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Last Lecture:

o Liskov Substitution Principle

o Inheritance: Domain Inclusion Semantics

This Lecture:
o Educational Objectives: Capabilities for following tasks/questions.

e What is the idea of meta-modelling?
o How does meta-modelling relate to UML?

e Content:

e The UML Meta Model
o Wrapup & Questions



Meta-Modelling: Idea
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Meta-Modelling: Why and What

o Meta-Modelling is one major prerequisite for understanding

e the standard documents OMG (2007a,b), and
e the MDA ideas of the OMG.

e The idea is somewhat simple:
o if a modelling language is about modelling things,

e and if UML models are things,
e then why not model UML models using a modelling language?

e In other words:
Why not have a model My such that
e the set of legal instances of My
is

o the set of well-formed (!) UML models.
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Meta-Modelling: Example Dlv)=$4, - ]
—_—
For example, let's consider a class. INama/Mg‘E[c\M
e : SN
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e A class has (among others)
AN~

/ \n.'.&'!'/orz"")' v

e a name,
e any number of attributes,

e any number of behavioural features.

Each of the latter two has
Pava'd
e a name and
o a visibility.
Behavioural features in addition have
P Tt

e a boolean attribute isQuery,

e any number of parameters,

e a return type.

Can we model this (in UML, for a start)?

UML Meta-Model: Extract from UML 2.0 Standard
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Meta-Modelling: Principle
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Modelling vs. Meta-Modelling

Class Property Type
Meta- name : Str name : Str name : Str
Model | |
(M2) T | ,T | f
T
| |
I T |
| ! |
C | | | | !
o Int :Class :Property ‘Type
\ name = C name = v name = Int
¥
Model T
(M1) [
|
| instance-of
Instance |
(M0) [
|
He
v=20
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Modelling vs. Meta-Modelling

Meta- JA"(/{ Class Property Type
name : Str name : Str name : Str
Model | |
(M2) f | f | f
| , I , I
T
| |
.
C . | —— | L ({Int},
- :Class :Property Type
v: Int name = C name = v name = Int %g}’ {v}}i’)
= Ut
Model 7 9 57
(Ml) | e So, if we have a meta model My of T Hy
L UML, then the set of UML models is 7
Instance : nstance-d . cet of instances of My (A1) /
| /€
- (MO) ll e A UML model M can be represented /
g :C as an object diagram (or system state) O'/: {'LL S
a wrt. the meta-model My.
! v=20 {v—0}}
é o Other view: An object diagram wrt.
@ meta-model My can (alternatively)
g‘ be as the UML model M.
I

Well-Formedness as Constraints in the Meta-Model

e The set of well-formed UML models can be defined as the set of object diagrams
satisfying all constraints of the meta-model.

Constraint 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)

e The other way round:
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Given a UML model M, unfold it into an object diagram O; wrt. My.

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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The UML 2.x Standard Revisited

10/31

Claim: Extract from UML 2.0 Standard
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Classes (oMG, 2007b, 32)

StructuralFeature
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{subsets redefinedElement}
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13 Figure 7.12 - Classes diagram of the Kernel package
|
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Operations (OMG, 2007b, 31)
BakavioralFeature
{subsets namespace} {redefines ownedPararmeter:
|t OpEr + ownedParameter Parameter
Operation 0.1 N
isGuery | Boolean
subsets ownedrule
focriered. Sockean | hmhotent e
isUiniue : Boolean - -
Novvver : Integer [0.41 Q.1 : Constraint
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o] +
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0.1 0.1
+ tvpe Type
i 0.1
N {redefines raisedException
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+ redefinedOperation

[
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{subsets redefinedElerment}

Figure 7.11 - Operations diagram of the Kernel package
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Operations (OMG, 2007b, 30)
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RedefinableElement
£
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in
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Parameter
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Figure 7.10 - Features diagram of the Kernel package

Classifiers (oMG, 2007b, 29)
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Namespaces (0MG, 2007b, 26)
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Root Diagram (oma, 2007b, 25)

Figure 7.4 - Namespaces diagram of the Kernel package
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Figure 7.3 - Root diagram of the Kernel package
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Interesting: Declaration/Definition (oMG, 2007b, 424)

UML::Classes::
Kernel::Classifier

T
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eAbetac —Boolan | =recilicetion + method subsets redefinedElement}
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|
E language : String [*]
E
]
| FunctionBehavior
&
<
o
§ Figure 13.6 - Common Behavior
|
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UML Architecture (oMG, 2003, 8)
Class, Object
Infrastructure (S _________ > Action, Filmstrip
e Meta-modelling has already (vt semantics) Package, Snapshot
been used for UML 1.x.
XUl
° FOI’ UML 2 O the req uest Superstructure | [ _______ > Class, State,
-y (abstract syntax) Transition,
for proposals (RFP) asked Flow, .
for a separation of concerns:
Infrastructure and Stperstructure
(concrete syntax) | | ========== > ClassBox, StateBox,
superstructure TransitionLine, ...
e One reason:
sharing with MOF (see Digan STTTL o> NodeEdge..
nterchange
later) and, e.g., CWM.
Figure0-1 Overview of architecture
I
o
;0 cwMm
2
7
|
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O\ Profiles
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UML Superstructure Packages (oMG, 20074, 15)
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CommonBehaviors

UseCases

Classes

Interactions

/ Activities

Actions

CompositeStructures

AuxiliaryConstructs

Deployments

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

Reading the Standard
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Reading the Standard Cont’d

Window

ublic
size: Area = (100, 100)
defauliSize: Rectangle
protected

visibilty: 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 classification of instances, ésdribes a set of instances that have featuresnmmon.

Generalizations
+ “Namespace (from Kernel)’ on page 99
+ “RedefinableElement (from Kernel)” on page 130
« “Type (from Kernel)" on page 135

Description
A classifier is a namespace whose members candedeatures. Classifier is an abstract metaclass.

A classifier is a type and can own generalizatighereby making it possible to define generalizatielationships to
other classifiers. A classifier can specify a gefieation hierarchy by referencing its general sitiers.

A classifier is a redefinable element, meaning thi possible to redefine nested classifiers.

Attributes

+  isAbstract: Boolean
If true, the Classifier does not provide a complete datitan and can typically not be instantiated. Antazs
classifier is intended to be used by other classiffe.g., as the target of general metarelatipagit generalization

s

|
g) relationships). Default value jslse.
= Associations
1]
5 « Jattribute: Property [
Refers o all of the Properties that are direet (ot inherited or imported) attributes of thassifier. Subsets
| Classifier::feature and is a derived union.
—
— + Ifeature : Feature [
& Specifies each feature defined in the classifiebsBtsVamespace::member. This is a derived union
o .
i + Igeneral : Classifier["]
=1 Specifies the general Classifiers for this Classifier. Enéterived.
o
N
! 52 UML Superstructure Specification, v2.1.2
—
= L .
[
Reading the Standard Cont’d
; - ization]
Specifies the Generalization relationships for Gissifier. These Generalizations navigate to rgereeral
classifiers in the ization hierarchy.
Win
public < gl
size: Area = ( Specifies all elements inherited by this classfiem the general classifiers. Substtsnespace::member. This is
defaultSize: R derived.
protected
Visibiity: Boold +  redefinedClassifier: Classifier [1]
private References the Classifiers that are Massifier
Win: XWind
ublic
F Package Dependencies
nide0 « substitution : Substitution
P the that are owned byQllaissifier. Subsetslement::ownedElement and
)
Figure 7.29 - Cl|
Package PowerTypes
7.38 Clas{ . powertypeExtent : GeneralizationSet
) Designates the GeneralizationSet of which the dstatClassifier is a power type.
A classifier is
Constraints
Generalizatiof
[1] The general classifiers are the by the
+ “Names| -
S general = self.parents()
+ Redefil (o) must be di A classifier cannot be both a transitively general v
- “Type (f transitively specific classifier of the same cléissi
Description ot sefalPareni( includes(sel) ) ©
[3] A classifier may only specialize classifiersaotalid type.
A classifier is self.parents()->forAll(c | self.maySpecializeType(c))
A classifier is | [4] The inheritedMember association is derived Hyeiting the inheritable members of the parents.
other classifie " inheri(selr. llect(p | p.
A classifier is
Package PowerTypes
Attributes [5] The Classifier that maps to a Generalization8ay neither be a specific nor a general Classifieny of the
+ isAbstract i ionships defined for that i In other words, a power type maytioan instance of
If irue,|  itself nor may its instances also be its subclasses
| classi
& relatio] Additional Operations
5 ) [1] The query allFeatures() gives all of the feetuin the namespace of the classifier. In gentiraiugh mechanisms such
3 Associations inheritance, this will be a larger set than feature
m‘- « [attribute: Classifier:allFeatures(): Set(Feature);
f Re'e{ allFeatures = member->select(oclisKindOf(Feature))
- Classifl [5) The query parents() gives all of the immediateastors of a generalized Classifier
i + [feature: Classifier::parents(): Set(Classifier);
g Specif parents = generalization.general
7 + Igeneral:
© Specift
o
N
| 52 UML Superstructure Specification, v2.1.2 53
b] L
N
[
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[3] The query allParents() gives all of the direatiandirect ancestors of a generalized Classifier.
.

): Set(Classifier),

Wint

ublic
size: Area = (
defaulSize: R|
protected
visibilty: Bool
private

XWin: XWind

public
display)
hide()

private
atiachX(xWin:

Figure 7.29 - C|

738 Clas

A classifier is

Generalizatioy

Specifi
classif
« linherited

Specif
derive

+ redefinedd
Refere]

allParents =
[4] The query

subject to whatever visibility restrictions apply.

o

self parents()->union(selt parents()->collect(p | p.allParents()
inheritableMembers() gives all of thembers of a classifier that may be inherited ie ofits descendants,

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

Classifier):

[5] The query hasVisibilityOf() determines whethenamed element s visible in the classifier. Byatéfall are visible. It is

" Ic of(m)

only called when the argument is something owned pgrent.
Package Depe| Classifier::hasVisibilityOf(n: NamedElement) : Boolean;
. pre: self.all llect(c | c.
Refere] if (selfinheritedMember->includes(n)) then
Named|

Package Powd
« powertype|
Desig
Constraints
[1] The gener

hasVisibilityOf = (n.visibility <> #private)
else

hasVisibilityOf = true

(6] The query conformsTo() gives true for a classithat defines a type that conforms to anotheis Tused, for example,
in the specification of signature conformance fpetions.
Classifier::conformsTo(other: Classifier): Boolean;

conformsTo

[7] The query inherit() defines how to inherit a séelements. Here the operation is defined toriniteem all. It is intended

= (self=other) or (sel.allParents()->includes(other))

< oNames| ool o be redefined in where i by
. “Redefi P
Redefi| ()
- Type(f - wansitvely]  inherit=inhs
‘ notselfale| [8] The query Type() i have a relatiop o classifiers of

Description |\ ciassifie] e specified type. By default a classifier maycigéze cassifers of the same or a more gengp it is intended 1o be
) redefined by classifiers that have different setion constraints.

A classifier is seltparents|

A clasif Classifier:maySpecializeType(c : Classifier) : Boolean;

classifier is | 4] The inheri maySpecializeType = self.oclisKindOf(c.ociType)
other classifie} ey reriel

A classifier is Semantics

Package Powe

Atributes | (5] The Classi " CSSIer is @ classication of instances aciog to thir features.

. isAbstract]  Generalizd A Classifier may participate in generalization tafaships with other Classifiers. An instance affecific Classifier is
Wf irue|  itselinor nf aiso an (indirect) instance of each of the genefassifiers. Therefore, features specified foranses of the general
classifi classifier are implicitly specified for instancetbe specific classifier. Any constraint applyifginstances of the
relatiof Additional Op| general classifier also applies to instances ofspeific classifier.

[1] Thequery| tho specific semantics of how generalization agfemich concrete subtype of Classifier varies. détances of a
classifier have values corresponding to the cliesifatributes.

+ Jatibute: Classifier: 3
Refer alFeatures| A Classifier defines a type. Type conformance bemwgeneralizable Classifiers is defined so thatassifier conforms
Class] 1 e query| © 1561210 0 @l of s ancestors in the gefieasion erarchy.

- /feature Classter:)
speci]  renis- g

- /general :

Speci
54 UML Superstructure Specification, v2.1.2
52 UML Superstructur& SpECiCATON, V212 55 =
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A classifier is

Generalizatio]
« “Names|
« “Redefi
« “Type (f

Description

A classifier is

A classifier is
other classifies

A classifier is

Attributes
« isAbstract:

Associations

[attribute:
Refers

Classif

I feature
Specif|

/ general :
Specif

52

Specif
classif

« linherited
Specif
derive

«  redefinedd
Refere
Package Depe]
« substitutior
Refere
Named|

Package Powd

+ powertype|
Desig

(3] The query
Classifier:d]
allParents

[4] The query
subject to
Classifier:i
pre: c.allPal

The notion of power type was inspired by the notibipower set. A power set is defined as a set whostances are
subsets. In essence, then, a power type is awlasse instances are subclasses. The powertypefadsatiation relates
a Classifier with a set of generalizations thab@je a common specific Classifier, and b) repreaandilection of subset:
for that class.

Semantic Variation Points

The precise lifecycle semantics of aggregation semantic variation point.

[5] The query
only called]
Classifier::hj
pre: self.all

if (self
[
else
[

[6] The query
in the spe
Classifier:]

— — o — —_— —_ —— =
Notation

Classifier is an abstract model element, and spety speaking has no notation. It is nevertheteswenient to define
in one place a default notation available for anparete subclass of Classifier for which this riotais suitable. The
default notation for a classifier is a solid-outlirectangle containing the classifier's name, apibaally with
compartments separated by horizontal lines cotgifatures or other members of the classifier. Sesific type of
classifier can be shown in guillemets above theenome specializations of Classifier have thein aiistinct notations |

The name of an abstract Classifier is shown incgal

An attribute can be shown as a text string. Thenarof this string is specified in the Notation sulbuse of “Property
(from Kernel, AssociationClasses)” on page 123.

Options

[1] The gener.
general = ¢
[2] Generalizd
transitively|
not self.allF|
[3] Aclassifie
self.parents|
[4] The inhert
self.inheritef

Package Powe]

[5] The Classi
Generalizd
itself nor

Additional Op
[1] The query
inheritance
Classifier::af
allFeatures
[2] The query
Classifier::p|
parents

UML Superstructure SpeiliCauior, vz 1.2

[7] The query
10 be redef
Classifier::if
inherit = inh|

8] The query
the specifi
redefined
Classifier::n
maySpeciall

Semantics
A classifier is

A Classifier m|
also an (indire]
classifier are i
general classi

The specific s
classifier havel

A Classifier di
to itself and tc

Any may be A drawn for a . is
suppressed, no inference can be drawn about tisere or absence of elements in it. Compartmenesarn be used
to remove ambiguity, if necessary.

An abstract Classifier can be shown using the kegjabstract) after or below the name of the Citiesi

The type, visibility, default, multplicity, propty string may be suppressed from being displayeeind there are values
in the model.

The individual properties of an attribute can bewsh in columns rather than as a continuous string.

Style Guidelines
+ Attribute names typically begin with a lowercasle Multi-word names are often formed by concatiny the words

and using lowercase for all letters except for sjsathe first letter of each word but the first.

Center the name of the classifier in boldface.

Center keyword (including stereotype names) innptate within guillemets above the classifier name.

For those languages that distinguish between upperand lowercase characters, capitalize namebeg them

with an uppercase character).

Left justify attributes and operations in plaindac

Begin attribute and operation names with a lowerdetter.

Show full attributes and operations when neededsapgress them in other contexts o references.

UML Superstructure Specification, v2.1.2 55
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A classifier is

Generalizatioy

Specif
classif

« linherited
Specif
derive

«  redefinedd
Refere
Package Depe]
« substitutior
Refere
Named
Package Powd

« powertype|
Desig

[3] The query
Classifier::a
allParents

[4] The query
subject to
Classifier:if
pre: c.allPal
inheritableM

[5] The query
only called
Classifier::h|
pre: self.all

if (self
else
haf

[6] The query
in the spex
Classifier:]

Package Powd

The notion of
subsets. In es:
a Classifier wi
for that class.

Semantic Vari|

The precise li|

Notation

Classifier is a
in one place al
default notatio|
compartments|
classifier can

The name of

An attribute c:
(from Kernel,

[1] The gener

[7] The query

Any compart

Examples

ClassA

‘name: Stiing

shape: Rectangle

+size: Integer [0..1]
 area: Integer {readOnly)
height: Integer=5

widih: Integer

ClassB

id {redefines name}
shape: Square
height =7

Jwidih

Figure 7.30 - Examples of attributes
The attributes in Figure 7.30 are explained below.

« ClassA::name is an attribute with type String.

+ ClassA:shape is an atiribute with type Rectangle.

+ ClassAusize is a public attribute of type Integéth multiplicity 0..1.

- *Names| oo~ (]  toberedef suppressed,n|  * ClassAarea s a derived atirbute vih type lnfet is marked as read-only
+ “Redefi 2] Generaliza Classifierzi| to remove ami + ClassA:height is an attribute of type Integer vétHefault initial value of 5.
- “Type (f transitively| inherit=inhf »cract o + ClassA:width is an attribute of type Integer.
o ‘ not seitae| [8] The auery - . is an attribute that redefines ClassAme.
eseription | /a1 a classifie the specifi Theh lype-dV'T'h + ClassB::shape is an atribute that redefines Clasisdpe. It has type Square, a specialization ofdele.
Aclassiieris | sopparens|  cocined | in the model. « ClassB:height is an attribute that redefines Glaksight. It has a default of 7 for ClassB insieméhat overrides the
Aclassifier is | 4] The inheri] Classifier:nt o individual ClassA default of 5.
other classifiet seltinheriel maySpecial + ClassB:width is a derived attribute that redefiimssA:width, which is not derived.
) - : Style Guidelir|
A classifier is Semantics Y An attribute may also be shown using with no atthe tail of the in Figure
Package Powe o - Atributd 731
Attributes [5] The Classi A classifier is and usil
. isAbstact|  Generalizd A Classifierm| ~ + Centerf
Wfiue|  tselfnorn] aiso an (indire{ - Center
classiff classifier are il . For thos|
relatio] Additional Op| general classi with an
[1] Theauery| tpe specific s + Leftjust
classifier have| + Beginaff Figure 7.31 - Association-like notation for attribute
+ [attribute: Classifier::af
- Show
Refer alFeatures| A Classifier d
ssi to itself and t
Classif [2] The query
A R
peci _
, ! parents = g 56 UML Superstructure Specification, v2.1.2
- /general : L A
Specif UML Superstructure Speciiicauorn, vZ.1.2 |
54 - =
52 UML Superstructur& SpECiCATON, V212 55
Package PowerTypes
R ea d in g th e S l’a 0 A v sampes | For example, a Bank Account Type classifier coucha powertype association with a GeneralizatiorBes

— 21 — 2016-02-11 — Sreading —

Wint

public
size: Area = (
defauliSize: R|
protected

visibilty: Bool

private
atlachX(xWin:

Figure 7.29 - Cl
738 Clas
A classifier is

Generalizatio]
« “Names|
« “Redefi
« “Type (f

Description

A classifier is

A classifier is
other classifies

A classifier is

Attributes
« isAbstract:

Associations

[attribute:
Refers

Classif

I feature
Specif|

/ general :
Specif

52

Specif
classif

« linherited
Specif
derive

«  redefinedd
Refere
Package Depe]
« substitutior
Refere
Named|

Package Powd

+ powertype|
Desig

(3] The query
Classifier:d]
allParents

[4] The query
subject to
Classifier:i
pre: c.allPal

[5] The query
only called]
Classifier::hj
pre: self.all

if (self
[
else
[

[6] The query
in the spe
Classifier:]

Package Powd

The notion of
subsets. In es:
a Classifier wi
for that class.
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The precise li

Notation

Classifier is ar
in one place al
default notatio|
compartments|
classifier can

The name of

An attribute c:
(from Kernel,

[1] The gener.
general = ¢
[2] Generalizd
transitively|
not self.allF|
[3] Aclassifie
self.parents|
[4] The inhert
self.inheritef

Package Powe]

[5] The Classi
Generalizd
itself nor

Additional Op
[1] The query
inheritance
Classifier::af
allFeatures
[2] The query
Classifier::p|
parents

+ ClassA:

[7] The query| Any compart] ~ * C13SSA Acqociations

tobe redef suppressed, | * ClassAY L notatedElement: Element(*]

Classifier:ir| to remove ami + ClassA: the eing

inherit=inn| oo cacto| ClassA
8] The query + ClassB:{ Constraints

thz anec‘;ﬁ Th!eh lypevdvlflh + ClassB:{ No additional constraints

redefined i in the model. . ClassE:

C\assvﬁevavl The individual ClassA{ Semantics

maySpeci X « ClassB:] A Comment adds no semantics to the annotated elstrizut may represent information useful to thelesaf the

Style Guidelin . model
Semantics An attribute m| N
+ Attribute
A classifier is and usi Notation
A Classifier m| « Center tf A Comment is shown as a rectangle with the uppghtréorner bent (this is also known as a “note syif)bThe
also an (indire{ - Center rectangle contains the body of the Comment. Thaeotion to each annotated element is shown by aratepdashed
classifierare if . Forthod | Window | line.
general classi with an
The specific s . Leftjust Presentation Options
classifier have] « Beginal| Figure7.31-Ad The dashed line connecting the note to the may be if itis clear
. important in this diagram.
A Classifier d Show
to itself and t
UML Superstructure Specification, v2.1.2
56 =
UML Superstructuie SPeciication, VZiZ ]

Class}

Tame: Swing_| examples, see Examples in the GeneralizationSetisuise, below.)
shape: Rectang

GeneralizationSet could then associate with twoe@aizations where the class (i.e., general Clas}iBank Account
has two specific subclasses (i.e., Classifierspaing Account and Savings Account. Checking Actaud Savings
Account, then, are instances of the power type:kBaccount Type. In other words, Checking Account @avings
Account arehorh: instances of Bank Account Type, as well as subelsf Bank Account. (For more explanation an

+size: It
Jatea: ineger{| 7-3:9 Comment (from Kernel)

height Integer=
vadih: Integer | A comment i a textual annotation that can be httddo a set of elements,

class|  * “Element (from Kernel)" on page 64

id {redefines n

Shope- Sauare| Description

I vidth

that is useful to a modeler.

A comment can be owned by any element
Figure 7.30 - E
The attributes | Attributes

ClassA *  multiplicitybody: String [0..1]

Specifies a string that is the comment

height =7 A comment gives the ability to attach various reksao elements. A comment carries no semantic fdraemay contain

54

UML Superstructure SpeiliCauior, vz 1.2
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Meta Object Facility (MOF)
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Open Questions...

e Now you've been “tricked"”.

o We didn't tell what the modelling language for meta-modelling is.

e 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.

e This is Meta Object Facility (MOF),
which (more or less) coincides with UML Infrastructure OMG (20072).

e So: things on meta level
e MO are object diagrams/system states
e M1 are words of the language UML
e M2 are words of the language MOF
e M3 are words of the language )’U‘Fl‘

— 21 - 2016-02-11 — Smof —
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MOF Semantics

e One approach:

e Treat it with our signature-based theory

e This is (in effect) the right direction,
but may require new (or extended) signatures for each level.

e Other approach:

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

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

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

e Most interesting: also do generic definition of behaviour within a closed
modelling setting, but this is clearly still research, e.g.
Buschermohle and Oelerink (2008).

— 21 — 2016-02-11 — Smof —

Benefits ’ °f° 23
ﬁ XM

e In particular:
¢ Benefits for Modelling Tools. ML ' Rlagsad /
e Benefits for Language Design.

o Benefits for Code Generation and MDA.

— 21 — 2016-02-11 — Sbenefits —
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And That’s It!

The Map
v CD, SM v pE OCL@ CD, SD S
ol ooy v v
S =(T,6,V,atr), SM expr <, 8D
v v yod %LL
M= (2%,Ay,—su) B = (Qsp,q0, Av,—sp, Fsp)
v
v i
7= (bo. (01,61)+ <+ <~ tr = (01, consi, Sndy))en
G=(N,E, )
v
‘ OD
o

27/31

28/31



Content
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e Lecture 1: Introduction

Content

e Lecture 1: Introduction
o Lecture 2: Semantical Model

Software Design, Modelling and Analysis in UML

Lecture 1: Introduc /
2015-10-20

Prof. Dr. Andreas Podelski, Dr. Bernd Westphal

Albert-Ludwigs-Universitat Freiburg, Germany

29/31

Contents & Goals

Last Lecture:

© Introduction: Motivation, Content, Formalia

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.
« What is a signature, an object,  system state, etc.?
« What is the purpose of signature, object, etc. in the course?

= How do Basic Object System Signatures relate to UML class diagrams?

« Content:
« Basic Object System Signatures
« Structures
« System States

29/31
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e Lecture 1: Introduction

e Lecture 2: Semantical Model
o Lecture 3: Object Constraint Language (OCL)

Content

Lecture 1:
Lecture 2:

Lecture 3:
Lecture 4:

Introduction
Semantical Model

Object Constraint Language (OCL)
OCL Semantics

Yo L Coale

Contents & Goals

Last Lecture:

+ Basic Object System Signature .’ and Structure 7, System State ¢ € £%

This Lecture:

« Educational Objectives: Capabilities for these tasks/questions
« Please explain this OCL constraint.

Please formalise this constraint in OCL.

Does this OCL constraint hold in this system state?

Give a system state satisfying this constraint?

Please un-abbreviate all abbreviations in this OCL expression.

In what sense is OCL a three-valued logic? For what purpose?

How are 7(C) and T related?

« Content:
« OCL Syntax
« OCL Semantics (over system states)

29/31

ra L Coale

ra) L Coal

Contents & Goals

Last Lecture:
« OCL Syntax

This Lecture:
. i Objecti Capabilities for these tasks/question:

 Please un-abbreviate all abbreviations in this OCL expression.«”
« Please explain this OCL constraint

« Please formalise this constraint in OCL.

« Does this OCL constraint hold in this system state?

« Give a system state satisfying this constraint?

« In what sense is OCL a three-valued logic? For what purpose?
o How are 2(C) and Tc: related?

« Content:
« OCL Semantics
« OCL Consistency and Satisfiability

29/31
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e Lecture 1: Introduction
e Lecture 2: Semantical Model

Lecture 3: Object Constraint Language (OCL)
Lecture 4: OCL Semantics

o Lecture 5: Object Diagrams

Content

e Lecture 1: Introduction
o Lecture 2: Semantical Model

o Lecture 3: Object Constraint Language (OCL)
e Lecture 4: OCL Semantics

o Lecture 5: Object Diagrams
e Lecture 6: Class Diagrams |

Yo L Coale

a) L Coale

Cantente & Goal

Contents & Goals

Last Lecture:
* OCL Semantics

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.

= What does it mean that an OCL expression is satisfiable?
© When is a set of OCL constraints said to be consistent?

« What is an object diagram? What are object diagrams good for?
« When is an object diagram called partial? What are partial ones good for?

© When is an object diagram an object diagram (wrt. what)?

 How are system states and object diagrams related?

= Can you think of an object diagram which violates this OCL constraint?

: « Content:

« OCL: consistency, satisfiability

« Object Diagrams

« Example: Object Diagrams for Documentation

29/31
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Cantents & Goal

Contents & Goal

Contents & Goals

Last Lecture:
« Object Diagrams

« partial vs. complete; for analysis; for documentation

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.

« What is a class diagram?
« For what purposes are class diagrams useful?

« Could you please map this class diagram to a signature?
* Could you please map this signature to a class diagram?

« Content:
« Study UML syntax.
« Prepare (extend) definition of signature.

* Map class diagram to (extended) signature.

+ Stereotypes

29/31
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e Lecture
e Lecture
e Lecture
e Lecture
e Lecture
e Lecture
e Lecture

Content

e Lecture
e Lecture
e Lecture
e Lecture
e Lecture
e Lecture
e Lecture
e Lecture

N g hrw b=

PN o N

Introduction

: Semantical Model

Object Constraint Language (OCL)
OCL Semantics

Object Diagrams

Class Diagrams |
Class Diagrams Il

Introduction

: Semantical Model

Object Constraint Language (OCL)
OCL Semantics

Object Diagrams

Class Diagrams |

Class Diagrams Il

Class Diagrams Ill

Yo L Coale

a) L Coale

Cantente & Goal

Contents & Goal

Cantents & Goals

Contents & Goals

Last Lecture:
« Representing class diagrams as (extended) signatures — for the moment without
associations: later.
This Lecture:
« Educational Objectives: Capabilities for following tasks/questions.
« Could you please map this class diagram to a signature?
« What if things are missing?
« Could you please map this signature to a class diagram?
« What is the semantics of ‘abstract'?
« What is visibility good for?

« Content:
« Map class diagram to (extended) signature cont'd.
« Stereotypes ~ for documentation

« Visibility as an extension of well-typedness.

29/31
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Contents & Goals

Contents & Goals

Last Lectures:

« completed class diagrams. .. except for associations.

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.
« Please explain this class diagram with associations,
 Which annotations of an association arrow are semantically relevant?
 What's a role name? What's it good for?
« What is “multiplicity" ? How did we treat them semantically?
« What is “reading direction”, “navigability”, “ownership”, ...?
 What's the difference between “aggregation” and “composition”?

« Content:
« Study concrete syntax for “associations”
o (Temporarily) extend signature, define mapping from diagram to signature.
© e Study effect on OCL.
£ Btw.: where do we put OCL constraints?

29/31
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Content

Lecture 1: Introduction
Lecture 2: Semantical Model

Lecture 3: Object Constraint Language (OCL)
Lecture 4: OCL Semantics

Lecture 5: Object Diagrams

Lecture 6: Class Diagrams |

Lecture 7: Class Diagrams Il

Lecture 8: Class Diagrams Il

Lecture 9: Class Diagrams IV

Content

Lecture 1: Introduction

Lecture 2: Semantical Model

Lecture 3: Object Constraint Language (OCL)
Lecture 4: OCL Semantics

Lecture 5: Object Diagrams

Lecture 6: Class Diagrams |

Lecture 7: Class Diagrams Il

Lecture 8: Class Diagrams Il

Lecture 9: Class Diagrams IV

Lecture 10: State Machines Overview

Yo L Coale

ra) L Coale

Cantente & Goal

Contents & Goal

Cantents & Goals

Contents & Goals

Cantente £ Goals

Contents & Goals

Last Lecture:
o Associations syntax and semantics
o Associations in OCL syntax.

This Lecture:
« Educational Objectives: Capabilities for following tasks/questions.
= Compute the value of a given OCL constraint in a system state with links.
« How did we treat "multiplicity” semantically?
« What does “navigability”, “ownership”, ... mean?

« Content:
* Associations and OCL: semantics.
« Associations: the rest.

29/31
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Cantents & Goals

Contents & Goals

Cantente £ Goals

Cantents & Goal

Contents & Goals

Last Lecture:

« (Mostly) completed discussion of modelling structure.

This Lecture:
« Educational Objectives: Capabilities for following tasks/questions.
= What's the purpose of a behavioural model?
« What does this State Machine mean? What happens if | inject this event?
« Can you please model the following behaviour.

« Content:
« For completeness: Modelling Guidelines for Class Diagrams
« Purposes of Behavioural Models
= UML Core State Machines

29/31



— 21 - 2016-02-11 — main —

— 21 - 2016-02-11 — main —

Content

e Lecture 1:
e Lecture 2:

e Lecture 3:
e Lecture 4:

e Lecture 5:
Lecture 6:
Lecture 7:

Lecture 8:
Lecture 9:

Introduction
Semantical Model

Object Constraint Language (OCL)
OCL Semantics

Object Diagrams

Class Diagrams |

Class Diagrams Il

Class Diagrams Ill

Class Diagrams IV

Lecture 10: State Machines Overview

o Lecture 11: Core State Machines |

Content

e Lecture 1:
e Lecture 2:

e Lecture 3:
e Lecture 4:

e Lecture 5:
e Lecture 6:
e Lecture 7:
e Lecture 8:
e Lecture 9:

Introduction
Semantical Model

Object Constraint Language (OCL)
OCL Semantics

Object Diagrams

Class Diagrams |

Class Diagrams Il

Class Diagrams Ill

Class Diagrams IV

Lecture 10: State Machines Overview

e Lecture 11: Core State Machines |
o Lecture 12: Core State Machines Il

‘ Yo L Coale

‘ ra) L Coale

Cantente & Goal

Contents & Goal

Cantents & Goals

Contents & Goals

Cantente £ Goals

Cantentse & Goal

Contents & Goals

Contents & Goals

Last Lecture:
« What makes a class diagram a good class diagram?
« Core State Machine syntax

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.
= What does this State Machine mean? What happens if | inject this event?
= Can you please model the following behaviour.
= What is: Signal, Event, Ether, Transformer, Step, RTC.

o Content:
© UML standard: basic causality model
« Ether

5 e Transformers

S+ Step, Run-to-Completion Step

29/31
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Cantente & Goalc

Contente £ Coals

Contents & Goals

Last Lecture:

« Basic causality model
« Ether/event pool

« System configuration

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.
« What does this State Machine mean? What happens if | inject this event?
« Can you please model the following behaviour.
* What is: Signal, Event, Ether, Transformer, Step, RTC

« Content:
« System configuration cont'd
« Transformers
« Step, Run-to-Completion Step
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Content

Lecture 1: Introduction

Lecture 2: Semantical Model

Lecture 3:

Lecture 4: OCL Semantics

Lecture 5: Object Diagrams

Class Diagrams |
Class Diagrams Il
Class Diagrams Ill
Class Diagrams IV

Lecture 6:
Lecture 7:
Lecture 8:
Lecture 9:

Lecture 10: State Machines Overview
Lecture 11: Core State Machines |
Lecture 12: Core State Machines Il
Lecture 13: Core State Machines Il

Content

Lecture 1: Introduction

Lecture 2: Semantical Model

Lecture 3:

Lecture 4: OCL Semantics

Lecture 5: Object Diagrams

Class Diagrams |

Class Diagrams Il
Class Diagrams Ill
Class Diagrams IV

Lecture 6:
Lecture 7:
Lecture 8:
Lecture 9:

10:
11:
12:
13:
14:

State Machines Overview
Core State Machines |
Core State Machines Il
Core State Machines Il
Core State Machines IV

Lecture
Lecture
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Object Constraint Language (OCL)
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Last Lecture:
o System configuration cont'd
« Action language and transformer

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.
 What does this State Machine mean? What happens if I inject this event?
« Can you please model the following behaviour.
« What is: Signal, Event, Ether, Transformer, Step, RTC.

« Content:

« Step, Run-to-Completion Step
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Last Lecture:

« Transitions by Rule (i) to (v)

This Lecture:
« Educational Objectives: Capabilities for following tasks/questions
« What is a step / run-to-completion step?
« What is divergence in the context of UML models?
« How to define what happens at "system / model startup’?
« What are roles of OCL contraints in behavioural models?
« Is this UML model consistent with that OCL constraint?
« What do the actions create / destroy do? What are the options and our choices (why)?

« Content:

« Step / RTC-Step revisited, Divergence

« Initial states

o Missing pieces: create / destroy transformer
A closer look onto code generation

* Maybe: hierarchical state machines
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Introduction
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State Machines Overview
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Last Lecture:

« step, RTC-step, divergence

« initial state, UML model semantics (so far)
« create, destroy actions

This Lecture:
« Educational Objectives: Capabilities for following tasks/questions.

* What is simple state, OR-state, AND-state?

* What is a legal state configuration?

© What is a legal transition?

« How is enabledness of transitions defined for hierarchical state machines?

« Content:
« Legal state configurations

« Legal transitions

« Rules (i) to (v) for hierarchical state machines

Introduction
Semantical Model
Object Constraint Language (OCL)

29/31

‘ ra L Coale

‘ ra) L Coal

‘ Cantents & Goal

‘ Contents & Goals

‘ Cantents & Goals

[ Contente & Goale

‘ Cantente £ Goals

‘ Cantents & Goal

Cantente & Goalc

Contente £ Coals

Contente £ Coals

OCL Semantics ‘

LCaontents £ Goals

Contente £ Goal

Object Diagrams [

Countonte £ Coalc

Class Diagrams |
Class Diagrams Il
Class Diagrams Ill
Class Diagrams IV

State Machines Overview
Core State Machines |

Core State Machines Il

Core State Machines Il

Core State Machines IV
Hierarchical State Machines |
Hierarchical State Machines Il

Contents & Goals

Last Lecture:

« Legal state configurations

o Legal transitions

« Rules (i) to (v) for hierarchical state machines

This Lecture:
« Educational Objectives: Capabilities for following tasks/questions.
« How do entry / exit actions work? What about do-actions?
« What is the effect of shallow / deep history pseudo-states?
« What about junction, choice, terminate, etc.?
« What is the idea of deferred events?
« How are passive reactive objects treated in Rhapsody's UML semantics?
« What about methods?
£ o Content:
« Entry / exit / do actions, internal transitions
~ + Remaining pseudo-states; deferred events
© o Passive reactive objects
« Behavioural features
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Semantical Model
Object Constraint Language (OCL)
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Last Lecture:
« Hierarchical state machines: the rest
© Deferred events

« Passive reactive objects

This Lecture:
. . Obiecti c

ies for following task
© What are constructive and reflective descriptions of behaviour?
 What are UML Interactions?

 What is the abstract syntax of this LSC?

« How is the semantics of LSCs constructed?

© What is a cut, fired-set, etc.?

= e Content:

« Rhapsody code generation
« Interactions: Live Sequence Charts
o LSC syntax

« Towards semantics

el

Live Sequence Charts |
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e Lecture 11 Core State Machines | « Educational Objectives: Capabilities for following tasks/questions.
. * How is the semantics of LSCs constructed?
e Lecture 12: Core State Machines Il + What i 2 cut,fred-st, etc.?
. » Construct the TBA for this LSC.
e Lecture 13: Core State Machines Il « Give one example which (non-)trivially satisfies this LSC
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Last Lecture:

« Symbolic Biichi Automata
« Language of a UML Model
o Cuts

This Lecture:
« Educational Objectives: Capabilities for following tasks/questions.
« How is the semantics of LSCs constructed?
© What is a cut, fired-set, etc.?
« Construct the TBA for this LSC.
« Give one example which (non-)trivially satisfies this LSC.

o Content:
£ Cut Examples, Firedset
5+ Automaton construction
« Transition annotations

« Forbidden scenarios
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Last Lecture:
© Firedset, Cut
+ Automaton construction

« Transition annotations

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

o Content:
« Inheritance in UML: concrete syntax
« Liskov Substitution Principle — desired semantics

= Two approaches to obtain desired semantics
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Last Lecture:
 Liskov Substitution Principle
« Inheritance: Domain Inclusion Semantics

This Lecture:

. ional Objectives: C
* What is the idea of meta-modelling?
* How does meta-modelling relate to UML?

bilities for following tasks/questions

 Content:
« The UML Meta Model
« Wrapup & Questions
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