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Overview

MDT/OCL team

 Why and When OCL

* Introduction to OCL

« OCL within Eclipse

 OCL Use Cases, coming soon

SAP
e Scaling up OCL at SAP
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Follow Along

http://www.eclipsecon.orqg/summiteurope2010/sessions/?page=sessions&id=1710

links to slides and to zip file comprising, model,edit,editor,diagram projects

* Install MDT/OCL 3.0.1 Examples and Editors

{0/
Available Software |
Chedk the items that you wish to install. J _J
oy
Work with: | Helios - hittp:fidownload. edipse. org/releases helios/ j Add... |

Find mare software by working with the "Available Software Sites” preferences.

QcL

Mame Version

[] 000 General Purpose Tools

= #1000 Modeling
L7 0CL Examples and Editors  3.0.1.R30x_v201008251030-86-7AF9Rn28mFQj3ilZTRInn
1% ocL Extender SDK 3.0.L.R30x_v201008251030-71-28j_C4ZUhGydEdaIEV6Kkpodi

« Import ... Existing Projects from Archive
- ESEExampleTree/model/People1.ecore

 Run nested Eclipse, Import ESEExampleTree

- ESEExampleTree/model/default.people diagram
e’CI ipse Enriching your models with OCL Made available under EPL v1.0 3



http://www.eclipsecon.org/summiteurope2010/sessions/?page=sessions&id=1710
http://www.eclipse.org/modeling/mdt/ocl/docs/publications/ESE2010LongTalk/EnrichingWithOCL.pdf
http://www.eclipse.org/modeling/mdt/ocl/docs/publications/ESE2010LongTalk/ESE2010LongTalkProjects.zip

How Much OCL?

None
* Very simple modeling

« Java augmented modeling

A little
 OCL (and Java) augmented modeling

A lot
 OCL as a powerful formal specification language

- OMG's UML, OCL, QVT, ... specifications

« OCL as the foundation of a transformation language
- MOFM2T (Acceleo), QVT

 OCL as a portable implementation language
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UML State Machines

(# TrafficLight StateMachine

= Operational

= End of Stop = Stop & Failed
aile
& Go = Start of Stop

* Need to specify behavior
 amber when End of Stop or Start of Stop

* transition when signal received/time elapsed
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UML Solutions

UML 1.x Use your favourite programming language
« Ada/Cl/...

 Magically inserted by proprietary code generator

UML 2.x Use a neutral specification language
 The Object Constraint Language

- State machine guards/actions

- Class invariants

- QOperation bodies, pre/post conditions
- Property initial/derived values

Enriching your models with OCL Made available under EPL v1.0 6




Simple Meta-Modeling

<<enumeration>= E Universe Graphics
2 Gender e Box
- MALE |
- Class, enumeration
- FEMALE
people |0.*  Compartment
£l Person ~ Property, operation
= gender : Gender e Line
= name : E5tring o
@ child(EString) : Person ~ Association
children TD--* parents T 0.2 * Decoration

- Composition, navigability

Text

Example Family Tree Meta-Model
Ecore Diagram
(similar to UML Class Diagram) « Multiplicity

Enriching your models with OCL

« Name, type, stereotype
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Richer Meta-Modelling

<<enumeration>>
2 Gender
- MALE
- FEMALE

= Universe

people ID..*

= Person

= gender : Gender
= name : EString

* Implicit constraints
 Up to 2 parents

« MALE/FEMALE gender

 Arbitrary constraints
At least 5 characters in name

« 1 MALE, 1 FEMALE parent
e Self is not an ancestor of self

childrenTD..* 0.2 T parents

Enriching your models with OCL Made available under EPL v1.0 8




Example Family Tree Model

Uranus Gaes
Cronos Rhea Hyperion Oceanus
Hestia Poseidon Jeus Hades Demeter
Semele
Electra
Danae Hera
Maia
Perseus Hephaestus Ares Dionysus Dardanus Hermes
Eros

Simple GMF Diagram Editor
ESEExampleTree/model/default.people diagram

Enriching your models with OCL Made available under EPL v1.0 9




Simple Query Evaluation

r[]deﬁﬂtpeqﬂ&;ﬁxran:ﬁ

EE"\.-"

Lronos Hhea

Hyperion Lceanus

Foseidon Clemeter

Hades

Semele

Hera Electra

nae

Ferseus Hephaestus Ares Dardanus

Dicnysus

Kl

El console 3
=

Interactive OCL

fif Ecore ~ M2 -

ENEREE AReg =

Evaluating:
children

Besnlt=:

Person Hephaestus
Ferszon Ares
Perzon Dionvyvsus
Ferzon Perseus
FPerson Hermes
Person Dardanus

<

children

Window->Show View->Other...
Console: New: Interactive OCL

Console

1 Java Stack Trace Console
[ 2 Host 05Gi Console
EY3cvs

4 Mew Console View

Select Zeus as the Model Context (in any model ed|tor)
Type children then carriage return

e:clipse

Enriching your models with OCL

Made available under EPL v1.0

November 2 - 4, 2010
Ludwigsburg, Germany

10




OCL Principles

* Natural/Formal Language compromise
- natural language error prone
- formal language unapproachable to many

» Specification (not Programming) Language
- declarative, modeling language
- side effect free, no model changes, atomic execution
- strongly typed, using UML generalization

Enriching your models with OCL Made available under EPL v1.0 11




OCL Obiject Types

* Primitive Types ‘ 5 odAny ‘
- Boolean, String

- Real, Integer, UnlimitedNatural S rea
« unlimited; no float/double etc distinction
t  'AllClasses ‘ H Boolean ‘ H String ‘ B Iﬁeger

 Bottom Types R I K ¥

- OclVoid: any value can be null ‘g rimiedisture

— Ocllnvalid: any value can be invalid b
. TOp Type ‘ H OclVoid ‘

- OclAny: every OCL and user type

‘ H oclinvalid ‘

conform to OclAny type.

E:F' ipse Enriching your models with OCL Made available under EPL v1.0 12



Mathematical Operators

Infix: + - %/
and, or, xor, implies
= <> < > <= >= nb =, <>
Prefix: not, -
4.0 * -5
lal + lbl
Operators: mod, div, max, min, ...
4 . max(5)

Enriching your models with OCL Made available under EPL v1.0 13




OCL Expressions

<<gnumeration==
 |[f EXpressions ® Gender
if gender = Gender: :MALE - MALE
= FEMALE
then 'he'
else 'she' H Person
endif = gender : Gender

= name : EString
@ child(Estnng) : Person

children T[]__* parents T 0.2

* Let Expressions

let jack : Person = child('Jack'),
jJjill : Person = child('Jill')
in jack <> null and jill <> null

Enriching your models with OCL Made available under EPL v1.0 14




More Complex Query

r@ default people_diagram &3 = 7 rE Consale 23 =
:I{:] Interactive OCL =
Cronos Rhea #Eoe -M2 - 5 O] ¢ 8|2 B -7 -
Evalnating: [
let zero : Integer = 0 in
if self.children->»>=ize () > zZero

then =self.children->collect (name)

ﬂ: " T else Sequence{'No children'}
Ha ; oseidon | feus endif
- - - Eesnlts: (.
'"No children' -
[ [
Hera
Danae let zero : Integer = 0in

if self children-x=size() > zero
then self children->collectiname)
elze Sequence{No children'}

o | s =

Selecting Poseidon defines the implicit context variable
self : Person = Poseidon

e:C' ipse Enriching your models with OCL Made available under EPL v1.0 15




Object Navigation

= Person

= gender : Gender
= name : EString

@ child(EStnng) - Person

Properties children | 0. * parents 102

e self.name orjust name
(cf. this.getName () or getName())

Operations

e self.child('John') orjust child('John')
(cf. this.child('John') or child('John'))

Enriching your models with OCL Made available under EPL v1.0 16




The OCLinEcore Editor

r’,_, Peoplel.ecore 7 =8 {EE Outline 73 o & A Y= =l
_ import ecore : ‘'http: Fiwvww.eclipse. org/emE/ 2002/ Ecored/ "; ;I =B OCL in Ecore document
----- ? ::, ecore |
~ package people : tree = 'http://www.eclipse.org/examples/tree’ =- people
. | e = Gender
- enum Gender =l E Person
{ ----- =+ children : Person[*]
MALE: ----- =+ parents : Person[0..2]
FEMALE; ----- = gender : Gender
} ----- O name : String
= class Ferson El---{E_} <invariant> AtLeastFiveletters
{ i) »=
invariant AtLeastFivelLetters: name.sizge() »= 5; -"[{E‘-] . SizE
property childrenf¥parsents : Person[*]: - [.1'1] 5
property parentsfchildren : Person[0..2]: - H Universe
attribnte gender : Gender[l]:
attribnte name : String[l]:
Mew b
= clazs=s Tniverse
{ Open F3
property people : Person[*] { composes };
} Show In Alt+shift+w »
« | = Copy Ctrl+C

e B OCLinEcore (Ecore) Editor
Select model/People1.ecore & Sample Ecore Model Editor

Open Wlth L OCL| N ECO re @Sampﬂe Reflective Ecore Model Editor

|| Text Editor
SEIRERN ¢ iching your models with OCL Made available under EPL v1.0 17




Example Validation Failure

.
.| Peoplel.ecore r@ People1.xmi 7 & validation Problems x|
= k&l platform: fresource [ESEExampleTree /model People .

: EI*.‘,“=- I.-*" % Problems encountered during validation
------ <+ Person Zeus Tl Reason:
-4 Person Hera Mew Child Diagnosis of Universe
- 4 Person Hephaes
------ <+ Person Ares rda
- 4 Person Eros Fedo
-4 Person Cronos Ok < < Details I
- 4 Person Rhea Lk
"""" 4 Person Uranus -~ Copy - 3 The 'AtLeastFiveletters' constraint is violated on 'Person Zeus'
"""" i Person '3-3'3-? Paste - 3 The 'AtLeastFiveletters' constraint is violated on 'Person Hera'
e EEFSDH Eest..z ------ 3 The 'AtLeastFiveletters' constraint is violated on 'Person Ares'
------ erson Poseidor
______ & PersonHades | 9% Dielete -3 The 'AtLeastFiveletters' constraint is violated on 'Person Eros'
N s 3 The 'AtLeastFiveletters' constraint is violated on 'Person Rhea'
------ <+ Person Demeter validate
4 Person Hyperin:ur ------ 3 The 'AtleastFiveletters' constraint is violated on 'Person Gaea'
...... 4= Person Oceanus 8 | ] - 3 The 'AtLeastFiveletters' constraint is violated on 'Person Maia'
------ <+ Person Semele

; - _. Ez} Show OCL Console

0 Run As k|

Open model/People1.xmi with Sample Reflective Ecore Editor
Select Universe, Right button menu, Validate
.

Enriching your models with OCL
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Multiplicities and Collections

= Person
. e g e = gender : Gender
- children : Person[*] {ordered,unique} [ @ chid(Estnng) - Person
- parents : Person[0..2] {unique}  chidren |U--” parents ‘ 0.2

« multiplicities are specification concepts; not objects

Implementations (e.g. Ecore) reify multiplicities
— getChildren() returns a UniqueEList<Person>
* 'many’ properties have extra implementation objects

- getName() setName(newName)
- getChildren().get(2) getChildren().add(newChild)

OCL needs more than just UML multiplicities

Enriching your models with OCL Made available under EPL v1.0 19




OCL 2.0 Collections

Typed Collections partially reify multiplicities
- Collection(T)  Unordered  Ordered
- Non-Unique
~ Unique

Bag(T) Sequence(T)
Set(T) OrderedSet(T)

Collections are different to objects

Navigation from a Collection uses ->
— [Navigation from an Object (OclAny) uses .]

Collections have type parameters
Collections have useful operations
Collections have very useful iterations

T
Enriching your models with OCL Made available under EPL v1.0 20




Example Collection Operations

Collection::size() self.children->size ()
get
Sequence::at(Integer) self.children->at (1)
- nb 1 is the first index, size () is the last
‘add’
Collection(T)::including(T) : Collection(T)
- returns a new collection with added content

'‘contains’
Collection(T)::includes(T) : Boolean
- tests existing content

Enriching your models with OCL Made available under EPL v1.0 21




Collection::select iteration

 Children

self.children

e Sons

self.children->select (gender = Gender: :MALE)
self.children->select(child | child.gender = Gender: :MALE)
self.children->select(child : Person | child.gender = Gender: :MALE)

» select(iterator : type | body)

- filters to select elements for which the body is true

* reject(iterator : type | body)

— filters to reject elements for which the body is true
 cf multi-line Java loop

Enriching your models with OCL Made available under EPL v1.0 22 o BN




Collection::collect iteration

e Children

self.children

 Grandchildren

self.children->collect(children)
self.children->collect(child | child.children)
self.children->collect(child : Person | child.children)

 collect(iterator : type | body)

— creates a new collection comprising all the bodies

e any, exists, forAll, isUnique, iterate, one,

Enriching your models with OCL Made available under EPL v1.0 23 o BN




OCL Navigation Operators

anObject. ... object navigation
aCollection-> ... collection navigation

Navigation ?
? Navigation
Shorthands
aCollection. ... implicit collect
anObject-> ... implicit collection

r ..
Enriching your models with OCL Made available under EPL v1.0 24




Implicit Collect Query

¢ o |
@ default.pecple_diagram &3 E Console 2 B
:| 4[| [Interactive OCL =

Uranus Gaea # Ecore ~M2 ~ 5 (L] S ¥ |

=#Ev_{=‘v

Evaluating: -~
parents.parents

REesnlts:

Per=zon Uranus

Cronos Rhea Hyperic—

Ferson Gaea
Ferzon Uranus
Fer=zon Gaesa (-

[ | [ | [ |
Poseidon Feus | it
= | Hat 4] ,
[ | [ | [ | -
ll | " | parents.parents

parents.parents = parents->collect (parents)

3 symbols, compared to 4 lines of Java
4 grandparents, but not all different!

Enriching your models with OCL Made available under EPL v1.0 25 o BN




Cleaned up query

" 4
\d| default.pecple_diagram &3 =0 E Console &3 = O
- Interactive OCL =i
Uranus (Gaea —Iﬂ
## Ecore TME*,Q,E'—'_—:,]_'-':I*|
.=;- E - L= =
) Evalnating: :I
Cronos Rhea HFPE”D parent=s.parents->asset () —-»a
Besnlt=s:
Ferson Faesa
Ferson Uranus
N
Poseidon  2US = _Ill
[ Hac |l | ,

_I | _ILI ";arents.parents-basSetl:l-::-scurtedEiyl:namEj I
1 2

parents.parents->asSet () ->sortedBy (name)
->asSet () converts to Set(Person), removes duplicates
->sortedBy (name) alphabeticizes

Enriching your models with OCL Made available under EPL v1.0 26 o BN




Implicit Collection Conversion
~ Object  Collection
e

Navigation Implicit collect()
Implicit Collection Navigation

self->notEmpty()
 Standard OCL idiom

- Converts self (if an object) to a Collection of self

- |If self is a defined object
« Implicit collection is not empty - true

- |If self is an undefined object (null)
 Implicit collection is empty - false

- If self is an error (invalid)
« Implicit collection is also an error - invalid

T
Enriching your models with OCL Made available under EPL v1.0 27




Collection::closure |terat|on

@ *default.people_diagram &2

Llranus

Cronos

heas

Fozeidon Feus

Hestia

Danae Hera

Ferzeus Hephaestus Ares

Eros

KT

;I

Gaea

Hyperion COceanus

Hades Demeter

Semele
Electra

Maia

Hermes

Diocny=zus Dardanus

o

E Console &2

Dﬁ\

Interactive OCL

f# Ecore = M2

MERE

T

x X

=.§. E w L= &

Evaluoating:

Resnlts=:

Ferzon Zeus
Person Hephaestus
Per=on Ares
Person Eros
Perzon Dionys=us
Ferson Perseus
Per=zon Hermes
Person Dardanus
Per=zon Poseidon
Ferson Demeter
Per=on He=stia
FPerson Hades

L4

I self->dosure(children) I

zelf-»>closure (children)

2

F
—

-

« children, grandchildren, greatgrandchildren etc
self->closure (children)

Implicit collection of self, then closure of all children
[ closure in MDT/OCL 1.2, probably in OMG OCL 2.3 ]

Enriching your models with OCL
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OCL as Implementation

clas=s Per=son

i

invariant AtLeastFiveletters: name.slze() »>= 5;

=

invariant MixedGenderParents: father <> nuoll and mother <> null;
invariant S5elfIsNothncestor0fSelf: self->closure(parsents)-r>excludes (self):;

property childrengpar=snts : Personl[*]:
property parentsfchildren : Person[0..2]:
attribute gender : Gender[l]:
attribute name : S5tring[l]:
property father : Perscon[l] { derived, transient,volatile
{
derivation: parents->anv(c : Perscon | c.gender = Gender: :MALE):;
property mother :©: Perscon[l] { derived, transient,volatile
{
derivation: parsnts-ranvi(c : Person | c.gender = Gender: :FEMALE) ;
operation child(childMName : String) : P=srson
{
body: children->anyi(c : Person | c¢.namse=childName) ;

any (x) iteration selects an arbitrary element for which x is true.

Enriching your models with OCL Made available under EPL v1.0 29




Derived Properties

i ~a — ~a
< People3.mi & = O || E properties 3 == =
El @ platform: fresource /ESEExampleTres|| Property | Value
C - <= Universe Children I'= Person Hephaestus, Person Ares, Person Dionysus, Person Perseus, Person Hermes,
el F=r=on Feus Father U= Person Cronos
I ..... .¢¢:. PEFSDI’I Hera GEI’IIjEF -I§ MALE
-4 Person Hephaestus Mother U= Person Rhea
..... 4 Person Ares Mame I= Zeus
- 4 Person Eros Parents I= Person Cronos, Person Rhea
- <+ Person Cronos
...... M Mmrnse Nkas
& validation Problems x| F O r H e ra
, ! Problems encountered during validation invariant MixedGenderParents:
© Reason: father.gender <>
Diagnosis of Person Hera mother. gender;

faills because
o <eet | | father is null and

- 3 The 'AtLeastFiveletters' constraint is violated on 'Person Hera'

----- €3 The 'MixedGenderParents' constraint is violated on 'Person Hera' m Oth e r iS nu l l

----- & The required feature ‘father’ of 'Person Hera' must be set
~ 3 The required feature 'mother’ of 'Person Hera' must be set

eclipse Enriching your models with OCL Made available under EPL v1.0 30




Other OCL Capabilities

No time to mention

e Other iterators, operations
 Tuples

« Association Classes/Qualifiers
* @pre values

 Messages

e States

Enriching your models with OCL Made available under EPL v1.0 31




OMG OCL Progress

OCL 2.2 (current) Collections are objects!
- Collection conforms to OclAny
- No need for Collection/Object polymorphic operations
- Collections can mix Object/Collection content

? OCL 2.4 Specification defined by models

- Auto-generated by Acceleo
- Fix too many consistency/typo/realizability issues
- Aligned with UML 2.4, MOF 2.4, XMI 2.4

Eclipse committers active on OMG RTF

Enriching your models with OCL Made available under EPL v1.0 32




Eclipse MDT/OCL

» Original code contribution by IBM

OMG OCL 1.x e Java callable API

EMFT/OCL 1.0 - Parse/evaluate OCL 1.x against Ecore
meta-models

OMG OCL 2.0  Ecore or UML meta-models
MDT/OCL 1.2  OCL 2.0 (in so far as possible)
 Example Interactive Console
fﬂ“g%ggtgg » towards OCL 2.2
| « Example Xtext editors (Ecore only)

Enriching your models with OCL Made available under EPL v1.0 33




Validation History

Use of OCL to define model validation

| « EMF Validation Framework
Eclipse 3.2 ~ Embed OCL in XML CDATA

« EMF, OCL EAnnotations
Eclipse 3.3 - Embed OCL in EAnnotation

- Genmodel to integrate

Eclipse 3.6 * Delegates
EMF 2.6 - Embed OCL in EAnnotation
MDT/OCL 3.0 - EODbject.elnvoke() for dynamic invocation
- OCLinEcore editor for semi-validated editing

Enriching your models with OCL Made available under EPL v1.0 34




=)

----- op People.trace 1.1

OCLinEcore Editor

: Mew
- #5 >Peoplel.ecore » B OCLinEcore (Ecore) Editor
iz ~Peoplelxmi Open F3 # |Sample Ecore Model Editor
- 1 CInery Wi 3 . .
. e }PEGPIEB'ECGrE I [ﬁ-'hlSaml:ﬂE Reﬁechue Ecore Mgde| Edrtgr
fee L] ::-PEE'I:IlE:‘E.II'I'Ii Show In Alt+5hift+w g .
i Uri o | =|Text Editor
. el >Universe.mi 1.1 - Copy s S
package people : tree = '"http: S/ /www.eclipse.org/examples/tres!

e Open with -> OCLinEcore

enum Gender

e« Save As *.ecore | MRLE
- Loses formatting and Commentsélm
+ Save As * oclinecore
- Text file preserves comments ttrinate name : String(il;
« Useful for plain Ecore too: ... o -
Save CEr4-5 o

- Printable/reviewable text

: E-:n:an
- Searchable/replaceable text o= === o OCLinEcore ‘

Show In Alt+Shift+w 2
e:CI PSE Enriching your models with OCL Made available under EPL v1.0 35




Validation in Sample Ecore Editor

i = 4
| People ecore (@ Lniverse xmi (HI:] People ecore 23 -
= = platform:/resource fwww-modeling-mdt-ocl/docs/publications/ESE201 0Long Talk/ES l

=] ﬂ people
E'ﬂEI Ecore

i[Ed jnvocationDelegates -» http:/“www eclipse org/emf /2002/Ecore /OCL
[ gettingDelegates -> http ./ fwww eclipse org/emf /2002 /Ecore/OCL
[E yalidationDelegates -> http/fwww eclipse org/emf /2002 Ecore/OCL
= (aender

H Person
= Ecore

. L.[EE constraints -> AtLeastFiveletters
== OCL

L= AfleastFiveletters - name.size() == 5
~ &t children : Person

T

- = parents ; Person
- 3 gender : Gender

-~ 3 name : EString

=1
L=

Universe

4 | 3

OCLinEcore editor maintains EAnnotations automatically
OCLinEcore editor provides OCL syntax checking
OCLinEcore editor will provide OCL semantic checking

e’CI ipse Enriching your models with OCL Made available under EPL v1.0 36 N B
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(Example) Tools and Tips

OCLinEcore editor for Ecore/embedded OCL
CompleteOCL editor for OCL documents
EssentialOCL editor for OCL Expressions (Papyrus)

OCL Interactive Console
- Invaluable ability to practice non-trivial expressions
- Page Up/Page Down to reuse expressions

Meta-model reload after change
Genmodel settings for embedded OCL

Enriching your models with OCL Made available under EPL v1.0 37




EMF Dynamic Instances

.
Hi People.ecore ( Universe.xmi & = 0O
# | People.ecore &% ; Mew Child i - o
= 2| platform: resource New Sibling EI ;5:3 platform: fresource fwww-modeling-mdt-od/docs fpublicatio
=) people = < Universe
Bl Ecore Urde 0 o -4 Person Zeus
H- 2 Gender Reds e """ 4 Person Hera
- Person - <+ Person Hephaestus Mew Sibling
=R iniverse of Cut -4 Person Ares
= Copy """ Sl Ferson Eros Unda (ZErl -2
£ e ----- <+ Person Cronos Redao (ZEr 3
: -4 Person Rhea n
¥ Delete : ----- < Person Uranus £ Cut
_ ----- <+ Person Gaea = Copy
Validate ; -4 Person Hestia Paste
Contral... : ----- 4 Person Poseidon % Delete
- -4 Person Hades =
EzLShow OCL Console
- . % Person Demeter
TS Shaw Hierarchy ----- <+ Person Hyerion Conlrol. ..
=+Show References = .4 Person Oceanus
Create Dynamic Instance... -4 Person Semele (s} Show OCL Console
Run As 1:| T = | Run As
« Debug As » | Debug As
Ernfils Az Prafile Ac

Create/update Ecore meta- model
Create XMl instance of EClass in meta-model

qadate XMI model, validate OCL Constraints-

{clipse

Enriching your models with OCL Made available under EPL v1.0 38



Meta-model Update

UML realizes Ecore | _ conformsTo Model
meta-model ™ meta-model
My.uml My.ecore data.my

Edit UML/Ecore meta-model in UML/Ecore editor

- manual export of UML to Ecore in workspace
- manual save of Ecore to workspace

Create Dynamic Instance/Load Model in editor
- validate/evaluate OCL constraints

EMF does not support meta-model mutation
- Model.eClass() reverts to an unresolved proxy
— must exit and re-enter model editor

Enriching your models with OCL Made available under EPL v1.0 39




Genmodel settings for OCL

.PEﬁ;ﬂegerwodeIEE = uF‘rnperhesEE LB ¥ =0
= B & Property | Value :I
= People =l Model
H Person Array ACCESSOrs I+ false
#- ] Universe Binary Compatible Reflective Methods | U+ false
@ cender Class Name Pattern =
Containment Proxies I+ false
Feature Delegation 1= Mone
Generate Schema I+ false
Interface Mame Pattern 1=
Minimal Reflective Methods U true
Model Directory 1= fESEExampleTree,src
Model Plug-in Class 1=
Model Plug-in ID = ESEExampleTree
Model Plug-n Variables =
Operation Reflection I+ frue
ouppress Lontainment L+ Talse =

If not set to true
MDT/OCL 3.0.0 OCL operation bodies not invoked

MDT/OCL 3.0.1 Error Log as dynamic fallback used

e:C' ipse Enriching your models with OCL Made available under EPL v1.0 40
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Eclipse MDT/OCL Futures
3.1 Core (Indigo)

— Minor maintenance

3.1 Examples (Indigo)
- New Ecore/UML blind pivot meta-model
- Extensible modelled Standard Library
- Xtext editors
- Super-compliant - anticipating OMG OCL resolutions

4.0 Core + Tools + Examples (Indigo+1)

- 3.1 Examples promoted to Core or Tools
» preserved external APls, significant revision of internal APls
- OCL to Java code generation

Enriching your models with OCL Made available under EPL v1.0 41




Which OCL Use Cases work When

Static Java
For UML

Complete OCL
For UML

Embedded
OCL in UML

Released in Helios Example functionality in Helios
Example functionality in Indigo, release in Indigo+1

. -
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OCL 'Standard’ Library
Problems: OMG

- library is not a model
- uses non-UML concepts (lterator)
- no reflection for OclAny::oclType()

Problems: MDT/OCL

- hard coded, difficult to extend
- UML/Ecore differences, long generic template lists
- Ecore/EMOF discrepancies : EClass/Class

Solution: OMG

- library is a model defined by the new OCL meta-model

Benefit: MDT/OCL

- variants, extensible, unified, compliant
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OCL Models

Problems: OMG
- OCL is not fully UML-aligned
- OCL modifies UML models (OclAny)
- Complete OCL modifies UML models
- OCL requires a modified sub-UML @ run-time

Problems: MDT/OCL

- UML/Ecore implementation differences, Ecore extension
- Ecore/EMOF discrepancies

Solution: OMG

- Pivot meta-model defines UML @ run-time
- Pivot model realises OCL-defined merges

Benefit: MDT/OCL
- unified, compliant, Ecore/EMOF hidden
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Evaluation

Problems: MDT/OCL.:
- OCL interpreted by Java

- OperationCallExp visit is very inefficient
- Slightly hard to extend for QVTo, Acceleo

- OCL within genmodelled Java is just a String
« significant first time parsing costs

Solution: MDT/OCL

- OCL to Java code generation
- Library model references a Java class per feature
- Code efficiency

Benefit: MDT/OCL

- extensible, faster (10 to 100 times ... iteration strategies)
- Java in genmodelled Java
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Beyond OCL

OMG OCL is a powerful expression language
* Declarative, First Order Predicate Calculus/Logic

 Model-oriented, UML navigation, multiplicities, ...

Formal language supports formal analysis
analysis supports optimisation

OCL's usefulness calls for scalable
Implementation
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The Re-Evaluation Problem

A set of OCL expressions
A set of model elements
A model change notification

Which of the OCL expressions may have
changed its value on which context elements?

Nalve approach

* re-evaluate all expressions for all their contexts

* takes O(|expressions| * [modelElements|)
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Example

H Mamed
= name @ ESring

A A “NTTTR

H Expression

arguments

i

H Parameter | 0..* H Signature | 1 H call H stringLiteral

< - < . ECt
parameters | signature T symbol 1 EString

i hittp : //de. hpi.sam. bp2009.0CL
(from Call)

self.signature.parameters->size() = self.arguments->size ()

T
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Naive Re-Evaluation Sequence

. Tool reevaluator:Adapter e : EObject

A /néxpressmnsl times

\-6 2: notifyChanged(ms
L «‘\6 g g)

3. reevaluateAllExpressionsOnAllTheirContexts

PER—
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ldea: Find out from Notification which
OCLEXxpressions may have changed

Example: OCLExpression

self.arguments->size () = self.signature.parameters->size ()

generates Notification filter

(containment AND ((new value filter incl subs for: Call) OR

(0ld value filter incl subs for: Call))) OR
((wantedClass conformsTo: Signature) AND (feature: parameters)) OR
((wantedClass conformsTo: Call) AND (feature: signature)) OR
((wantedClass conformsTo: Call) AND (feature: arguments))

Many expressions cause
- many adapters
— with one (often non-trivial) Notification filter each

- which need evaluation for each change Notification
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Filter Events for OCLEXxpressions

:Tool reevaluator:Adapter :ImpactAnalyzer :EventManager adapterForEventManager e : EObject
. EventAdapter

! | | | | |

1. createFilterkForExpression(e)

2: returns eventFilter J

3: subscribe(eventFilter, reevaluator)

one-time setup

|

T |affected expressions| times |

4: change

5: notifyChanged(msg)

6: handleEMFEvent(msg)

7: notifyChanged(msg) {

8: reevaluate(e, allContextObjectsForE)
\> -
N |contexts| times
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Scaling up Event Filtering

Effort for event propagation still O(|expressions|)
- slowed down even if no Notification delivered

Notification #1 Notification #2
3000000 1600000
5500000 - 1400000
1200000
2000000 1000000
1500000 ; —4=Delivered 800000 =g Delivered
1000000 time (ns) 600000 time (ns)
400000
0 & T T T ] 0 (‘%ﬁ
0 100 200 300 400 0 100 200 300 400
Number of OCLExpressions Number of OCLExpressions
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ldea: Use HashMaps

to map Notification {0 Set<Adapter> /

Parameter [al, a7, al5]

Signature [al, a3, a9]

NamedElement.name [a3, a9, al4]

Call.signature [a7, al5]

L .
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Effects of HashMap-Based Eventing

Faster delivery for No time increase for
Notifications matched expressions whose filters
by event filters don't match a Notification
Notification #1 Notification #2
3000000 1600000
1400000
2500000 /
/ 1200000 /

2000000 1000000
// / —4—Delivered
1500000 800000 _
/ time (ns)
600000
1000000 / === Naive Time
400000 =
500000 / 200000
0 1 = ; T T 1 0 M: ™Y L T v w v v

0 100 200 300 400 0 100 200 300 . 400
Number of OCLExpressions Number of OCLExpressions

.-
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Reducing Contexts for Re-Evaluation

» Use partial evaluation to prove value unchanged
« self.name="'abc' not affected by name change
from 'x' to 'y’
» Use Notification object (notifier,

oldvalue, newValue) to navigate “backwards” to
affected context objects

« self.children.children.name H Universe
e change attribute name On x: Person
 contexts for re-evaluation: people Iu,*
- x.parents.parents R
_ _ _ = gender : Gender
* Tricky for iterators and recursive = name : EString
operations, but solved. children¥0_* 0.2 | parents
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Reduce Set of Context Elements

:Tool reevaluator:Adapter :ImpactAnalyzer :EventManager adapterForEventManager e : EObject
: EventAdapter

! 1 | | |

g- 1: createFilterForExpression(e)
©

n 2: returns eventFilter

qJ L]
-§, 3: subscribe(eventFilter, reevaluator)

1

o

: |

© 4: change

|affected expressions| times 5: notifyChanged(msg)

6: handleEMFEwent(msg

7: notifyChanged(msg)
//mthObjects(msg

9: returns contexto%j}ects

10: reevaluate(e, contextObjects)

Z\
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APl Usage Example

EventManager eventManager =
EventManagerFactory.eINSTANCE. createEventManagerFor (

editingDomain.getResourceSet() ),
final OCLExpression invariant = OCL.newInstance () .createOCLHelper () .

createQuery (“self.signature.parameters->size()=self.arguments->size()")
final ImpactAnalyzer impactAnalyzer =

ImpactAnalyzerFactory. INSTANCEcreateImpactAnalyzer (invariant,
/* notifyOnNewContextElswments */ true, oppositeEndFinder) ;
Adapter adapter = new AdapterImpl () {
@Override
public void notifyChanged (Notification msg) {
// revalidate invariant on context objects delivered by impact analysis:
Collection<EObject> revalidateOn =_impactAnalyzer.getContextObjects (msq) >
if (revalidateOn !'= null && 'revalidateOn.isEmpty()) {
revalidate (invariant, revalidateOn) ;

}

}
};
<eventManager.subscribe (impactAnalyzer.createFilterForExpression (), adapter); >
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Benchmark Context Reduction
(Average Case)

2}

©

C vmnnn |hmmmi - Naive 0O

O - r

3 400000 7, __....... Event-Filtered (*6 Speed-Up) !

‘g ------------ Event-Filtered and Context-Reduced | fo
5 300000 — (*1300 Speed-Up vs. Naive, L 8. §bo
£ *220 vs. Event-Filtered-Only) Ro | ©:0
= o Oq O

S 200000 — @200 °

E

@©

& 100000 — "

) .

oY 0 0-0---00m%0@® O - PO
g 0 — umy — O O -0 — 000D 0 0@ O — KO
|_

I I I
16000 17000 18000 19000 20000 21000

Number of Model Elements
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Benchmark Context Reduction (Worst Case)

(apply changes to very central elements, referenced by all other model packages)

a _ &
-g 15000 Y T T NER N B O Na|ve q;
S nmmwmmmi Event-Filtered (*2.4 Speed-Up) R
(g n=mmummmi Event-Filtered and Context-Reduced on
é 10000 — (*27 Speed-Up vs. Naive, *11 vs. Event-Filtered-Only) C'l)
- .0 7o o '
IS SN 00T
S 5000 - L N - of
Lﬁ ) O - O . O CIJDQQ) -7 o9 o O @
D N o TP PP 0
o -0 e o @ °
T 0 — 8 8 —0-0-0@@a@ -0 o 00 0 O gD
O | | | |

1500 2000 2500 3000 3500

Number of Model Elements
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Summary

MDT/OCL originally focussed on Java API

Interactive Modeling Tools require OCL IDE

 EMF, Xtext, Acceleo, QVTo, OCL support
richer OCL development environment

Extensibility required by QVTo, Acceleo
Efficiency required for serious use
IDE starting to appear

« Console, Editors
Expect/Demand much more
Contributions welcome
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OCL Resources

e« OCL 2.2 SpeCiﬁcatiOn http://www.omg.org/spec/OCL/2.2
- Clause 7 is quite readable (many typos)

* The Object Constraint Language:
Getting Your Models Ready For MDA
Jos B. Warmer, Anneke Kleppe

» Eclipse MDT/OCL project

http://www.eclipse.org/projects/project_summary.php?projectid=modeling.mdt.ocl

* Impact analysis

GIT: http://anonymous@www.furcas.org/furcas.git/

SVN: https://www.hpi.uni-potsdam.de/giese/gforge/svn/bp2009
Accounts: https://www.hpi.uni-potsdam.de/giese/gforge/
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