EDIT PROFILE

[PAGEX =FROFILE.EDIT]
OFILE.EDIT]

PROFILE PAGE

k.
[PAGE==PROFILE.CREATOR]™—— ———y

e

(%) | rocm pace

[LOGIN.SUCCESS]

“*|  (creaTOR)

CREATE GAME EDIT GAME DELETE GAME
PAGE PAGE PAGE

TUTORIAL
PAGE

Domain-Specific Languages (DSLSs)
motivation, concepts, examples

(C) Thorsten Berger, Chalmers | University of Gothenburg

HOME PAGE

[PAGE==GAME_SEARCH]

['LOGIN.FAIL]

[PAGE==HOME]

e

[PAGE==PROFILE.NORMAL]

PROFILE PAGE
(NORMAL)

[PAGE==FORUM.MAIN]

FORUM'S
MAIN PAGE

GAME PAGE RESULT PAGE

COMMENT
GE

GAME SEARCH
MODULE

GAME NOT
FOUND

P

=(1)PROFILE.EDIT]

[PAGE==ROFILE.EDIT]

EDIT PROFILE
PAGE

*The final state is the "login page" and the
access is available from all states

Thorsten Berger
Associate Professor
thorsten.berger@chalmers.se



architecture of a compiler

«examplex»
I\tl,lxl,l |,I+I,I3','\n

,B| @—> string of characters

«example» B

ID("x"),PLUS,INT(3)

ape_expr «example»

left—= var_ref{"x")
right —s const(2)
ope = PLUS

@— initial node
final node

:

object node

activity node

«transformation»| .
decision
«example» ot

v

.
lexing (scanning)

v

string of tokens

v

parsing

v

............... abstract syntax tree
(AST)

name & type analysis

semantics

ope_expr .. «example» [\
left"m var_ref M.
right A0, int_const(2)
ope = INT_PLUS

annotated AST «example» [\

M23 < Mp+r;
| JZ L5
L] Jmp [rs]

translation

«transformation» \

intermediate lang. dedmbilleots

«example»

register allocation  [E— AX « BX+CX i
izLs

jmp [AX]

assembly code

atransformation» N
peephole optimization

«example»
| £0 07 67 a4 5d cd ...

_____

assembler

machine code



a perspective from systems engineering

UML models

C code

#1f CONFIG JFFS2_FS_DEBUG > 0

"paranoia" checks and dumps */

a
#def ine JFFSZ DBG_PARANOIA_ CHECKS
#define JFFS2_DBG_DUMPS

#ifdef CONFIG_JFFS2 ZLIB

jffs2_z1lib_init ();

—

OS generation
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HISTORY OF LANGUAGES



continuous abstractions

language

______________________________________

C++, Java, C#

C, Perl, Pascal

Algol, Fortran, LISP

Assembler

machine language

(C) Thorsten Berger, Chalmers | University of Gothenburg

concepts

objekt-orientation: classes, objects
modularization, functions

conditionals, loops

jumps, arithmetic expressions

count, read register, 1/0



UML 2.5 Diagram

‘ Structure Diagram ‘ ‘ Behavior Diagram ‘

eneral-purpose tools

Class Diagram <

Object Diagram

W AT e Ve mw wme

Package Diagram

Model Diagram

Composite Structure
Diagram

Internal Structure
Diagram

Collaboration Use
Diagram

»

Profile Diagram

[l l

Deployment Diagram ——

UseCase Diagram

Information Flow
Diagram
Activity Diagram =7
State Machine
Diagram

Behavioral State
Machine Diagram

Protocol State
Machine Diagram

Interaction Diagram

——— Sequence Diagram

[ ication
Diagram

Timing Diagram

Interaction Overview
Diagram

© pml-diagrams.org

|

N



domain-specific tools

focus on the domain!

© Zsolt Bota Finna / fotolia.com © Europaische Union, [2010] - EP
tailored towards domain requirements
effective within the domain
both specialized and limited
used by domain experts




use domain-specific languages!

expressiveness language concepts
Domain- R~

Specific DSL1 ,DSLZ, . DSLn arbitrary domain concepts
Language e e

(DSL)

objekt-orientation: classes, objects

A C++, Java, C#

modularization, functions

C, Perl, Pascal

General-

Purpose conditionals, loops
Language Algol, Fortran, LISP

(GPL) Assembler jumps, arithmetic expressions

count, read register, 1/0

machine language

(C) Thorsten Berger, Chalmers | University of Gothenburg



domain-specific language

advantages
less expressive
separates domain-related and infrastructure code
improves communication with domain experts and customers
DSLs exist for a long time, such as:
regular expressions: [-+]1?2[0-9]1*\.?[0-9]+
SQL: SELECT ... FROM ... WHERE
CSS/HTML: b{ color: #926C41 }
recent improvements in language technology help
to quickly create your own DSL

language workbenches instead of CASE tools
model-transformation languages

disadvantage: tools are still somewhat complex

(C) Thorsten Berger, Chalmers | University of Gothenburg
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kinds of DSLs

MFC Appwizas

Whak type of application would you ke ta create?

Tie Edit View Yindow e

" Dislog based

¥ Document/Yiew architechae suppoit?

What Janguage viewid yeu like your resources in?

[Devisch [Deutschland] APPWZDEU.DLL T

cBack [ News | fwieh Cancel

wizard

Vector Diagnosis | ExampleNode (2]
Cveron 1| 1 v AN v ] 1|1 S s 1|1 Fcarmmmsaegest 1| 11 CXSEK: TP e
Ding agions Disg services | Modie ogéions | Int egisters | Mares
Version arc M scher ifomalicn fo dagross senvices:
AN Vession 1 2, i0
T I Sigpoe | Suppatt Suppat | Seson | Sesica
Fessid | RewSld | Longlals | Pk | Applestinordler | Poitonder Dol | Mondor
StrDisgnoesesson (10 0 [ r ® r 3 "
NeaDisgrostinfomatol 1514 064 [ r " w! r L
Resasiansdinte |0 o5 r ® r r 3
ResdDucyStas | O 0 L3 r L3 r = L3
Roadk culdentiication 11+ 05 r r ® r ® L3
ReadDalaByLocald | (i1 061 r r = r r K
oyt AT T T I
Secuiphccess | I 0 r r 3 r r &
StarRiousnefylocald | [ 0 r r ® r r L3
slmnmmmam (% 07 r 5 K Jd
n i B

Set Defauls

Generate

ok Abbeechen | Ubemebmen Hile

configuration tool

(@

page MainPage () {
filename = index.html
placeHolders {
header = fragmentCall { include = Header() }
leftNavigation = fragmentCall { include = LeftNavigation(nil) }
rightNavigation = fragmentCall { include = RightNavigation() }
body = fragment { filename = main/main.html
filterElement = body }
footer = fragmentCall { include = Footer () }

textual DSL

(C) Thorsten Berger, Chalmers | University of Gothenburg

programming language
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visual DSL
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EXAMPLES

(C) Thorsten Berger, Chalmers | University of Gothenburg
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INTERNAL (EMBEDDED) DSLS



Ul programming in Java

SW
Hella ‘World!
Java JRuby with Glimmer DSL
Shell shell = new Shell (display) ; shell {
shell.setText (“"SWT”) ; text “SWT™
shell.setlLayout (new FillLayout()) label {
Label label = new Label (composite, SWT.NONE) ; text “Hello World'™“

label.setText (“Hello World!'"“) ; }



obhject Lunar extends EBaysick |
def main(args:irray[String] ) = {
Lu nar |ander 10 PRINT "Welcomwe to Baysick Lunar Lander w0.3"
Z0 LET |
30 LET |
40 LET |
50 LET |

60 PRINT "¥ou are drifting towards the moon. ™

70 PRINT "¥ou must decide how mwuch fusl to burn.”™
g0 PRINT "To accelerate enter a positive number ™
90 PRINT "To decelerate a negatiwve®

100 PRINT "Distance ™ %

110 INPUT

1z20 IF AES |

130 PRINT "¥ou don't have that much fuel"™
140 zOTO 100

150 LET |

160 LET |

170 LET |

130 IF

190 PRINT "¥ou hawve hit the surface”
200 IF

210 PRINT "Hit surface too fast [ %
220 PRINT "¥ou Crashed!"™

230 zO0TOD 250

240 PRINT "Well done"™

Z50 EHD

RO

https://www.scala-lang.org/old/node/1403 '°



EXTERNAL GRAPHICAL DSLS



Automate (Android App)

" B 09:30

~  2blocks n X [BE

%

hett
Flow bagisning

Confirm dizlog "Homse
Wi-F1" "haee you

Get kecation Batanced Pick location @

Enalbie Wi-Fi Diezabie Wi-Fi

Wheen at location lal @ |
an
+ 4
ke Wi Disgabibe Wi-Fi
—
A i —
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Lego Mindstorms Robots

10.12.2018



% Set Anti-Collision
3 Set Stiffness
- B Sit Down

‘n\ Stand Up

)1 Walk To

)1 Walk Toward

#-[] Sensing
#- ] Templates
=+ B Trackers

9. Sound Tracker

Walk Tracker

----- @ wB Tracker
- [ Vision

Sound Tracker:
Every time a sound is

e @ « & G

Box libraries 3]

default §eam h

-

detected, this box makes NAO
look toward the sound source.

File Box library Edit Connection View Help

=

»

FindObjectinOffice - Choregraphe (Connected to local NADgi)

Swetch Case
s E
L

Emt

ERELEN DS

—

-'_'_'___,_:—'—'_'_'___ O_'|_',’-O'|oe

gl
N

&)

Ty Agan

@

Raobot view
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EXTERNAL TEXTUAL DSLS



Google Protocol Buffers

1 message Person {

3 enum PhType { MOBILE = 0; WORK = 1; }

4

5 message PhoneNo {

6 required string no = 1;

7 optional PhType type = 2 [default = MOBILE];
8 }

9

10 required string name = 1;

11 repeated PhoneNo phone = 2;

12}

10.12.2018

(C) Thorsten Berger, Chalmers | University of Gothenburg



developed in the MDE course

{
“Lego"”: "Star”,
"Length": 20,
"Width": 20,
"Bricks" : [{
"Brick": "Wars",
— "Width": [4],
— "Length”: [2]
[ } ; {
Z "Brick": "Trek",
"Width": [2],
"Length”: [2]
 —
H
}
X

(C) Thorsten Berger, Chalmers | University of Gothenburg



AdjLegoSystem {
thickness 20
finalBrick Pizza

abstractlegobrick {

RoundedBrick Pizza{
roundedSide ALL
sizeproperties {

int length =7,
== int width = 7
—— }
— )
T SlicedBrick Slice {
== portions 3
brick Pizza
}

(C) Thorsten Berger, Chalmers | University of Gothenburg



AdjLegoSystem {
thickness 7
finalBrick Boomerang
abstractlegobrick {
RoundedBrick Frisbee{
roundedSide RIGHT
sizeproperties {

int length = 4,
int width =2
}
5
SquareBrick Stick {
sizeproperties {
int length = 4,
int width =2
}
5

Combination Boomerang {
mainSide LEFT
position 3
main Frisbee
secondary Stick

(C) Thorsten Berger, Chalmers | University of Gothenburg



dimensions 10 x 10;

"2x4": 2 x 4;

"4x2": 4 x 2;

"1x8": 1 x (2 * "4x4".width);

"4x4": "2x4".height x (2 * "2x4".width);

"Composite Brick 1": "2x4" <- "4x4" TOP: LEFT 1 <- LEFT 1;
"Composite Brick 2": "2x4" <- "4x2" BOTTOM: LEFT 1 <- LEFT 4;
"Composite Brick 3": "1x8" <- "4x2" RIGHT: TOP 1 <- BOTTOM
2;

(C) Thorsten Berger, Chalmers | University of Gothenburg



brick smiley

00000000,
O__00__oO,
O__00__oO,
00000000,

00000000,

maxwidth 10
maxlength 10

abstract brick a
000,
000,

abstract brick b
_00,
_00o,

_oo,

combo Taoverb

(C) Thorsten Berger, Chalmers | University of Gothenburg
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ontrolling a NAO Robot

" C:\Program Files\Webats\projectsirobots\aldebaran\worlds\nac_indoors.wbt (aldebaran) - Webots PRO R2018a = X

File Edit View Simulation Build Robot Toals  Wizards

Nao Indoors

Help

@ +2000 @B(Q Ph»W oesso -0 EO@® @0 ¢ |

5 S —
> @ Worldinfo A

> @ Viewpoint

> @ Background

> @ Floor

> @ Ceiling

> @ Nao

> @ Wal

> @ Wall

> @ Wall

> Wall .

Console

oEX

Ack:int=0 -p HAL/Nack:int=0 -p HAL/Error:int=0

[naogisim] [I] 24132 SimLauncher: Launching C:YPROGRA~1)Webots'projects)robots' ALDEBA~1Y ALDEBA~1Y SIMULA~1\bin/hal -s hal-ipe8559 -p HAL/Robot/ A
Type:string=Nao -p HAL/Simulation:int=1 -p HAL/Time:int=0 -p HAL/CycleTime:int=0 -p DCHM/Time:int=0 -p DCH/CycleTime:int=0 -p HAL/SimShmId:int=9559 -p HAL/

[naogisim] [I] 24132 SimLauncher: Launching C:)\PROGRA~1)Webots)projects)robots)ALDEBA~1Y ALDEBA~1Y SINULA~1\bin/naoqi-bin.exe -p 9559 --writable-path C:\Users |,

A = & & & NE WNF WNE

s @ o W Wf B €

28



kinds of DSLs

implemented as a separate
language; parsed, translated/
interpreted

good control over syntax,
semantics, tooling

costlier to implement

example: Google protocol buffers

comprehensible

good for nonprogrammers
layout conveys information
layout tedious to use

DSLs syntax & style

textual

layout tedious to implement -
syntax scalability issues | graphlcal I
examples: BPMN, class

diagrams, feature models,

Yahoo pipes, MIT scratch

internal

|externa| l

clear order of reading

efficient editing

easy to incorporate expressions
popular among programmers

a library within a host language
host must be flexible syntactically and
support meta-programming features:

cheaper to implement, good tools exist scala, ruby, python, smalltalk, C++,
harder to read, esp. for non-programmers haskell

complex dependencies hide in indirections cheap to implement, reuse from host
examples: Google protocol buffers, limited control of syntax, semantics,
Rails active record tooling

example: Rails active record

29
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BUILDING DSLS

(C) Thorsten Berger, Chalmers | University of Gothenburg
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language workbenches

language workbench:
tool for creating and using (domain-specific) languages

early workbenches (textual)
SEM, MetaPlex, Metaview, QuickSpec, MetaEdit

workbenches for graphical languages
MetaEdit+, DOME, GME
workbenches for textual languages

Centaur, Synthesizer, ASF+SDF Meta-Environment, Gem-Mex/Montages,
LRC, Lisa, JastAdd, Rascal, Spoofax, Xtext

workbenches for projectional languages
Jetbrains MPS, Intentional Domain Workbench, ...

Erdweg, Sebastian, et al. "The state of the art in language workbenches." International
Conference on Software Language Engineering. 2013.

31
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In-class demo

We will implement a language (incl. abstract syntax and a textual and
graphical concrete syntax) for expressing simple graphs.

)T Sirius
- - S Xte t

Using the following technological space:

(C) Thorsten Berger, Chalmers | University of Gothenburg
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meta-model (abstract syntax)

how to build a modelling languages?
we model the modelling language
result is a meta-model:

availabeActions

Webpage o - Action
id: String 1 actionName:String
nextPage

i

PageLayout clements PageElements

>

*

(C) Thorsten Berger, Chalmers | University of Gothenburg



meta-model: definition

A meta-model is a model that precisely defines
the parts and rules needed to create valid models.

Parts: domain concepts (model

elements) determine validity of a model.

{Rules: Well-formedness rules,

Defines a languages’ abstract syntax: elements and their relations
independent of the representation

Mapped to:

Concrete syntax: representation of models (instances), e.g., within an editor

Static semantics: semantics evaluatable without executing/interpreting the
model (using constraints)

Dynamic semantics: what the model means or expresses

(C) Thorsten Berger, Chalmers | University of Gothenburg



meta-model: lego

Meta-
Model ,\
Building %
Rules

Building Block

connected with

Model
Lego

Real world AR
House —mm-

examples from Steffen Becker, Model-Driven Software Development, Univ. of Paderborn Images: plxelquelle.de



meta-model: languages

Meta-
Model Sentence words Word
Building
Rules

Model . |
A natural “A nice brown and white coloured house

description in the middle of the black forest”

Real world AT
House

examples from Steffen Becker, Model-Driven Software Development, Univ. of Paderborn Images: plxelquelle.de



a well-known DSL

Music notation

Metamodel

Whole Note

Sixteenth Notes

J

174 Beat

Half Note

o [ T

4 Beats 2 Beat

Basic Notes

Quarter Note Eighth Note

p

ts 1 Beat
Eighth Note Triplets

=

1 Beat (1/3 each) 1 Beat (1/Qgach)

L

LI

e

LN

Model

Music sheet

examples from Steffen Becker, Model-Driven Software Development, Univ. of Paderborn
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meta-model levels

a meta-model is also a model
how is the meta-model then being modelled?
using a meta-meta-model! ©

models models

models Meta' Meta' models

~Real World Model

Model Meta-Model

this goes (theoretically) infinite or ends if the model is
self-describing

models

Model Meta-Model

models

typically called bootstrapping (your favorite Java
compiler is likely implemented in Java itself)

(C) Thorsten Berger, Chalmers | University of Gothenburg



abstract vs. concrete syntax

Name:Attribute Lecturer:Class
abstract _ - -
attributeName="Name className="“Lecturer”
type="String”
Concrete Lecturer Class Lecturer { ||podelclass Lecturer
String Name; (
Name:String I attributes
(
Name : Type String
<class ) )
className="Lecturer">
<attribute
attributeName="Name" _
type="String" /> Compare to the AST concept in
</class> compiler construction!

examples from Steffen Becker, Model-Driven Software Development, Univ. of Paderborn



abstract vs. concrete syntax

+syntax

Abstract Syntax Concrete Syntax

*

abstract syntax uses the meta-model concepts to represent the models

concrete syntaxes can choose any kind of representation plus a mapping

(C) Thorsten Berger, Chalmers | University of Gothenburg



abstract vs. concrete syntax

a mapping maps elements of the concrete syntax to the meta-model

elements

aClass ----

aAttribute_

~

~

~

~

~o
~-~o
~

Concrete

UML Syntax

Class

—*Name:String

~o
~
~o
~

~

~~
~
~
~
~
~~
~

*

~~
~
~
~
~
~ o
~

Attrit;ute

Abstract UML
Syntax

examples from Steffen Becker, Model-Driven Software Development, Univ. of Paderborn




abstract vs. concrete syntax

A mapping maps elements of the concrete syntax to the meta-model
elements

_______________________ » Class
<class ™ T -->Name:String
className="Lecturer">
<attribute ---------—___ N
attributeName="Name" ~~"--.___ .
type="String"/> = .- -l Y
P FAZ . 1 Attribute
</class>  TTTteeal Tl -
~~~~~~~~~~~ “*attributeName
77 type

there is a standard defining the mapping from (MOF) models to XML: XMI
(XML Metadata Interchange)

examples from Steffen Becker, Model-Driven Software Development, Univ. of Paderborn



example walkthrough again

EXTERNAL DSL (TEXTUAL)

(C) Thorsten Ber ger, Chalmers | University of Gothenbur g
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coffee machine

(C) Thorsten Berger, Chalmers | University of Gothenburg

makingCoffee

44



coffee machine

(C) Thorsten Berger, Chalmers | University of Gothenburg
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input / output

2 = {coin, timeout, tea, coffee, break}
[ = {Tea served, enjoy!, Machine is broken., ...}

timeout / Coin returned, insert coin. \coin / What drink do you want?

done / Tea served, enjoy! | done / Coffee served, enjoy!

break / Machine is broken. tea / Serving tea.

makingCoffee

break / Machine is broken!

coffee / Serving coffee.

break / Machine is broken!

break / Machine is broken!

46
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implementation:
switch pattern

timeout / Coin returned, insert coin. \coin / What drink do you want?

_—r

selection

done / Tea served, enjoy! | done / Coffee served, enjoy!

’break / Machine is broken. tea / Serving tea.

makingCoffee

break / Machine is broken!

coffee / Serving coffee.
break / Machine is broken!

break / Machine is broken!

int current = INITIAL;
while (true) {
String input = scanner.nextLine();
switch (current) {
case INITIAL:
switch (input) {
case "coin":
System.out.println (“What drink do you want?");
current = SELECTION; break;
case "break":
System.out.println (“Machine is broken");
current = FAILURE; break;
} break;
case SELECTION:
switch (input) {

47
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other implementation options

switch pattern
simple, fast
cluttered

state pattern [Gamma et al. 95, Johnson and Zweig 91]
comprehensible (esp. for hierarchical models)
OO overhead (polymorphism)

interprete a data structure at runtime [pinter and Majzik 03, zandorf 02]
few code, very memory-efficient
interpreter overhead

(C) Thorsten Berger, Chalmers | University of Gothenburg
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use existing tools?
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Mathworks Simulink
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let’s build our own DSL

domain-specific language (DSL)

2 Resource - test/CoffeeMachine.fsm - Eclipse Platform = |5
File Edit Navigate Search Project Run Window Help
SR E S e E e = | o)
2 =& |-
= | & Coffeshfachinefsm (2 o
B @  machine coffeehachine [ o
E initial ~initisl
- s
%) oz = state ~initial [
ES on input “coin”  output “what drink do you want:”  and go to selection
D El on input "break”  output “machine is broken™ and go to failure
1 E
© state selection [
S on input "tes" output "serving tea" and go to makingTea
1 on input “coffec”  output “serving coffec” and go to makingloffee
< on dinput “timeout” output “coin returned; insect coin” and go to ~initial
o on input “break”  output “machine is brokenl” and go to failure
- !
state makingCoffee [
on input “done”  output “coffee served. Enjoy!” and go to ~initial
on input “break”  output "machine is brokenl™ and go to failure
1
b v
Writable Insert i1

(C) Thorsten Berger, Chalmers | University of Gothenburg

programming language (GPL)

int current = INITIAL,;
while (true) {
String input = scanner.nextLine();
switch (current) {
case INITIAL:
switch (input) {
case "coin"™:
System.out.printin (“What drink do you want?");
current = SELECTION; break;
case "break":
System.out.printin (“Machine is broken");
current = FAILURE,; break;
} break;
case SELECTION:
switch (input) {

DSL ... Domain-Specific Language
GPL ... General-Purpose Language
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automata model in concrete
textual syntax

editor with:

auto-completion,
syntax- and

reference-checks

machine coffeeMachine [ O
initial Ainitial
state Ainitial [

on input "coin® output "what drink do you want?" and go to selection
on input "break” output "machine is broken" and go to failure

]

state selection [

on input "tea” output "serving tea" and go to makingTea
on input "coffee" output "serving coffee" and go to makingCoffee
on input "timeout" output "coin returned; insert coin" and go to “initial

on input "break" output "machine is broken!" and go to failure

]

state makingCoffee [
on input "done" output "coffee served. Enjoy!" and go to “initial
on input "break" output "machine is broken!" and go to failure

]

state makingTea [
on input "done" output "tea served. Enjoy!" and go to “initial
on input "break" output "machine is broken!" and go to failure

]

state failure

51

(C) Thorsten Berger, Chalmers | University of Gothenburg



two external DSL tactics

rammar
] v

bison/ANTLR

AST t —>
ypes (parser generator)

—> parser

A

AST construction
rules (attributes)

grammar

—>

xtext
(language workbench)

v

n
>

[
>

AST types

AST construction
rules

serialization
infrastructure

parser
(deserialization)

type checking

editor

ANTLR supports many target platforms. There exists a tool like that for any

serious language technical space

ANTLR can do a bit more than the figure would suggest (AST classes and

construction)

there exist workbenches for visual languages (GMF, Graphiti, Microsoft DSL

Tools, ...)

implementation of graphical DSLs only differs from textual in the

syntax/editor aspect

the third tactic: do everything manually is left only to the insane ...

(C) Thorsten Berger, Chalmers | University of Gothenburg
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syntax

xtext
(language workbench)

abstract syntax
(meta model, e.g., class diagram)

(C) Thorsten Berger, Chalmers | University of Gothenburg

automatic
generation

concrete syntax
(grammar, EBNF-like)
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machine coffeeMachine [

initial Ainitial
svntax stte it
on input "coin® output "what drink do you want?“ and go to selection
on input "break®  output "machine is broken“ and go to failure

]

state failure

abstract syntax concrete syntax

FiniteStateMachine — FiniteStateMachine:
'machine’ name=ID

lTrnachine ,— l:J ('T "initial" initial=[State]

(states+=State)*
leaving Transitions T2
Transition 0. ol .
= o .

. . 2| = State:
I;I input: EString Y 'state' name=ID ([’ leavingTransitions+=Transition* ']')?;
[ output: EString target

0.1 1 Transition:

'on' 'input’ input=STRING (‘output' output=STRING)?
'and' 'go' 'to' target=[State];

54

(C) Thorsten Berger, Chalmers | University of Gothenburg



model-driven development

code generation (M2T) >

DSL ... Domain-Specific Language
GPL ... General-Purpose Language
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def static compileToJava(FiniteStateMachine it) {
var int i = -1

generator target:

Scanner scanner = new Scanner(System.in); Java

current = «initial.name.toUpperCase»;

while (true) {

\’ print ("[" + stateNames[current] + "] ");
)/ \ e I I print ("What is the next event? available: " + availableInputs[current]);

String input = scanner.nextLine();

switch (current) {

alternatives «FOR state : states»

case «state.name.toUpperCase»:
XPAND, JSP, Velocity, et Hron £ state
y y e OCl y, e C «FOR t : state.leavingTransitions»
case "«t.input»":
println ("machine says: «t.output»");
current = «t.target.name.toUpperCase»;
break;
«ENDFOR»
)i
break;
«ENDFOR»

1332 N

def static compileToDot(FiniteStateMachine it) {

target:

digraph "«it.name»" { -

_init -> «it.initial.name»; GraphVIz
«FOR state : states»

«FOR t : state.leavingTransitions»

«ENDFOR»
«ENDFOR»
«it.initial.name» [shape=doublecircle];
_init [shape=point];
¥
Y

nakingCoffee

56

(C) Thorsten Berger, Chalmers | University of Gothenburg

"«state.name»” -> "«t.target.name»" [label="«t.input» / «t.output» "];



overview

grammar of our
automata DSL

|

instanceOf

automata model
(text)

deseriali-
zation

(C) Thorsten Berger, Chalmers | University of Gothenburg

meta model og out
automata DSL

instapceOf

Xtend grammar

Java grammar

automata model
(objects)

instapceOf

instapceOf

M2T

Java code
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”
& Resource - test/CoffeeMachine.fsm - Eclipse Platform

z@ﬂ

File Edit Mavigate Search Project Bun
Ci= = @ @-io v
E’ fE Coffeetachine.fsm i3
By £ machine coffesMachine [
initial ~initial
=3
O = state ~initial [
0 on input “cein”
@ on input “break™
]
= state selection [
on input “tea"
on input “coffee"
on input “timecut™
on input “break"
]
= state makingCoffee [
on input “done™
on input “break™

Wiritable

Window Help
DIRG IeEEEe

ourt put
ourt put

out purt
out put
out put
out put

ourt put
ourt put

[nsert

"what drink do you want?"
"machine is broken™

"serving tea"

"serving coffee™

"coin returned; insert coin™
"machine is brokenl™

"coffee serwved. Enjoy
"machine is broken!™

1:1

and
and

and
and
and
and

and
and

TEEE R

R

to
to

to
to
to
to

to
to

n's | - Resource

=

selection
failure

makingTea
makingCoffee
~initial
failure

minitial
failure

=

-~

m

L
=

=
2

(C) Thorsten Berger, Chalmers | University of Gothenburg




GRAPHICAL SYNTAX

(C) Thorsten Berger, Chalmers | University of Gothenburg

59



creation of a graphical syntax

Steps
Define graphical elements
Develop editing tool
Implement mapping to meta-model
Typical questions
Where do we store layout information?
Do we support partial views?
Auto layouts?
Graphical Editing Framework (GEF)
Eclipse Plugin
Framework for Diagram Editors
used in IBM Rational Software Architect and Borland Together




Example: Mapping an end state...

\ End State l

Y end:State

Oval

- <>

Label

Stack Layout

End



graphical syntax
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t‘.. runtime-step4 - Modeling - platform:/resource/fr.obeo.dsl.tuto.mindstorm

Eile Edit Diagram Mavigate Search Project Run Window Help
FE-EBR:FE-O- A~ iF~ i~ - D~
B ModelExplorer 82 5% ¥ = O

|typ= filter text |

& "new Choreography Diagram
BBl O-N

Start

50cm
[ B
<>

~ [ fr.obeo.dsltuto.mindstorms.sample A
=) Project Dependencies
> 4] representations.aird
~ c} sample.mindstorms
~ == Cherecgraphy Main
&b new Choreography Diagran
map Go Forward 50
) Rotate 30
) Grab
== Choreography C1
up Go Forward 40

v

" Rotate -40
@ Release
v
< >
0% Qutline 3 BE = O
e - [ Properties &3 |* ems
o (=a ]
B O Eﬂ = Choreography Main
of ]
- ; General ~ Properties
= =
oo Semantic Name
Ead Instructions
ERSATEDOe:

&8

v| m o

30°

Main

ird/new Ch phy Diagram - Obeo Designer Com...

[Gecnec) | e |8
= m
o4

@~ ® & | mE
=c1
2

50 em

i Go Forward 50
) Rotate 30

£ Grab

== Choreography C1
% Go Forward 40
(" Rotate -40

& Release

= o X

| 2 Palette
“[Reao-o
| (= New
&) Grab
& Release
i GoForward
") Rotate left
C Rotate right
= Choreography

M =B

wiltb 48E

=il
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projectional language workbenchs for

LANGUAGE-ORIENTED
PROGRAMMING

(C) Thorsten Ber h
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projectional editing

parser-based editing projectional editing

(a.k.a., syntax-directed editing,
structured editing)

" @ —{) @
Voot 1

Concrete Syntax Concrete Syntax
l | T
Abstract g Abstract
Syntax Tree Syntax Tree

66
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advantage: language composition

slide credits: Markus Volter

T

—

separate files

type system
transformation
constraints

in one file

type system
transformation
constraints
syntax

IDE
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advantage: flexible notations

regular code/text mathematical
] _-
]

I D
L]
tables graphical
DO | S | .
- e
N | ]
L1

]

68

slide credits: Markus Volter



advantage: flexible notations

regular code/text mathematical
//[ A documentation comment with references double midnight2(int32 a, int32 b, int32 c) {
to @arg(data) and @arg(datalLen) b ) 4 '
void aSummingFunction(int8[ ] data, int8 datalen) { o b* - _2: a*c
intl6 sum; return T il H
d

for (int8 i = 9; i < datalLen; i++) {

sum += data[i]; }
}
}
tables graphical
int16 decide(int8 spd, int8 alt) {
return spd > @ spd > 100 otherwise 0; cust 1.
alt <o |1 1
alt == 0 |10 20
alt >0 |30 40 Contract —
alt > 100| 50 60 starts: date L= .
trf 1 |attributes
} ends: date

69
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Jetbrains Meta Programming System (MPS)

s IVE,

3.2 Meta Programming System

_}aBRAle

MPS is a language workbench
(a tool for defining, composing, and using languages)



MPS language workbench

O stateMachines |

#constant TAKEOFF = 102; [SIRplenentsiPointerorTakeorrl
#constant HIGH SPEED = 10; ISNiRpiesents Fastertnanioa|
#constant VERY_HIGH_SPEED = 20; [SliRpleasnts Fasterinansen)
#constant LANDING = 102; SliRplesentsicuiiston!

[verifiable]
exported statemachine FlightAnalyzer initial = beforefFlight {
in event next(Trackpoint* tp) <no binding>
in event reset() <no binding>
out event crashNotification() => raiseAlarm
readable var int16é points = @
state beforeFlight {
//[ Here is a comment on a transition. ]
on next [tp-»alt == ® m] -> airborne
exit { points += TAKEOFF; } ISNERDIeSentsiPOINtarOrTaReore|
} [ Error: type int16/[m / 5] is not comparable with (uint8 || intS)]
state airborne {
on next [tp->alt == @ m && tp-
on next [tp-»>alt == & m && tp->

b

Bpeed| == @] -> crashed

on next [tp->speed > 200 mps &

on next [tp->speed > 100 mps 3‘: ::eed

on reset [ ] -> beforeFlight | time
} ;n X
state landing { @y

O stateMachines |

B8 006 " | StateMachines - tutorial - [~/Documents/mbeddr/mbeddr.core/code/applications/tutorial] .
DG ¢« XOA ¢ 4 | Eveddruona > b & 5 &

#iconstant TAKEOFF = 100; SINRISSaoISraRTaReses]
#constant HIGH SPEED = 10; [SIiRpienents Fasterthanion]

#constant VERY_HIGH_SPEED = 20; iiipiesentsiFastentnanion
#constant LANDING = 100; BIiRpilesentsiruiiston|

[verifiable] -
exported statemachine FlightAnalyzer initial = beforeFlight
_next(Trackpoint* tp)

beforeFlight //[ Here is a comment on a transition. ]
[tp-»>alt == 8 m] -> airborne

airborne [tp->alt == @ m && tp->speed == 8] -> crashe
[tp-»alt == @ m && tp->speed > @ mps] -> lan
[tp->speed > 200 mps &% tp->alt == @ m] ->
[tp->speed > 188 mps &% tp->speed <= 280 mp

tp->alt == & m] -> airborne

landing [tp->speed == @ mps] -> landed
[tp->speed > @ mps] -> landing -> implesments sh _

landed ,
res.Trackpoint.alt (Member)

'm crashNotification ~StateMachines.FlightAnalyzer.crashNotification (OutEvent)

ADataStructures.Trackpoint.id (Member)
ApataStructures.Trackpoint.speed (Member)
“DataStructures.Trackpoint.time (Member)
ADataStructures.Trackpoint.x (Member):ilyzer initial =
“DataStructures.Trackpoint.y (Member)

on next [tp-»speed == @ mps] -> landed
on next [tp->speed > @ mps] -> landing { points--; } BNERR

[tp-»alt > @
composite state airborne initial = flying { | [onTheGround

slide credits: Markus Volter
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MPS language ecosystems

o DLT645Protocollmpl 0 UnitDeclarations
Events
dataReceived(uint8 data) o section AngleUnits {
idle |[data == DLT645_ FRONT_LEADING_BYTE] -> awaking exported unit ° := <no spec> for Angle
P D DA e s exported unit rad := <no spec> for Angle
awak1ing [[oata - ULIb45 FRAME_STARTFLAG] -> recvFrame exported unit rotation := <no spec> for Angle
@ {
send startFrame(idx, data); exported #constant FULL_ROTATION = 2 * M_PI rad;
idx++;
& } = exported eager conversion ° -3 rad {
recvFrame [@ < length - 1 && idx != DLT645_HEADER_DATALENGTH_OFFSET] = val as <no type> -»> val/®/ * M_PI rad/ 180 °
d L) T Frotoco D U b4 Frotoco D U b4 R d PP d £ U T 3 d eHd L a d d £ = dD gle d d 0
&l » rxQueueHeadIdx ADLT645ProtocolImpl.DLT645ProtocolImpl. rxQueueHeadIdx (Field)
States ' rxQueueTailldx ADLT645ProtocolImpl.DLT645ProtocolImpl. rxQueueTailldx (Field)!
TOXF++; = '
5 } I
[idx == DLT645_HEADER_DATALENGTH_OFFSET] -3 rec “F’h"*;;' L ic"*"‘(ﬂcﬂl mrﬂﬂlh“lﬂtt:r,f © 1avery B€T conversion rad -» rotation {
andle newCurve(Color color, string cons abe. : .
2 { . void addPoint(handle hCurve, double x, double y) type> -»> val/rad/ * 1 rotation/ FULL7R0
doclak ol Eh i Aatad. wvoid plot{string const title, handle hCurve)
o DCFilterTestHarness void plotAll(string const title)
N wvoid clear{handle hCurve)
= internal instances { void clearAll()
wvoid deleteCurve(handle hCurve) ———
BLE void dispose() ‘terInst:
} ‘terImpl
IGraphPlotter
- - dcFilterTestRunnerInst: IMetrologyRawSignalSimulator g
—_ DCFilterTestRunnerImpl IMetrologyRawSignalData . metrologyRawSignalSimulatorInst:
. MetrologyRawSignalSimulatorImpl
IMetrologyRawSignalHandler

5+ base languages
.=mbeddr 50+ extensions to C
| 10+ extensions to requirements lang.

slide credits: Markus Volter
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