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back at that time

[Stahl and Volter 2006]
likely the most-referenced book on MDSE
helped to establish MDSE as a field
made it known to practitioners
UML-based approach to DSLs

Commohted MLy, PRACTICAL. RELIABLE.
2
Model-Driven
Software
Development

Technology,
Engineering,
Management

Thomas Stahl,
Markus Volter

with Jorn Bettin, Arno Haase
and Simon Helsen

Foreword by Krzysztof Czarnecki

Translated by Bettina von Stockfleth Copyrighted Material
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standards and frameworks

Object Management Group (OMG)
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allowed building large-scale safety-critical software

www.vsd-project.org
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DSLs for autonomous driving

decelerate_path
(speed profile: decelerate
to complete stop)

east_path
(no speed profile)

Queiroz, Berger, Czarnecki, “Geoscenario: An Open DSL for Autonomous Driving Scenario
Representation,” in 30th IEEE Intelligent Vehicles Symposium (1V), 2019.

Queiroz, Sharma, Caldas, Czarnecki, Garcia, Berger, Pelliccione, “A Driver-Vehicle Model for
ADS Scenario-based Testing,” IEEE Transactions on Intelligent Transportation Systems (T-ITS),
2024



4Robots

gesture recognition

DSLs for robots
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many different technological spaces

modelware (SE perspective)
grammarware (PL perspective)

others, according to [Lammel 2018]
XMLware (e.g., XML, XML infoset, DOM, DTD, XML Schema, XPath, XQuery, XSLT)
JSONware (e.g., JSON, JSON Schema, JSONata)
SQlware (e.g., table, SQL, relational model, relational algebra, WOL),
RDFware (e.g., resource, triple, Linked Data, RDF, RDFS, OWL, SPARQL, STTL)
Objectware (e.g., objects, object graphs, object models, state, behavior, visitor pattern)
Javaware (e.g., Java, Java bytecode, JVM, Eclipse, JUnit)

10



DSLs in the age of agile and Al? ﬂ_
DSLs for automation more important than ever e. '

e

automation _ - abstraction . - language
requires requires
DSLs for assuring guarantees
SE4AI / AI4SE
]
guarantees - abstraction . - language

require require






Francis-Noél Thomas

Mark Turner

“Language is sufficient to any
thought. Imperfect expression is the
fault of limited writers, not limited language.”

12



“Parser development is still a black art.”

Paul Klint, Ralf Lammel, and Chris Verhoef. “Toward an engineering discipline for Grammarware”. ACM Trans. Softw. Eng. Methodol. 2005

13



smaller DSLs built in my course

a DSL for Lego bricks

{
"Lego": "Star",
"Length": 20,
"Width": 20,
"Bricks" : [{
"Brick": "Wars",
"Width": [4],
"Length": [2]
b A
"Brick": "Trek",
"Width": [2],
"Length": [2]
}]
}

14



built with different styles of concrete syntax

AdjLegoSystem {
thickness 20
finalBrick Pizza
abstractlegobrick {
RoundedBrick Pizza{

roundedSide ALL
sizeproperties {
int length = 7,
= int width = 7
¥
—= },
— SlicedBrick Slice {
e portions 3

brick Pizza

15



containing composition operators

AdjLegoSystem {
thickness 7
finalBrick Boomerang
abstractlegobrick {

RoundedBrick Frisbee{
roundedSide RIGHT
sizeproperties {

int length = 4,
int width = 2

}s

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

}s

Combination Boomerang {
mainSide LEFT
position 3
main Frisbee
secondary Stick

16



many more styles of concrete syntax

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;

17



unleashing creativity

brick smiley
00000000,
O__00__oO,
O__00__oO,
00000000,
0_0000_0O,

0O00O0O0OO0O00O,

maxwidth 10
maxlength 10

abstract brick a
000,
000,

abstract brick b
_0o,
_0o0,
_0o,

combo Taoverb



So how do we teach DSL engineering?

How can our book help?

19



highlights

concrete examples exemplify principles

definitions: from 'walls of thought' to crisp concepts
concrete exercises: train building low-level skills

PL perspective linked and mixed with SE perspective
teaching to test is teaching to build

teach small and larger DSLs

20



concrete examples exemplify principles

definitions: from 'walls of thought' to crisp concepts
concrete exercises: train building low-level skills

PL perspective linked and mixed with SE perspective
teaching to test is teaching to build

teach small and larger DSLs

21



finite state machines as a DSL

domain analysis to identify
concepts and relationships

formalize in a meta-model

Q1: Purpose

02: Users

03: Concepts

04: Relations

05: Examples

To build examples of student exercises; To interact with examples using an interpreter, an
interpreter will be needed.

Computer science students learning automata theory (probably knowing the basics of a
programming language); A professor, who can provide the examples and will ask the
students to use the tool.

Finite-state machines, several in parallel; States; Transitions;

Properties: states may be initial or end states, states and machines have names, transitions
have input action labels, transitions have optional output labels; Relations: machines own
states, transitions connect source and target states.

The professor whose students are supposed to use the tool provided us with the following
example of a model in concrete graphical syntax:

sendEmail? / sentOK!

: : 10
—/ 50 1 sendEmail? /
sendErr!

login? login? / credentialsOK!

/ authErr!

22




finite state machine (FSM) DSL

abstract syntax

|
H Model

0..*] machines

v

H FiniteStateMachine

{ H NamedElement ’

root element lﬁ

t Transitio

{ T name : EString J

[1..1] machine

[1..*] states

J[1..1] initial

[0..*] leavingTransitions [1..1] source

[1..1] target

source: fsm/model/fsm.ecore

23



principles

guideline 3.1: create a single partonomy
guideline 3.2: avoid interfaces and methods

guideline 3.7: let the meta-model describe the
problem, not the software tool solving it

guideline 3.8: avoid scope creep

=l Model

(

I [0..*] machines

[ = FiniteStateMachine

[1..1] machine
[1..*] states

|

U Stat

[1..1] source
[0..*] leavingTransitions

partonomy of FSM

24



meta-modeling
hierarchy

Languages / Models

[0..%] /eAllAttributes

Model Fragments (Examples)

H EClassifier

«conformsTo»
' £l EAttribute j
M3 Ecore ! L.—J H EClass tl EReference |
; [0..*] /eAllReferences
" p : . —r
| eeesses ' : 0..*] eSuperT: :
: ) Vo I Emper s . ' [0..1] eOpposite
«conformsTo» «instanceOf» ' «instanceOf» «instanceOf» |
f I '10..4] topics(T |
[ H MindMap ]c x o Lo H Topic '
M2 mindmap ‘ = description : EString . o i
4 % S TS 1 1 P
) relatedTo ?[0..*] subtopics
«conformsTo» | «instanceOf»  «instangeOf» <<in5tahce0f>> . «instanceOf»
subtopics Ultra-Sonic : Topic
] - Robotics : MindMap . ;
topics
M1 robotics.xmi i Sensors : Topic e
n 5 |
1 ! = :
«representedBy» | «representedBy» | «representedBy» «representedBy» |
MO objects in memory Heap I | ‘ ' [ ] !
— [ [ ]

25



multi-level modeling?

a concept that is now easy to explain upon

the meta-modeling hierarchy

M2

M1

1
1
|
1
1
1
1
1
1

«conformsTo»

mindmap-robotics.xmi

A
1
1
1
1
1
1
'

[0..*§ | InstanceSpecification

A
1
1
|
|
|
|
|
1
1
|
1
1
1
1
1
1
1
1

1

1
1
1
r
1
|
1
1

l Classifier ! ! |
N . [0.*4] '
' lisAbstract: Boolean — :
! :classmer: instancll-
! ‘13 : : Specificatig
E BehavioredClassifier ,
Association
—————— >
«instanceOf «instanceOf}»
MindMap | Color Robotics : MindMap
description: String : rgbcode: String
) ' h
"""""" : Topic !
[0..*] topics | red : Color

1
:
'topics |
1

Y

rgbcode = "#ff0000"

Sensors : Topic

26



concrete examples exemplify principles

definitions: from 'walls of thought' to crisp concepts

easier to remember, easier to understand
concrete exercises: train building low-level skills
PL perspective linked and mixed with SE perspective
teaching to test is teaching to build

teach small and larger DSLs

27



qguality assurance of meta-models

Definition 3.4. A meta-model is consistent if it can be instantiated meeting all constraints of the meta-
modeling language semantics. A meta-model is element-consistent if for each element of the meta-
model there exists an instance in which this element is instantiated.

£l Model [0.*] machines H FiniteStateMachine

v
| H NamedElement ‘

7 name : EString ‘

root element l:]

’[1..1] machine [1..*] states

H Transition .

7 input : EString

[0..*] leavingTransitions [1.

= output : EString

[1..1] initial T
E State

.1] target

.1] source

Definition 3.5. A meta-model is parsimonious if it contains no meta-classes, no relations (references,
associations), and no attributes that do not address any system requirements for the modeling language.

28



static semantics of DSLs

an unexpected instance

machines

: Model
machines

: FiniteStateMachine states : State

machine

initial

?nitial
- FiniteStateMachi
< machine -
states + State

& Model 0..*] machines

v

H FiniteStateMachine

H NamedElement

AN
root element

! Transition

T input : ,d\"

[1..1] machine

T name : EString

[1..*] states

[1.1] initial

t State

= output : ESt

[0..*] leavingTransitions [1..1] source

[1.1] target

source: fsm/model/fsm.ecore

Definition 5.3. A constraint is a pure (side-effect free) Boolean expression declared over elements of a
meta-model, but interpreted over its instances. Its purpose is to restrict the set of valid instances of the

meta-model.

29



more illustrative examples

parent

[0..2] parent

v

H Person ]‘

\ )
1

[0..*] child

parent

parent

parent

parent

30



static semantics: meta-model + domain / type constraints

Instances
conforming
to a meta-model
or abstract-syntax
types (Chapter 3)

Type-correct
Instances
(Chapter 6)

31



ingredients of a type system

unlike a typical constraint, a type system examines the entire instance, not just few related objects
may overwhelm when compared to the terse structural constraints

Typesd language Typng language R
re.pre.s.cr* : ‘Il"ﬂ»'ttcs Runtime : : R o o Types :
e — es \loawn orgonmzoedion e space
pcvss.nuag valuves :
E-MP‘E. — COMPOSHE | Sub—typing < join (o) |
_ | Sy.mtzm:|[rr1eta-rr‘|n:]|:1el.}E E@ s m>
: [#+erals — """"‘PIQ- - Sub—typing T Join Club) U
|| _ gxpressions Typing rules
'.  learry valve WS‘;W&) samaat e N ? ............................
I : GPEl"h.EE, Haem T VeuEs . .
I':'u : e C— - +yping rules for lterals '.:s.g ' Typing rules
') . : Hh""‘--q____: . . :
\ . stodements and Typing ~les = +typing rules for expressions
declarotions : ;:‘“E' * "'5‘ IT‘ vse
i II"DHHIEM
(may-be. defining referencable ggm _._'_.___:?'t'lﬂ:m? rules for stotements and declaroations
nomegl Valueafnb Jec-hs.) —_— I 1""5“-
modlel “":"P"“ﬁ' m[ﬁ chesk :‘ﬂ-wmg rules for -1-::p-|e_veI (mmle]/pro?ra.m}

32



Scala: Constraint C2 repeated from Tbl. 5.2.
We use asScala to convert from Java collec-
tions used in the EMF API. The implies and
inv functions are implemented in the book’s
library: i

val C2 =

fsm.scala/src/main/scala/dsldesign/fsm/scala/constraints.scala
inv[FiniteStateMachine] { m ==
m.getStates.asScala. forall { s1 =>
m.getStates.asScala. forall { s2 ==

- FR T 1 = R

Python: Very concise thanks to the dedicated
comprehension/query syntax. The quantifiers

come first, a precondition at the end. Type
checking only_at mintime PuEeare halne to

€2 =

fsm.py/constraints.py with pyecore
lambda m: all ( sl.name != s2.name
for s1 in m.states for s2 in m.states if sl != s2)

use DSLs in | JavaScript:  No type checking, not even at
runtime; C2 might hold on any object that
has ‘states” and ‘name.” We cast lists to array
as the standard list API is too weak. Note
the quirky use of the less-than operator as
implication, in the “wrong™ direction. Ecore.js

fsm.js/constraints.js with ecore.js
var C2 = m =>
m.get(’'states’').array().every ( sl =>
m.get('states’).array().every ( s2 =>
(s1ll=s2) <= (sl.get('name’)!=s2.get( 'name’)) ))

helps devel

Java: the most verbose of the shown languages; fsm.java/src/main/java/dsldesign/fsm/java/Constraints.java

server- and | with a bit underdeveloped collection API. We
cast lists to streams, in order to access quantifier

functions. The constraint could be made more

Function<FiniteStateMachine, Boolean> C2 =
m.getStates().stream().allMatch ( s1 -»
m.getStates().stream().allMatch ( s2 -»

m ->

terse using

F#: We show both the LINQ (first) and the
functional (second) form for C2. Note that
the F# LINQ interface includes a universal
quantifier, which makes C2 less cryptic than in
C#. The functional formulation suffers from

fsm.fs/Program.fs with .NETModelingFramework
let C2: IFiniteStateMachine -> bool = fun m -> query {
for s1 in m.5tates do for s2 in m.S5tates do
where (s1 <> s52) all (s1.Name <> s2. Name) }
let C2a: IFiniteStateMachine -> bool = fun m ->

type-impedance be

X Gro and Kotlin conveniently extend Java
(Seq.tolList), like oy u

collections (using extension methods) with def 2 = {
higher-order functions. The default argument
“it” in anonymous functions simplifies the con-
straints slightly. Both examples access the Java
API generated by EMF. Kotlin is interesting

I | s s

fsm.groovy/src/main/groovy/dsldesign/fsm/groovy/Constraints.groovy

it.states.every { sl ->
it.states.every { s2 -> s51==52 || sl.namel!=s2.name }}}

fsm.kt/sre/main/kotlin/dsldesign/fsm/kotlin/Constrainis.kt

if your D Asadnial
C#: A Java-like shape of C2 is possible in C#,
but we show LINQ syntax to demonstrate a
different style, aiming at programmers experi-
enced with database queries.

fsm.cs/Program.cs with .NETModelingFramework
Func<IFiniteStateMachine,bool> C2 = m => (

from s1 in m.States from s2 in m.States

where sl!=s2 select sl.Name==s2 Name).BFl (x => 1




concrete examples exemplify principles

definitions: from 'walls of thought' to crisp concepts

concrete exercises: train building low-level skills

PL perspective linked and mixed with SE perspective
teaching to test is teaching to build

teach small and larger DSLs

34



creating instances

Exercise 7.2. Draw an instance of our expression meta-model in Fig. 7.12 for the
expression: ~((AA—B)V ((CA—-D)V (=CAD))). Are different instances possi-
ble to represent this expression? In your answer, distinguish between syntactic
and semantic equality.

[1.11right | % £ypression

Ae—

1..1] expr

[1..1] left

K

) ]
% BinaryExpression ‘ = UnaryExpressionl
|

T name : EString
= value : EBoolean = false

% T J In..*] literal

U AND] ‘ E OR E NOT Ll Configurati
| J [ J = name : EStrin

tl Identifier 1




writing constraints

Exercise 5.33. Write the following constraint in the context of the printer pool
class in the meta-model: Each printer pool with a fax must have a printer, and
each printer pool with a copier must have a scanner and a printer.

r = Printer ‘,[0--1] printer [0..1] fa’f_r 5 Fax
L . [1..1] pooll ‘[1..1] pool

, : - . 0.1 pool ¢ i
= Copier 0. 1] copier .[ B P“nie‘ i > H Scanner
L ‘ [1..1] pooll [0..1] scanner ‘




interpreter state abstract syntax

W riti N g i nte rp rete rS (values of variables) (an expression in expr)

(€,e)—> v

value computed by
interpreting e in €

Exercise 8.7. Add an implication operator e; — e to expr (either in Java or Scala),
and extend the interpreter accordingly. The result of e; — e is true if and only if
e evaluates to false or e, evaluates to true. A similar extension can be done for
other logical operators: NAND and XOR (Compare with Exercise 7.3 on p. 263.)

Exercise 8.8. Implement the interpreter for expr in Python. For simplicity, you
can assume that the expressions are parsed and stored in xmi files, so you can load
them using pyecore (https:/github.com/pyecore/pyecore). In Python, it 1s natural
to use direct recursion (as Ecore generates no switch class for Python). So we
recommend to follow the style of our Scala implementation in Fig. 8.7 but using
exceptions to raise errors like in our Java implementation.
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concrete examples exemplify principles
definitions: from 'walls of thought' to crisp concepts

concrete exercises: train building low-level skills

PL perspective linked and mixed with SE perspect

teaching to test is teaching to build

teach small and larger DSLs
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meta-models vs. algebraic data types

(1.1 right | 33 £ypression

’[1..1] expr

[1..1] left

.

X

E Identifier

® BinaryExpression

’ 7 name : EString

‘EE UnaryExpression
| | value : EBoolean = false

[1..*] literal

E NOT

i

sealed abstract class Expression:

def & (other: Expression): Expression

case True => this
=> AND (this, other)

case _

def | (other: Expression): Expression

case False => this
=> PR (this, other)

case _

def unary_!

. Expression

= NOT (this)

= other match

= other match

: sealed abstract class BinaryExpression (

* sealed abstract class UnaryExpression (
val expr:

val left:

Expression,

val right: Expression
i ) extends Expression

Expression

) extends Expression

case class
override

. case class

override

rcase class

1 given StringToExpression: Conversion[String, Identifier] with

override

case class
override

NOT (e: Expression) extends UnaryExpression (e):
def toString = "!I" + e

AND (1: Expression, r: Expression) extends BinaryExpression (1, 1):

def toString = "( " + 1+ " & " + 1 + " )"

OR (1: Expression, r:
def toString = "( " + 1 + "

Identifier (name: String ) extends Expression:

def toString =

name

Expression) extends BinaryExpression (1, r):

| "+ o+

def apply (s: String) = Identifier (s)

case object True extends Expression:

override def & (other: Expression) =

override def unary_! = False
override def toString = "TRUE"

case object False extends Expression:

override
override
override

case class

val name:

def | (other: Expression)
def unary_! = True
def toString = "FALSE"

Configuration (
String,

other

other

yr

val identifierValues: Map[Identifier,Expression])
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model transformation example

FSM to petri nets

Scala: fsm.scala/src/main/scala/dsldesign/fsm/scala/transforms/FsmToPetriNet.scala

def convertTransition (places: List[petrinet.Place]) (self: fsm.Transition)
. petrinet.Transition = pFactory.createTransition before { pnt =>
pnt.setInput(self.getInput)
pnt.getFromPlace.addAll (places.filter (_.getName == self.getSource.getName).asJava)
pnt.getToPlace.addAll (places.filter (_.getName == self.getTarget.getName).asJava) }

QVT-0: fsm.qgvto/transforms/ToPetriNet.qvto

mapping FSM::Transition::ConvertTransition(): PN::Transition{
input := self.input;
fromPlace := self.source.resolveone( PN::Place );
toPlace := self.target.resolveone( PN::Place ); }

ATL: fsm.atl/transforms/ToPetriNet.atl

rule Transition2Transition{
from t: FSMITransition
to tr: PN!Transition(
input<-t.input,
fromPlace<-thisModule.resolveTemp(t.source, 'p'),
toPlace<-thisModule.resolveTemp(t.target, 'p’) ) }

& Scala

&| QVT-0

ATLC
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program transformation example

manipulate logical expressions
constant propagation
expression simplification
conversion into conjunctive normal form (CNF)

using term rewriting

specifically strategic programming with kiama
https://github.com/inkytonik/kiama

val demorgansRule = reduce {
rule[Expression] {
case NOT (AND (x, y)) => OR (NOT (x), NOT (y))
case NOT (OR (x, y)) => AND (NOT (x), NOT (y))
}
}

val doubleNegationRule = reduce {
rule[Expression] {
case NOT (NOT (x)) => x
}
}

val valueNegationRule = everywheretd {
rule[Expression] {
case NOT (True) => False
case NOT (False) => True
}
}

val distributiveRule = innermost {
rule[Expression] {
case OR (x, AND (y, z)) => AND (OR (x, y), OR (x, z))
case OR (AND (x, y), z) => AND (OR (x, z), OR (y, z))
}
}

def run (self: Expression): Expression =
Rewriter.rewrite(
demorgansRule <*
doubleNegationRule <*
valueNegationRule <*
distributiveRule) (self)
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* Recursively performs the following simplifications in-place (as well

if you don’t have a : as the corresponding simplifications with swapped operands):
transformation language... Lopr iy o o
coerlly oy

* Returns the optimized expression.

=

static struct expr *expr_eliminate_yn(struct expr *e){
struct expr *tmp;

if (e) switch (e->type) {
case E_AND:
e->left.expr = expr_eliminate_yn(e->left.expr);
e->right.expr = expr_eliminate_yn(e->right.expr);
if (e->left.expr->type == E_SYMBOL) {
if (e->left.expr->left.sym == &symbol_no) {
expr_free(e->left.expr);
expr_free(e->right.expr);
e->type = E_SYMBOL;
e->left.sym = &symbol_no;
e->right.expr = NULL;
return e;
} else if (e->left.expr->left.sym == &symbol_yes) {
free(e->left.expr);
tmp = e->right.expr;
*e = *(e->right.expr);
free(tmp);
return e;
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or apply the wrong paradigm for your problem?

expression simplification in Henshin (graph transformation)

rewriting of ((AAB)AC) when B =C
equivalent to one line in Scala

= Rule simplifyAND

«preser\je»

a->7?:Expression

«preserve»

b->7:Expression

«create»
left 7 Condition
«delete» EcoreUtil.equals( b, ¢)
T left ‘
«delete» «delete»
:AND
left
«delete» ?
right ¢
T «Create» «preserve»
. - AND
right
«delete»
. «delete» ?
c:Expression » :
right
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external vs internal DSLs

grammar dsldesign.expr.xtext.Expr with org.eclipse.xtext.common.Terminals

import "http://www.dsl.design/dsldesign.expr"
import "http://www.eclipse.org/emf/2002/Ecore" as ecore

Expression:
Conjunction ( {OR.left=current} "||" right=Conjunction)* ;

Conjunction returns Expression:
Unary ( {AND.left=current} "&&" right=Unary)* ;

Unary returns Expression:
"(" Expression ')’ | {NOT} "!" expr=Unary | Identifier;

Identifier returns Identifier:
name=EString;

EString returns ecore::EString:
STRING | ID;

external DSL in Xtext
(SE perspective)

sealed abstract class Expression:
def & (other: Expression): Expression = other match
case True => this
case _ => AND (this, other)

def | (other: Expression): Expression = other match
case False => this
case _ => OR (this, other)

def unary_! : Expression = NOT (this)

sealed abstract class BinaryExpression (
val left: Expression,
val right: Expression

) extends Expression

sealed abstract class UnaryExpression (
val expr: Expression
) extends Expression

case class NOT (e: Expression) extends UnaryExpression (e):
override def toString = "!" + e

case class AND (1: Expression, r: Expression) extends BinaryExpression (1, r):
override def toString = "( " + 1+ " & "+ 1 + " )"

case class OR (1: Expression, r: Expression) extends BinaryExpression (1, r):
override def toString = "( " + 1 + " | " + 1+ " )"

case class Identifier (name: String ) extends Expression:
override def toString = name

given StringToExpression: Conversion[String, Identifier] with
def apply (s: String) = Identifier (s)

case object True extends Expression:
override def & (other: Expression) = other
override def unary_! = False
override def toString = "TRUE"

internal DSL in Scala
(PL perspective)
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FSM (finite state machine) as an internal DSL

val m = (state machine "coffeeMachine"
initial "initial"

input "coin" output "what drink do you want?" target "selection”

input "idle" target "initial"

input "break" output "machine is broken" target "deadlock"
state "selection"

input "tea" output "serving tea" target "making tea"

input "coffee" output "serving coffee" target "making coffee"

input "timeout" output "coin returned; insert coin" target "initial"

input "break" output "machine is broken!" target "deadlock"
state "making coffee"

input "done" output "coffee served. Enjoy!" target "initial"”

input "break" output "machine is broken!" target "deadlock"
state "making tea"

input "done" output "tea served. Enjoy!" target "initial"

input "break" output "machine is broken!" target "deadlock"
state "deadlock"

end)
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Lunar lander

not part of this book ©
limitation of our engineering support?

ohject

Lunar extends EBaysick |

def mainlargs:irray[String] ) = {

10
20
30
40
a0

a0
o
g0
20

140
110
120
130
140
150
1a0
170
150
120
200
210
220
230
240

250

RUN

FPEINT "Welcome to Baysick Lunar Lander w0.9"

LET |
LET |
LET |
LET |

PEINT "¥ou are drifting towards the moon."™
PEINT "¥ou must decide how mwuch fuel to burn.”™
FPEINT "To accelerate enter a positive number ™
FPEINT "To decelerate 3 negatiwve™

FRINT "Distance "™ %

INPUT

IF LAES |

PRINT "¥ou don't have that much fuel™
OTOD 100

LET |

LET |

LET |

IF

FPRINT "¥ou hawve hit the surface®

IF

FPRINT "Hit surface too fast (" %

FPRINT "¥ou Crashed!'"™

OTOD =50

PRINT "Well done"™

END

https://www.scala-lang.org/old/node/1403 46



concrete examples exemplify principles
definitions: from 'walls of thought' to crisp concepts
concrete exercises: train building low-level skills

PL perspective linked and mixed with SE perspective

teaching to test is teaching to build

teach small and larger DSLs
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testing a program transformation

class ExpressionToCNFSpec extends
) . . org.scalatest. freespec.AnyFreeSpec,
Iet 5 tes.t our transformgtmn Of Ioglcal org.scalatest.matchers.should.Matchers:
expression to conjunctive normal form (CNF)

val transform = ExpressionToCNF

"test De Morgan’s rule" in {

simple scenarios that cover individual

val e = "a" | I("x" & !I("y" & "z"))
transformation rules val res = rewrite (transform.demorgansRule) (e)
res should equal ("a" | (!"x" | (!(!"y") & !I(1"2"))))
}
"test double negation rule" in {
val e = "a" | I(!"x")
val res = rewrite (transform.doubleNegationRule) (e)
res should equal ("a" | "x")
}

"test negation of values rule" in {
val e = "a" & !True | "b" & !False
val res = rewrite (transform.valueNegationRule) (e)
res should equal ("a" & False | "b")
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Instance generation

problem: instance generation
i.e., generate large expressions

the book shows how to use

Alloy or
Scalacheck’s Gen API

let’s implement an instance
generator pragmatically

def generateExpr (maxNumberOfIdentifiers: Int, maxNestingDepth: Int)
: Expression =
val r = Random()
val identifiers = (26 to (maxNumberOfIdentifiers + 25))
.map { 1 =>

(1 % 26 + 65).toChar.toString + (if 1/26 == 1 then "" else 1/26) }

case 0 =>
case
case
case

I
\'

w N
Il
A"

1l
A\

subexp (maxNestingDepth, identifiers)

private def subexp (depth: Int, ids:Seq[String]): Expression =

if depth <=0

then Identifier (ids (Random.nextInt (ids.size)))
else Random.nextInt (4) match

Identifier (ids (Random.nextInt (ids.size)))

NOT (subexp (depth - 1, ids))

AND (subexp (depth - 1, ids), subexp (depth - 1, ids))
OR (subexp (depth - 1, ids), subexp (depth - 1, ids))
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the oracle problem

test oracle
tell whether expression is in CNF or not

class ExpressionToCNFSpec extends
org.scalatest.freespec.AnyFreeSpec,
org.scalatest.matchers.should.Matchers:

val transform = ExpressionToCNF

"test 50 randomly generated expressions" in {
for i <- 1 to 50 do
val e = generators.generateExpr( 26, 8 )
isInCNF (transform.run (e)) should be (true)

f**

* The idea is to check that in each path to a leaf, there’s no conjunction after
* a disjunction anymore; and no disjunction or conjunction after a negation.
!
def isINCNF (e: Expression): Boolean =
def checkAllowedNodeTypesInSubtree
(node: Expression, conjAllowed: Boolean): Boolean = node match
case OR (1, r) =>
checkAllowedNodeTypesInSubtree (1, false) &&
checkAllowedNodeTypesInSubtree (r, false)
case AND (1, r) => conjAllowed &&
checkAllowedNodeTypesInSubtree (1, true) &&
checkAllowedNodeTypesInSubtree (r, true)
case NOT (Identifier (_)) => true
case NOT (_) => false
case _ => true

checkAllowedNodeTypesInSubtree (e, true)
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concrete examples exemplify principles

definitions: from 'walls of thought' to crisp concepts
concrete exercises: train building low-level skills

PL perspective linked and mixed with SE perspective

teaching to test is teaching to build

teach small and larger DSLs
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larger DSL: robot (with ROS and webots infrastructure)

-> RandomWalk { nterpreter /
ocker C
on clap -> ShutDown (executor) A Docker Contoiner
1l 'y
-> MovingForward {
platporm plomning L environment

move forward at speed 10
on obstacle -> Avoid

}

ao(aptat?on noxvigo\tion map(ping)
i UYL

ROS 2 widdleware (rclpt/)

T i

Avoid {
move backward for 1 s

turn by random (-180,180)

-> MovingForward
’ J drive controller laser sensor driver
ShutDown { return to base } j} /ﬁ

Hordware or Simulator
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larger DSL: prpro (probabilistic programming)

with PyMC infrastructure
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0.75

> 0.50
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0.00
-0.25

A scatter plot of the data
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many more topics in the book

interpretation

code generation
internal DSLs

DSLs for product lines

DSL product lines
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concrete examples exemplify principles

definitions: from 'walls of thought' to crisp concepts
concrete exercises: train building low-level skills

PL perspective linked and mixed with SE perspective
teaching to test is teaching to build

teach small and larger DSLs

bringing it all together is challenging
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start teaching with an overview example

students find it
challenging
connecting all the
different parts of
creating a DSL

Language
Component

Concrete
syntax
Chapter 4

Abstract
syntax
Chapter 3

Static
semantics
Chapters 5
and 6

Dynamic
semantics
Chapters 7
to 9

Design
environment
Chapter 4

Purpose

Writing and reading interface for the
language: language users write and read

programs in concrete syntax.

An in-memory representation of models and
programs as structures in a programming
language; a pivotal structure used by

the front-end and back-end of the language
infrastructure. This is what the language
designer uses to implement the language.

Defining valid/invalid models; enforcing
well-typedness/constraints impossible/hard

to express with grammars and
meta-models/ADTs.

Define meaning of programs and models;
realize the actual purpose of the models.

Supporting users in creating domain-specific
models. The modern editor for your

specialized language.

Specification Examples

Regular expressions and
context-free grammars.

Algebraic data types or
meta-models.

First-order constraints,
inductive type-system rules,
scoping rules.

Code generator or interpreter
implemented in a
transformation language or in a
high-level functional language.

Uses specifications for the other
components.

Example Tools

Parser generators and parsers.

Produced by parsers,
consumed by transformations.
Visualized as diagrams or trees
for debugging in IDEs.

Advanced frameworks exist,
but still mostly implemented
manually in practice.

Advanced frameworks exist,
but still most languages are
implemented manually in
practice.

Language workbenches
generate high-quality
comfortable editors.

56



exercises, guidelines, examples

277 exercises
71 guidelines
>30 examples

many with sources in our code repository
http://dsl.design

502 pages
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