump" ID ( rpm:int )?

Structure + Behavior Example

fountain
basin sensor s
nozzle nl
nozzle n2

pump p
1t s.full && p.rpm >0

then p.rpom =0

09.08.2011
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+ Concrete Syntax

Domain Specific Language

Fountain -> "fountain” Basin Pump Behavior
Basin -> "basin" IsFullSensor  Nozzle*
Behavior -> Rule*
Rule ->"if*  Condition "then" Consequence
Condition - > Expression
Expression -> AttrRefExpression | AndExpression |
GreaterThanExpression | IntLiteral ;
AndExpression -> Expression "&&" Expression
GreaterThan -> Expression ">" Expression
AttrRefExpression -> <attribute -ref - by- name
IntLiteral -> (0..9)*
Consequence -> AttrRefExpression "=" Expression
IsFulISensor -> "sensor" ID ( full:boolean )?
Nozzle -> "nozzle " ID
Pump -> "pump" ID ( rpm:int )?
fountain
L Ll LJ -
Deflnltlon basin sensor s
nozzle nl
nozzle n2
Program panp P
if s.full && p.rpm >0
then p.rpm =0

PLE Concepts

.

09.08.2011
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domain engineering

... domain analysis
... classifying variability
... defining DSLs

application eng.

... using the DSL to express
systems

31
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platform

.. target environment

.. abstractions of solution space

.. can influence DSL concepts
(Arch DSLs)

config knowledge

... transformations
... generators
... Interpreters

32



core asset

... languages
... generators
... editors

variation point

... bind how
... kind of varibility
... bind when

09.08.2011
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@ PLE Concepts
& DSLs

Bind How

... optionally take away
from

OoO0o0ooo

09.08.2011

34



09.08.2011

... optionally take away
from overall whole

overall whole can
get big and unwieldy

... optionally add to
minimal core

35
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... optionally add to
minimal core

how to point into the core
and add something to it

... define values for
predefined params

36
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... define values for
predefined params

types for parameters can
be non trivial (DSLs)

@ PLE Concepts
& DSLs

Kinds of Variability

37



09.08.2011

Routine Creative
Configuration Construction

Configuration Feature-Model Graph-Like
Parameters Based Languages
Configuration
o]
; Tabular
Configurations

... selecting options
... setting param values

38
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... selecting options
... setting param values

.
.
(]
Optimization

o
value ElementType Speed Memory Additional
[open] Usage Features
. . Thread |l Bounds Type
Safety

39
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... DSLS
... instantiation
... connections

OAO H—E—
b g G

@ PLE Concepts
& DSLs

Bind When

40



flexibility

performance

code size

complexity

source fime

compile time

link time

run time

c
=
)

©

S

)

c

v
O

7

>

c
9
)

C
o=

v

|

Q.

S

()
et
=

resulting code

can be easily

09.08.2011
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Interpretation vs. Generation

c
=
)

©

S

)

c

v
O

7

>

c
9
)

C
o=

v

|

Q.

S

()
et
=

resulting code
can be easily

resulting code
can be

and more
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Templates can be

from existing code

Interpretation vs. Generation

work around

of target language

c
=
)

©

S
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c

v
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c
9
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v

|

Q.

S

()
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to target environment

(leaves no trace)

Interpretation vs. Generation

runtime infrastructure

(garbage collection, monitoring...)

o
0
e

(1]

-

(]

o

(V]
O

)

>

o
2
=)

©
=)

(J]

-

Q.

—

(J]
s
£
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faster

no regeneration

test
build
deploy

Interpretation vs. Generation

for platform indepenence
an interpreter might be

c
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)
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)
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v
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(1)

| .

(J]

c

(V]
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possibly direct feedback
from

6 angtomization
Configuration
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6 angtomization
Configuration

In-Language

The language
provides

support!

(we can learn that from GPLs)

In language
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In language

conditional execution

overriding, overwriting

for variant to fill in

several places at a time?

Hifdef

inheritance

template methods

AOP

09.08.2011
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6 angtomization
Configuration

Varying models

~ problem space
vs. software space

Problem Space:

Solution Space:
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~ problem space
vs. software space

Implementation Logical
iLevel

Artefact 1

Artefact’3

® @

#if defined (ACE_HAS TLI)

static ssizet tsndn (
ACE_HANDLEhandle,
const void *buf ,
size t len,
int flags ,
ACE_Time_Value *timeout
size t *bytes_transferred

#endif  /* ACE_HAS_TLI*
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S {] NeedsState

d Multiple
X Addresses
International LocalPhone Persistence
Phone

<<entity>> <<dependentOb>>
Party Address
Sore S

state: String e-..
zip: String
street: String

<<dependentOb>>
Phone
number: int

regionCode: int
countryCode: int

DelayCalculator {
default: IDelayCalculator

screens[0..n]: IInfoScreen

mon: IMonitoring monitoring

Failover Monitoring Data

Management

Graceful Redundancy
Degradation

| Centralized | | Distributed

51



09.08.2011

monitoringStuff monitoring {
MonitoringConsole {
devices: [*]: IMonitor
tor: MonitoringConsole

or.devices

] v1g_buaddl 13

namespace shared {
interface IInfoScreen (3
interface IhircraftStatus ()
¥ & Gracofubegradation
R Redundancy
Dataanagement
@ Certralizsd
© Ditribured

namespace datacenter {
using mycompany.shared

interface INgtCons ()

component DelayCalculator {
provides sircrafr: IhircraftStatus
provides managewentConsole: INgtCons
requires screens: IInfoScreen

3

component HManager {

requires backend: INgtCons

requires hackend2: INgtCons feature Failover
151 Centralized
| DataManagement
| Distributed
| Failover
| GracefulbDegradation
I Moritoring
S1Redundancy
[Slsystem

3
b
namespace mabile (

using mycompany.shared

component InfoScreen (
provides default: IInfoSoreen
3

[
E
k-
[
B
bk

component Rireraftloduls {

requires calculator: ThircraftScacu

B Tree [ Table [ T2 Detawl‘ =g Gvaphl @ cConstraints
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monitoring {

MonitoringConsole ..
monitor:
monitor.devices

(*) {

mon: IMonitoring

DelayCalculator {
AircraftModule {

InfoScreen {

aspect (*) compnent { mon: IMonitoring
provides ~ mon: IMonitoring
}

DelayCalculator {

AircraftModule {

mon: IMonitoring

InfoScreen {

mon: IMmonitoring

09.08.2011
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monitoring monitoring {

MonitoringConsole ..
monitor: ..
monitor.devices ..

(*) {

mon: IMonitoring

~ varying models,
not text

... fewer var points
... semantically meaningful
... more manageable

54



~ varying models,

not text

... simplifies traceability
you can ,,point” easily

to any element ->

generic traceability approac

... simplifies traceability

1) DummyRequirementsCollection @ LineFollower |

trace Cyclic

doc This is the cyclic task that is called every Ims to do the actual control of the

task run cyell yrace cyclic

trace TwoPH doc
stateswitch| task run
state ru

int8 b 9 ConsistentSetting: Motor settings have to be upda
bump = in/® Cyelie: the actual control of the devi
if (b 9 Efficient: The program should be as small
Init: The system should start operat
9 MaxSpeed: Speeds per motor can only be u
3 optionaloutputlkjlkjljlk): Display output should be optio

} TwoPhases: Initialization should be separ

event]

termi

trace I
int32 1

qui rements
requirements
Arequirenents
Arequirements
Arequirenents
“requirements
*requirements

Arequirenents

(1fmain.
.null)
.null)

(1fmain
(1fmain

(1fmain.
(1fmain.
.null)
.null)

(1fmain
(1fmain

(1fmain.

light = ecrobot_get_light_sensor (SENSOR_PORT_T: :NXT_PORI_S1),
if ( light < ( WHITE + BLACK ) / 2 ) {
trace ConsistentSetting ;
updateMotorSettings (SLOW, FAST)
} else {
trace ConsistentSetting
updateMotorsettings (FAST, SLOW)
}
state crash
updateMotorSettings (0, 0);
default
<noop>;

null)
mall)

null)

09.08.2011
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6 angtomization
Configuration

DSLs as Parameters

... parameters with
simple types

... complex types:
DSL/metamodel

56



09.08.2011

6 angtomization
Configuration

Trafo Variability

Model
. ®
: J’J" "'

{

Imn’l Art_afact' 17
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Problem Space Software Space
o Domain
= Requirements
=
@
@
=
>
LI:J Formal Formal Core Assets
M
- Domain C) Solution Space D
T MetaModel MetaModel L—rl L,_l.|
S
o
(a]
o
= Product
= ;
[} Requirements
@
S
>
it
p= Formal Formal : !
o Domain M Solution Space H - ; Product
T Model Model eemmmmmneneny
g
=3
o
<

create System transformPs2Cbd( Building building
é
hasFeature (" burglarAlarm ") ?( handleBurglarAlarm () ->this): this;

handleBurglarAlarm ( System this ):
let conf = createBurglarConfig 0: (

configurations.add (conf) ->

é

conf.connectors.add ( connectSimToPanel ( createSimulatorinstance
createControlPanellnstance

hasFeature ("siren") ? conf.addAlarmDevice (" AlarmSiren ") : null

hasFeature ("bell") ? conf.addAlarmDevice (" AlarmBell ") : null

hasFeature ("light") ? conf.addAlarmDevice (" AlarmLight ") : null
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transformation transformation aspect

workflow

transform

configuration model

transform-
aspect

template file template aspect

workflow

generate (0sgi)

configuration model

generate (chd)

generator-
aspect

template file

—

extend file extend aspect

X(): ...
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PLE for
0 Languages

We don‘t want to

model,
we want to

program!

... at different levels of abstaction
... from different viewpoints
... integrated!

09.08.2011
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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

61
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We don‘t want to

model,
we want to

program!

PLE for DSLs
suitable to related domains

Big Language?

with many first class concepts!
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and
otations
+ for each
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%_Integrated
S - g{l?nbolic
~ references
and

seamless _
,:cran5|t|ons
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Viewpoints

 Domain Sneci

Viewpoints

 Domain Sneci
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. Vlewpomts

ﬁ,‘.“v -

LEGO Robot
Control

. Vlewpomts

ﬁ,‘.“v -

Components
State Machines

Sensor Access

LEGO Robot
Control

09.08.2011
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Linguistic Abstraction

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.

What‘s the Problem here?

// A

// B

int[] arr = ... List<int> 1 = ...
for (int i=0; i<arr.size(); i++) { for (int i=0; i<arr.size(); i++) {

}

sum += arr[i]; 1.add( arr[i] );

}

09.08.2011
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What's the Problem here?
// A // B

int[] arr = ... List<int> 1 = ...
for (int i=0; i<arr.size(); i++) { for (int i=0; i<arr.size(); i++) {
sum += arr[i]; 1l.add( arr[i] );

} }

Much better with new linguistic abstraction
/N /] B

for (int i in arr) { seqfor (int i imn arr) {
sum += i; l.add( arr[i] );

} }

No sophisticated analysis required to
understand the semantics of a contruct
and treat it “correctly”.

Linguistic Abstraction

What'‘s this? And what'‘s the Problem?

var linefollewer states emum linsfollower currentstate — linefollower states snum::STATE INITIALIZING;

enum linefollower events enum { EVENT_INITIALIZED, EVENT BUMPED, EVENT BLOCKED, EVENT UNBLOCKED }
enum linefollower states enum { STATE_INITIALIZING, STATE_PAUSED, STATE_RUNNING, STATE CRASH |
void

if ::STATE_INITIALIZING ) {

::STATE_PRUSED ) {
{

:STATE_RUNNING;

: : STATE_RUNNING )
if ( even £_events_enum
if ( true ) {

linefollower_currentstate = linefollowsr_states_snum::STATE_PAUSED;
intl6 i = 1;
return;
}
¥
if ( event — linefollower_ svents_snum::EVENT BUMPED ) {
if ( true ) {
linefollowsr currentstate - linsfollowsr states enum::STATE CRASH;

return;

Linguistic Abstraction

09.08.2011
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Much better!

statemachine linefollower {

event initialized;

event bumped;

event blocked;

event unblocked;

initial state initializing {
initialized [true] -»> running

}

state paused {
entry intlé i = 1;
unblocked [true] -» running

}

state running {
blocked [true] -> paused
bumped [true] -> crash

}

state crash {

<<transitions>>

Linguistic Abstraction

Much better!

IRB NIRRT NS inTtializing paused running crash
initialized true running

bumped true crash
blocked true paused
unblocked true running

Linguistic Abstraction
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D2-2-2

D2-2-1

D1-2

D2-1-2

D2-1-1

D1-1
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Domain Specific Languages
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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

GasSYlFyidAarAoO NBO2ISN

OR=A OO,
G ®®

D-1 B [o D-1
{B2} {a2} {a2}
1B LA LA
R Ceane” :: Bz ;,' Seeee’
| B o &
(my o
D-1 e a2y (A2}
A2 {2} N
a1
{A1] {A1]
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D1-1

D1-1 D1-1 D1-1

A B c
) [ — — —
2 _:_ =/
o .
o A: mixed
?, B: separate Viewpoints
>

A ermnnnnnnnanannenans B
(=)

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

Langugae Combination
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A R B
()

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.

Langugae Extension

context . A

D :

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.

Langugae Reuse
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@ &

Composition is a special case of

reuse, where the reused language is
syntactically embedded into languages
from the context.
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doc T mo esents code for e followe.

module main import.;i C;aekl‘.ernel, EcAPT, Bit.‘I;evelUtilies {
constant int WHITE = 500;
constant int BLACK = 700;
constant int SLOW = I0;

constant int FAST = 40;

doc State

to manage the t

statemachine linefollower { task run cyelic prio oy
event initialized; stateswitch linefollower
initial state initializing { state running

. - . int32 light = 0;
initialized [true] -> runnin o 9
light = ecrobot_get_light_ sensor (SENSOR_PORT_T::NXT_PORT_S1) ;

¥ if ( light < ( WHITE + BLACK ) / 2 ) {
state running { updateMotorSettings(SLOW, FAST) ;
} else {
1 updateMotorSettings(FAST, SLOW);
] ¥
default
initialize { <neop>;
ecrobot_set_light_sensor_activ }
event linefollower:initialized| goo rhis procedure actu T e T

void updateMotorSettings( int left, int right ) {
t_speed (MOTOR_PORT_T::NXT_PORT_C, left, 1);
__speed (MOTOR_PORT_T: : NXT_PORT_B, right, 1);

nxt_motor_se

nxt_motor_.

SOLUTION

76



SOLUTION

SOLUTION

exported interface MotorControl {
void stop( b
void setLeftlSpeed( intB speed );
void setRightSpeed( intB speed ) ;

exported component Motors {
provides motorControl : MotorControl;

} exported component implementation MotorsNXT : Motors {

procedure void motorControl.stop( ) {
nxt motor_ set speed(MOTCR _PORT_T::NXT PORT_E, 0, 1);
nxt_motor_set speed(MOTOR _PORT_T::NXT PORT_C, 0, 1);

procedure void motorControl. setLeftiSpeesd( int8 speesd ) {

nxt motor set speed(MOTCR _PORT_T::NXT_ PORT_C, speed, 1);

procedure void motorControl. setRightSpesd( int8 spe=d )
nxt_motor_set speed(MOTOR_PORT_T::NXT PORT_E, speed, 1);

? 1 kg
exported p_iyn : double [Pal — — * rho * v [
2

function block Fundamental Stuff

uses Rircraft, Environment
The dynamic pressure p dyn is calculated from the current air density rho and the square of the flight speed v

v=0 rho=1.225 -> 0
v=10 rho=1.225 -» 61.25
w=20 rho=1.225 -> 245

function block Stuff on the Wings

uses Environment, Aircraft, Fundamental Stuff

Bus dem Staudruck p dyn lisst sich dann der aktuelle ARuftrieb F_A berschnen; dis Form wirc

¢_a beschrieben und die Fliche durch A

exported F_A : double [N] = p dyn * A * ¢c_a

c_a=0.3 p dyn=61.25 A=2 -> 183.75
p_dyn—61.25 A=10 ¢_a=0.6 -> 367.5

¥ auch der Widerstand F W berechnet sich entsprechend mit Hilfe des Beiwertes ¢ w :

lexported F W : double [N] = p dyn * A * ¢ w

Angenommen wir haben mehrere Fligel n wings am Flugzeug, dann berechnet sich der ARutrieb

09.08.2011
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Language Workbenches | Lt
for Embedded Systems

http://mbeddr.com

Incremental Extension of C

with DSLs for Embedded Systems,

integrated with Formal Methods

and support for PLE and
Requirements Tracing

09.08.2011
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Language Workbenches Y

or Embedded Systems
http://mbeddr.com

Meta Programming System
JoHBRAINS

Language Workbenches R | pogemsor

or Embedded Systems
http://mbeddr.com

fortiss sick LEAR.

innovation in software and systems R CORPORATION
s Sensor Intelligence.

09.08.2011
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mbeddr.com

Home Overview Publications MPS Showcase Code Team Search

Feeds: Posts Comments

Bundesministerium
* far Bildung

und Forschung
geférdert durch das Bund ini ium fiir Bildung
und Fi hung, Forderk i 01|S11014
First C Code working ARCHIVES
mpscmed July 2011 (3)
June 2011 (2)
As you may know, our project relies on the idea of extending the C January 2011 (2)
programming language with domain specific extensions. For that to work, we July 2010 (1)
first have to make C available in MPS. While we had done this to some extent in June 2010 (2)
our proof of concept, we are now implementing C much more thoroughly. As
you can see in the screenshot below, some essential things are already working. ~
CATEGORIES
= code (3)

“ins demos'n'stuff (4)
dev progress (1)
news (4)

Uncategorized (2)

IS8 31

it PAGES
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Tooling!
Editor, Debugger, Testing, Groupware,
Scalable, ,,All in Eclipse”

09.08.2011

81



09.08.2011

i1 Tools Tooling

Language Definition Tools

stract syntax, concrete syntax, constraints
Editor Frameworks
Transformation Languages
Code Generation Tools

'y, INTINTIONVL’

S O F T W A RE
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'S 2

Open Source (EPL)
Eclipse-based, Eclipse Project

Very flexible, very popular!

Version 2.0 is current:
improved performance
Xbase: expressions for reuse
Xtend2: ,Better Java“, with support
for Xpand-like templates

)

Open Source (Apache 2.0)
Projectional Editor
Very good at lang. Compososition

Version 2.0 is current:
Improved performance
Unified generate/compile/build
Debug MPS in MPS
Tables in the editor
(Diagrams planned for 2.1)

09.08.2011
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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

09.08.2011
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skype
twitter

xing
linkedin

www.voelter.de
voelter@acm.org
schogglad
markusvoelter

http://www.xing.com/profile/Markus_)
http://www.linkedin.com/pub/0/327/a31

Iter
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