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What Do We Want / Have to Cover?

Aclass
{(Stereotype, ... Stercotype,,))
 hasaset of stereotypes, Package:
© hasaname, +r: Package:C, | = eapr
5:D. {ordered}
«(belongs to a package.) e
« can be abstract, w: Float {readOnly}
« can be active,
« hasaset of attributes,
3 der) A o)
« hasa set of operations. (— v Int B
Each attribute has
o avisibility, o 7
@ Int
© aname, atype, I
yPe, ks

« amultiplicity, an order,
« aninitial value, and
« aset of properties, such as readOnly, ordered, etc.

Wanted: places in the signature to represent the information from the picture.

Extended Signature Example

i S = (F,€,V,air), (C,Sc.a,t) €C. {v:T.§ eapro, Pu) €V
Pl pes
7 = ({Int, Float}; Jr— shoelpes alshect
Va [ o adee
clsses Y (Package:C, { Stercotype .., Stereotype, }, 0,07,

ababude vons

(A.0,1,0), (B,0,1,0), (D,0,0,1
;f?a/v .\ B o kel e ecpt

{(r: Package:C, |, +, eapr,0), (5 : D.,+,q, ?ama&
w/% ity vfﬁzx\a
(v: Int,—,27,0), (w: Float,+,5, {readOnly}),

(x: Int,+,09,0), (y: Int,+,54,0)},

ok

TTA
{Package:C v+ {r,s,v,w}, Ars{y}, B0, Do {z}})

Extended Signature

Conventions

« We write (C. Sc, a, t) if we want to refer to all aspects of class C.

o If the new aspects are _:m_m<w:. ac_‘ agiven context),
we simply write Ci.e. old defi

« Similarly, we write (v : T',¢, eapry, P.) if we want to refer to all aspects of attribute v.

« Wite only v : 7 or v f details are irrelevant.

T

Extended Signature

Definition. An (Extended) Object System Signature is a quadruple

S = (7,%€,V, atr) where

7 is aset of (basic) types,

« @isafinite set of classes (C, Sc, a, ) where
* Sc is afinite (possibly empty) set of stereotypes,
* a € Bisaboolean flag indicating whether C'is abstract, (4= jlf ¢ is abslact)
« t € Bisaboolean flag indicating whether C s active,

.

o Visafinite set of attributes (v : T, &, eapry, P,) where
« Tisatypefrom 7, or Co,1, C. forsome C € 4.

& € {public, private, protected, package} is the visibility,
o Esmns

:a_E expression expr, given as a word from a language for initial value
the Rhapsody tool;
write < to explicitly ot give an initial value expression.

« afinite (possibly empty) set of properties P,.

s set of attributes.

o atr : ¢ — 2" maps each class

We use S« to denote the set | .. Sc of stereotypesin ..

Structures of Extended Signatures

Recall:

cm.s_._e_ A Basic Object System Structure of a Basic Object System Signature
= (2,%,V, atr) is adomain function % which assigns to each type a domain,
e

* 7 € 7 ismapped to Z(7),

* C € € is mapped to an te set 2(C) of (object) identities.
Note: Object identities only have the “="" operation.

« Sets of object identities for different classes are disjoint,

VC,De€:C#D—2(C)n2(D) =0.
« C.and Cy; for C € ¢ are mapped to 27()

We use (%) to denote U, 7(C); analogously 7(%.).




Structures of Extended Signatures

New:

Definition. An (Object System) Structure of an (Extended Object System) Sig-
nature . = (.7,%, V., atr) is a domain function & which assigns to each type a

* 7€ 7 ismapped to %(r),

« C € % is mapped to an infinite set 7(C) of (object) identities.

Note: Object identities only have the “="" operation.

Sets of object identities for different classes are disjoint, i.e.
YC,De€:C#D—2(C)n2(D)=0.

« C.and Cy,; for C € € are mapped to 27(°).

We use 7(%) to denote ... Z(C); analogously 7(%.).
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Semantical Relevance
« The semantics (or meaning) of an extended object system signature
wrt. a structure 7 is the set of system states 7.

o The semantics (or meaning) of an extended object system signature .
is the set of sets of system states wrt. some structure of .7, i.e. the set

{S2 | Zisstructure of 7 }. 3,:<C 0,007
T 2
Ly = N
% <o805" 7
Which of the following aspects is semantically relevant, ‘ )
i.e. does contribute to the constitution of system states? oy clifores.ce -
QLB s acfewss
Aclass Each attribute has of <)
« has a set of stereotypes, X_ y. X
« hasaname,v/ « aname, atype, /
« belongs to a package. . ty”an order, X
« canbeabstract,/” o aninitial value, and %'
o canbeactive. ). + asetof properties, (|
« hasaset of attributes,” such as readOnly, ordered, etc.

« has a set of operations (later).

System States of Extended Signatures

Recall:
Definition. Let 2 be a basic structure of basic signature . = (7,6, V, atr).
A system state of .% wrt. 7 is a type-consistent mapping
0 DE) » (V= (2(T) U D(E.))).

Thatis, for eachu € 2(C), C' € 4, if u € dom

o dom(o(u)) = atr(C)
e o(u)(v) € Z(r)ifv:T,T€ T

o o(u)(v) € Z(D.)ifv: Doy orv: Dowith D € ¢

We callu € (%) alive in o if and only if u € dom|

We use £% to denote the set of all system states of .7 wrt.Z.

Mapping UML Class Diagrams to Extended Signatures
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System States of Extended Signatures

New:

Definition. Let 2 be a structure of extended signature .’ = (.7, %, V, atr).

Asystem state of % wrt. Z is a type-consistent mapping
a: 9 (E) » (V» (2(T)U 2(%.)))-
Thatis, for each u € %(C), C € %, if u € dom(a)
o dom(o(u)) = atr(C)
o o(u)(v) € 2(r)ifv:T,T€T
o« o(u)(v) € 2(D.)ifv: Doyorv: D.with D € %
abstiact
 ¥(C,Sc, w\vlm % o dom() N 2(C) = 0.
Wecallu € (%) alive in o if and only if u € dom(a).
M We use £% to denote the set of all system states of . wrt.Z7.
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From Class Boxes to Extended Signatures

A class box n induces an (extended) signature class as follows:

) (optiomal )
n s, .uiv\

G o Ty e (P | Pt

Gv T N:MS Pem,}

= (C.{S1,.... Sk}, a(n),t(n))

{400 = Th, €1, €xprb, APty ooy Promy Do (06 5 Tos €y eaprty {Pes oy Promg D}

atr(n) := {C — {v1,...,ve}}
where
« “abstract” is determined by the font: « “active”is determined by the frame:
almy =™ T L
false . otherwise false . otherwise




Example

Stereotype, ..., Stercotype, )
Package:C
T Package:C, , = eapr
5:D. {ordered)
—vilnt=27
w: Float {readOnly}

&n: Ty = eapy

&ove: Te = eaprl {Pra,
8 A

y:Int
Cln) = (€, (Sur---, eyl ) L 8
V(n) i= ({11 : Ty, €0, eaprb, {Pias., Prom Wov oo
Tirbes eaprly {Pess s Pem )} D
s ot N S 11 o Int

= ({1, Tt
£ < Relago, {Shogn,, S, 0,07, <A,0,4,0% <B,9,1.02, <v,,0,7>5,
§ < el e 7D, Leidy 10, 24 fodeet]D)
vl =, 0,00 LuTmd, 2 s, ?\&r%v\ Cyilt, 2, m P>,
L, 7,0,85 3,

[ Pacgerd 1o £ o5, Al 5, 08, D s fe2 | )
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From Class Diagrams to Extended Signatures
« We view a class diagram CD as a graph with nodes {n1,... . nx}
(each “class rectangle” is a node).
° €(CD)=={C(n:) |1 <i< N}
o V(D) :=UN, V(ni)
o atr(CD) := U, atr(n:)
« Ina UML model, we can have finitely many class diagrams,
€% = {CDi,...,CD},
which induce the following signature:
x k .
S (CD) = Aw_ Jeen).Yvier). cimgv .
et et P
(Assuming 7 given. In “reality’” (i.. in full UML), we can introduce types in class diagrams, the
class diagram then contributes to .7. Example: enumeration types.)
2073

What If Things Are Missing?

It depends.
 What does the standard say? (OMG, 20112, 121)
“Presentation Options.

The type, visibility, default, multiplicity, property string may be suppressed from being
displayed, even if there are values in the model.”

ty: There is no “no visibility” — an attribute has a visibility in the (extended) signature.

Some (and we) assume public s default, but conventions may vary.

: some assume it given by domain (such as "
leftmost” of Z.2).

Some (and we) inistic initialisati

leftmost value’, but what is

« Properties: probably safe to assume 0 if not given at all

Is the Mapping a Function?

Question: Is.#(%'7) well-defined?

There are two possible sources for problems:

(1) Aclass C may appear in multiple class diagrams:
(0]

(ii)

Simply forbid the case (i) - easy syntactical check on diagram

2

Example Cont’d

ey, Stercotype
Package:C
T Package:C, , = eapr
#:D. {ordered}
—vilnt=27
w: Float {readOnly}

C(n) 1= (C,{Sh..... St} aln), tn))

() := {{v2 : T1. &, expr§, { Py
(v s Tes oy eapr, {Pea, -
atr(n) = {C — {v1,...,v}}

[

T Int

# = ({Int, Float},
{{Package:C, { Stercotype, , ..., Stereotype, },0,0),
(A.0.1,0), (8,0,1,0), (D.0,0,1)},
{{r: Package:C, | +, capr,0), (s : Du, +,0, {ordered}),
(v Int,~,27,8), (w: Float, +,0, {readOnly}),
(o Int, Foa ), (y: Int, +,00,6)},
{Package:C — {r.s,v,w}, Aw {y}), Br>d, Dw{a}})

Is the Mapping a Function

(2) An attribute v may appear in multiple classes with different type:

Two approaches

« Require unique attribute names.
This requirement can easily be established (implicitly, behind the scenes) by viewing v as
an abbreviation for DCCw)
Civ or Dy D) -

depending on the context. (C::v : Bool and D:

: Int are then unique.)
« Suble, formalists approach: observe that

(v:Bool,...) and (v:Int,...)
Dy Bar,
D <vi b, ->)

are different things in V.




Abbreviations

Since we have not yet discussed associations, for now we read

as

Stereotypes as Labels or Tags

« What are Stereotypes?

» Not represented in system states.

o Not

to typing rules / well

o Oestereich (2006):

View stereotypes as (additional) “lab:

“tags”) or as “grouping”.

o Useful for

« Documentation: e.g. layers of an architecture.

1 and model-dri

eg. cod ion:

Sometimes, packages (cf. OMG (2011a,b)) are sufficient and “right”.

» Model

iven Architecture (MDA): later.

23
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Example: Stereotypes for Documentation

« Example: Timing Diagram Viewer
Schumann et al. (2008)

o Architecture has four layers:

« core, datalayer
abstract view layer

« toolkit-specific view layer/widget
« application using widget

.~ Stereotype “="layer “=" colour.

27m

Stereotypes

25/

Other Examples

o Use stereotypes Team;  Teamy! Teams'and assign stereotype Team; to class C'if Team, is responsible
for class C.

o Use stereotypes to label classes wit

(eg. LGPL vs. proprietary).

« Use stereotypes ‘Server 4. ‘Server ' to indicate where objects should be stored.

« Use stereotypes to label classes with states in the process like “under
“submitted for testing’, “accepted”

o etcetc.

Necessary: a common idea of what each stereotype stands for.

(To be defined / agreed on by the team, not the job of the UML consortium.)
R ey e



Tell Them What You've Told Them. ..

.

Extended Signatures allow us to represent aspects like
ity,

o abstract, active, al value expression,

Not all of these aspects are semantically relevant.

The only change on system states
is that abstract classes cannot have instances.

Class Diagrams map to Extended Signatures,
i.e. the meaning of a class diagram
is the extended signature which it uniquely denotes.

Thus a Class Diagram (transi
(given a structure).

ely) denotes a set of system states

Stereotypes are just labels,

29

References

307

References

Oestereich, B. (2006). Analyse und Design mit UML 2.1, 8. Auflage. Oldenbourg, 8. edition.
OMG (2011a). Unified modeling language: Infrastructure, version 2.4.1. Technical Report formal/2011-08-05.
OMG (2011b). Unified modeling language: Superstructure, version 2.41. Technical Report formal/2011-08-06.

Schumann, M., Steinke, J., Deck, A, and Westphal, B. (2008). Traceviewer technical documentation, version 1.0
Technical report, Carl von Ossietzky Universitat Oldenburg und OFFIS.

31m



