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Example metamodel

. senumerations senumerations
csatlakozas [1.1] E Elem Anyag =] Csdrendszer

= gyartd : String = Aly =l giz
= tipus @ String = PPs = fiist
=, = szellgza
= fiités

H csivezeték

Eﬂerendezés X
] szerelvény
= kilsd : Anyag
= belsd : Anyag
= rendszer: Csarendszer
= wastagsag : Integer

E Hileadd E Melegviztermeld E Kazan

E Golyds csap E Elzéré E Csap E Tagulasi tartaly E Lavalaszto E Szivattyu

Q Pillangoszelep E Keverdicsap

E Visszacsap6 szelep | | = Beszabalyzoszelep H Levegiilevalaszto H 1szaplevalaszto

=l motoros ; Boolean

=] Bévitd idom

E Kanyar-elem

E T-elem

= Egyenes

E Ikerszivattyu
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Instance model, abstract syntax

[£] €512 : Egyenes =l €51 : Egyenes
| I
=] sz7 1 Golyos csap (=] sz2 : Pillangdszelep
I |
(=] sz6 1 Visszacsapd szelep [Z] 521 Visszacsapd szelep
! |
[ bi5 : Bovitd idom [ bil: Bévitd idom
: : ’ [l 5z4: Beszabalyzdszele
=] szivi : Szivattyd =] szivl : Ikerszivattyu vE P
| ! |
=] bid: Bowitd idom =] 12 : Bawitd idom (=l cs6 : Egyenes
[Z] 5z3 : Keverocsap | &l cs3:Egyenes =l e54: T-elem

=] 525 : Golyos csap

(= es11: Egyenes =l €52 : Egyenes (=l ¢55 : Egyenes

= cs9:Egyenes | — [Z bi3: Bowitd idemn |__ = csBiEgyenes | = esT 1 T-elem

=] ¢510: Kanyar-elemn
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Instance model, concrete syntax

DN50

STAF  Spirovent tipus(

levegdlevalasztd g
3 _I%L BA 065L 2
e ﬁ - QBE
T T s o
. 1 tsw
Honeywell Spirovent tipust Remeha Quinta kaszkad
keverdcsap iszaplevalasztd rendszer hidraulikus valtoval
DN50 Kuvs 40 BE 065L
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OVERVIEW
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Domain specific modeling languages

Business
analyst

—

s’ N

Dependability :

expert

N\

s’ N

Software
developer

VehileSpesd

[L———

BT
TorqueRequest

ACCSystem *Torrgan: st

AT Far et
RadarData

refsporitcoutle
s —.

System

[\ Product A
ProductB

ProductC
\ Availabity Targets

1 10 100

1000 10000 100000 1000000
Staying Time (minutes per year)

Dependability model

—
sy PN Oue, khe
Dr‘,'.::’: 4'1.1;“" Diay,. i
TOtoctan TBute sy e "ull.:;:“'t"d- ID1a
Pubyy Aboy, it a 1’,:)5;’7':; %
e (ow,,efj{ 210G (g 4
“€tUng, il e’) i SWner.)
ingeg % 60 (e, g
] Ur ¢ ) 3 e)

Programming language

Regulator ON/OFF

designer

[Fauitnighting syslem

or

Defecive Wiing

T

‘L Risk model

SpeedRegulatorSystem \
L
(" (SpesdReguiat | SpeedSensor
\_regulate speed .
' O
11— 1
i > '
|~ (SpeedRegulat.. ™  cincluder | sincludes SN
\_startregulation . : Engine
S, W / \
N \
(" (SpeedRegulat... "\ )
P — display status
g " Software
{ {Spesdﬁ’egu!?!. - T
\_stop regulation ' _inciude, Display

architect
Software model

\\

Security
expert

Metamodeling and Domain Specific Modeling



Usage example of DSMs

Concrete syntax Abstract syntax Well-formedness

WORKSPACE _1* | constraints
= @ MyUML Examples €3 Errors (4 items)

Bu i . .
) ManageLibrary @ File platform: fresource/fr.irisa. triskell, kerme

B DB @ File platform: fresource/fr.irisa. triskell, kerme

MainWindow. BorrowerDialog

LibraryAdministrator

El:SeIectthe menu "Add borrower 2:Create dialog L

UseCaseDiagram_1 @ Unable to set the bype of Fsm::Stake: step:

ClassDiagram_1
ClassDiagram_2

®) Unresolved bype 'Sttring', {missing using 73

3:Add a borrower | u 4lsital ClassDiagram_3
[&) objectbiagram_1
6:Save

StatechartDiagram_]
ActivityDiagram_1
SequenceDiagram_

i Behavioural semantics,
ClassDiagram_s ) simulation, refactoring

Build House \

"% Call Higrarchy 53

Members calling Flame' - in workspace
[SR-W Tlarne - junit, framework, TestCase
@ getMamel) - junit. framework, TeskCase

=] G.'} ActiveTestTest - junit.tests, extensions
& main{Skringl ) - junit.bests, exkensions, Ackive

| _ J

In Frame Outside

G runTest() - junit.framework, TestCase (4 matches) & AN | (P cccmmmmccccecmeea(R)mmmmantnn
@ setMame{String) - junit.framework, TestCase
=03 TestCase() - junit.framework, TestCase Tnstal Tnstall Tnstail
[ Electricity Electricity Electricity
In Foundation,

|

Call graph (view) State machines
(different DSM)
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Structure of DSMs

Graphical syntax Abstract syntax Well-formedness
constraints
€3 Errors (4 items)

flonath g 445 BME S5 WEC @ File platform: fresource/fr.irisa. triskell, kerme
@ File platform: fresource/fr.irisa. triskell, kerme
&° FTSRG @ Unable to set the bype of Fsm::Stake: step:

ol cise (®) Unresolved bype 'Stiring', {missing using 7

el - Behavioural semantics,

| test.socialnetwork £3

SocialNetwork {
Person Ujhelyi {
male
memberships BME, VVEC

}
Person Horvath {

male

memberships FTSRG
}

Community BME {
Community FTSRG {
Community test
}
}

Textual syntax

simulation, refactoring

Code generation

</memberships>
<profile defaulcProvider="Sicefinicy™>
<providers:>
<o lear/>
<add name="Sicefinity™ conneccions
<fproviders>
<propecties:>
<mdd neme=PFicstHeome " >
<add name="LastName™/ >
<!=-= SNFP specific properties -->
<add name="NickName™ />
<add name="Gender™ />

Code
(documentation,
configuration)
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Aspects of Defining DSMLs

Abstract
syntax

WEE
Collaborate formedness
constraints

Views
translations
mappings

Concrete
syntax

Behavioural
(dynamic)
semantics
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Role of EMF/Ecore technology in DSL

GMF, Graphiti, / Goal:
EuGENia, Provide common base
Sirius, Spray, for advanced DSL tools
Xtext, ... | Consistent model
" manipulation
Persist models
Default editor

{ EMF Compare, EME

EMF Diff/Merge
EMF Store, CDO,

{ Acceleo, ATL,
Epsilon,
IncQuery,
QVT, Xtend, ...

modeling
core

4
Process & —~
View
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DOMAIN SPECIFIC MODELING
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Designing modeling languages

" Language design checklist

o Abstract syntax (metamodel)
* Taxonomy and relationships of model elements
* Well-formedness rules

o Semantics (does not strictly belong to a language)
* Static

 Behavioural
o 7?7

o Concrete syntax
e Textual notation
* Visual notation
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Revisiting the example

4 \
Automaton

Generalization

.

initial

. State
Instantiation color{R.G,B

Attribute
Meta (Language) le

(Instance) Model level
A8 X
A A
st

st
sl [ al " s3

fr | v st

M S2 | t2
to fr

Model in abstract syntax

\ 4
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Revisiting the example

4 \
Automaton

. J

o transitions
initial | | states

VvV VY

[ AccState | [>[ State )™M [Transition
color:{R,G,B
L J REBf—__ )

Meta (Language) level Metamodel

o T tr st tr 1% .
v t 9
t1 o S2 |e t2
to fr
Abstract syntax Concrete syntax
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Example: Concrete Syntax

request() {

O S Idle ] if (state =="idle" &&
this.load<10)

A
state = "calculating”;
P request _. ‘
[load<10] Paresponse 4
v _ response() {
{ CEldnEImg if (state == "calculating")
state = "idle"

Graphical notation Textual notation
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Textual vs. Visual

= Textual notation:
+ Easy to write: Able to capture complex expressions

- Difficult to read: Difficult to comprehend and manage
after certain complexity (e.g what refers me?)

= Visual notation:

+ Easy to read: Able to express (selected / subset of)
details in an intuitive, understandable form

+ Safe to write: Able to construct syntactically correct
models

- Difficult to write: graphical editing is slower

Metamodeling and Domain Specific Modeling



Example: UML model

4 [ <Package= geography

on
o “Element Import> Boolean

97 <Element Import> String

%7, <Element Import> UnlimitedMatural [..

‘,:5;?, =Element Import> Integer
] E < Class> Country
(=l <Property> name: 5tring

<?xml version="1.0" encoding="UTF-8"?>

<uml:Package name="geography" xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI1/2.1"
xmlns:uml="http://www.eclipse.org/uml2/3.0.09/UML"

Eﬂcuunnr

4 = <Property> formerCapitals : City [0..*] | & name : String
01 «<Literal Unlimited Matural= * (=] formerCapitals : City [0..%]

s, «Literal Integer= 0
. g8 <Operation> coup ()
4 = <Class> City
= =<Property= name: String
=l <Property> founded : Integer
a4/ <Association> A_country_cities
4 = «<Property> country : Country

53 coupli J

auntry

[L.*]|cities

i? <Literal Unlimited Natural> 1 = city

-0, «<Literal Integer> 1
4 =] <Property> cities : City [1..%]

=l name : String
= founded : Integer

0¥ «=Literal Unlimited Matural= *

(=
=4

e

=

<Literal Integer= 1

Abstract Syntax

(Class Diagram)

xmi:id="_7qi_AS2uEd-VCP9iY9GYHg">
-]
<packagedElement xmi:type="uml:Class" name="Country" xmi
<ownedAttribute name="name" aggregation="composite" xm
<type xmi:type="uml:PrimitiveType" href="pathmap://U
</ownedAttribute>
<ownedAttribute name="formerCapitals" aggregation="conm
<upperValue value="*" xmi:type="uml:LiteralUnlimited
<lowerValue xmi:type="uml:LiterallInteger" xmi:id="_y
</ownedAttribute>
<ownedOperation name="coup" xmi:id="_fHicEC2vEd-VCP9iY
<ownedParameter direction="return” xmi:id="_1e7b8C2v
</ownedOperation>
</packagedElement>
<packagedElement xmi:type="uml:Class" name="City" xmi:id
<ownedAttribute name="name" aggregation="composite" xn
<type xmi:type="uml:PrimitiveType" href="pathmap://L
</ownedAttribute>
<ownedAttribute name="founded" aggregation="composite"
<type xmi:type="uml:PrimitiveType" href="pathmap://L
</ownedAttribute>
</packagedElement>
<packagedElement xmi:type="uml:Association"” xmi:id="_Xq_
<ownedEnd name="cities" type="_ KgpUC2vEd-VCP9iY9GYHg"
<upperValue value="*" xmi:type="uml:LiteralUnlimited

Graphical notation Textual notation

(XMI 2.1)
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Multiplicity of Notations

= One-to-many
o 1 abstract syntax = many textual and visual notations
* Human-readable-writable textual or visual syntax

* Textual syntax for exchange or storage (typically XML)
* In case of UML, each diagram is only a partial view

o 1 abstract model = many concrete forms in 1 syntax!
* Whitespace, diagram layout
* Comments
* Syntactic sugar

o 1 semantic interpretation = many abstract models

* e.g. UML2 Attribute vs. one-way Association
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METALEVELS
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m Metalevels

= Nodes

o Film, Human, Novel, Psycho (film), Book, Man, Thriller,
Work of Art, The Bourne ldentity (novel), Genre,
Robert Ludlum, Sir Alfred Hitchcock, this book here:

Demonstrated by the exercise:
Instantiation vs. subtyping
Edge subtyping

Metalevels
Multi-level metamodeling
Deep instantiation

= Edges

o written by, directed by, creator, subtype, instance

Metamodeling and Domain Specific Modeling



Metalevels

(Automaton]
| )
initial states S ) . .
m {>[ Séz;'te ).fro™ (Transition ”Meta relathnShlp
o {R‘ff m G between models
I \ /" I

«instance» g sev NV 2 .l
/ /

-\

/ /7

|
|
\ ’ .
’LVB wy ! Clear level separation:
/A“ !
st st I thihi
I
|
I

o Loses some flexibility

sl [ al " S3
wl 27 st] N oo o Much easier to understand
il g Gl gy W o Usually enough to keep two

levels in mind at once
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Metalevels in MOF

= OMG’s MOF (Meta Object Facility)

o 4-layer approach

M3 level L MOF Model Fixed:
T T me——— MetaClass, MetaAttr,
= :
M2 level ) UML MetaClass (‘Class’, MetaAttr (‘name’))
metamodel . " Metamodel MetaClass (‘Attr’, MetaAttr (‘name’)) D
M1 level W UML Model Class(’Car’,Attr(‘licensePlate’))
model ———71
MO level \\ Application Car(‘ABC-123’), Car(‘DEF-456’)
data ,——71 Data

o Why exactly four levels?
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Metalevels in other approaches

"= EMF (Eclipse Modeling Framework)

Ecore Fixed:

[ meta-metamodel 1:? EClass, EAttr
i |
W«instance»

Ecore Model EClass(’Car’,EAttr(‘licensePlate’))

[ metamodel J—\>=-(EPackage) >

i §

W«instance»
Application Data Car(‘ABC-123’), Car(‘DEF-456’)
model (Resource)

= Multi-level metamodeling
o VPM
o Ontologies

Metamodeling and Domain Specific Modeling



SEMANTICS
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Semantics

= Semantics: the meaning of concepts in a language
o Static: what does a snapshot of a model mean?
o Dynamic: how does the model change/evolve/behave?

= Static Semantics
o Interpretation of metamodel elements
o Meaning of concepts in the abstract syntax

o Formal: mathematical statements about the
interpretation

* E.g. formally defined semantics of OCL

Metamodeling and Domain Specific Modeling



Dynamic Semantics

= Operational
o Modeling the operational behavior of language concepts
o ,interpreted”

o e.g. defining how the finite automaton may change state at
run-time

o Sometimes dynamic features are introduced only for
formalizing dynamic sematics

= Denotational (Translational)

o translating concepts in one language to another language
(called semantic domain)

o ,,compiled”
o E.g. explaining state machines as Petri-net

Metamodeling and Domain Specific Modeling



Example: Denotational semantics

4 \
Automaton

. J

transitions
initial states
N\
[ AccState | [>[ State )™ [Transition
C

l | 0|OI‘:{R,G,B)<? |

Meta (Language) level Metamodel
Model level
fr AL K al t3
n 1
1
/s_t\ st S s3

sl [ al "l s3

]l 78 N o

t1 o S2 |e t2 t1 ) t2

to fr
Abstract syntax Semantic Domain
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Example: Operational semantics

Dvhamic rAutomaton‘
y I current
feature - < "y
transitions

initial states

A

- State )™ [Transition
coIor:{R,G,BH
to \_J

Meta (Language) level Metamodel

(Instance) Model level

%3 Possible evolution:
. N ‘current’ is redirected
At first, ﬁst\ } along a transition

‘current ‘= ‘initial’ sl [ al
fr (I st
t1 o S2 e t2
to fr

Model in abstract syntax
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Relationship of models

Concrete syntax

scanning and layout
parsing operational
semantics

Cosact sy

denotational semantic
semantics feedback

Semantic domain/
Programming language
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DOMAIN-SPECIFIC MODELING

LANGUAGES IN ENGINEERING PRACTICE

Metamodeling and Domain Specific Modeling



*"MATLAB, SQL, Erlang,
Shell scripts, AWK, Verilog,
YACC, R,S, Mathematica,
XSLT, XM, OCL,

Template languages, ...




Industry standard DSMLs

Automotive
o AUTOSAR, MATLAB StateFlow, EAST-AADL

Aerospace

o AADL
Railways

o UML-MARTE

Systems engineering
o SysML, UML-FT
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Technologies

= MATLAB COTS

= Rational Software Architect

" Eclipse Language
o EMF, Sirius g g

o Xtext/Xcore/etc. enginee ring
= Microsoft :

o DSL Tools (Visual Studio) / M / Oslo etc. (IndUStry)
= MetaCase

o MetaEdit+
= JetBrains MPS

= GEMS, GME, ViatraDSM Academia

Metamodeling and Domain Specific Modeling



MetaEdit+
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Eclipse GMF

File Edit Apollo Run Mavigate Search Project Diagram Window Help
[B$5-0-Q- |EBHEG- @+ |G
£ omE [ v | B ol e =00

[% Package Explorer £3 IHierarcM =0 |§d] e e e e a8 || BagOfBalls.java
v

=<
L |

W
J I Microzoft Sa

0
0

2 oue 11 [B[.P¥ 50

\ = o Q BINGO Q ControlPane 2 [Q—’
S ETJ BingoExample = 5 DEBUG:boolean=false % countDownField:JTextField ey
=2 sic 55 controlPaneTitle:String £ countDownString:String S
-t bingo [C3 statusPaneTitle:String 3 delayField:JTextField - S
=8 bingo.game £ windowNare:String (S delayString:String -
1 Bei0maleisa BT ot S :
-] Balldnnouncer.java . « : ; W 4] =
o) LJJ BINGO.java System.out.pr:f.ntln( Just set security max‘mger,
= 2 System. out.println("About to try connecting."); @
#-yJ] ControlPane.java ) =
= [J] GameParameters.java try { )
#-4J] GamesThread.java ringMaster = new RingMaster(); e
[# LJ_l NotaryPublic.java 4
[+ E] HandomBag‘iava RegistrarImpl registrar = new RegistrarIm /d
=L

1
7--F 5 R

+ fb Registrarlmpl.java hostname = g'etLocelHostt) .getHostNa
®-1J] RingMaster.java Naning. rebind{"//" + hoguernqdress java.net.nethddress.getLocalHost()
G 1—]_»] Risteriava } catch {(java.rmi.ConnectExd
T | y ErrorMessages. fatalErroy
[+ m SocketGate.java + "starting the gUetLocalHost
[#-|J] States.java e);
; i) model.auml_diagram ‘I‘ moAsk ffmmms anmk TTelee--—TT-o4 mjphlic static Inetdddress getLocalHost ()
=4 bingo.player throws
B i] Cardwindow.java - UnknownHostException
- 1J] ControlPane.java Fress 'F2 for foous
) I . )
? Tl—] IWonEvent.|av§ E Reqistrarlmpl L:,]_, GamesThread
#-4J] NumberButton.java =
ST 4 [EL moreGames:boolean=tue
[#-4J] PaperPane.java
= ; 5 BINGO(...) & )
& {Q Player.java 5 maylPlay(.) | ¥ rung...
[y H
[# ;U F'IayerPalamgter&mva @},whatsHappening(..)
#-4J] PlayerQueue.java =
[+ ID ReaisterEvent. java E
1] StatusRequestEvent java
bingo.shared 1
4 Answerjava
1] BallListener java ’ -
‘ | »

+

@ BallListenerThread.java

f| BingoBalljava | Problems | Javadoc Ef{, Declaration &3 ‘
7o I« P Gty LRt Forr v

B

[+

get——- e 8

f‘{ )—/:‘yrarz— |.
PIRSEFI“ TS

2l
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Microsoft DSL Tools

O JelleDruyts BuidCop - Microsoft Visual Studic

305 @ o

Fide fdt View Project Buwid Debug Data Tools Test Apshze Popfly Window Help

S el

%% R 3o0og e s B
| Teolbox * 3 X BudCopcsd
|| = Configuration Section Design...
| R Pointer

& Configuration Section e S

Configuration Element
3 Configuration Element Collec...
ts Collection tem Type

Crryes P yrerdagpenys
- General
e —
There ace no usable controls in Pty
thiz group. Drag an #tem onto 7 ot

thes text 20 addd it 20 the tocibox, -

1 bt e
R L T

Ready

= Any CPU @ g B . 1 -
(bl I | s
v X |Configuration Section Biplorer  « 3 x]
=1 [2) Configuration Section Model
& . Configuration Elements
A Type Definttions
V4 Beolean
vy DateTime
¥4 Double
" g Int32
— ~rr v e S Inthd
3 ¢ |= Loglevel
[ :.—’.4....-...-% \wo-ru ’ j “‘ &ﬂglt
-y e tae ¥y String
x v TimeSpan
B e e s -'gSC"U _}:Ccn., 3 Tea. [EgCis
. ‘.N. -:::- Properties v 3 X
e — BuildCop Microsoft.Samples DelTools.Ce »
— 51
e
Namespace JelleDruyts. BuildCop.C
8 tes
Auto Transform 1 True
a8 xwi |
Xml Schema Nan http://schemas.jelle.d.
Auto Transform Templates
= | Determines if 2l text templates in the
' current solution are automatically transf.,

0 Erroc ist: () Outpatt| ] Fnd Results 1| 5 Find Symbol Results! T3 Pending Changes T5] Test Results

Metamodeling and Domain Specific Modeling



MPS

-

| calculator - [C:\Users\user\MPSProjects\calculator] - jetbrains.mps.tutorial.calculator.structure\InputFieldRefer... l*‘—"'

(0]
i

[® 1: Project

File Edit Search View GoTo Generate Build Run Tools Version Control Window Help

FER|ISG|IERER| A TEE~]r®| 8

M MyCalc @ typeof InputFieldReference | 2
Ica
Create new %
P
‘ @ typeof InputFieldReference a
o =
rule typeof InputFieldReference {
applicable for concept = InputFieldReference as inputFisldRsfersnce
overrides false
do {
@’ typeof (inputFieldRefersnce) <IntkgerType
S} IntegerConceptPropertcy lang: j.m.lang.structure
5 IntegerConceptPropertyDeclaration lang: j.m.lang.structure
S} IntegerConstant lang: j.mps.baselanguage
5 IntegerLiteral lang: j.mps.baselanguage
13 IntegerType j | .bazselLanguage
5 Interface lang: j.mps.baselanguage
S} InterfaceConceptDeclaration lang: j.m.lang.structure
5) InterfaceConceptReference lang: j.m.lang.structure
5} InternalSequencefperation lang: j.m.baselanguage.collections
5 IntersectOperation lang: j.m.baselanguage.collections
structure Editor Constraints Behavior | Typesystem

Actions " Refactorings "Intentions " Find Usages " Ciata Flow " Generator " Textgen |

= 0; MPS Messages ‘ | 8 Wersion Contral ‘ | 6 Output‘

| # 2: Inspector ‘

N

L302Mof49sMm (¥
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SF - SFDemo - [TwoChannels - /sf-demo/System/]

il Fle Edt view Window Help -] x
JildB@X|nalr v umEmsEm-?
Components: B
R T Name: |TwoChanneIs ]Compound Aspect:ISignalF L5
o, Inheritance l Meta |
& & Aggregate
TwoChannels
& {3 Rea Absﬂ——,_An - ‘:'I
2 O— - Sy, b1 - TwoChannels
o In L3 @ Abt 2
Re1 3 Ph1 @ A2
glar:: ::;E AbsPhase o3 AbsPhase
Im2 3 -1 AhsPhase
. @ In1
o— Splitter | —a ) In2
In2 GRS Ab2 % Phi
_\—n B @ Ph2
AbsPhase Ph2 =B Spliter 13
V2 -
¢ 3 s I
x
) ()
InputSignals OutputSignals
CompoundParts PrimitiveParts
| |_SignalFlowAspect IParameterAspect]
Ready EDIT 100% SF 07:57 PM
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Summary of DSMs

= Metamodeling
o Structural, formal definition of domains
o Abstract syntax

"= Domain-Specific Modeling
o Concrete notations

o Syntax known by experts of the field

= Metalevels
o Meta-relationship between models

= Semantics
o Formal dynamic = Denotational / Operational
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