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High thoughts must have high language.

Aristophanes

[FUR S I
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<head>
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<meta name="robots" content="all" />

<meta name="copyright" content="JetBrains, In

<meta http-equiv="Content-Type" content="text
<meta name="verify-v1" content="9EryFSFvvHuIK
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Language Workbenches

provide

high-level mechanisms for implementating languages



Karel

08 00O . —— " _____Robot Kaja

- Kajak - [~/MPSProjects/Kajak]

i) Sample * | i) Karel = |

Script Karel rumns as
[ require Common

turnRight

while not mark do
traceStep

end

I: pick

# Routine definitions
routine traceStep means
drop
safeStep
end

routine safeStep means
while wall ahead do
turnLeft
end
step
end
routine turnRight means
repeat 3 times
turnLeft
end
end

routine turnAround means
turnLeft
turnleft

end

end

f] 7Z: Structure

[ 4:Run Version Control [, 9:Changes =/ 0: Messages

| E | Git: master

IO




MPS IDE support for DSLs

Editor

- Syntaxt coloring, code-completion, refactoring
- Navigation / Find usages

- Search / Replace

- Error highlighting / Quick fixes

Debugger, Test runner
Version Control Support
Code Analysis
Reporting, Visualization



Programs are trees

Models composed of nodes




Programs are trees

R
[fStatement
condition body
Expr StmtList




References cross the tree




Languages are sets of concepts

L



Programs and Languages

B Meta-models consist of concepts

C D Models consist of nodes




Programs and Languages

MethodCall

WhileLoop

MethodDef

....... pIfStatement

\
llll
lllll
lllll
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lllll
|||||
lllll
lllll
|||||
llllll

B Meta-models consist of concepts

C D Models consist of nodes




Concept inheritance

L1

L2



Domain Hierarchy

D211 D212 -~ D2.2.1 | D2.2.2

D1.1 D1.2

DO

More specialized domains

More specialized languages



Language modularization

DSL Engineering

Designing, Implementing and Using
Domain-Specific Languages

Markus Voelter

with Sebastian Benz, Christian Dhetrich, Birglt Engelmann
Mats Helander, Lennart Kats, Beloo Visser, Guido Wachsmuth

dslbook.org

Categorization proposed by Markus Voelter, http://voelter.de



MPS Projectional Editor

) expression | DotExpressian | (o) Main | @ main ' (20 MultiTuple

M) operand : . <skakic Field >

CLCONStructor>:>

—F 1) operation : prinkinink):woid
L <<methods>:>

[=F (1) actualargument @ +

': M) rightExpression @ inkeger conskant
1) leftExpression : integer constant Hystem. out.printlniz + Zj;

public static vold naini(String[] arcgs) |



http://voelter.de/

Programs and Languages

MethodCall

WhileLoop

MethodDef

....... pIfStatement

\
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B Meta-models consist of concepts

C D Models consist of nodes




MPS Projectional Editor

) expression | DotExpressian | (o) Main | @ main ' (20 MultiTuple

M) operand : . <skakic Field >

CLCONStructor>:>

— (1) operation : prinkindink ) waid
L <<methods>:>

= (1) actualargument @ +

': M) rightExpression @ inkeger conskant
1) leftExpression : integer constant Hystem. oul.printlniZ + Zi;

public static void nmain(string[] args) |




Projectional editor

The coding experience is different (better :)

Cooperate with the existing text tool-chain



Instant preview

Interpret the model on-the-fly

Instant Preview

Painting MyDrawing

circle x: 200 y: 300 radius: 100 color: BLUE

square x: 50 y: 150 size: 100 color: GREEN

square x: 350 y: 157 size: 100 color: RED

circle x: 400 y: 150 radius: 30 color: CYAN




Non-parseable notations

public void run(string[] args) {
map<string, Object> person = this.createPerson();

// A decision table gets translated into a series of nested "iIf" statements
// A table can be manipulated just Iike any other expression - try selecting one and invoke e.g. "Extract Method"

string title = string Default: "Nothing to show here" IsMale(person) | isFemale(person) |;
isChild(person) |"boy" "girl"
isAdult(person) |"man” "woman"

System.out.println("The title is: " + title);

Money discount;
discount = Money Default: 0 EUR

isMale(person) && 10 EUR > 5 EUR | ZIsFemale(person) ;
isBaby(person) 100 EUR 100 EUR
Iischild(person) 50 EUR 50 EUR
IsAdult(person) 5 EUR + this.seasonalBonus( ) 10 EUR + this.seasonalBonus( )
IisRetired(person) | 20 USD - 10 USD 10 EUR + (person["name"] == "Susan") ?
this.seasonalBonus() : 40 EUR
System.owut.println("Your name: " + person["name"]);

System.out.println("Your discount: + discount);



Language combinations

parallel for (final Money bonus in bonuses) {
unless (bonus > 100 EUR) {
System.out.println("Processing:
@thread safe process(bonus);

}
}

+ bonus);



Language combinations

_parallel for (final Money bonus in bonuses) ({
unless (bonus > 100 EUR) {
System.out.println( Processing:
@thread safe process(bonus);

}
}

+ bonus);



Multiple projections

structural workflow advancedIssueTracking
state Open;
state WaitingVerification;
state Closed;

event Close;
event Verify;
event Reopen;

on event Close
Open -> WaitingVerification

on event Verify
WaitingVerification -> Closed

on event Reopen
WaitingVerification -> Open

on event Reopen
Closed -> Open

tabular workflow advancedIssueTracking
event Close; event Verify; event Reopen;

state Open; -> WaitingVerification

state WaitingVerification; -> Closed -> Open

state Closed; -> Open




name filter:

Graphical notations

[ []
4

<no filter>

component set My application

component
depends

component
depends

component
depends
depends

component
<< ...

Core
on DB

UT
on Core

Tests
on Core
on UI

DB

>>

Core |UI Tests DB
Core +
UI +
Tests |+ +
DB




Language distribution

Design DSLs in MPS

Use them in

- Intellid IDEA
— Standalone IDE (on Intellid platform)
- Web



Aspects of language definition



Aspects of language definition

* Abstract syntax
» Concrete syntax (editor)
e Static semantics

e Constraints
* Type-system
o Dataflow
* Execution semantics / Generator

 IDE support



Aspects of language definition

Execution semantics / Generator



Code generation




Code generation

MPS Baselang

i Text generation

Java source




Code generation

Model to model transformation

Closures

Date/Time

L

MPS Baselang

i Text generation

Java source




Code generation

Custom 2

Custom 1 |
i Model to model transformation

Closures Date/Time

Model to model transformation i /
\ 4

MPS Baselang

i Text generation

Java source




Model-to-model transformation

Money Language Java

Currency

MoneyLiteral (,10

I—
.
-

)

.

)

.

,new Money(10,

-
e
-
-
-
-
-
-

e
A 4
e




Model-to-model transformation

template reduce MoneyLiteral
input MoneyLiteral

parameters

content node:

{
<TF new Money(|]s'1:, "SI 1") TF>;

}

s Structure £ Editor ~ Constraints & Behavior ¢ Typesystem| ©> Generator
pector
brains.mps.lang.generator.structure.PropertyMacro

property macro

comment :

value : (templateValue, genContext, node, operationContext)->int {
node. amount;

}



Model-to-model transformation

while not wall ahead do

repeat 2 times

step
end
end template reduce_Repeat
input Repeat
parameters

content node:
{
<TF for (int §i] = 0; i < $7107; i++) { I
SCOPY SRCS System.out.println("");
}

s Structure £ Editor ©) Data Flow| <> Generator
Jector
yrains.mps.lang.generator.structure.PropertyMacro

property macro

comment :

value : (templateValue, genContext, node, operationContext)->int {
node.count;
}



Model-to-model transformation

while not wall ahead do

repeaﬁiij}imes
step

end
end template reduce_Repeat
input Repeat
parameters

content node:

{
<TF for (int S$7i] = 0; i @0 T —
}

s/ Structure £ Editor © Data Flow| = Generator
Jector
yrains.mps.lang.generator.structure.PropertyMacro

property macro

comment :

value : genContext, node, operationContext)->int {

node.count;




Firefox -

T My MPS tasks

[) Messages - JetBrains Forum

| € )> [D http://forum jetbrains.com/messages

File Edit View Navigate Code Analyze Build Run Tools VCS Window Help

CEROHG ARB UA Y- P AERED S

* &[0 x[.0 x

component InMemoryStore {
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Mark all as read (46)

Meta Programming System > Calling

+ * component InMemoryStore (0): stores i (

IR

the textgen procedure for super
concept Evgeny Gryaznov

I'm afraid there is no wray to invoke TextGen
for the super concept. But if you have no text
gen declared for the concept, the inherited
one is used.

. fages : Usages
Instead you can extract text-generation code B

into an operation an reuse it in append
clauses. Create a LanguageTextGenDeclaration
root and declare an operation. reply

Tabsccum

rogramming System -
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m-my:ls.m—m e
T e L

12 (o [ o it [ st o st

U Carnarants < << ... > >

e input
thent parsacters for

& Projectl
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if (issue.Subsystem != null) {

issue.Assignee = issue. bsyste:

@ - State

ne deseript;

o
ettt oyt m..,,.m]

rule Set subsystem owner as assignee for new

when Assignee == null && (Subsystem.changed

project.changed)

Bubsystem “field (j.y.workflow.custom

\Users\Vaclav\RASEProj jectl] - com.example\Main - Realaxy ActionScript Editor Beta.
=t SN AT

File Edit Search View Go To Refactor Build Run Tools Version Control Window Help

uaﬂﬂrmhllm.wEO
TE]

£,
(% L Project )

aasassbrans
E

|5
] G main - |

View in{ ) ActionSrip.. ¥ = |&h =]

Project
g  Projectt public class Main extends Sprite implements <none> {
B30 com.example <<initializers>>
=4

field : title // static fields /

| 4 ® ®[ 133M of 508M
=R

a staticField : image
= constructor : Main()
() returnType : <type>
i Libraries

private static var image : Bitmap:

J/ fields /

private var title :

// constructor -----| (3 StageAlign flash.display|
(& StageDisplayState flash.display|
public function Main (g StageQuality flash.display
(&3 5tageScaleMode flash.display|
3 (4 StageVideoAvailabilityEvent flash.events
<<static methods>> (g StageVideoEvent flash.events
e flash.events
» @ string

<<out of package>>
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A | ®] 241Mofs6EM
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> InMemoryStore.setup(): SetupSt
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Mark all as read (46)

Meta Programming System > Calling

-« component InMemorystore (0): stores 8O Q) [ staechan

[(itorme Y s | .
S
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@ =
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the textgen procedure for super
concept [REEWN Eveeny Gryaznov

I'm afraid there is no wray to invoke TextGen
for the super concept. But if you have no text
gen declared for the concept, the inherited
one is used.

® Eventlog @ inspector

M e w5

REEENHEI0w| s

£ Main = |

N IR |
("]
(1] - e
| View in:| __ ActionScrip... ¥| = |_
[

1

[ 2||5 ] Project
[=}- 7 Projectl

55

= com.example

=

£ field : title

Fg staticField : image

' constructor : Main()

- returnType : <type>

=]

public class Main extends Sprite implements <none> {

<<initializer>>

J/ =static fields --

private static var image :

J/ fields

w private var title

// constructor

public function Main

H
<<static methods>>
<<methods>>

<<ont of package>>

- Stagellign flash.display
. StageDisplayState flash.display

i StageQuality flash.display
StageScaleMode fla=sh.display

o peene

e for new issues =

Bitmap;

Fignee for new

stem.changed

issues

(j.-y.workflow.c

project.changed)

Bubsystem “field (j.y.workflow.custom!

n

Al

& 2: Inspector

StageVideolAvailabilityEvent flash.events

. StageVidecoEvent flash.events
4 StatusEvent flash.events
£g String

Messages

] [ ] 11M of 966M

| 4 ® ®[ 133M of 508M
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B30 com.example <<initializers>>

/1 static fields

i Libraries

// fields

public class Main extends Sprite implements <none> {

private static var image : Bitmap:

}

private var title :

// constructor -—--

public function Mai:

ageAlign flash. dlsplay
(6 StageDisplayState flash.display|
(6 StageQuality

(64 StageScaleMode
(64 StageVideoAvailabilityEvent flash.events

<<out of package>>
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= 0: Messages

& 2: Inspector

& | ®] 2a1Mofg66m







mbeddr.com

var avg(int, 10) currentSonar = 250;
doc Statemachine to manage the transition betwed
statemachine linefollower {

event initialized;

event bumped;

event blocked;

event unblocked;

initial state initializing {

initialized [truel
}
state paused {

-> running

-

-» running

entry intlé 1
unblocked [true]
}

state running {

blocked [true] -> paused
bumped [true] -> crash
unblocked [true] -> crash

}

state crash { var avg(int, 10) currentSonar = 250;

initialized [true] -> paused

IR S {ABNG T initializing paused
initialized true running

initialize { bmci
ecrobot set light sensor active(
. blocked
unblocked

initialize {

running

true crash

true paused

true runningtrue crash

crash

true paused

ecrobot_set_ light_sensor_active (SENSOR_PORT_ T::NXT_ PORT_S1);




mbeddr code generation

mbeddr C

i Text generation

C source




mbeddr code generation

Model to model transformation

Ranges

Ph. Units

St. Machine

Model to model transformation \

L

mbeddr C

i Text generation

C source




What to expect?

Graphical notations

Web-base editor

... and a lot more



Books

 http://books.campagnelab.org

* http://dslbook.org

The MPS Language
Workbench

Volume |
http://books.campagnelab.org

DSL Engineering

Designing, Implementing and Using
Domain-Specific Languages

Markus Voelter

urch Sebastian Beng, Christian Dietrich, Birglt Engeiman

dsibook.org

3
-
=
i
o
548
g
B
X



Grasp the subject, the words will follow.
Cato the Elder



Questions

Want more?

http://www jetbrains.com/mps

@vaclav_pech
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