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menu Normal label "Standardmenue"
submenu autoLocking label "Automatic Locking™
item startTime sys(TurnOnAlarm)
valuerange Time
item endTime sys(TurnOffAlarm)
valuerange Time
template areaSettings [size=15, area=l,
sw=sys (TurnOnAlarm)] arealSettings
template areaSettings [size=10, area=2,
sw=sys (TurnOnAlarm)] area2Settings

end
end

template [size: int, area: int, sw: swref] areaSettings
item onOrOff sys(TurnOffAlarm) labelexpr "Aut }
+area+" on/off"
bool true = label(size) "On" false = label "Off"
item test sys(AlarmLevel) label "Test"™
bool
item alarmlLevel sys(AlarmLevel)
valuerange SoundLevel restrict size..

"

end

menu Expert extends Normal
item master sys(UnlockNow) afterItem unlockNow bool

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

init {
set compl->targetHeight = defaultWaterLevel

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

}
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module impl imports {

int speed( int wal ) {

return 2 * val;

robot script stopiAndso
block main on bump block retreat on bump
stop
accelerate to 0 - 30 within 2000
drive on foxr 2000
decelerate to 0 within 1000
stop
accelerate to spe=d(25) within 3000
drive on for 2000
turn left for 2000
block driveMore on bump
accelerate to 80 within 2000
turn right foxr 3000
decelerate to 0 within 3000
stop

Robot Control DSL in C Program
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... selecting options
.. setting param values

... DSLs
... iInstantiation
.. connections
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Domain Specific
Languages (DSLs)




focussed, processable

language
concern
domain
notations
stakeholders

abstractions
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tailor made
effective++

specialized, limited

used by experts

together with other
specialized tools
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From Feature
Models to DSLs
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feature BasicOnePump
pump compartment ccl
static compressor cl

feature AtlLeastOneZone extends BasicOnePump
water compartment compl
pumped by cl
compartment levelsensor ct f1l
light 1 f1

feature[f] SuperPowerCompartment
water compartment adds to £
superPowerMode

feature WithAlarm
level alarm al

fountain StdFountain extends AtLeastOneZone
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Fountain Behaviour

Feature Models

pumping program Pl for AtLeastOneZone + WithAlarm +

SuperPowerCompartment [ f=compll |

parameter defaultWaterLevel : int
parameter superWaterlLevel: int
event superPowerTimeout

init {
set compl->targetHeight = defaultWaterLevel
}
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

{

Structure

[ IsFull Sensor b—l Basin

I OneNozzle I [TwoNozzIes ]
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(7)) I OneNozzle I [TwoNozzles ]
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— Fountain -> Basin PUMP
% Basin —-> ISFULLSENSOR? (ONENOZZLE | TWONOZZLES)
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Structure
IIsFuII Sensorb—l Basin ]
I OneNozzle I [TwoNozzles ]
Fountain -> Basin PUMP(rpm:int)
Basin -> ISFULLSENSOR? (ONENOZZLE | TWONOZZLES)

+ Attributes

09.09.2011
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+ Attributes + Recursion

Structure

[ IsFull Sensor b—l Basin ]

I OneNozzle I [TwoNozzles ]
Fountain -> Basin PUMP(rpm:int)
Basin -> ISFULLSENSOR? (ONENOZZLE | TWONOZZLES)
Behaviour?

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

Structure + Behavior

[ IsFull Sensor b—l Basin ]

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

09.09.2011
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Structure + Behavior

[ IsFull Sensor b—l Basin ]

I OneNozzle I [TwoNozzIes ]
Fountain -> Basin id:PUMP(rpm:int)? Behavior
Basin -> id: ISFULLSENSOR(full :boolean)? id:NOZZLE *
Behavior -> Rule *
Rule -> Condition Consequence
Condition -> Expression
Expression -> ATTRREFEXPRESSION | AndExpression

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

+ Attributes + Rec + References

Structure + Behavior

(in extended FM Notation)

Pump Behavior

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

IntLiteral

Expression Expression

<attribute-ref>

ThanExpr

12]

+ Attributes + Rec + References

2]
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+ Attributes + Rec + References

+ Concrete Syntax

Structure + Behavior Example

(in extended FM Notation)

Behavior

i

Pump
rpm:int o -«
v e | Rule ]
IsFull Sensor | % [ Condition | H | Consequence |
full: boolean s :
x
™ AttrRef 0
And. %1 | Expression
Expression Wi
///,,\\\\\ ¥ b
AttrRef Greater
H Expression ThanExpr |
'.._‘ . / ’,..
AttrRef |
Expression
.-}

Structure + Behavior as Grammar

Fountain ->
Basin ->
Behavior ->
Rule ->
Condition ->

Expression ->

AndExpression ->

GreaterThan ->
AttrRefExpression
IntLiteral ->
Consequence ->
IsFullSensor ->
Nozzle ->
Pump ->

"fountain™ Basin Pump Behavior
"basin” IsFullSensor Nozzle*

Rule*

"if" Condition "then" Consequence
Expression

AttrRefExpression | AndExpression |
GreaterThanExpression | IntLiteral;
Expression "&&" Expression
Expression '">" Expression

-> <attribute-ref-by-name>
(0..9)*

AttrRefExpression "=" Expression
"sensor™ ID (full:boolean)?
"nozzle™ 1D

“"pump”™ 1D (rpm:int)?

09.09.2011
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Structure + Behavior Example

fountain
basin sensor s
hozzle nl
nozzle n2
pump D
if s.full && p.rpm > 0
then p.rpm = 0

+ Concrete Syntax

.o L L
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>
x IntLiteral -> (0..9)*
('U Consequence -> AttrRefExpression "'=" Expression
) IsFullSensor -> "sensor™ ID (full:boolean)?
: Nozzle -> "nozzle"™ ID
> Pump => "pump"™ ID (rpm:int)?
Vo)
Q fountain
L3 Ld o .
o Deflnltlon basin sensor s
Q nozzle nl
b nozzle n2
c Program pump P
(o) if s.full && p.rpm > 0
J then p.rpm = 0
+

15
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Mapping to
PLE Concepts

16



09.09.2011

execute?
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DSL Program

(aka Model)
: map

GPL Program

Problem Space

: map

Solution Sp.
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domain engineering

... domain analysis
... classifying variability
... defining DSLs
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application eng.

... using the DSL to express
systems

platform

.. target environment

.. abstractions of solution space

.. can influence DSL concepts
(Arch DSLs)

20



config knowledge

... transformations
... generators
... iInterpreters

core asset

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

09.09.2011
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When to use
Which?
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Domain/PL Maturity

Manual
Coding

Domain/PL Maturity
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Manual
Coding

e

Domain/PL Maturity

Manual
Coding

Domain/PL Maturity
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Feature

@ Models
Manual
Coding

e

Domain/PL Maturity

Feature
@ Models

(\ELIE]
Coding

Subdomain/PL Maturity

25
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Configuration +
Customization
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vis.biadd (3
namespace shared (
interface IInoScreen ()

interface IAircraftStatus ()

8) testodm 53 =5

= 1 system

7 monkoring

K GracefuDegradation
K Redundancy

namespace datacenter 7 DataManagement

4 Centralzed

@ Distributed

using mycompany.shared
interface INgtCons ()

component DelayCalculator (
provides aircraft: IAircraftStatus
provides managementConsole: IMgtCons

requires screens: IInfoScreen

component Manager (

requires backend: INgt
requires backend.

ns

IMgtCons feature Failover
Centralized

) DataManagement

Distributed

Faiover

GracefuDegradation

namespace wobile (

using wycompany.shared

component InfoScreen (

provides default: IInfoScreen

component AircraftModule
3

requires calculator: IhircraftStat

| %) Tree [[] Table | 1<) Detad | 5§ Graph| @ Constrants

Configuring Models

and Code

{somar} task sonartask cyclic prio — 2 every — 100 {
t del int s - ecrobot_get_sonar_sensor (SENSOR_PORT '
Dummy Feature Mode sonarkistorylaonar Tndex]

feature runtimeCalibration : - CIREEREISS O ERRLTRITL & 45

if ( sonarTndex == 10 ) {

NXT_PORT_S2) ;
s;

feature bumper : |[Erus

sonarIndex = 0;

}
feature sonar int =3
for (int i =0; i <10; i=41i+1;) {
feature debugCutput : [frus s - s + sonarHistory[il;
3

currentSonar = ss / 10;

{ {debugoutput} { debugInt(2, 'sonar:', currentSomar); } }

doc

task that is called ever

s to do the actual control of

task run cyclic prio = 2 every = 2 {
stateswitch linefollower
state running
{bumpez} int bump

ecrohot_get_touch sensor (SENSOR_PORT T::NXT_PORT S3);
{Bumpez) if ( bunp

1)1

{debugOutput} { debugString(3, "bump:', "BUME!'); }
event linefollower:humped

terminate;

1

{sonar} if ( currentSonar < 150 ) {

event linsfollowsr:blocksd
terminate;
1
int light — ecrobot_get_light_sensor (SENSOR_PORT '
if ( light < ( WHITE + BLACK ) / 2 ) {
updateMotorSsttings (SLOW, FAST);
} else {

NXT_BOR!

updateMotorSsttings (FAST, SLOW) ;
}
{debugOutput} { debugInt(4, "Light:", light); }
{sonar} state paused
updatzMotorSettings (0, 0);
if ( currentSonar < 255 ) {

Configuring Models , event linefollower:unblocked

{bumper) state crash

updateMotorSettings(l, 0);
a n d cod e default

<noop>;

09.09.2011
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{sonaz) task sonartask cyclic prie — 2 every — 0D {
int s = ecrobot_get_sonar_sensor (SENSOR_PORT_T: :NXT_PORT_S2) ;

Dummy Feature Model semarfiistory[sonarTndex] = =7
feature runtimeCalibration : - CEREERELI O EFRITRITL & g
if ( sonarindes — 10 ) {

feature bumper : | Erue sonarIndex = 0;
}

feature sonar : - int ss = 0;
foxr (int 1 =0; i <10; i=4i+1;) {
feature debugOutput : [EEUS S Ay
1
currentSonar = ss / 10;
{ {dsbugutput} { debuglnt(2, "sonar:', currentSomar); } }

actual co:

cyclic task that is called every Ims to do

task run cyclic prio = 2 every =
stateswitch linefollower
state running
if ( currentSonar < 150 ) {
event linefollower:blocked
terminate;
¥
int light = ecrobot_get_light_sensor (SENSOR_FORT_T
if ( light < ( WHITE + BLACK ) / 2 ) {
updateMotorSettings (SLOW, FAST);
} else {
updateMotorsettings (FAST, SLOW);
}
state paused
updateMotorSettings (0, 0);
if ( currentSonar < 255 ) {
event linefollowsr:unblocked
}
default
<noop>;

:NXT_PORT_S1);

Configuring Models

and Code

Configuring Models

and Code

09.09.2011
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+ A model describes domain
abstractions in a formal and
concise way
. * Transformations (T) map that

@ model to imple-mentation
-, * r artifacts

Impl. Artgfé"ct 1/] }. Impl. Artefact 2 «  Variability is expressed with

ooy P [ X fewer VPs in the models
compared to implementation

R artifacts

Configuring Models

and Code

Transformation
Variability

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 0,

createControlPanelinstance 0)) ->

hasFeature ("siren") ? conf.addAlarmDevice (" AlarmSiren ") : null ->
hasFeature ("bell") ? conf.addAlarmDevice (" AlarmBell ") : null ->
hasFeature ("light") ? conf.addAlarmDevice (" AlarmLight ") : null

09.09.2011
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A DSL scriptina

feature model

mandatory communication
Xor async
or polling | timeout : int
retry : custom retry sScript
wait 10 ms
try again
give up
or callback
or oneway
xor bestEffort | noC0fTries : int
xor reliable
Xor sync

optional exception

09.09.2011
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DSL Tools
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