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METAMODELS, INSTANCE MODELS
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Metamodel: Specify Concepts an Appl. Domain
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Instance model

= Metamodel:

o Precise specification of
domain concepts of a
modeling language

" Goal: to define...

o Basic concepts

o Relations between concepts

o Attributes of concepts

o Abstraction / refinement
(Taxonomy, Ontology)
between model elements

o Aggregation
o Multiplicity restrictions

O ...




Metamodels and instance models

Reference /
Association

Aggregation

Attribute

Concrete syntax




Type conformance /Instantiation /Classification
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= Each model element is
an instance of (conforms to)
a metamodel element

= Direct type:

o No other type exists
lower in the type hierarchy

o s1 - CompState

= Indirect type:
o Superclass of the direct type
o s1 - State




Classification vs. Generalization

Fido is a Poodle v' 1+2 = Fido is a Dog

v 1+2+3 = Fido is an Animal

' 1+4 = Fido is a Breed

' 245 = A Poodle is a Species

A Poodle is a Dog

Dogs are Animals
A Poodl|

A Dog |

is a Breed

Al S

pecies

Generalization (SupertypeOf)
IS transitive

= Classification (InstanceOf) is

NOT transitive




Type conformance of references

Metamodel

( State L from TransitionI
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' Can you define generalization
for references?

= Alinkin a modelis
type conformant if

o type(src(link)) is subtype of
src(type(link))

o type(trg(link)) is subtype of
trg(type(link))

o Informally:

* The type of the source object
is a subtype of the source
class of the link’s type.

* The type of the target object
is a subtype of the target
class of the link’s type.



Containment hierarchy

= Each model element has a
unigue parent

o N children = 1 parent

o Single root element

= Aggregation as relationship:

o Defined in the metamodel
along reference edges

o Provides restriction for
instance models
Circularity

o No circular containment
(in the model)

o Aggregation relations in the
metamodel may be circular
(hierarchy)




Multiplicity restrictions

= Definition: Lower bound .. Upper bound

o Lower bound: 0, 1, (non-negative integer)

o Upper bound: 1, 2, ... * (positive integer + any)
= Scope:

o References: allowed number of links
between objects of specific types

o Attributes: e.g. arrays of strings (built-in values)

( Team ]
\ ) Which are the most
1 Imembers common multiplicity
0. definitions in practice?
captai Player ]




Derived Features
= A derived feature can be et

calculated from others & Player

o Usage: helpers for o hirth : Integer
designers / tools o Jage : Integer

o It need not be persisted
o Automatic updates

= Derived attributes:
age = currYear - birth

= Derived references:

dogs = -- pets --> Dog
= Derived objects: | knows w
7. /member /member
o ,,Gang”: ST e
everyone knows everyone Jmember

 Peter

knows
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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

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling
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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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Domain specific modeling languages

Business
analyst
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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
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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)

Metamodeling and Domain Specific Modeling



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)

Metamodeling and Domain Specific Modeling



Aspects of Defining DSMLs

Abstract
syntax

WEE
Collaborate formedness
constraints

Views
translations
mappings

Concrete
syntax

Behavioural
(dynamic)
semantics

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



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

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)

etamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



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

Multi-typing (intersection types)
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

Metamodeling and Domain Specific Modeling



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?

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



Relationship of models

Concrete syntax

scanning and layout
parsing operational
semantics

Cosact sy

denotational semantic
semantics feedback

Semantic domain/
Programming language

Metamodeling and Domain Specific Modeling



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

Metamodeling and Domain Specific Modeling



SysML: MagicDraw

P* MagicDraw UML 17.0 - Anal

: File Edit View Layout Diagrams Options Tools Analyze Teamwork Window Help ®
DEEHOAR D AP (8 (chriemenne - EEDEBEBBEE EEV D mmE (B
e Co.. | & In.. [ £ Di.. [<= Mo.. Analysis and Design dnmain.user b4 4 B I
i LI E E = E E
Contaiment zix | MEe ibhrTHaw ST CL iRl AT EE S Q8 QQ[ow -
fera I
= HEBY-B - Cammon mEEEE YRR
B Data =3 Note - — — -
£ Analysis and Design e TamiT . || package User] dor_nain.u_seru : : : : : : : : : : : : : : : : : i
CaDomain Analysis | [ Ll
[ Domain Design B Anchar T
[ High Level Domain Analysis | % Containment  ~ || - N e e P P Serializable. P P P .
-3 Technical Design ' Dependency : : : : : : :
- [ MagicLibrary
T, =) I Shape || .. .. T T T T T T T T
domain.Item r.nage =5 ) . . . .
|| domain,item. attribute Diagram Overview : : : :
= e P - User T . S T N . T G ..
i || MagicLibrary DB " Class Diagram
H Analysis and Design Class -
[t} Code Level
BB File Yiew —o Interface Profile Address User
+gethddress() : Address -country : String -userhame : String{reacdOnly } 5
B[} JOK 5.0 C_|55595 [ Package - +getBirthday() : Date —region : String -password : String S
[ UML Profile For Java ! Generalization + +getEmail() : String -city : String =
{8 Cade engineering sets . +getiD() : Long -postCode : String +getliserName() : String{cus
/' Assaciation e +getLastMame() : String -address1 : Address +getPassword() : String{query}
{ A i - +getPhone() : String _address2 : String +setPassword( newPassword : String )
oareganan +eetAddress( address © Address ) +User( userName : String, password : String )
/Compostﬁon hd +setBirthday( bithday : Date )
+setEmaili email : String )
A Interface R... = +setLasthame( lasthlame : String )
/—S Usage - +setPhonel phol?? String )
,l-‘: Abstraction b
2+ Collaboration T
[=] Instance
/{ Link R
[£25) Use Case Diagram
i Implementation ... Ci Profile LibrarianProfile Librarian Administrator
= - +setFaculty( faculty : String ) +setDuties( duties : String ) +taString() : String{guery +aString() : Stringlouery ;
Composite Struct... +getFacutty() : String +getDuties() : String -profile +setProfile] profile : LibrarianProfile )
@ Information Flows +getEnteredFaculty() +setStartedWorking( startecdiWorking : Date ) |4 1 +getProfile() : LibrarianProfile
L . . +getSubscriptionDate() | Date +getStartedWorking() : Date
< " | » B3 Profilng Mechanism +oString() : String{auery ;
-~ -profile (1
5% Zoom | B Doc.. Proper.. Customer
Zoom 2 & X -status . int=0
+STATUS NORMAL : int = O{readCnly}
— 1
+setStatus( status : Integer )
+getStatus() : Integer{guery }
+setProfile( profile : CustomerProfi
- +getProfile() : CustomerProfile{query
4 m +
I

Mo symbol at (15, 80 )
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AUTOSAR: Vector DaVinci Developer

B Vector DaVinci Developer - SBR_Demo.dev - [ECU Project DashboardUnit - Software Design]
'@Eile Edit View Options Window Help
PNEHR BB X | EE A S 75%] v, @ =4 | 2 Eoas 4B 2b e 3
| Workspace & - | |2 B EQU_Composition 0E::
|ECU Projects 53 BeltSensor: ctBeltSensor B‘g :
= B3 DashboardUnit =43 LightContral::CO_LightContral = |
[3 Software Design 53 AP_Dimmer::AP_Dimmer ]
~~ Data Mapping | 51 AP_DoorContacts::AP_DOOIC( | g5 oy
Q> End-to-End Protection 53 LightStatDisp_Ctrl::LightStatDisp_ E
+ &3 Odo_Ctrl::Odo_Ctrl :
53 sa_Date_Time::S&_Date_Time | B0
53 saA_Door_Left::SA_Door_Left
53 sa_Door_Right::Sa_Door_Right
Toray 59 s&_GearDisp::SA_GearDisp
53 sa_light::SA_Light g 3
A 57 SA_LightStatDisp::SA_LightStat.. : $A_Door_Lett... | & ugntcontror::co_ughtcontron
# B Application Component Types 3 SA&_Odo::SA_Odo
# @ Service Component Types 53 Sa_Odo_Reset::SA_Odo_Reset :
= el Data Types 53 Sa_Switch::SA_Switch " [ *acoor_mnt.
@ Application Data Types = 53 SBR_ErrorHandling::SBR_ErrorHar 1
[+ wee Implementation Data Types 53 SBR_Logic::SBR_Logic
[+ ee Base Types 51 WamningIndicatorDisplay::Warning
@-[°¢] Units
& & Compu Methods
@i Data Constraints =
@ T Constants SA S0
@ %2 Mode Declaration Groups
= B~ Application Port Interfaces
D~ DimmLight
O= DnnrOnen e
< —L_—__ L3
Types | Packages | B < [
] < i ’ <4 > \sheet1 [
): Port Prototype Port Interface Direction  Type 5°) 1D Message
& KEY /Portinterface/KEY RPot  sender/receiver - & 1000 No findings, check successfull
SeatBeltFasten /Portinterface/SeatBeltFasten R-Port sendes/receiver o
SeatBelFastenError  /Portinteiface/SeatBeltF astenError  P-Port sender/receiver 2
SeatBellcon fPortinterface/SeatBelticon P-Port sender/receiver )
| .. | Speed /Portinterface/Speed R-Port sender/ieceiver i
2
[ f——— i 2
& Properties  Port Prototypes Description I 3 Action Log Messages | Find Results
Ready

NUM
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Matlab Simulink

suspension_sys_simscape

File Edit Debug Distributed Desktop

NA | sRBI2¢ By

File Edit Miew Simulation Format Tools Help

[ =

D@H&| $BR (e 4|52 = oo £ pREBE®
Shortcuts [#] How to Add  [#] What's New [#]
Current Directory e 0 2 x [Wol L
®= = Cﬂ i X sz Mechanical x
IEieea Translational
U Referencel
I suspension_sys_MATLAB
= 5 Ideal Translational
@suspensmn_sys_SImscap Salver Mation Sensar
. . . Configuration - —
&) suspension_sys_ Simulink. AV
& s T Ideal Force Source }_||:|4— Rl (PSS
) suspensiondata.mat P Bl =
) PS-Simulink
Mse Converter i
S il
a S(i:mu“nl:t'PS _P Dizplacement fyellowi)
e PS-Simulink Melpabarele)
Converterl

j bse

I

i

@
SR

g

<
Ideal Translational .
C d History }_":} eal Translationa

Motom SemsoTl =-Simulink

5%-- 1/21/08 12:16 PM s el ST q -
: ..... P D—I—B =
s s Drisplacement fyellow
oe IeE J T Welosity (purple)d
C rters
“help legend - % M Snyetter
mime AEZA0E 9hEY AN
=% ILAZE/08 9E33 AM I
=G 1422408 5Hes9 BM
-4~ 1/22/08 6:05 BM | M Foton Saneoe S 1 -
S el 5:5Z2 BM s "'\j\){;'\ onverterd I
u T Ea Dizplacement (yellow)
= —_— 1/ 23/ 0g 10=48 BM P I>—| Welosity (purplelz
Lol Kt %
PS-Simulink
yer Converters
clc Mechanical
lational
< e

Metamodeling and Domain Specific Modeling




TIBCO Business Stud

2 Design - Persister_jdbc_mysql/Processes/persistersample/Process.bwp - TIBCO ActiveMatrix BusinessWorks - D:\bw5\bw6

[EE=]

File Edit Diagram Navigate Search Project Run Window Help
-~ = & a| £ & N - 3:5_ i v (5 g q ~® &5~ B [ T | ST v v =) =
[Segoeul vlg v]B I | AvSH~ I~ —)v} | B v D%v‘”:_,\-v| | = «| 100% v Quick Access g|
[ Project Explorer 52 = B |83 Processbwp 2 = 8
= \':’ G v — = 4 | 2% Palette >
P
, @ Pessister jdbic_mysal persistersample.Process ,[: @ 0 W i
> % Persister_jdbc_mysql.application y - Ll i i 1
O | Recently Used £
™) - :
- Favorite Palettes
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O ) = Palette Library ‘ Palettes
» ) . 4
. it < B
[ ] LoadActionProcess NS o =
J | ctiveSpaces asic ile
I Prolect Explorer. . .‘.l ‘V» Activities
= > L [ -
| 3 ﬁ‘_’t 1 ® il SOtk
PersitterReceiver WriteActionProcess Persiterffesponse FTL FTP General
2 Activities
e o 2
AlterActionProcess
. HTTP JAVA JDBC
o Process Editor
— - &3 & =~ |
] Fil... 23 8 CloseActionPiocess IMS Mail Parse
& EEda ¥ ) b =
4 (= C:\Program Files\tibco\bw6\bw\6.3\samples (e )] e 7 R e
(> binding 3 I il | 1CARI =z
* L:_:b bwo [T Properties 52 Problems (2) Reference - online “onsole Ml eG® Y= 0
& core
(= palette ’#* PersisterReceiver (PersisterReceiver)
& plugins [
b & policy General Name: PersisterReceiver
S zz‘:::o Description | Space Connection: fE@spaceConnectionProperty - persistersample.Metaspace/Space/Sg
= : 2
7dvancedm | Time to Wait for Response: 60000
Conversations
File Explorer Output |
Fautt | Properties

< n
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DSM 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

" WebGME, Kermeta Academia
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MetaEdit+
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Eclipse Sirius

t,,r Viewpaint - platform:!rﬁourcefurg.ubenmtwoﬂnsanﬂemboﬂWmairdﬂopogmphy diagram - Obeo Design

File Edit Diagram [Navigate Search Project Run
£ - G B0 Qv P
|| B Model Explorer 23 =] <}==(> ¥ =08

type filter text

> :;91 flow.design
. 2 org.eclipse.sirius.sample.basicfamily
> =2 org.eclipse.sirius.sample.basicfamily. edit
. =2 org.eclipse.sirius.sample.basicfamily.editor
4 12 org.obeonetwork.sample.robot
=i, Project Dependencies
> representations.aird
a @ Robot.flow
a 1Y System

&, Topography diagram
B Flow matrix
ER Processors table
4 @ Composite Processor Robot Central Un
> @2 Processor DSP
» @ Processor Motion Engine
€§§ Fan active
4 Power Input
4 @ Composite Processor Captor Unit
» @ Processor Camera Capture
a4 @ Processor Laser Capture
= Data Flow standard
> g Data Source Front Camera
» g Data Source Back Camera
€§§ Fan active
4 - DataSource Laser
> Data Flow standard
> po Data Source Wifi

3

|
il

1| 1

5% Outline 52

v g

EGYETEM 1

Window Help
S e v

- -

5t Topography diagram 3

UDVE-.—V|

B N2 X%BI A-E|H I H |

@ Captor Unit

5

%

p| Front Camera: 4

¥ Robot Central Unit
8

s ( Vmwgont) ' M
=0

L2 Palette I

= Creation Tools o
#3¥ Composite Processor
@ Processor
p® State Processor

p| Data Source

45 bC“) Camera Capture: 4 B@ Motion Engine : 9
> Flow
4/2 /6
| Back Camera: 4
5/6
0/10
/6 !
ol Wifi: 4
. a4 Bl
. Laser:&
= ¢ Laser Capture: & g8 DsP: 4
4 ¥
FH Processors table &3 B Flow matrix &2
capacity consumption load status usage g# DSP @ MotionEngine @ Camera Capture  *
=% DSP 4 o 4 nactive RSlEmoan &2 DsP X
& Motion Engine 9 90 9 active | standard & Motion Engine i
#® Camera Capture 4 40 8 active 52 Camera Capture X
& Laser Capture [ 60 [ active | standard & Laser Capture X
w. Front Camera X
o Rark Camera X =
4 [0 | +
El Properties 52 % Plug-ins ] :{=:€> ¥ =0
+® Processor Laser Capture
Semantic Property Value Sl i
Style 4 Processor Laser Capture gl =
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ppearance Consumption 60 M
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= Data Flow standard
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Xtext

| NN )  Java - my-home/src/Home.rules - Eclipse SDK
- N O QG ® Bl O 4 I. | E | &lvava
% PackageEx & ~— O |2 Home.rules 5% — O = oOutline 53 = O
= & v 1 Device Window can be OPEN, SHUT & laz
et - . . =
Vl-:?‘“my-home h Device Heating can be ON, OFF v = Home
v Bsrc Rule 'Close Window, when heating turned on' > I=Window
= Home.rules 5 when Heating.ON b I=Heating
» =, JRE System Library | 6 then Window.SHUT = Close Window, when
b (-src-gen ' 1= Switch off heating, w
= 9 Rule 'Switch off heating, when windows gets opened’ 9

when Window.OPEN
18 then Heating.OFF

'=OFF - Heating.OFF  State OFF
'=0N - Heating.ON

'=0PEN - Window.OPEN

I=SHUT - Window.SHUT

Press 'F2' for focus

Problems Javadoc Declaration Search [E Console 2 = 0O

No consoles to display at this time.

Writable Insert 10:8
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EXPLORER etwork things Hevices.rules devices.items [ speedtest.

F OPEN EDITORS

b OPENHAB-CONF

4 OPENHAE ITEMS
b AirQuality
ol restSummary .state == NULL || Sp

Astro SpeedtestSummary . postUpdate("brak dany:

Cameras

Car

Devices

gPresent

Mest :

Recuperator "g.@ * ¥ k" gp

Sensors SpeedtestRerun received command ON

Speedtest
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Microsoft DSL Tools

@ JelleDruyts BuildCop - Microsoft Visual Studio <o) GO S
| File £dit View Project Buid Debug Data Tools Test Apahyze Popfly Window Help
Y ERRE RS I RS G SR LI P Debug « Any CPU - @ - |3
Wi % @038 37 . Lsis 25 om | o
]Toolbcn v 3 Xx BuildCop.csd v X |Configuration Section Bxplorer  » 3 x
|| 5 Configuration Section Design... =7 (9] Configuraticn Section Model
‘ Rk Pointer % [ Configuration Elements
A Configuration Section e sy ) 5 3 Type Definttions
Configuration Element ey % BW';"'
Semrty v
3 Configuration Element Collec... * S $ OateTime
s Collection tem T | v3 Double
vo Collection tem Type E “g Int32
ol ~—— g tntd
2 |= Loglevel
There ace no usable controls in i - w3 Single
this group. Drag an #tem onto : Josons J A? Strin
this text to add it 1o the toclbox. - 9
V% TimeSpan
gy ' " "l EPSolo | Con... [ Tea. 530l
= e i Properties v 3 X
(b ey Vrmsiaghond — BuildCop Microsoft Samples DelTools.Ce »
Bal0)
[ ..l ™ -
= S et Namespace JelleDruyts. BuildCop.C
- el 8 Tempbtes
Amreriey i Auto Transform 1 True
Oerena i a ol
Xml Schema Nan http//schemas.jelled
Auto Transform Templstes
= | Determines if 2l text templates in the
‘ n ' current solution are automatically transf..

B Errockist: ) Output 5] Find Results 11 38 Find Symbol Results } Pending Changes 1] Test Results
Ready

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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WebGME

SignalFlowSystem @ master
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+ CONSTRAINTS 14 FET Displz
T +  KSPECTS | = Ry
Graph view ) & Flow
I 2 Flow

|
| PRIMITIVE T} courounn & & Flow
Composition | - . L=l
14 ATTRIBUTES + ATTRIBUTES FLow & =] &
| 1 a

+ CONSTRAINTS

8 | g -
e e st BTN A + ATIRIBUTES | g - f+ ATTRIBUTES
| A . 0.0 |+ CONSTRAINTS | 5'C =+ CONSTRAINTS
+ ASPECTS Farzmatern 3 + ASPECTS | =t +  ASPECTS -
Set membership | i SF: 3 7 & Flow
| P
Crosscut - 3 Flow
- PARRMFLOW §F [T . - ouTPuT G} & Flow
Graph v + ATIRIBUTES [ 0.° + ATTRIBUTES + ATTRIBUTES *) Gain
F + CONTTRAINTS + COMSTRAINTS + CONSTRAINTS 14 Gain
v aspEcTE + ASPECTS + ASPECTS 5! TFFreq
T 14 Local Oscillator
{4l LowPass Filter
E < > A Parameter  SF PROPERTY EL
. FM RECEIVER GUID c1a0c536-7834-2eb...
INPUT [ —— D [GA7825457
USRP SOURCE » Atirbutes
o a. =
ouTPUT ‘ e e T name ® FM Receive
>4 RF [ 4in Outlp=—= - META.
PRIMITIVE Lo _E T
Aheh
LOCAL OSCILLATOR = = ct NO
J'\,_ Lo}
isPort NO
~ Pointers
base Compound (-2-14) (&
WEFH DEMOD GAIN SFEAKERS « Preferences
IF Audio In Out Audio
-_E u DisplayFormat Sname
PortSWGicon

SV Glcon Compound.svg

decorator ModelDes

EXITT) (Wsvic) [CONNECTED

Metamodeling and Domain Specific Modeling




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

Metamodeling and Domain Specific Modeling



ECLIPSE MODELING FRAMEWORK

Metamodeling and Domain Specific Modeling



What does EMF provide?

= EMF = Eclipse Modeling Framework

o Reflective Metamodeling Core
(Ecore = MOF 2.0)

o Support for Domain Specific Languages

o Editing Support
(Notification, Undo, Commands)

o Basic Editor Support
o XMI Serialization, DB Persistence
o Eclipse Integration

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem

Méréstechnika és Informacios Rendszerek Tanszék



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

{ Acceleo, ATL,
EMF Store, CDO, Epsilon,

modeling
core

VIATRA,
QVT, Xtend, ...

4
Process & —~
View
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EMF model structure

= Containment hierarchy

ResourceSet

EObject Root object
(typically single)

EObject Objects with
attributes

Containment
reference

Resource (typically file)

EObject EObject

EObject
Cross-reference

Metamodeling and Domain Specific Modeling




ECORE METAMODELLING
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Core Ecore constructs

eSuperTypes 0.”

EClass

EDataType

name[1]: EString

eDataTy'peT 1

EAttribute

ﬂ"'k

name[1]: EString

—
eAttributes

name[1]: EString
lowerBound: int=0
upperBound int = 1

ﬂ"'k

EReference

>

1 eReferenceType

eReferences

name[1]: EString
containment[1]: boolean = false
lowerBound[0..1]: int=0
upperBound[0..1]: int = 1

0..1

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem

Méréstechnika és Informacios Rendszerek Tanszék
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Core Ecore constructs

Class with arbitrary num. of
superclasses
associations ELELI L

attributes name[1]: EString
eDataTy'peT 1

EAttribute Typed

eSuperTypes 0. . .
0..* lﬂamegli EdStrlrég ; Attribute
EClass owerBound: int =
> = C e
. upperBound int = 1
name[1]: EString eAttributes PP

0. EReference

ht
eReferences|name[1]: EString

containment[1]: boolean = false | 0..1
1 eReferenceType lowerBound[0..1]: int =0
upperBound[0..1]: int = 1

eOpposite

Unidirectional (binary) relation (Association)
* typed
optional inverse end
Budapesti Miiszaki és Gazdassgtudomanyi Egyetem multiplicities ‘M%
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Complete Ecore hiearchy

EObject
EModelElement
EFactory ENMNamedElement EAnnotation
EPackage EClassifier EEnumLiteral E TypedElement
EClass EDataType EStructuraiFeature ECperation EParameter
% | |
EEnum EAttribute EReference

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Complete Ecore hiearchy

Aside:
Abstract EClass deep_subtypes(2) EObject
Class EObject = every EClass instance implicitly subtypes EObject
= every instance of every instance of EClass
4\'\‘ implicitly instantiates EObject
EModelElement
)
| |
EFactory ENMNamedElement EAnnotation MEthOdS CO““ECtEd
[P‘ to the EClasses
EPackage EClassifier EEnumLiteral E TypedElement
A A\
EClass EDataType EStructuraiFeature EOC perati:::-n EParameter
EMF-based % | |
EEnum EAttribute EReference Pa rameter for

Enums

the EOperation

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The Classical EMF/Ecore Waterfall

Design domain metamodel
(Questionnaire.ecore)

Specify derived features & constraints
(OCL, Epsilon, Viatra Query, Java)

Generate tooling

(Questionnaire.genmodel)

Edit instance models
(Form1.questionnaire)

Validate instance models

Metamodeling and Domain Specific Modeling




TOOLS, API AND UTILITIES
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Basic EMF tools

= Validation
o Validate constraints over EMF models

= Query
o High-level query language for EMF
o See also: Viatra Query ©

= Compare
o To structurally compare EMF models (e.g., versioning)

= Teneo
o Persistency layer over relation databases

= SDO

o Service Oriented Architecture based on EMF

= CDO

o distributed, client-server EMF models

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Ecore Tools: Ecore Diagram Editor

= Graphical DSL to define EMF metamodels
o Based on GMF

%:'| Defaulthlame E::é']

¢ 5F Palette

[GEas-

# Library

(=~ Objects
fi# EPackage
[ Eclass
B EDataType
2 EEnum

i EAnnotation

H Writer

author

books

H Book

o name @ EString

writers

<<enumeration=>

o title : EString
o pages : Elnt

o category : BookCategory

## EOperation ¥ BookCategory H Library
o EAttribute = Biography = name : EString
) = Mystery
= EE Literal
rHmHtEra — ScienceFiction
&= Details Entry
[= Connections 40
=+ EReference
"1: Inheritance

== EAnnotation link

Metamodeling and Domain Specific Modeling
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GMF

= DSL to define graphical concrete syntax

8eoe

Resource - test.mindmap_diagram - Eclipse SDK

=i Jdnr Qur | A

] Tahoma

e

100% B

| x B

&
Ty 0Z v i
|...Y ov ig”

= 5 (D

5. Navigator &2
|ES ~

4 — Palette — b"""'

P |-

- = mindmap ;
'+, Zoom

= Note mine

Attachme... :
[~ mindmap # n
5z Topic .
Thread N

4 Thread Item
o7 Resource ~
== Links *
#2d Subtapic

‘,’l Dependency

‘,’l Includes

/™ Extends N

- 1
| ¢ 52 Anather SubSubtopic

A Discussion Thread

| A Discussion Thread Item...

584 A Third Subtapic

T—— Another Discussion Thread

e’

-~

= Geometric 5| ’

El properties &3

Displa
Appearance | Py

gshow Ruler

oF outline 2

[Rulers & Grid
Advanced

") show Grid

Measurement
Ruler Units Inches i J

0.125

"] Grid In Front

Grid Line

Color

GCrid Spacing

E Snap To Grid
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Sirius

= DSL to define workbench incl. graphical concrete syntax

#) Safety Archi

- - - e . — —
Fle Edit Diagram Globalanalysis Report Tools Window Help
~ 2 Resource - pl ree/my_mod p i ird/di Diag
(g '] /I 2 - N -
i . Typefilter text & Recovery Bxample # Fle Edt Diagram Navigate Search Project Run Window Help
=5 - o -
[ Project Explor 52 o Recovery.sa @ Recovery fearedevents £ Recovery & [Recovery] 52 i B vl . . o. .
BG |G- E SR = glElQQ | =
& project tree 52 = B [ Dashboard | & diagramme Diagrammes d'Architecture Technique 53

% Recovery Example
[5] Recovery.aird
@ Recoveryfearedevents Ttis a data link.

« Recovery.sa t joins an output port of block

to an input pert of block or contain

| Sensor

Internal Failure

5= Outline 2

Itis an input port.

<

[ Properties | @ Infolog | (& Dashboard &1

Blocks Scope
4 @@ Recovery
4 [ Recovery
Voter Internal R
Standby Internal &
) Primary Internal ok
) Sensor Internal ik
L
—

o —

- ————

‘

Internal

D Exigences LA |
b Dﬁasmns
b DEx.gencesPruuun
DTragabilﬂa
b .Usage
Y b . Fonctionnel
b .Lug\ma\
a D nfrastructure

a Diagrammes d'Architecture Technique

ore

& MyRoute Route Diagram 22

oo

D%~ m2| §

NormalizeClients

M
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=== Normalize_Filter
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L

== Filtar_Check

=== Gatewayln_Nprmalize
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MyLivebox
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=== Splitter_Router ’
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Mylivebox

Quic

| B3
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m

»
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e

il

Main switch

s [T

"

ClientSplitter r
| B

u Tragabilté 5 ‘
> | mE—n
= [ Properties 52
[] MyLivebox
Appearance | Property
Semantic 4 Component MyLivebox
Sty Description
e Name
Read On
Type
T Write On
—+u ClientDetailsService

T

Value

Network entry poi
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% Component Main

LiveBox
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Xtext

= Textual DSL for defining metamodel + textual syntax
= Context-free grammar!

800 Java - g\atl:ingstzu'tm:l,ar my.entity - Eclipse SDK = |
" Generates: - T
enera eS. JrﬁY EJ%YﬁY%YJ@&?@YJ@{jYJ%IYGIY = = ﬁgyja\ra
rtg Package &3 =g m ﬁ i =0 (-EE Outline &8 Gj& J,az =08
O Metal | IOdE| = type String v = Model
_ type Bool I= string
b = gettingstarted -
P entity Session { - BDDI_
O a rse r property Title: String ¥ U= Session
property IsTutorial : Bool I= Title
. } I= |sTutorial
o Editor features , v 12 Confeence
entity Conference { -
. I= Name
property Nome : String _
property Attendees : Person[] = Attendees
property Speakers : §| '= Speakers
1 I= Session
= Speak
entity Person { = peaker
property Name : Strin 'S String
} =10
=3
entity Speaker extends
property Sessions : 5
H
4
= . .
L Writabl | t | L:
J ritable nser J y
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OCL —
The Object Constraint Language

Gabor Bergmann, Akos Horvath, Daniel
Varro, Istvan Rath, Istvan Majzik and
Gergely Pintér
Model Driven Software Development
Lecture 3

Budapest University of Technology and Economics

Department of Measurement and Information Systems



OCL Motivation

How to capture restrictions / constraints of domain classes?




Motivation

= Graphical modeling languages are generally not able to
describe all facets of a problem description
= MOF, UML, ER, ...

= Special constraints are often (if at all) added to the
diagrams in natural language
= Often ambiguous
= Cannot be validated automatically
= No automatic code generation

= Constraint definition also crucial in the definition of new
modeling languages (DSLS).

Marco Brambilla, Jordi Cabot, Manuel Wimmer. :

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Motivation

- Example 1
Employee T~ _—
age: Integer | Pleas
/ | un ged
/// / I
///
age > 15 J
el:Employee e2:Employee e3:Employee
age =19 v age=31 ¢ alter = 11 X

Additional question: How do | get all Employees younger than 30 years old?

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Motivation

Formal specification languages are the solution
Mostly based on set theory or predicate logic
Requires good mathematical understanding
Mostly used in the academic area, but hardly used in the industry
Hard to learn and hard to apply
Problems when to be used in big systems

Object Constraint Language (OCL): Combination of
modeling language and formal specification language
Formal, precise, unique
Intuitive syntax is key to large group of users
No programming language (no algorithms, no technological APls, ...)
Tool support: parser, constraint checker, codegeneration,...



OCL usage

= Constraints in UML-models
= Invariants for classes, interfaces, stereotypes, ...
= Pre- and postconditions for operations
= Guards for messages and state transition
= Specification of messages and signals
= Calculation of derived attributes and association ends

= Constraints in meta models
= |nvariants for Meta model classes
= Rules for the definition of well-formedness of meta model

= Query language for models
= In analogy to SQL for DBMS, XPath and XQuery for XML
= Used in transformation languages

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

: OCL field of application

Invariants context Cinv: |
= Pre-/Postconditions context C:.op(): T
pre: P post: Q
= Query operations context C:.op() : T body: e
= Initial values context C::;p: Tinit: e
- Derived attributes context C::;p : T derive: e
= Attribute/operation definition contextCdef:p:T=¢e

= Caution: Side effects are not allowed!
= Operation C::getAtt : String body: att allowed in OCL

= Operation C::setAtt(arg) : T body: att = arg hot allowed in
OCL

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

= Field of application of OCL in model driven engineering

.....................................

Constraint language

Language definition (meta models) —
well-formedness of meta models

Invariants
Formal definition of software
systems (models)
Invariants Query language
Pre-/Post-conditions Model transformations
4 Code generation
~~~~~ Queries

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

OCL-Types
OCL-
Expressions
Standard
OCL

Queries

]

Usage of OCL in other
languages

Constraints

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

How does OCL work?

Constraints are defined on the modeling level
= Basis: Classes and their properties
Information of the object graph are queried
= Represents system status, also called snapshot
Anaology to XML query languages
= XPath/XQuery query XML-documents
= Scripts are based on XML-schema information

- Examples
Model
: : «defined»
Driverlicense Person Car ASEEE R EEEEEE
age: Integer i
/?\ OCL-Constraint --
«instanceOf» ! context Person !
' inv: self.age > 18 !
Snapshot E
fsl:Driverlicense pl.Person |+ atcar |[€ """
Age=16 X \ «evaluated»
fs2:Driverlicense p2:Person a2:Car
Age =19 \/

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



First OCL Examples




Informal Constraints on Championship

= What are the restrictions?

W O hame is not empty

@ Championship o minParticipants

name : 5tring maxParticipants

minFarticipants : Integer . ..
maxParticipants © Integer o minParticipants

status : ChampStatus o maxParticipants > ©

IN

v
V)

:— ChampStatus

Arnounced
Started
Finished]
Cancelled

o oo O O




First OCL constraints

" Name is not empty

@ Championship context Ciampionship 1=iv:

o name : string self.name <> *
o minParticipants : Integer = Constraints on participants
o maxParticipants  Integer context Championship inv:
o status  ChampStatus self.minParticipants »>=
%)
context Championship inv:
P ET— self.maxParticipants >=
:— ChampStatus 1
5 Announced context Championship inv:
o Started Instanceof self.maxParticipants >=
& Finished the clace self winParticipants
° Cancelled Navigation along

attributes

MUEGYETEM ITEEZ



Informal Constraints on Player

= \What are the restrictions?
o userName is not empty

[ <Entity» | o userName is unique
Player )
ki 0 1800 < birth < 3000
o LserMame o String
o password ; String o password is not empty
o realMame : String _ .
o birth : Integer o age = current_year - birth
o fage : Integer




Informal Constraints on Player

= 1800 < birth < 3000
context Player inv:

n SEl'F.bir‘th >= 18@@ and
© Player self.birth <= 3000 |

o userMame @ String Get all instances into Logical
o password @ String a collection AND

o realMame : String

o hirth : Integer Logical
o fage : Integer : : . v

" Name is unic implication

context Pl.yer inv:

Then pl.userName #

PANCEINIS Universal quantification: For all
objects in the collection




Navigation along roles

Only attributes of an
object can be
compared with a

= Multiplicity 0..1 value
context Championf dp inv:

. self.organizer@girth >
& Championship 1976
1 championships = Mu |t| p| ICIty * (m 3 ny)
* |- organized ampion shi i .
sel TS . D 1976
orghnizes S

participatesIn results in a collection

: the coll. of birth years

1 |- organizer

- plaver
players mi context Championship inv:

* self.players-> ..
(operations on
collections)




Consistency of bidirectional associations

= |f a bidirectional association exists
between two objects then it is
navigable from both directions

*

& Championship

1 championships

- arganized : : .
Collection = Single object

Such an equality is invalid

organizes

participatesIn

context Championship inv:
self.organizer.organized

includes(self)

Tests collection

1 |- organizer

- players mﬁ
& Player

membership: e €Coll




Consistency of bidirectional associations

= |f a bidirectional association exists
between two objects then it is
navigable from both directions

*

& Championship

1 championships

* |- organized Incorrect: constraint is
prescribed for all champs

organizes

context Player inv:
self.organized->forAll(
c | c.organizer & self)

participatesIn

1 |- organizer

- players “Z
Q Player

Quantifiers can only be applied

to collections




Consistency of bidirectional associations

= |f a bidirectional association exists
between two objects then it is
navigable from both directions

context Championship inv:
self.players->forall(

{ championships P | p.championships->

includes(self))

context Player inv:
self.championships->forall(

*

& Championship

* |- organized

organizes

participatesIn C | c.players ->
includes(self))

1 |- organizer

-plavers  VERGEE

O Player |j=—




Consistency of bidirectional associations

= The organizer of the championship
organizes at least one
championship

*

& Championship

1 championships

No player is forced to

organize a champs

context Championship inv:
self.organizer.organized->
size() > ©

organizes
participatesIn

1 |- organizer

- players context Championship inv:
E H self.organizer.organized->
@ Player notEmpty ()




partic

Application specific constraints

*

& Championship

1 championships

patesin

- players

* |- organized

organizes

1 |- organizer

& Player ﬁ

= A playeris allowed to organize

a single active championship at a
time
context Player inv:
self.organized->

forall(cl, c2 | cl<>c2 implies
(cl.status = ChS::closed or

cl.status = ChS::cancelled)
or
(c2.status = ChS::closed or
c2.status = ChS::cancelled))

context Player inv:
self. organlzed >select(c |
c.status = ChS::announced or
c.status = ChS::started)->
size() <=1

Values of an

enumeration




Application specific constraints

= A championship can only be started
when the sufficient number of
participants are present.

) context Championship inv:

E— (self.status =

1 championships ChampStatus: :started or

self.status =

ChampStatus: :finished)

implies

organizes (self.players->size() »>=

self.minParticipants and

1 |- organizer self.players->size() <=

- players W self.maxParticipants)

Q) Player j=—

*

* |- organized

participatesIn




Application specific constraints

= Youth championship: the average
age of participants is below 21.

" W is the collection of
b b the age attributes of players

1 championships

" |-organzed  context Champion:
self.players.age->sum() /
self.players->sizad) < 21
1 |- organizer g

- players can only be applied to a
@ Player collection that contains numbers

organizes

participatesIn




An Overview of OCL Constructs




Types and Boole algebra in OCL

= All OCL expressions are typed

©)

OclAny:

The type that includes all
others. E.g. X, y : OclAny
X =y

x and y are the same object.
X <>y

not (x = vy).
x.oclType()

The type of x.

X.isKindOf ( T )

True if T is a supertype
(transitive) of the type of x.
T.allInstances() :
Collection

All the instances of type T.

= Boolean operators:
o b and b2, b or b2,

b xor b2, not b

If any part of a Boolean expression
fully determines the result, then it
does not matter

if some other parts of that
expression have unknown or
undefined results.

b implies b2

True if b is false or if b is true and
b2 is true.

if b then el else e2
endif

If b is true the result is the value
of el; otherwise, the result is the
value of e2.




Overview of Collection Valued Terms

= Size / aggregation:

o c->size():Integer
Number of elements in the
collection; for a bag or
sequence, duplicates are
counted as separate items.

o c->sum(): Integer
Sum of elements in the
collection. Elements must be
numbers

o c->count(e): Integer
The number of times that e is in

C.
o c->isEmpty():Boolean
Sameas c->size() = 0.

o c->notEmpty(): Boolean
Same asnot c->isEmpty().

= Equality
O C = c2 :Boolean

= Collection membership

o c->includes(e): Boolean;
c->exists ( x | x = e
o c->excludes(e): Boolean;
not c->includes( e ).

o c->includesAll(c2):
Boolean;
czincludes all the elements in
c2.

o c->including(e): Collection
The collection that includes all
of c as well as e.

o c->excluding(e): Collection
The collection that includes all
of c except e.




Overview of Collection Valued Terms

= Existential quantifier:
o c->exists(x | P ):
Boolean;
there is at least one element in

¢, named x, for which predicate
P is true.

o Equivalent notation is:
c->exists(P),
c->exists(x:Type |
P(x))

= Universal quantifier:

o c->forAll(x | P):Boolean;
for every element in ¢, named
X, predicate P is true.

o Equivalent notation is:
c->forAll(P)
c->forAll(x:Type | P)

= Selection:

o c->select(x | P):
Collection
The collection of elements in ¢
for which P is true.

o Equivalentis: c->select(P)
= Filtering:
o c->reject(x | P):
Collection
c->select(x | not P).

o Equivalentis: c->reject(P)
= Collection:

o c->collect(x L E

) : Bag
The bag obtained

y applying E

to each element of ¢, named x.

o c.attribute : Collection
The collection(of type of c)
consisting of the attribute of
each element of c.




Sets, Bags, Sequences

Literals:

Set{ 1, 2, 5, 88 }

Set{ ’apple’, ’orange’,
’strawberry’ }

Sequence{ 1, 3, 45, 2, 3 }

Sequence{ ’ape’, ’nut’ }

Bag{l, 3, 4, 3, 5 }

Sequence{ 1..(5+4) } =

Sequence{ 1.. 9 } =

Sequence{ 1, 2, 3, 4, 5, 6,

7, 8, 9}
Traditional operations are defined
(union, intersection, etc.)

Conversion from Collection:
o c->asSet(): Set

A set corresponding to the
collection (duplicates are
dropped, sequencing is lost).

c->asSequence(): Sequence
A sequence corresponding to
the collection.

c->asBag():Bag
A bag corresponding to the
collection.

Comments:

O -




