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Abstract Syntax

A signature with inheritance is a tuple

S = (7%,

Latr, &, F,mth, <)  WOT:

where

* (7,%,V, atr, &) is a signature with signals and behavioural features
(F/mth are methods, analogous to V/ atr attributes), and

© AC(EXE)UE X E)
is an acyclic generalisation relation, ie. C' <+ C forno C' € .

In the following (for simplicity), we assume that all attribute (method) names are of the form C:v and C: f
forsome C € % U & (“fully qu:

Read C <1 Das.

o Dinherits from

o Cisageneralisation of D,
« Disaspecialisation of C,

o Cisasuper-class of D,
o Disasub-classof C.
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o Inheritance
 Abstract syntax

kov Substi

« Well-typedness with inheritance

« Subset-semantics vs. uplink-semantics

© Meta-Modelling
o Idea
 Experiment: can we model classes?

W):n_ That's It!

o Any open questions?

The map - in hindsight.
Educational objectives - useful questions.
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Inheritance: Concrete Syntax
Common graphical representations (of <= {(C, D1), (C, D2)})
| o | »
¢aq D4,
o
% Note: we can have multiple inheritance.
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Inheritance

Desired Semantics of Specialisation: Subtyping

There is a classical description of what one expects from sub-types, which is closely related to
inheritance in object-oriented approaches:

The principle of type substitutal
Liskov Substitution Principle (LSP) Liskov (1988); Liskov and Wing (1994).



Desired Semantics of Specialisation: Subtyping

Static Sub-Typing
There is a classical description of what one expects from sub-types, which is closely related to
inheritance in object-oriented approaches:

FrontEnd
The principle of type substitutability:

Liskov Substitution Principle (LSP) Liskov (1988); Liskov and Wing (1994).
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/itsSession. dump(
In other words: Fischer and Wehrheim (2000)
“Aninstance of the sub-type shall be yssble JitsSession = new VIPSession
whenever an instance of the supertype was expected, Tetasm, WPy,
without a client being able to tell the difference’” .
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(ii) Dispatch

(0.6) LoD, (o1 o)

o u e dom(e) N Z(C) AJup € P(E) : up € ready(e, u)
« uis stable and in state machine state s,ie. o(u) (stable) = 1and o () (st) = s,

is enabled, i.e.

3 (s, F, eapr, act, s') €= (SMc) : F = B A Ieapr] (5.u) = 1

where & = ofu.params , -+ ug) eg. (D Elreses® 55
and

+ (",<') results from applying f.c: to (<) and removing u from the ether, ie.

(0".€") € tauu[ul(5.¢ S up), o e
. ” g —
o' = (0"[w.st = ', u.stable > b, u.params z - 0])| o () fug)
where b depends (see (i)
« Consumption of uz; and the side effects of the action are observed, ie.

cons = {ug}, Snd = Obs,. [u](3.2 © u).

Meta-Modelling: Idea

Recall: Subtyping

There is a classical description of what one expects from sub-types, which s closely related to

inheritance in object-oriented approaches:

The principle of type substitutability:
kov Substitution Principle (LSP) Liskov (1988); Liskov and Wing (1994).
If for each object o of type S

there s an object o7 of type T
such that for all programs P defined in terms of T
the behavior of P is unchanged when os is substituted for o7

then S is a subtype of

In other words: Fischer and Wehrheim (2000)
“Aninstance of the sub-type shall be usable
whenever an instance of the supertype was expected,

without a client being able to tell the difference.

iz 1224

Meta-Modelling: Why and What

+ Meta-Modelling is one major prerequisite for understanding
« the standard documents OMG (2011a,b), and
« the MDA ideas of the OMG.

« Theidea is somewhat simple:
« ifamodelling language is about modelling things,
« and if UML models are things,
o then why not describe (or: model) the set of all UML models using a modelling language?

o ; 15

Subtyping: Example

o SMiaacher

A._gz.,\ﬁ u?‘;sé

WrongAns/

Meta-Modelling: Example

| Teacher f——:Polite

Teacher —— GenStWorker ﬂw

13/

ol El i

For example, let’s consider a class.

o Aclass has (among others)
« aname,

« any number of attributes,

= any number of behavioural features.

Each of the latter two has
« aname and
ty

.a

Behavioural features in addition have

= aboolean attribute isQuery,
« any number of parameters,
« areturn type.

Can we model this (in UML, for a start)?
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UML Meta-Model: Extract from UML 2.0 Standard

Comment Element

NamedElement
name
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P :xammaz; RedefElement W_ redefclem
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Figure 7.5 - The top-lovel package structu

The UML 2.x Standard Revisited

Claim: Extract from UML 2.0 Standard

Comment

R

UML Architecture (oma, 20

» 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, eg., CWM
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Figure 7.12 - Classes diagram of the Kernel package
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ratnespace) Fedefines ownecPararetar

Figure 7.11 - Operations diagram of the Kernel package

Figure 7.9 - Classifiers diagram of the Kernel package

Operations (omc,

7h, 30)

Figure 7.10 - Features diagram of the Kernel package

Namespaces (om

(ssess o

Figure 7.4 - Namespaces diagram of the Kernel package

Claim: Extract from UML 2.0 Standard

Comment ————+  Element

NamedElement
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Figure 7.3 - Root diagram of the Kernel package
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Reading the Standard
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Reading the Standard
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Reading the Standard
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Reading the St

 —

Meta Object Facility (MOF)

3074

Reading the Stapdasd s

Open Questions.

a M S

» Now youve been “tricked"...

3074

 We didnt tell what the modelling language for meta-modelling i

« Idea: have a minimal object-oriented core compr

g the notions of

class, association, inheritance, etc. with “self-explaining” semantics.

« Thisis Meta Object Fa
which (more or less) coi

(MOF),

» So: things on meta level
« MO are object diagrams/system states.
« Miare words of the language UML
« M3 are words of the language .M07

ides with UML Infrastructure OMG (2007a).

Reading the Sta

Benefits

 In particular:
« Benefits for Modelling Tools.
» Benefits for Language Design.

« Benefits for Code Generation and MDA.

30/
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Modelling vs. Meta-Modelling

Modelling vs. Meta-Modelling

Class. Property Type Class Property Type
Meta- name: Str L name: Str fn name: Str i Meta- i name: Str name: Str name: Str i
Model [ i I | Model [ i !
T ¥ T T
(M2) T ' (M2) T
T H T + T T H T
| \ | | | | \ |
: ;- : | I | | 7
Meta-Modelling: Principle b 1 , \ ! | S =
\ | | C | | ({Int}
Class Property ! - Class Property
e - ] T e e} (o)
Model 4 Model (C o).
(M1) (M1) | IG5
« So, if we have a meta model My of UML. ’
Instance Instance | instance-| ~ then the set of UML models is the set of in- 7
| stances of My /
(MO) (MO) | / 3
= A UML model M can be represented as ,
an object diagram (or system state) wrt. the o={u
meta-model My (v 0}}
« Other view: An object diagram wrt. meta-
model My can (alternatively) be d
as the UML model M.
34/ EL 35/m
Well-Formedness as Constraints in the Meta-Model The Map
« The set of well-formed UML models can be defined as the set of object diagrams satisfying
all constraints of the meta-model.
Constraint exampl
“[2]  Generalization hierarchies must be directed and acyclical. A classifier
cannot be both a transitively general and transitively specific classifier
of the same classifier. -
notself . allParents() -> includes(self)” (OMG, 2007b, 53) And That's It!
« The other way round:
Given aUML model M, unfold it into an object diagram Oy wit. M.
1f Oy is a valid object diagram of M . satisfies allinvariants from Inv(M ), then A is
awell-formed UML model.
That s, if we have an object diagram validity checker for of the meta-modelling language,
then we have a well-formedness checker for UML models.
36/ 37
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