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— 19 — 2012-02-08 — Sprelim —

Last Lecture:

Live Sequence Charts Semantics

This Lecture:

Educational Objectives: Capabilities for following tasks/questions.
What's the Liskov Substitution Principle?
What is late/early binding?
What is the subset, what the uplink semantics of inheritance?
What's the effect of inheritance on LSCs, State Machines, System States?

What's the idea of Meta-Modelling?

Content:
Inheritance in UML: concrete syntax

Liskov Substitution Principle — desired semantics

Two approaches to obtain desired semantics
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Inheritance: Desired Semantics

4/57



Desired Semantics of Specialisation: Subtyping

— 19 — 2012-02-08 — Ssem —

There is a classical description of what one expects from sub-types,
which in the OO domain is closely related to inheritance:

The principle of type substitutability [Liskov, 1988, Liskov and Wing, 1994].
(Liskov Substitution Principle (LSP).)

“If for each object 0 of type S there is an object 05 of type 1" such that
for all programs P defined in terms of T’
the behavior of P is unchanged when o7 is substituted for o5
then S is a subtype of T'."

S swb-ﬂ\zv. T Vo €-§ Jo, E-Wﬁr ° D?T]S(Oe) '_[FTJI("Z)

5/57


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Desired Semantics of Specialisation: Subtyping

— 19 — 2012-02-08 — Ssem —

There is a classical description of what one expects from sub-types,
which in the OO domain is closely related to inheritance:

The principle of type substitutability [Liskov, 1988, Liskov and Wing, 1994].
(Liskov Substitution Principle (LSP).)

“If for each object 0 of type S there is an object 05 of type 1" such that
for all programs P defined in terms of T’
the behavior of P is unchanged when o7 is substituted for o5
then S is a subtype of T'."

In other words: [Fischer and Wehrheim, 2000]

“An instance of the sub-type shall be usable whenever an instance
of the supertype was expected,
without a client being able to tell the difference.”
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Desired Semantics of Specialisation: Subtyping
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There is a classical description of what one expects from sub-types,
which in the OO domain is closely related to inheritance:

The principle of type substitutability [Liskov, 1988, Liskov and Wing, 1994].
(Liskov Substitution Principle (LSP).)

“If for each object 0 of type S there is an object 05 of type 1" such that
for all programs P defined in terms of T’
the behavior of P is unchanged when o7 is substituted for o5
then S is a subtype of T'."

In other words: [Fischer and Wehrheim, 2000]

“An instance of the sub-type shall be usable whenever an instance
of the supertype was expected,
without a client being able to tell the difference.”

So, what's “usable”? Who's a “client” 7 And what's a “difference” ?
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What DoedFischer and Wehrheim, 2000 lean for UML?
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“An instance of the sub-type shall be usable whenever an instance of the supertype
was expected, without a client being able to tell the difference.”

Wanted: sub-typing for UML.

With @%

we don’'t even have usability.

C D,

It would be nice, if the well-formedness rules and semantics of
C t<d
l 0 C

D1 D2

would ensure D; is a sub-type of ("

that D; objects can be used interchangeably by everyone who is using C's,

is not able to tell the difference (i.e. see unexpected behaviour).
12/57
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“...shall be usable..” for UML
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C

Easy: Static Typing__&

fi,’LSGl x: Int

x: Int

f(nt) : Int

f(Int) : Int

(signal)) F

AN

AN

D,

Dy

AN

Given: “sDy

x : Bool

f(Float) : Int

(signal)) F

Wanted:
x > 0 also well-typed for D,

/

assignment ¢tsC1 := itsD1 being well-typed (eof ooy ey M/
its1.x = 0, its@1.f£(0), itsD1 | F

627" C?‘_D

¥ 20

being well-typed (and doing the right thing).

Approach:

— 19 — 2012-02-08 — Sstatic —

Simply define it as being well-typed,
adjust system state definition to do the right thing.

Q'S' V iz pd S well 4394_,( }ﬁ Ve ’L"(l, exRS :2"31
o o C’<1*D4

€.q- amlex€ D, i

%20
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Static Typing Cont'd
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Cl Cg
x: Int x: Int '
F(DY) : Iy f(Int) : Int {(signal)) E
VAN JAN
D1
{(signal)) F
£(G): D2
Notions (from category theory): accepfs mvf.(os
: . hore st
invariance, :
covariance, Specalissl

contravariance.
We could call, e.g. a method, sub-type preserving, if and only if it

accepts more general types as input (contravariant),

provides a more specialised type as output (covariant).

This is a notion used by many programming languages — and easily type-checked.
15/57
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Excursus: Late Binding of Behavioural Features
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Late BI

nding

What transformer applies in what situation?

'I";Fﬂ 0£ linle

f not overridden in D

(Early (compile time) binding.)

f overridden in D

. c value
Wi e ¢
eC : of
dleh, | =0 LZ/‘ % 7 X someC/
fMPlQJAMM"H“ Co H—_ somed, o 2 D someD
IS \4520‘ 0 ﬁ"'b 70 : Int
(not capu someC -> £() . C:: '
4 Hwa a:£0) Q) v d
iy aLpb{ someD —> £ () d°.[() D ![() UZJD
Mu’d Ve ) someC > £() C'o‘[() 0;: {(/ V, :D
—_—_—
What one could want is something different: (Late binding.)
| ":‘Lu “! __(LI.C"‘,' someC -> () C':; .L(, (11[() U,.'Ci
E N‘:‘;‘t‘-‘ someD -> £() Cs [(’ D 7[() D
uMP( someC —> £() (13[() \D;: é() v2: D
s usedl

— 19 — 2012-02-08 — Slateb
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Late Binding in the Standard and Programming Lang.
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In the standard, Section 11.3.10, “CallOperationAction”:

“Semantic Variation Points
The mechanism for determining the method to be invoked as a
result of a call operation is unspecified.” [OMG, 2007b, 247]

In C++,
methods are by default “(early) compile time binding”,
can be declared to be “late binding” by keyword “virtual”,

the declaration applies to all inheriting classes.

In Java,
methods are “late binding”;

there are patterns to imitate the effect of “early binding”

Exercise: What could have driven the designers of C++ to take that approach?

Note: late binding typically applies only to methods, not to attributes.
(But: getter/setter methods have been invented recently.)

18/57
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Back to the Main Track: “...tell the difference..” for UML

19/57



With Only Early Binding...
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...we're done (if we realise it correctly in the framework).

Then

if we're calling method f of an object wu,

which is an instance of D with C’{D

via a C-link, ¢ {() an/ be celled

then we (by definition) only see and change the C-part.

We cannot tell whether w is a C or an D instance.

So we immediately also have behavioural /dynamic subtyping.

20/57
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Difficult: Dynamic Subtyping
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C::f and D::f are type compatible,

but D is not necessarily a sub-type of C.

Examples: (C++)

int C::f(int) {

return O; VS.

¥

f(Int) : Int

o>

f(Int) : Int

int D::f(int) {

I¥

return 1;

21/57
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Sub-Typing Principles Cont’d

In the standard, Section 7.3.36, “Operation”:

“Semantic Variation Points
[...] When operations are redefined in a specialization, rules regarding
invariance, covariance, or contravariance of types and preconditions
determine whether the specialized classifier is substitutable for its more
general parent. Such rules constitute semantic variation points with
respect to redefinition of operations.” [OMG, 2007a, 106]

So, better: call a method sub-type preserving, if and only if it

(i) accepts more input values (contravariant),

(i) on the old values, has fewer behaviour (covariant).

Note: Fhis (ii) is no longer a matter of simple type-checking!

And not necessarily the end of the story:
One could, e.g. want to consider execution time.

Or, like [Fischer and Wehrheim, 2000], relax to “fewer observable
behaviour”, thus admitting the sub-type to do more work on inputs.

Note: “testing” differences depends on the granularity of the semantics.

Related: “has a weaker pre-condition,” (contravariant),
“has a stronger post-condition.” (covariant).

— 19 — 2012-02-08 — Ssubtyping —
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Ensuring Sub-Typing for State Machines
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In the CASE tool we consider, multiple classes ﬁl J,E/
in an inheritance hierarchy can have state machines. 5 (‘z?

But the state machine of a sub-class cannot be drawn from scratch. \

Instead, the state machine of a sub-class can only be obtained by
applying actions from a restricted set to a copy of the original one.

Roughly (cf. User Guide, p. 760, for details),

add things into (hierarchical) states, /
add more states,

attach a transition to a different target (limited).

They ensure, that the sub-class is a behavioural sub-type of the super
class. (But method implementations can still destroy that property.)

Technically, the idea is that (by late binding) only the state machine of the most
specialised classes are running.
By knowledge of the framework, the (code for) state machines of super-classes is still

accessible — but using it is hardly a good idea...
2357
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Towards System States @&
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i
Wanted: a formal representation of “if C < D then D ‘is a’ C"

(i) D has the same attributes and behavioural features as C, and

(ii) D objects (identities) can replace C' objects.

We'll discuss two approaches to semantics:

Domain-inclusion Semantics (more theoretical)

¢G): 1«$ —> Dok )

@ ol §X.J§ — (,D(M)
DA)

Uplink Semantics

Cthat is, | X ik

(more technical)
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Meta-Modelling: Idea and Example
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Meta-Modelling: Why and What
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Meta-Modelling is one major prerequisite for understanding
the standard documents [OMG, 2007a, OMG, 2007b], and
the MDA ideas of the OMG.

The idea is simple:
if a modelling language is about modelling things,
and if UML models are and comprise things,
then why not model those in a modelling language?

In other words:

Why not have a model My such that

the set of legal instances of My,

the set of well-formed (!) UML models.

26/57



Meta-Modelling: Example

o For example, let's consider a class.

» A class has (on a superficial level)
e d ndme,
e any number of attributes,
» any number of behavioural features.

Each of the latter two has
e a name and

o a visibility. 1
Behavioural features in addition have
o a boolean attribute isQuery,

e any number of parameters,

e a return type.
» Can we model this (in UML, for a s;lrt)?

— 19 — 2012-02-08 — Smm —
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UML Meta-Model: Extract

Comment

4 Element

AN

NamedElement

name

visibility

JZaN

Type

type

0..1

type

TypedElement

RedefElement

Classifier

Class

0..1

*

Feature

redefdElem

Namespace

StructFeature

BehavFeature

Operation

— 19 — 2012-02-08 — Sumlmm —

49— Parameter

0..1

2857



Classesioma, 2007b, 32
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Classifier

{redefines general}
t+ /superClass

Class

*

{subsets classifier,
subsets namespace,
subsets featuringClassifier}

* +subsettedProperty

StructuralFeature

Property

{subsets member, ordered}
+memberEnd

isDerived : Boolean
isReadOnly : Boolean

| . . ;
isDerivedUnion : Boolean

/default : String

{subsets attribute,

/IsComposite : Boolean

{subsets namespace,
subsets redefinitionContext}
+class

|

¥ class subsets ownedMember,
ordered}
+ownedAttribute
*
0..1

{subsets redefinedElement}
+ redefinedProperty

aggregation : AggregationKind

Relationship Classifier

+association

Association

2“*

{subsets memberEnd,
subsets feature, subsets

ownedMember, ordered}
+ownedEnd

{subsets association,|
subsets namespace,
subsets featuringClassifier}
+owningAssociation

0.1
isDerived : Boolean

subsets owner}
navigableOwnedEnd

-
0..1

*

{subsets owner}
+owningProperty

(subsets ownedElement}
+defaultValue

0.1

0.1

{subsets redefinitionContext,
subsets namespace,
subsets featuringClassifier}
+class

-

0.1

+/opposite
0.1
{subsets ownedMember, ordered}
+nestedClassifier
Classifier

*
{subsets feature, subsets
ownedMember, ordered}
+ownedOperation

Operation
*

Figure 7.12 - Classes diagram of the Kernel package

ValueSpecification
0..1 0.1
0.1
<<enumeration>>
AggregationKind
none
shared
composite

{readOnly, odered}
+/lendType

Type
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Operations[omec, 2007b, 31]
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RefhavioraiFeature
T {subsets namespace} {fredefines ownedParametert
- - operstion + ownedParameter Parameter
Operation ) N
i=Cery - Boolean
fizCrdered ; Boolean {subsgts context} {subsets ownedRule}
st inicue - Boalzan + preEnnterP + precondition - pp——
Novaver ; Integer [0.11 0.1 *
Jupper ;- Unlimitediatural  [0..1]
{subsets context} Teubsets ownedRulel
+ postConte:d + posteondition
0.1 =7
{subsets context} {eubsets ownedRule}
: + hodyContext + bodyCondition -
0.4 0.1 -
+ ype Type
-
* 0.1
redefines raisedExceptio
* 1 ¥ rali:'sec%gcn:e on
-
*

+ redefinedCperation
-

-‘,‘*

{eubsets redefinedElement}

Figure 7.11 - Operations diagram of the Kernel package
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Operations[ome, 2007b, 30]

freadCnly, union}

Classifier

+ MesturingClassifier

freadOnly, union}
+ feature

| RoedefinableFlomont

Foature

*

JsStatic ;| Boolean

Fiy

MuitiplicityElomont

TypedEfonront

— 19 - 2012-02-08 — Sumlmm -

StructuraiFeatare

isRegdOnly . Boolean

Namespace

|

RefavioraiFeature

zenumeration:s

ParameterDirectionKind

MuftiplicityElomont

I

Parameter

in

inoLt

out

return

TypedEfemant
fsubsets o
ownedtemher, Idefault @ String
orcered}
0.4 + ownedParameter .

+ owvnerFormalParam
{subsets namespace’

+ raizedException

ol
%

direction : ParameterDirectionking

Figure 7.10 - Features diagram of the Kernel package

Type

*

{subsets ownert

0.1 |+ owningParameter

{subsets ownedElernent}

0.4 |+ defaultvalue

VaineSpecification
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Classifiersijoma, 2007b, 29]

NamedEfomant I RedefinableElemont Namespace Type DirectedRelationship
‘T‘ ? {Subzetzl target} *
— + genersl
Classifior .
{readOnly, union} lsfl batract : Booleah 1 Generalization
+ fredefinitionContext - ' Tsubsets izSubstitutable | Boalean

; subsets source
RedefinableFlontont - 1 ! owhedElement

* *
isLeaf : Boolean TreadOnly, union} sybssp%gfﬁlgwner} + generalization
+ fredefinedElement 1 *

*

freadOnly, subsets member}
+ finheritediemier,

N - }! NamoedEfemant
*
{subsets redefinedElement}
IreadCnly, union, {subsets + redefinedClazsifier

subsets feature} redefinitionContext: *
Property + fattribte + classifier
* 0.1

. L '

+ fgeneral |*

Figure 7.9 - Classifiers diagram of the Kernel package
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Namespacegma, 2007b, 26]
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Element

<<enumeration>>
VisibilityKind
NamedElement
public
Name : String [O..l] private
visibility : VisibilityKind 0.1 protected
/qualifiedName : String [0.1] package
readOnly, union
{readOnly, subsets member} +§membery N ) = :
i amedElemen
PackageableElement |fMPortedMember | Namespace | * 7
. * | +/ownedMember
{readOnly, union,
visibility : VisibilityKind subsets owner} {readOnly, union, subsets
+/namespace member, subsets ownedElement}
S
0.1 DirectedRelationship
{subsets source, subsets owner} subsets target}
+ importingNamespace + importedElement
*
Elementimport | <[ packageableElement
1 +elementimport| yisibility : VisibilityKind | 1 1
{subsets alias : String [0..1]

ownedElement}

DirectedRelationship

{subsets source,

subsets owner} .

i i ' subsets target
+importingNamespace Packagelmport +{importedpa?;ka}ge
+packagelmport| visibility : VisibilityKind | | Package
{subsets ownedElement}

Figure 7.4 - Namespaces diagram of the Kernel package 33/57



Root Diagramiomg, 2007b, 25
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Teubsets owner}: {subsets ownedElerment}

+ owveningElement + owynedCommernt
Flemrant '-:III 3 d -

~ |
| Comment I

LSRG e

*

\ ¥

+ fowvner

TreadCnly, union}

TreadCnly, union}

+ annotatedElement

IrelatedEl it Flament

Roelationsiip T Aareelectlement .

® 1..%

Treadonly, union,

subsets relatedElerment
INroctedRelationsiiip + farget —
* -1 “tf
+ fEOUNCE..
-

® 1..%

TreadCnly, uniorn,
subsets relatedElementt

Figure 7.3 - Root diagram of the Kernel package

*

Comment

body - String
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Interesting. Declaration/Definitionome, 2007b, 424]
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UML::Classes:: UML:Classes::
Kernel::Classifier Kemel:Class
BehavioredClassifier {subsets ownedBehavior} Behavior
+ clagsifierBehavior = _
isReentrant . Boalean
0.1 0.1
+ jcontext
{subsets redefinitionContext}
0.1 %
+ owynedBehavior
i =
0.1 *
{subsets ownedMembert
BehavioralFeattre o
Abetract - Boolean + specification + methad Tsubsets redefinedElerment
0.1 + redefinedBehavior
=
UML::Classes:: " 0.1 . "
Kernel::Parameter
+ owhnedParameter
{subsets ownedMember, .

orderedt

[

OpaqueBehavior
body : String 7]
language : String [*]

FunctionBehavior

Figure 13.6 - Common Behavior
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UML Architecturerz, g
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Meta-modelling has already
been used for UML 1.x.

For UML 2.0, the request
for proposals (RFP) asked
for a separation of concerns:

Infrastructure and
Superstructure.

One reason:
sharing with MOF (see
later) and, e.g., CWM.

Infrastructure
(with semantics)

= =

Superstructure
(abstract syntax)

= =

Superstructure
(concrete syntax)

J L

Diagram
Interchange

Class, Object
__________ > Action, Filmstrip
Package, Snapshot

__________ > Class, State,
Transition,
Flow, ...

__________ > ClassBox, StateBox,

TransitionLine, ...

__________ > Node, Edge...

Figure0-1 Overview of architedure

Profiles
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UML Superstructure Packagesvc, 2007a, 15]
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1

UseCases

—

]

CommonBehaviors

/ I

StateMachines

Activities

Actions

1

Classes

1

Interactions

—_

CompositeStructures

1

Components

1

Deployments

Figure 7.5 - The top-level package structure of the UML 2.1.1 Superstructure

AuxiliaryConstruéts
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Meta-Modelling: Principle

3857



Modelling vs. Meta-Modelling
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Class Property Type
Meta- name : Str name : Str name : Str
Model Tl f
(M2) T\ | T | f
\ | i ’ I
\ “ | ,' !
C \\ ‘ : ! II S = (2},
:Class l :Property : :Type {C}, {’U},
-7 | b ——— 1 | —
name = C name = v name = 7 {C — ’U}),
Model D s TD
(M1) f Pd
! /
Instance II instance-of /
/
(MO0) | ;€
l /
/
:C oc={ur—
v =0 {v— 0}}
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Modelling vs. Meta-Modelling
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Class Property Type
Meta- name : Str name : Str name : Str
Model Tl f
(M2) T\ | T 1 f
\\ || : ; II
| | |
e s = ({7},
:Class l :Property : :Type {C}, {’U},
L= | | ==
name = C name = v name = 7. {C — ’U}),
Model D s T2
(M1) e
Instan So, if we have a meta model My of UML, then the set /7
(I\/TO)Ce of UML models is the set of instances of M. // c
A UML model M can be represented as an object /
diagram (or system state) wrt. the meta-model My. = {U =

Other view: An object diagram wrt. meta-model My
can (alternatively) be rendered as the UML model M.
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The set of well-formed UML models can be defined as the set of object
diagrams satisfying all constraints of the meta-model.

For example,

“[2] Generalization hierarchies must be directed and acyclical. A classifier
cannot be both a transitively general and transitively specific classifier
of the same classifier.

not self . allParents() —=> includes(self)” [OMG, 2007b, 53]

The other way round:

Given a UML model M, unfold it into an object diagram O; wrt. M.

If O, is a valid object diagram of My (i.e. satisfies all invariants from Inv(My)),
then M is a well-formed UML model.

That is, if we have an object diagram validity checker for of the meta-modelling
language, then we have a well-formedness checker for UML models.
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Window

public
size: Area = (100, 100)
defaultSize: Rectangle
protected
visibility: Boolean = true
private
XWin: XWindow
public
display()
hide()
private
attachX(xWin: XWindow)

Figure 7.29 - Class notation: attributes and operations grouped according to visibility
7.3.8 Classifier (from Kernel, Dependencies, PowerTypes)
A classifier is a dassification of instances, it desribes a sebf instances that have features in common.

Generalizations

« “Namegpace(from Kernel)”on page 99
« “RedefinableElement (frorkernel)” on pag 130
« “Type (fran Kernel)”on page 135

Description

A classfier is anamespace who® members can includefeatures. Qassifier is an abstract metaclass

A classifier is a type and can own gealezations,thereby makig it possible todefine generalization relatioripls to
othe classifiers. A classfier can speify a generalzation hierarchy byeferening its generatlassifiers.

A classifier is a relefinableelemet, meaning thatit is posible to redéine nesed dassifiers

Attributes

* isAbstract: Boolean
If true, the Clasifier does noprovide acomplete declaration and campically notbeinstantiated. An abstract
classifier is intended tbe used bytherclassifiers(e.g.,as the taget of generalmetarelatimshigs or generakation
relationships). Defaultvalue isfalse.

Associations

« /attribute: Property*]
Refers to albf the Properties thatre drect (ie.,nat inherited or imported) attributesof the classifierSubsés
Classifier::feature andis a derved urion.

« /feature : Feature [*]
Spedfies each fedure defined in the ckaifier. Subsets Namespace::memheFhis is a derivednnion.

« /general : Classiir[*]
Specifies the general Cifiers for this Classfier. This is denved.

52 UML Superstructure Specification, v2.1.2
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Wind

public
size: Area = (]
defaultSize: R|
protected
visibility: Bool
private
XWin: XWindo|

public
display()
hide()

private
attachX(xWin|
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Description
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Attributes

¢ isAbstract]
If true,
classif
relatiol

Associations

e Jattribute:

Referg

Classif
e /[feature:

Spedfi
« /general:

Specif
52

* generalization: Generalization[*]
Specfiesthe Gereralizationrelationshps for his Classfier. These Generaliz@ins navgate tomore gereral
classfiersin the generalizatiohierarchy Subset€lement::omedElement

¢ /inheritedember: NamedElerent[*]
Specifies all elementsnherited by thisclassifier from thegeneral classifierSubgtsNamespace::memheFhis is
derived.

¢ redefinedClassifier: Classifi§t]
References the Clafiers thatareredefined by thi Classifier SibsetsRedfinableElenent::redefinedElemen

Package Dependencies

e substitution : Sibstitution
Referencethe sutstitutionsthat are owed by tlis Classfier. Subset€lement::ownedElemeand
NamedElement::cientDependency)

Package PowerTypes

* powertyeExtent: GeneralizationSet
Desigratesthe GeneralzationSet of wilch the associate@lassifier is apowertype.

Constraints

[1] The gaeralclassifiersarethe classifierseferenced byhe generalizébn relationshps.
general = self.parents()

[2] Generdization hierarchiemust be diected andcyclical. Aclassfier cannotbe bath a trasitively general and
trangtively specific clasiier of thesameclassifier

not self.allParents()->includes(self)

[3] A classfier mayonly speciaize classifiers of avalid type.
self.parents()->forAll(c | self. maySpecializeType(c))

[4] TheinheritedMember assodgitionis derivedby inheriting the inheritabé membersof the parens.
self.inheritedMember->includesAll(self.inherit(self.parents()->collect(p | p.inheritableMembers(self)))

Package PowerTypes

[5] The Clasifier thatmaps to aGenealizationSeimay neither be apecific nor a generaClassfier in any ofthe
Generailzation rektionships definedor that GenerakationSet In other words,a power type may notbe an irstance of
itself nor may its instarces also be its sulasises.

Additional Operations
[1] ThequeryallFeature§) gives all ofthe features in the namespace of the classifi general, through mechanissichas
inheritance, ths will be a lager set than feate.
Classifier::allFeatures(): Set(Feature);
allFeatures = member->select(oclisKindOf(Feature))
[2] The qery parerts() gives al of theimmediate ancestorsf ageneralized Classifier
Classifier::parents(): Set(Classifier);
parents = generalization.general

UML Superstructure Specification, v2.1.2 53
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* generalizal
Specfi
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general = s¢
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[3] A classfier
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[4] Theinherit
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Package Powse

[5] The Clasif
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Additional Op
[1] Thequerya
inheritance
Classifier::a|
allFeatures
[2] The qery ¢

K]

(4]

(5]

(€]

(7]

(8]

The query allParenfsgives al of thedirect andndirect ance®rs ofa generalize€lassifier

Classifier::allParents(): Set(Classifier);

allParents = self.parents()->union(self.parents()->collect(p | p.allParents())

The wuery inheritabeMerrbers()gives all of the membersf aclassifierthat maybe irherited inone of its descendas,
subjectto whatever visilhi ty restictions appy.

Classifier::inheritableMembers(c: Classifier): Set(NamedElement);

pre: c.allParents()->includes(self)

inheritableMembers = member->select(m | c.hasVisibilityOf(m))

The query hasVisibilityOf() determineswhetheranamel element is visiblen the chssfier. By default all are visiblelt is
only called wten the agumert is sonmething owned by a paren

Classifier::has\sibilityOf(n: NamedElement) : Boolean;

pre: self.allParents()->collect(c | c.member)->includes(n)

if (self.inheritedMember->includes(n)) then
hasVisibilityOf = (n.visibility <> #private)
else

hasVisibilityOf = true
The query corformsTo() gives true for a clssifier that definea typethat conformdo anotherThis isused, for example,
in the specfication of sgnaure conformane for operatons.
Classifier::conformsTo(other: Classifier): Boolean;
conformsTo = (self=other) or (self.allParents()->includes(other))
The query inkrit() defines how to inherit a set of emens. Herethe operatia is defned toinherit trem all It is intended
to be redefined in circumstanogbereinheritances affected byredefinition.
Classifier::inherit(inhs: Set(NamedElement)): Set(NamedElement);
inherit = inhs
The query raySpecialzeType() deermines wretherthis classiier may have a generalizatin relatonshp to chssifiers &

the specifiedype. By default a classifienay specialize cladters of the ame or amore gereral type. It is infenced to be
redefinedby classfiers that have different speciatiation congaints.

Classifier::maySpecializeType(c : Classifier) : Boolean;
maySpecializeType = self.ocllsKindOf(c.oclType)

Semantics

A classifier is a dassification of insances according totheir featires.

A Classifier may participate in generalizatirelationships with other Classifiers. Arstance ofa specificClassifier is
also a (indirect) ingance of eaxh of the gnerd Classifiers. Therefore, feature spedfied for instacesof the gaerd
classifier ae implicitly specifed for instances of the specifatassifier Any canstraint applying to instances tife
general classifier also applies to instances of the specific classifier

The specific semntics of how generalizin afects each concrete subtype@ssfier varies. All instances of a
classifier have vakes corresponding to the classifeeattributes.

A Classifier defires a type. ¥pe conformace between generalizabBassifiers isdefined o that aClassifier conforms
to itself and to all of its ances®in the gneralizationhierarchy

Classifier::p|
parents = g4
54 UML Superstructure Specification, v2.1.2
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[5] The queryH
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Classifier::h
pre: self.all

if (self.
ha
else
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[6] Thequety d
in the spec}
Classifier::c}
conformsTo

[7] The query
to be rede
Classifier::ir|
inherit = inh

[8] The query
the specifi
redefinedb

Classifier::nf
maySpecial

Semantics
A classifier is

A Classifier m
also a (indired
classifier ae in|
general classi

The specific s
classifier have

A Classifier dd
to itself and tg

Package PowerTypes

The ndion of power type was inspirday the notion of powesd. A power sé is ddined & a €t whoseinstancesare
subsets In esence, thena power type is a clsswhoseinstances aresubclasees The powetypeExtent association reést
a Classifiewith a set of generalizatisithat a) have a comon specific Classifierard b) represent a collection of subset|
for that class.

Semantic Variation Points

The precise lifecycle semantics afgegation is a seamtic variation point.

Notation

Classifieris an abstract modelement,and so properly speaid has no notation. It is nektheless convenierb define
in one place a default redton available foany concrete subads of Classifr for which this notation is suitable. The
default notation for a classifier is a solid-outline rectangintaining the classifiername, and optiwally with
compartments separated by horizontal lines containing featu@h@membeas of theclasifier. The pedfic type of
classifiercan be shown in guillemetdbowe the name. Soespecializations of Clagsér have tkir own disinct notatims.

The name of an abstract Classifier is shown in italics.

An attribute can be shown as a text string. The format ofsthigg is specified in the Notation sub clause of “Propert
(from Kernel, AssociationClasses)” on pa2S.

Presentation Options

Any compartment may be spigssed. A separator line is ndrawn for a suppressed compartment. If a gamment is
suppressedjo inference can barawn about the presence absence of eleemts in it. Compartment nas can be used
to remove ambiguity, if necessary

An abstract Classifier can be showsing the keyword {abstrgcafter or below the name of the Classifier

Thetype, visiblity, default, multiplicity property string may bsuppressed from beig displayed, even if there avalues
in the model.

The individual properties of an attribute can be shaw columns rather thaas a continuas string.

Style Guidelines
« Attribute nanes typically begh with a lowercase letteMulti-word nanes are often forrad by concatenating the word|
and usindowercag for all letters excegor upcasng the firg letter ofeach word buthe first.
« Centerthe name ofhe clasHier in boldface.
« Center leyword (including stereotpe names) irplain face wthin guillemets above #hclassifiername.

« For those langages thatlistinguishbetwveen upprcaseard lowercase charactersapitdize nanes (i.e, begnh them
with anupperca® character).

« Left justify attributes ad operations in plain face.
- Begin attributeandoperationnames with dowercase letter
« Show full attributesand operationsshen needed asuppress hemin other contexts or references.

o7

Classifier::p|
parents = g4
UML Superstructure Specification, v2.1.2 55
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Meta Object Facility (MOF)
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Now you've been “tricked” again. Twice.

We didn't tell what the modelling language for meta-modelling is.
We didn't tell what the is-instance-of relation of this language is.

Idea: have a minimal object-oriented core comprising the notions of
class, association, inheritance, etc. with “self-explaining” semantics.

This is Meta Object Facility (MOF),
which (more or less) coincides with UML Infrastructure [OMG, 2007a].

So: things on meta level
MO are object diagrams/system states
M1 are words of the language UML
M2 are words of the language MOF

M3 are words of the language . ..
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MOF Semantics
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One approach:
Treat it with our signature-based theory
This is (in effect) the right direction, but may require new (or extended)

signatures for each level.
(For instance, MOF doesn’t have a notion of Signal, our signature has.)
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One approach:

Treat it with our signature-based theory

This is (in effect) the right direction, but may require new (or extended)
signatures for each level.
(For instance, MOF doesn’t have a notion of Signal, our signature has.)

Other approach:

Define a generic, graph based “is-instance-of” relation.

Object diagrams (that are graphs) then are the system states —
not only graphical representations of system states.

If this works out, good: We can easily experiment with different language
designs, e.g. different flavours of UML that immediately have a semantics.

Most interesting: also do generic definition of behaviour within a closed
modelling setting, but this is clearly still research, e.g. [?]
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Meta-Modelling: (Anticipated) Benefits
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Benefits: Overview
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We'll (superficially) look at three aspects:
Benefits for Modelling Tools.
Benefits for Language Design.

Benefits for Code Generation and MDA.
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Benefits for Modelling Tools
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The meta-model My of UML immediately provides a data-structure
representation for the abstract syntax (~ for our signatures).

If we have code generation for UML models, e.g. into Java,
then we can immediately represent UML models in memory for Java.

(Because each MOF model is in particular a UML model.)

There exist tools and libraries called MOF-repositories, which can
generically represent instances of MOF instances (in particular UML
models).

And which can often generate specific code to manipulate instances of
MOF instances in terms of the MOF instance.
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Benefits for Modelling Tools Cont’d
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And not only in memory, if we can represent MOF instances in files, we
obtain a canonical representation of UML models in files, e.g. in XML.

— XML Metadata Interchange (XMI)

49/57



Benefits for Modelling Tools Cont’d

And not only in memory, if we can represent MOF instances in files, we
obtain a canonical representation of UML models in files, e.g. in XML.

— XML Metadata Interchange (XMI)

Note: A priori, there is no graphical information in XMI (it is only
abstract syntax like our signatures) — OMG Diagram Interchange.

— 19 — 2012-02-08 — Sbenefits —

49/57



Benefits for Modelling Tools Cont’d

— 19 — 2012-02-08 — Sbenefits —

And not only in memory, if we can represent MOF instances in files, we
obtain a canonical representation of UML models in files, e.g. in XML.

— XML Metadata Interchange (XMI)

Note: A priori, there is no graphical information in XMI (it is only
abstract syntax like our signatures) — OMG Diagram Interchange.

Note: There are slight ambiguities in the XMI standard.

And different tools by different vendors often seem to lie at opposite ends on
the scale of interpretation. Which is surely a coincidence.

In some cases, it's possible to fix things with, e.g., XSLT scripts, but full
vendor independence is today not given.

Plus XMI compatibility doesn’t necessarily refer to Diagram Interchange.
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And not only in memory, if we can represent MOF instances in files, we
obtain a canonical representation of UML models in files, e.g. in XML.

— XML Metadata Interchange (XMI)

Note: A priori, there is no graphical information in XMI (it is only
abstract syntax like our signatures) — OMG Diagram Interchange.

Note: There are slight ambiguities in the XMI standard.

And different tools by different vendors often seem to lie at opposite ends on
the scale of interpretation. Which is surely a coincidence.

In some cases, it's possible to fix things with, e.g., XSLT scripts, but full
vendor independence is today not given.

Plus XMI compatibility doesn’t necessarily refer to Diagram Interchange.

To re-iterate: this is generic for all MOF-based modelling languages
such as UML, CWM, etc.
And also for Domain Specific Languages which don't even exit yet.
49/57



Benefits for Language Design
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Recall: we said that code-generators are possible “readers” of stereotypes.

For example, (heavily simplifying) we could
introduce the stereotypes Button, Toolbar, ...

for convenience, instruct the modelling tool to use special pictures for
stereotypes — in the meta-data (the abstract syntax), the stereotypes
are clearly present.

instruct the code-generator to automatically add inheritance from
Gtk::Button, Gtk::Toolbar, etc. corresponding to the stereotype.

One mechanism to define DSLs (based on UML, and “within” UML): Profiles.
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Recall: we said that code-generators are possible “readers” of stereotypes.

For example, (heavily simplifying) we could
introduce the stereotypes Button, Toolbar, ...

for convenience, instruct the modelling tool to use special pictures for
stereotypes — in the meta-data (the abstract syntax), the stereotypes
are clearly present.

instruct the code-generator to automatically add inheritance from
Gtk::Button, Gtk::Toolbar, etc. corresponding to the stereotype.

Et voila: we can model Gtk-GUIs and generate code for them.

Another view:
UML with these stereotypes is a new modelling language: Gtk-UML.
Which lives on the same meta-level as UML (M2).

It's a Domain Specific Modelling Language (DSL).
One mechanism to define DSLs (based on UML, and “within” UML): Profiles.
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Benefits for Language Design Cont’d
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For each DSL defined by a Profile, we immediately have
In memory representations,
modelling tools,
file representations.

Note: here, the semantics of the stereotypes (and thus the language of
Gtk-UML) lies in the code-generator.

That's the first “reader” that understands these special stereotypes.
(And that's what's meant in the standard when they're talking about giving
stereotypes semantics).

One can also impose additional well-formedness rules, for instance that
certain components shall all implement a certain interface (and thus have
certain methods available). (Cf. [Stahl and Volter, 2005].)

51/57



Benefits for Language Design Cont’d
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One step further:
Nobody hinders us to obtain a model of UML (written in MOF),
throw out parts unnecessary for our purposes,

add (= integrate into the existing hierarchy) more adequat new
constructs, for instance, contracts or something more close to
hardware as interrupt or sensor or driver,

and maybe also stereotypes.

— a new language standing next to UML, CWM, etc.

Drawback: the resulting language is not necessarily UML any more,
so we can’t use proven UML modelling tools.

But we can use all tools for MOF (or MOF-like things).
For instance, Eclipse EMF/GMF /GEF.
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Benefits for Model (to Model) Transformation
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There are manifold applications for model-to-model transformations:

For instance, tool support for re-factorings, like moving common
attributes upwards the inheritance hierarchy.

This can now be defined as graph-rewriting rules on the level of

MOF.
The graph to be rewritten is the UML model
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There are manifold applications for model-to-model transformations:

For instance, tool support for re-factorings, like moving common
attributes upwards the inheritance hierarchy.

This can now be defined as graph-rewriting rules on the level of

MOF.
The graph to be rewritten is the UML model

Similarly, one could transform a Gtk-UML model into a UML model,
where the inheritance from classes like Gtk::Button is made explicit:

The transformation would add this class Gtk::Button and the
inheritance relation and remove the stereotype.

Similarly, one could have a GUI-UML model transformed into a
Gtk-UML model, or a Qt-UML model.

The former a PIM (Platform Independent Model), the latter a PSM
(Platform Specific Model) — cf. MDA.
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Special Case: Code Generation
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Recall that we said that, e.g. Java code, can also be seen as a model.

So code-generation is a special case of model-to-model transformation;
only the destination looks quite different.
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Special Case: Code Generation

Recall that we said that, e.g. Java code, can also be seen as a model.

So code-generation is a special case of model-to-model transformation;
only the destination looks quite different.

Note: Code generation needn’t be as expensive as buying a modelling
tool with full fledged code generation.

If we have the UML model (or the DSL model) given as an XML file,
code generation can be as simple as an XSLT script.

“Can be"” in the sense of

“There may be situation where a graphical and abstract
representation of something is desired which has a clear and
direct mapping to some textual representation.”

In general, code generation can (in colloquial terms) become arbitrarily
difficult.
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{(pt100)) gather {(65C02)) update

SensorA 1 ControllerA

<?xml version = ’1.0’ encoding = ’UTF-8’ 7>

(NET2270))
UsbA

<XMI xmi.version = ’1.2’° xmlns:UML = ’org.omg.xmi.namespace.UML’ timestamp = ’Mon Feb 02 18:23:12 CET 2009°’>

<XMI.content>

<UML:Model xmi.id = ’...°>
<UML:Namespace.ownedElement>
<UML:Class xmi.id = ’...’ name = ’SensorA’>

<UML:ModelElement.stereotype>
<UML:Stereotype name = ’pt100°’/>
</UML:ModelElement.stereotype>
</UML:Class>
<UML:Class xmi.id = ’...’ name = ’ControllerA’>
<UML:ModelElement.stereotype>
<UML:Stereotype name = ’65C02°/>
</UML:ModelElement.stereotype>
</UML:Class>
<UML:Class xmi.id = ’...’ name = ’UsbA’>
<UML:ModelElement.stereotype>
<UML:Stereotype name = ’NET2270°’/>
</UML:ModelElement.stereotype>
</UML:Class>
<UML:Association xmi.id
<UML:Association xmi.id
</UML:Namespace.ownedElement>
</UML:Model>
</XMI.content>
</XMI>

’in’ >...</UML:Association>
out’ >...</UML:Association>

’...7 name

’...7 name
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