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Overview

« Class diagram: © Class diagram (with temary association):
¢ |

v Int
d: D,

« Signature: o Signature: extend again;
represent association r
with association ends a, b, and z

)

= ({Int},{C, D}, {v: Int.d: Du,c: o},
{C = {v,d}, D~ {c}})

(each with multi

o Example system state: « Example system state:

13}, 1p = 0,17 = 0}

a={lc~{v—27,c~ {5p,7p}} o={lar
5p = {d= {1c}}.7p = {d > {1e}}}

A={ro{(la1p12)}}

« Object diagram:
o Object diagram: No...

Contents & Goals

Last Lectures:

o completed class diagrams. .. except for associations.

This Lecture:

o Educational Objectives: Capabi
+ Please explain this class diagram with associations.
« Which i of an iation arrow are i relevant?

ies for following tasks/quest

« What's a role name? What's it good for?

© What is “multiplicity"? How did we treat them semantically?
* What n", “navigability”, “owners|

© What's the difference between “aggregation” and “composition” ?

g direc

Content:

« Study concrete syntax for “asso
o (Temporarily) extend signature, define mapping from diagram to signature.
« Study effect on OCL.

* Btw.: where do we put OCL constraints?

»

Plan

o Class diagram (with ternary association):

Study association syntax.

i) Extend signature accordingly.

(iif) Define (. A) system states with

o objects in o
(instances of classes),

ks in A o Signature: extend again;
stances of associations).

represent association

with association ends a, b, and z

(iv) Change syntax of OCL to (each with multiplicity, visibility, etc.)
refer to association ends.

+ Example system state:

Adjust interpretation I
(v) Adjust interpretation ety

o={larm{wr

w accordingly.

i A={re{(lalg1

& (vi) ... go back to the special case of {roale 12} }
g Co.1 and C, attributes. « Object diagram: No. ..

codad ¥ he:aat >3

Overview
o Class diagram: o Class diagram (with ternary association):
- SCratids el
asocih
¢:Coy ¢S
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Alternative presenta

c a

vilt o ¢

« Signature: « Signature: extend again;
represent association 1
with association ends a, b, and =
ity, visibility, etc.)
LY
.mxmi_mmm.mimsmnm" .mxui_mmm..m-:m.upmvo.‘i
v< u« A NmI\

o ={1am {wrs 13}, 15 0,17 — 0}

= ({Int},{C,D},{v: Int,d: Ds,c: Co1},
{C {v.d}, D> {e}})

(each with multi

o={l¢~ {v—27d— {5p,7p}},

; 5p > {@— {1c}} 7o = {€ {1c}}} A= (e (s 1)) ]
={r Alplz)} ),

o Object diagram: 1.18.2,) v

Associations: Syntax




UML Association Syntax o.

Assoiation

6/34
(Temporarily) Extend Signature: Associations
Only s 08/09 we assume that each element in V is
o either a basic type attribute (v : T\£, exprg, P,) with T € 7 (as before),
 or an association of the form e el
———
\m._ (roley : Cy,pur, Pry&1,01,01),
wsmialos{rolen : G tins Pasos s on)
o
R the class b Hols
« 1> 2 (at least two ends), aswciaton od s lecakd
o 7, role; are just names, C,€%,1<i<n,
« the mul ity pi is an expression of the form
£ pi=N.M | Nox | pp (N,M €N)

i P isaset of properties (as before),
€€ {+,— #,~} (as before),
vi € {x, -, >} is the navigability,

o N for N.N,
o % for 0..x (use with carel)

© 0, € B is the ownership.

More Association Syntax

61;43)

So, What Do We (Have to) Cover?

(Temporarily) Extend Signature: Associations

20151

> of Lect 8/09 we assume that each element in V' is

o cither a basic type attribute (v : T, ¢, capro, P.) with T € 7 (as before),
« or an association of the form

(r: (roley : Cy,p, P, 61,01, 01),
(roley, = Crs iy Py &ns Uy 0n))
© n > 2 (at least two ends),

o 7, role; are just names, Ci€%,1<i<n,

* the multi

ity pui is an expression of the form

[ Nox | o (N,M € N)

An association has

 a name,

o a reading direction, and
* at least two ends.

Each end has
* a role name,

o a multiplicity,

a set of properties,

« a navigability,
« an ownership,
and possibly a diamond. (exielses)

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

From Association Lines to Extended Signatures

o P is a set of properties (as before),
£ € {+,—,#,~} (as before),
v; € {x,—, >} is the navigability,

y abbreviations

.

. i |
v o0 B is the ownership. « for 0.k (use with carel)

(r = (roley : Cy, py, Pr, &1, 11, 01)
maps to

(

rolen : Cu, fin, Pos €ns Vns 0n))
e —




Association Example

—c T o+n b
c o———————————— It
0..%
Signature:
€ W assopp i

= ({13, {0}, fr b, v
y: el 0y, fmiguf, ~, x, 1>
i, 0.3, dwig], 4,5, 05 >
{¢po, DH miwv

T 1173

Wait, If Omitting Things...

s causing so much trouble (e.g. leading to misunderstanding),
why does the standard say “In practice, it is often convenient ?

Is it a good idea to trade convenience for precision/unambiguity?

It depends.

« Convenience as such is a legitimate goal.

* In UML-As-Sketch mode, precision “doesn’t matte
so convenience (for writer) can even be a primary goal.

o In UML-As-Blueprint mode, precision is the primary goal.
And misunderstandings are in most cases annoying.

But: (even in UML-As-Blueprint mode)

So: tell the reader about your convention and leave out the *'s.

20151

14734

What If Things Are Missing?

Most components of associ ns or association end may be omitted.
For instance (OMG, 2011b, 17), Section 6.4.2, proposes the following rules:

* Name: Use
ALY LC)

if the name is missing.
Example:

—— ACD
] W

* Reading Direction: no default.

* Role Name: use the class name at that end in lower-case letters

. Example:

Other convention: (used e.g. by modelling tool Rhapsody)

o O DT for - D

123
Temporarily (Lecture 8/9) Extended Signature
Definition. An (Extended) Object System Signature (with Associations)
is a quadruple . = (7,6, V, atr) where
...
« each element of V/
o either a basic type attribute (v : T\ &, exprg, Py) with T € 7
« or an association of the form
(r: (roler : C1,m, P1,61,v1,01),
(rolen : Crn ftm Py €, Uy 0n))
...
o atr: € — 2VEV | vT, TeT }
. maps each class to its set of basic type (!) attributes.
In other words:
only basic type attributes “belong” to a class (may appear in atr(C)),
"+ associations are not “owned" by a particular class (do not appear in any atr(C)),
but “live on their own”. 155

What If Things Are Missing?

In my opinion, it's safer to assume 0..1 or * (for 0..) G‘Q

there are no fixed, written, agreed conventions ( “expect the worst"). — ~
Properties: ()

Visibility: public J

2011b, 43)

Navigability and Ownership: not so easy. (O

“Various options may be chosen for showing navigation arrows on a diagram.
In practice, it is often convenient to suppress some of the arrows and crosses and just
show exceptional situations:
« Show all arrows and x's. Navigation and its absence are made completely explicit.
o Suppress all arrows and x's. No inference can be drawn about navigation.
This is similar to any situation in which information is suppressed from a view.
o Suppress arrows for associations with navigability in both directions, and show arrows
only for associations with one- way navigability.

In this case, the two-way navigability cannot be distinguished from situations where
there is no navigation at all; however, the latter case occurs rarely in practice.”

Associations: Semantics

1334



Associations in General

0151

Recall: We consider associations of the following form:

(r: (roley : Cy, ur, i €1, 01,015 (10len < o, s P &

Only these parts are relevant for extended system states
(r: (roley : C1, o, Pry sy )y (r0len s Cry Py ooy )
(recall: we assume P, = P, = {unique}).

The UML standard thinks of associations as n-ary relations
which e on their own” in a system state.

That is, links (= association instances)
» do not belong (in general) to certain objects (in contrast to pointers, e.g.)
e are “first-class citizens” next to objects,

n general) not directed (in contrast to pointers).

Associations and OCL

20734

Links in System States

i (r: (roley : Cr,—, Piy—y— )y (rolen, : Cpyoy Payy )

Only for the course of lectures 8 / 9 we change the definition of system states:

Definition.  Let Z be a structure of the (extended) signature with
associations . = (.7, €, V, atr).

A system state of . wrt. 7 is a pair (0, \) consisting of

« a type-consistent mapping (as before) \?m §r¢ﬂ&&;b
0 D) = (atr(B) » NT)),

a mapping A which maps each association
(r: (roley : C1),. .., (rolen : Cp)) € V to a relation

A(r) € 2(C1) x -+ x D(Cn)

(i.e. a set of type-consistent n-tuples of identities).

OCL and Associations: Syntax

20151

OCL syntax as introduced in Lecture 3, interesting part:

eapri=... |riewry)) i1c 7D r1: Do, € atr(C)
ro(epr,) :7c = Set(rp) r2: D, € atr(C)

Signature: %u mmr«w. m».w.mw‘ mcn Le,
Leida A, 0% 1, b X, 0,

< b:B, 01, B>, 0%

a2, 15,7 b)) =, 05 vw\ s excmipb”

{Aniu, Bne, Chp3)

System state:

5§ 4,1 furnd Afre { (u08,2),
2am fuB (24, 04,2,
3 §ard, (1a, llg, 2%,

o &, N, (5, 8g, 29) w
e ek o
i %

OCL and Associations: Syntax

Recall: OCL syntax as introduced in Lecture 3, interesting part:

expr i=... |ri(expr,) :7¢ =D r1: Do € atr(C)
| ra(eapry) :7¢ = Set(rp) r2: D, € atr(C)

Now becomes

expr i [ role(expry) <7 —7p p=0.lorp=1.1
| role(expry) :7c — Set(rp) otherwise
- X o
if there is v
(r:....(role: D, JeVor
L (ol L ) (role s Doy L)) €V role # role
A
Note:

* Association name as such does not occur in OCL syntax, role names do.

o expr, has to denote an object of a class which “participates” in the association

213




OCL and Associations Syntax: Example

emprii=... |role(ezpry) :1c —TD p=0.1or p=1.9
| role(espry) : ¢ — Set(rp) otherwise
if there is
W{role’ 10,y ) ) EVior
..) € V, role # role’

(r... (role: Do, , .
{role’ : €y, -,2)

« {role : Dopi -

< Playedinvear

[oel]

FIGUIS T 2L - Binary and terary associations (O

bkl Plages v+ Feam—> i ( ¢/ bhalinn )

2011, 44).
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OCL and Associations: Semantics

26 - Sa

u | ifw € dom(o) and o(uy)(ry) = {u}
L, otherwise

o I[ry(eapry)](o, 8) == ﬁ

o(w)(r2) . if ur € dom
1 , otherwise

* Ilrs(ezpr)](e, 8) .uﬁ

Assume expr, : 7c for some C € €. Set uy = Ifexpry}(0. B) € 2(Te).

Now needed:
I[role(ezpry)[((o, 1), B)

= We cannot simply write (u)(role)

Recall: role is (for the moment) not an attribute of object u (not in atr(C)).

= What we have is A(r) (with association name r, not with role name rolel).

(i (role s Dyptyoy oy oy )y (10le’ 1Oy oy oy

)

But it yields a set of n-tuples, of which some relate u and some instances of D.

 role denotes the position of the D’s in the tuples constituting the value of r.
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