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(Domain-SpeCifiC) Modelling Language Engineering

@ Domain-Specific (Visual) Modelling — DS(V)M
e What/Why of DS(V)M (and DS(V)Ls) ?
@ Dissecting Modelling
© Dissecting Modelling Languages
© Building DS(V)M Tools Effectively
@ Specifying syntax of DS(V)Ls
e abstract (meta-modelling)

e concrete (textual—visual)

@ Specifying DS(V)L semantics: transformations
© Modelling (and executing) transformations:
(rule-based) transformation languages
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(Domain-SpeCifiC) Modelling Language Engineering

Domain-Specific Modelling Example

NATO’s Sarajevo WWTP

www.nato.int/sfor/cimic/env-pro/waterpla.htm
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(Domain-SpeCifiC) Modelling Language Engineering

(V)M Environment
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www.hemmis.com/products/west/
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(Domain-SpeCifiC) Modelling Language Engineering

Why DS(V)M ?
(as opposed to General Purpose modelling)
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(Domain-SpeCifiC) Modelling Language Engineering
Why DS(V)M ?
(as opposed to General Purpose modelling)
e match the user’s mental model of the problem domain
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(Domain-SpeCifiC) Modelling Language Engineering
Why DS(V)M ?
(as opposed to General Purpose modelling)
e match the user’s mental model of the problem domain

e maximally constrain the user (to the problem at hand)
= easier to learn
= avoid errors
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(Domain-SpeCifiC) Modelling Language Engineering
Why DS(V)M ?
(as opposed to General Purpose modelling)
e match the user’s mental model of the problem domain

e maximally constrain the user (to the problem at hand)
= easier to learn
= avoid errors

@ separate domain-expert’s work
from analysis/transformation expert’s work
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(Domain-SpeCifiC) Modelling Language Engineering
Why DS(V)M ?
(as opposed to General Purpose modelling)
e match the user’s mental model of the problem domain

e maximally constrain the user (to the problem at hand)
= easier to learn
= avoid errors

@ separate domain-expert’s work
from analysis/transformation expert’s work

Anecdotal evidence of 5 to 10 times speedup
Steven Kelly and Juha-Pekka Tolvanen. Domain-Specific Modeling: Enabling Full Code Generation. Wiley, 2008.

Laurent Safa. The practice of deploying DSM, report from a Japanese appliance maker trenches. In Proceedings of the 6th

OOPSLA Workshop on Domain-Specific Modeling (DSM’06), pp. 185-196, 2006.
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(Domain-SpeCifiC) Modelling Language Engineering

DS(V)M Example in Software Domain
smart phones, the application

Conference
registration

995,- USD
@ T1: Smith
O T2: Jackson
O T3: Holland
T4: Cohen
T7: Dawson

Cancel!

MetaEdit+ (www.metacase.com)
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(Domain-SpeCifiC) Modelling Language Engineering

DS(V)M Example: smart phones,

the Domain-Specific model

KE Application: Conference ion, May 26, 2004, 14:19
Gaph [t G Dpes teb
B&| 3 DB o BH QR
OlofEcEBEo=@@E 0 =m
Conference : Your name? E Tl
~ [EREck:
Ragistration
Wialcome
Dsily pactext
<5 10 45| combo
Sa 1135 | comba
53 1225 | combo
53 1430 | combo
20 combo
s amAR P AN ST
o
SMS cancellation
v
< 3
Aetive: Noos Subgraph(s]: Hone Grid: 10210 Zoom: 100%
v

DSM-TP 2010 e eractee 7



(Domain-SpeCifiC) Modelling Language Engineering

Model-Based Development:
Modify the Model

(e.g., based on feature model of product family)

model | [transformation_ —— | app

small modification

model’| [transformation —— | app’
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(Domain-SpeCifiC) Modelling Language Engineering

Model-Based Development:
Modify the Model

(e.g., based on feature model of product family)

model | [transformation_ —— | app

small modification

model’| [transformation —— | app’

small modification in model may lead to large change in app
~ choice of formalism (e.g., Statecharts)

DSM-TP 2010 [ Seractee ™ 8



(Domain-SpeCifiC) Modelling Language Engineering
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(Domain-SpeCifiC) Modelling Language Engineering

Model-Based Development:

Modify the Transformation
(e.g., target platform changes, or optimization)

model | [transformation —— | app

small modification

model transformation_—— | app’

DSM-TP 2010 [ Seractee ™ .



(Domain-SpeCifiC) Modelling Language Engineering
Can be Multi-Step/Multi-Formalism
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(Domain-SpeCifiC) Modelling Language Engineering

Building DS(V)M Tools Effectively ...

e development cost of DS(V)M Tools may be prohibitive!
e = need Modelling Language Engineering

DSM-TP 2010 |7rest Ferracies 12



(Domain-SpeCifiC) Modelling Language Engineering

Dissecting Modelling
Matters of (Meta-) Modeling

Thomas Kiihne

Darmstadt University of Technology, Darmstadt, Germany
e-mail: kuehne@informatik.tu-darmstadt.de
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(Domain-SpeCifiC) Modelling Language Engineering

Model Features

mapping feature A model is based on an origi nal.*

reduction feature A model only reflects a (relevant) se-
lection of an original’s properties.

pragmatic feature | A model needs to be usable in place of
an original with respect to some pur-
pose.
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(Domain-SpeCifiC) Modelling Language Engineering

Token Models

tokenModelOf
=

| Frankiurt Niirnberg |

tokenModelOf

[ Darmstadt |

| Munich |

Domain Specific Modeling
Theory and Practice
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(Domain-SpeCifiC) Modelling Language Engineering

Roéles a Model may Play

DSM-TP 2010 %5 2 .



(Domain-SpeCifiC) Modelling Language Engineering

Ontological vs. Linguistic Instantiation
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4 h'd N
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(Domain-SpeCifiC) Modelling Language Engineering

Language Definition Stack

Meta- Meta-
Metamodel Language

l
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(Domain-SpeCifiC) Modelling Language Engineering

Meta-models as Language Definitions

Language
Specﬁmahnn

defines» —
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ug|Isuslxa E LoIsusul
[le]
[1:]

A
&
]
%gl'\m -
521y
2L
¥ 10
! elementOf »
Model Language
= Sentences
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(Domain-SpeCifiC) Modelling Language Engineering

Meta-hierarchy — OMG’s 4 Layer Architecture

—
MOF M3 Layer
meta-metamodel
o 1 “ha,.

[=
=]
e
5 7 1
© [ ]
ks UML UML Custom M2 Layer
H“‘ metamodel Proﬁle metamodel metamodel
= I ] ]
x 2 | |
M1 Layer
UML models Models based on . model
custom metamodel
1
l MO Layer
The Real World reality
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(Domain-SpeCifiC) Modelling Language Engineering

Dissecting a Modelling Language

Modelling Language
(Formalism)

Semantics

Semantic Mapping

=] =]

DSM-TP 2010 [ Seractee ™ 21



(Domain-SpeCifiC) Modelling Language Engineering

Deciding on terminology

Ne Is' _ I = l l l Domain Specific Modeling
(A=) [ a4 N B Theory and Practice 2



(Domain-SpeCifiC) Modelling Language Engineering

What's in a name ? Language

Language (Abstract Syntax )

\" Domain Specific Modeling
DSM-TP 2010 % S 2



(Domain-SpeCifiC) Modelling Language Engineering

Formalism F

Language (Abstract Syntax ) Semantic Domain

M

Semantic Mapping

DSM-TP 2010 [ Seractee ™ 24



(Domain-SpeCifiC) Modelling Language Engineering

What's in a name ? Base Formalism

Base Formalism FB

L =) |Domain Specific Modeling
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(Domain-SpeCifiC) Modelling Language Engineering

me ? Concrete Language

Concrete Language CL

Language (Abstract Syntax )

Concrete Syntax

DSM-TP 2010 [ Seractee ™ 2



(Domain-SpeCifiC) Modelling Language Engineering

rete Formalis

Concrete Formalism F

Language (Abstract Syntax ) Semantic Domain

Concrete Syntax

Semantic Mapping

‘\ i “3(™) 5 (") | Domain Specific Modeli
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(Domain-SpeCifiC) Modelling Language Engineering
Modelling a Modelling Language/Formalism

model of Abstract Syntax
(aka meta-model

Graph
.

of
Concrete Mapping K
Concrete Syntax

model of transf.

model

Semantic Mapping M

model o

Semantic Domain

Semantic Domain

Concrete Syntax

model of
Abstract Syntax

model of

DSM-TP 2010 [ Seractee
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(Domain-SpeCifiC) Modelling Language Engineering

Sets of Models

Graph

model of Abstract Syntax
(aka meta-model)

model of model of transf

Concrete Mapping K

model of
Concrete Syntax

model of
Semantic Domain

odel of
Semantic Mapping M

Semantic Domain

model of

Concrete Syntax
Abstract Syntax

model of

DCEM-TPR 2017M |© Specific Model
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(Domain-SpeCifiC) Modelling Language Engineering

From now on: use AToM?3
@Dl for Multi-formalism and Meta-Maodeling

Even our logos are madelad!

http-ifatom3.cs megill ca

oy Altributes

3 s
A MR g a7 |- Tisting
Actions
2T 5
" 2 S 1) N2 Wi

| Visit MSDL at http:/msdl.cs.megill.ca |

NCM-TP M 13N b 5 ific Modeling
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(Domain-SpeCifiC) Modelling Language Engineering

A model in the PacMan Formalism

Your score 0

DSM-TP 2010 [ Seractee
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(Domain-SpeCifiC) Modelling Language Engineering

Modelling Abstract Syntax (meta-model)

ghostva

[Cardinalities:
- To ghostLinkV3: 0 to N

GhosILinkVa

(Cardinalities:
- To gridNodeCenter: 0 to 1
- From gridNodeCenter: 0 to 1

(Cardinalities:
- To gridNodeCenter: 0 to N
- From ghostv3: 0 to N

gridNodeCenter

[Cardinalities:
- To gridBottomV3: 0 to N
- From gridBottomV3: 0 to N

gridLeftva gridRightV3

[Cardinalities:
- To gridNodeCenter: 0 to 1
- From gridNodeCenter: 0 to 1

- From foodLinkV3: 0to N Cardinalities:
- From scoreLinkv3: 0to N - To gridNodeCenter: 010 1
- From gridNodeCenter: 010 1

- To gridRightv3: 0 to N
- From gridRightv3: 0 to N

- To gridTopV3: 0to N S
- From gridTopV3: 0 to N
- From ghostLinkv3: 0 to N [Atribute:
|cardinalities: - score :: Integer
- To gridNodeCenter: 0 to N fActions:
- From ScoreBoard: 0 to N eate
[Cardinalities:
- To scoreLinkv3: 0 to N

|Cardinalities:

- To gridNodeCenter: 010 1
- From gridNodeCenter: 0 to 1

Cardlnalmes

[cardinalities:
- To gridNodeCenter: 0 to N
- From pacFoodV3: 0 to N

deCente
ik pacmanva TN

pacmanva 7
[Cardinates [Cardinaliies:
- To pacLinkV: - To foodLinkv3: 0to N

-\1 Iv "I: -||-|-"| Domain Specific Modeling
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(Domain-SpeCifiC) Modelling Language Engineering

Modelling the Scoreboard Entity

w Editing Class3 =3

name ScoreBoard

Graphical_Appearance edit

o |
cardinality Edit

scoreLinkV3 dir= Source, min= 0, max=| I_\
/

Hew ||score type=Integer init.value=0

attributes Edit

Hew

Constraints Edit

Hew |[create : from pacCo

Actions Edit

[ )

display edit
Ahstract
Qoca edit

ELLL

Cancel
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(Domain-SpeCifiC) Modelling Language Engineering

Synthesis of Code for Syntax-Directed Editing

class ScoreBoard (ASGNode, ATOM3Type): # Abstract Syntax only

def _ _init__ (self, parent = None) :
ASGNode.___init__ (self)
ATOM3Type.__init__ (self)
self.graphClass_ = graph_ScoreBoard
self.isGraphObjectVisual = True
self.parent = parent
self.score=ATOM3Integer (0)
self.generatedAttributes = {’score’: (/ATOM3Integer’ ) }
self.directEditing = [1]

def clone(self):
cloneObject = ScoreBoard( self.parent )
for atr in self.realOrder:
cloneObject.setAttrValue (atr,self.getAttrValue (atr) .clone ()
ASGNode.cloneActions (self, cloneObject)
return cloneObject

\" Domain Specific Modeling
DSM-TP 2010 [ T "



(Domain-SpeCifiC) Modelling Language Engineering

amodel of the Petri Net formalism,
an INSTANCE of the Enity Relationship formalism

Iname type=String init.value=

tran2pl

name type=Siring nit.valie=
tokens type=Integer init.value=0

pl2tran

aPetr Net,
an INSTANCE of the Petri Net formalism

—r
O place2

DOM-TP 2010 [wesn Sevaciee 35



(Domain-SpeCifiC) Modelling Language Engineering

Meta-meta larity

Meta-Models

Transformations

.
model of

model of [[.1]

Semantic Domain

Concrete Syntax
Abstract Syntax (set A)

D& I\' _ I = l Domain Specific Modeling
(A=) 1 4 -I " Theory and Practice
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Sets of Models: Modelling Con

(Domaln-SpeCifiC) Modelling Language Engineering

te Syntax

model of Abstract Syntax
(aka meta-model

Graph
.

of
Concrete Mapping K
Concrete Syntax

model of transf.

model

Semantic Mapping M

model o

Semantic Domain

Semantic Domain

Concrete Syntax

model of
Abstract Syntax

model of

DSM-TP 2010 [ Seractee
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(Domain-SpeCifiC) Modelling Language Engineering

Modelling Ghost Class Instances Concrete Visual Syntax

Rdlicon Editor- AToMS3' [B]x
File Edit Scripting

[

SELECT

S —
[ IO AT T O = O 5
T T O
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(Domain-SpeCifiC) Modelling Language Engineering

Modelling PacFoodLink Association Concrete Visual Syntax

# Get nl, n2 end-points of the link
nl = self.in_connections_[0]
n2 = self.out_connections_[0]

# gl and g2 are the graphEntity visual objects

g0 = self.graphObject_ # the link
gl = nl.graphObject_ # first end-point
g2 = n2.graphObject_ # second end-poing

# Get the high level constraint helper and solver

from Qoca.atom3constraints.OffsetConstraints
import OffsetConstraints

oc = OffsetConstraints(self.parent.gocaSolver)

# The constraints
oc.CenterX ((gl, g2, g0))
oc.CenterY ((gl, g2, g0))
oc.resolve ()

DSM-TP 20 () |emein Specific Todeling
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(Domain-SpeCifiC) Modelling Language Engineering

Synthesize + Customize Buttons model

New Edit New Help

New gridNodeCenter W

New ghostV3 New pacmanV3 New pacFoodV3 New ScoreBoard

Note: create vs. execute

DSM-TP 2010 [ Seractee ™ 0



(Domain-SpeCifiC) Modelling Language Engineering

Default generated Buttons code for ghostV3

# This method has as parameters:

# — wherex: X Pos. in window coordinates where user clicked.
# - wherey: Y Pos. in window coordinates where user clicked.
newPlace = self.createNewghostV3 (self, wherex, wherey)\n’))

NS Iv -T I = ' I "-' |D\:\main Specific Modeling
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(Domain-SpeCifiC) Modelling Language Engineering

Can now build valid PacMan models ?

Yolrscare o
I-- Il N
O o
HI
== o
III Hi
@ o
I-- Il N

-I\'I I = l I l l Domain Specific Modeling
5 | J1 Theory and Practice 42




(Domain-SpeCifiC) Modelling Language Engineering

Model the GUI's Reactive Behaviour !

in the most appropriate formalism ... Statechar

soton
Aot To Selesion [arrow Optmizer [EVENT] > Craate Nevw Arrow

otn Close Metamadel [EVENT] > Maton
New Solecton Cony
Copy Attibutes [EVENT] > Drep Paint

Creato Now Anows
c

Deselect Al
Hation [EAme [EVENT] > Postsciipt

et Properies [EVENT] > Select Poirt

Motion Force Layout [EVENT] > Done

oy
£ Postecript INegative Selection

Open
seiecrzont | |Open Matarmadel

Pacio Atibutos
Fopup Menu
Fosisciiot

Bounding box Edit

o sston.
Srag Ponis
X

e PorT
SelectPoint

Drop Paint

Toage

ocup e
Eopanies ot
e LobeiToggle  Nove Lae Toogle
Hoton oot Sove Gou
Rolbeck ey sto Dro
o, i Sore Rt [Togge Labl g
No 8nap Move Let [ Trans. Menu

Undo [

[Zoom Layout I

ot
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(Domain-SpeCifiC) Modelling Language Engineering

The GUI’s reactive behaviour in action

e |
7 Statechart Virtual Machine - Thomas (Nov. 2003 = B X
Enabled Events | output Edit Arrow
Delete [EVENT] ) Start
Done [EVENT] > Edit Arrow
EiE CEVENTI 5 Insert Point|[ |l 0o
Motion o A
Move Down Insert Pom
Move Label Tozgle Defautt Select Point “yclive Paint
Move Left
Mowe Right
Mowe Up bone
Reset e IR
- mpen Aoton
FTT Frapere o
\Mave Tabel Tagyle v o
Command
Move Up
| Show State Hierarchy |namsh Wiove Label Toggle

challenge: what is the optimal formalism to specify GUI reactive behaviour ?
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(Domain-SpeCifiC) Modelling Language Engineering

Concrete Visual Syntax

G. Costagliola, A. Delucia, S. Orefice and G. Polese.

A Classification Framework to Support the Design of Visual
Languages.

Journal of Visual Languages and Computing, Volume 13, Issue 6,
December 2002, pages 573-600.

L Domain Specific Modeling
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(Domain-SpeCifiC) Modelling Language Engineering
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(Domain-SpeCifiC) Modelling Language Engineering
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(Domain-SpeCifiC) Modelling Language Engineering

Connection Types

(c)

(a) (b) (d)
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(Domain-SpeCifiC) Modelling Language Engineering

OXO &=l
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(Domain-SpeCifiC) Modelling Language Engineering

Box

X+y+z ;EEI
vety+z o YO -
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(Domain-SpeCifiC) Modelling Language Engineering

Visual Language Classification

Connection Geometric

NERT S S ST —
DSM-TP 2010 Theory and Fractice
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(Domain-SpeCifiC) Modelling Language Engineering

POLICY TIER CALENDAR-FORM METAPHOR

DEFINITION TIER COMBINATION LOCK METAPHOR

QB0

L I\' -, I = = l I l Domain Specific Modeling
Lo | 1 Theory and Practice
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	Concrete Syntax

