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D
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C
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P
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D
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A
n
d
reas

P
o
d
elski,

D
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B
e
rn

d
W

e
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h
a
l

A
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n
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C
ontents

&
G

oals

L
a
st

L
e
ctu

re
s:

•
S
tu

d
ied

syn
tax

o
f
asso

ciatio
n
s

in
th

e
g
en

eral
case.

T
h
is

L
e
ctu

re
:

•
E
d
u
ca

tio
n
a
l
O

b
je

ctive
s:

C
ap

ab
ilities

for
follow

in
g

tasks/q
u
estion

s.

•
C
o
n
t’d

:
P
lease

exp
lain

th
is

class
d
iag

ram
w

ith
asso

ciatio
n
s.

•
W

h
en

is
a

class
d
iag

ram
a

g
o
o
d

class
d
iag

ram
?

•
W

h
at

are
p
u
rp

o
ses

o
f
m

o
d
ellin

g
g
u
id

elin
es?

(E
xam

p
le?)

•
D

iscu
ss

th
e

style
o
f
th

is
class

d
iag

ram
.

•
C
o
n
te

n
t:

•
A

sso
ciatio

n
sem

an
tics

an
d

eff
ect

o
n

O
C
L
.

•
T
reat

“
th

e
rest”

.

•
W

h
ere

d
o

w
e

p
u
t

O
C
L

co
n
strain

ts?

•
M

o
d
ellin

g
g
u
id

elin
es,

in
p
articu

lar
for

class
d
iag

ram
s

(fo
llow

in
g

[A
m

b
ler,

2
0
0
5
])

•
E
xam

p
les:

m
o
d
ellin

g
g
am

es
(m

ad
e-u

p
an

d
real-w

orld
exam

p
les)
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O
verview

W
h
a
t’s

le
ft?

N
a
m

e
d

asso
ciation

w
ith

at
least

tw
o

typ
ed

e
n
d
s,

each
h
avin

g

•
a

ro
le

n
a
m

e
,

•
a

m
u
ltip

licity,

•
a

set
of

p
ro

p
e
rtie

s,

•
a

visib
ility,

•
a

n
a
vig

a
b
ility,

an
d

•
an

o
w

n
e
rsh

ip
.

T
h
e

P
la

n
:

•
E
xten

d
syste

m
sta

te
s,

in
tro

d
u
ce

so-called
lin

k
s

as
in

stan
ces

of
asso

ciation
s

—
d
ep

en
d
s

on
n
a
m

e
an

d
on

typ
e

an
d

n
u
m

b
e
r

of
en

d
s.

•
In

tegrate
ro

le
n
a
m

e
an

d
m

u
ltip

licity
in

to
O

C
L

syn
ta

x/
se

m
a
n
tics.

•
E
xten

d
typ

in
g

ru
le

s
to

care
for

visib
ility

an
d

n
a
vig

a
b
ility

•
C
on

sid
er

m
u
ltip

licity
also

as
p
art

of
th

e
co

n
stra

in
ts

set
In

v(C
D

).

•
P
ro

p
e
rtie

s:
for

n
ow

assu
m

e
P

v
=

{
u
n
i
q
u
e
}.

•
P
ro

p
e
rtie

s
(in

gen
eral)

an
d

o
w

n
e
rsh

ip
:

later.
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A
ssociations

in
G

eneral

R
e
ca

ll:
W

e
con

sid
er

asso
ciation

s
of

th
e

follow
in

g
form

:

〈r
:
〈ro

le
1

:
C

1 ,µ
1 ,P

1 ,ξ
1 ,ν

1 ,o
1 〉,...,〈ro

le
n

:
C

n
,µ

n
,P

n
,ξ

n
,ν

n
,o

n
〉〉

O
n
ly

th
ese

p
arts

are
relevan

t
for

exten
d
ed

system
states:

〈r
:
〈ro

le
1

:
C

1 ,
,P

1 ,
,

,
〉,...,〈ro

le
n

:
C

n
,

,P
n
,

,
,
〉

(recall:
w
e

assu
m

e
P

1
=

P
n

=
{
u
n
i
q
u
e
}).

T
h
e

U
M

L
stan

d
ard

th
in

ks
of

asso
ciation

s
as

n
-ary

re
la

tio
n
s

w
h
ich

“live
o
n

th
e
ir

o
w

n
”

in
a

system
state.

T
h
at

is,
lin

k
s

(=
asso

ciation
in

stan
ces)

•
d
o

n
o
t

b
elon

g
(in

gen
eral)

to
certain

ob
jects

(in
con

trast
to

p
oin

ters,
e.g.)

•
are

“fi
rst-class

citizen
s”

n
e
xt

to
o
b
je

cts,

•
are

(in
gen

eral)
n
o
t

d
irected

(in
con

trast
to

p
oin

ters).
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L
inks

in
System

States

〈r
:
〈ro

le
1

:
C

1 ,
,P

1 ,
,

,
〉,...,〈ro

le
n

:
C

n
,

,P
n
,

,
,
〉

O
n
ly

for
th

e
cou

rse
of

lectu
res

07/08
w
e

ch
an

ge
th

e
d
efi

n
ition

of
system

states:

D
e
fi
n
itio

n
.

L
etD

b
e

a
stru

ctu
re

of
th

e
(exten

d
ed

)
sign

atu
re

S

=
(T

,C

,V
,a

tr
).

A
system

state
ofS

w
rt.D

is
a

p
air

(σ
,λ

)
con

sistin
g

of
•

a
typ

e-con
sisten

t
m

ap
p
in

g

σ
:D

(C

)
9

(a
tr

(C
)

9D
(T

)),

•
a

m
ap

p
in

g
λ

w
h
ich

assign
s

each
asso

ciation
〈r

:
〈ro

le
1

:
C

1 〉,...,〈ro
le

n
:
C

n
〉〉

∈
V

a
relation

λ
(r)

⊆D

(C
1 )

×
···×D

(C
n
)

(i.e.
a

set
of

typ
e-con

sisten
t

n
-tu

p
les

of
id

en
tities).
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A
ssociation/L

ink
E

xam
ple

C

D

x
:
In

t
•×

0
..
∗

n

S
ig

n
a
tu

re
:

S

=
({

In
t},{C

,D
},{x

:
In

t,

〈A
C

D
:
〈c

:
C

,0..∗,+
,{
u
n
i
q
u
e
},×

,1〉,

〈n
:
D

,0..∗,+
,{
u
n
i
q
u
e
},>

,0〉〉},

{C
7→

∅,D
7→

{x
}})

A
syste

m
sta

te
ofS

(som
e

reason
ab

leD

)
is

(σ
,λ

)
w

ith
:

σ
=

{1
C
7→

∅,3
D

7→
{x

7→
1},7

D
7→

{x
7→

2}}

λ
=

{A
C

D
7→

{(1
C

,3
D

),(1
C

,7
D

)}}
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E
xtended

System
States

and
O

bjectD
iagram

s

L
e
g
itim

a
te

q
u
e
stio

n
:

h
ow

d
o

w
e

represen
t

system
states

su
ch

as

σ
=

{1
C
7→

∅,3
D

7→
{x

7→
1},7

D
7→

{x
7→

2}}

λ
=

{A
C

D
7→

{(1
C

,3
D

),(1
C

,7
D

)}}

as
o
b
je

ct
d
ia

g
ra

m
?
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O
C

L
and

A
ssociations:

Syntax

R
e
ca

ll:
O

C
L

syn
tax

as
in

tro
d
u
ced

in
L
ectu

re
03,

in
terestin

g
p
art:

ex
p
r

::=
...

|
r
1 (ex

p
r
1 )

:
τ
C
→

τ
D

r
1

:
D

0
,1
∈

a
tr

(C
)

|
r
2 (ex

p
r
1 )

:
τ
C
→

S
et(τ

D
)

r
2

:
D

∗
∈

a
tr

(C
)

N
o
w

b
e
co

m
e
s

ex
p
r

::=
...

|
ro

le
(ex

p
r
1 )

:
τ
C
→

τ
D

µ
=

0..1
or

µ
=

1

|
ro

le
(ex

p
r
1 )

:
τ
C
→

S
et(τ

D
)

oth
erw

ise

if
〈r

:
...,〈ro

le
:
D

,µ
,

,
,

,
〉,...,〈ro

le
′
:
C

,
,

,
,

,
〉,...〉

∈
V

or

〈r
:
...,〈ro

le
′
:
C

,
,

,
,

,
〉,...,〈ro

le
:
D

,µ
,

,
,

,
〉,...〉

∈
V
,ro

le
6=

ro
le

′.

N
o
te

:

•
A

sso
ciatio

n
n
am

e
as

su
ch

d
o
esn

’t
o
ccu

r
in

O
C
L

syn
tax,

ro
le

n
am

es
d
o
.

•
e
x
p
r
1

h
as

to
d
en

o
te

an
o
b
ject

o
f
a

class
w

h
ich

“
p
articip

ates”
in

th
e

asso
ciatio

n
.
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O
C

L
and

A
ssociations

Syntax:
E

xam
ple

e
x
p
r

::=
...

|
ro

le
(e

x
p
r
1 )

:
τ

C
→

τ
D

µ
=

0
..1

or
µ

=
1

|
ro

le
(e

x
p
r
1 )

:
τ

C
→

S
e
t(τ

D
)

o
th

erw
ise

if
〈r

:
...,〈ro

le
:
D

,µ
,

,
,

,
〉,...,〈ro

le
′

:
C

,
,

,
,

,
〉,...〉

∈
V

or

〈r
:
...,〈ro

le
′

:
C

,
,

,
,

,
〉,...,〈ro

le
:
D

,
µ
,

,
,

,
〉,...〉

∈
V
,
ro

le
6=

ro
le

′.

F
ig

u
re 7.21 - B

in
ary an

d
 tern

ary asso
ciatio

n
s

T
eam

Y
ear

P
layer

P
layedInY

ear

year

*

*
season

*
*

goalie
team

W

[O
M

G
,
2007b

,
44].
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L
and

A
ssociations:

Sem
antics

R
e
ca

ll:
(L

ectu
re

03)

A
ssu

m
e

ex
p
r
1

:
τ
C

for
som

e
C

∈C

.
S
et

u
1

:=
IJex

p
r
1 K(σ

,β
)
∈D

(τ
C

).

•
IJr

1 (ex
p
r
1 )K(σ

,β
)

:=

{

u
,
if

u
1
∈

d
om

(σ
)

an
d

σ
(u

1 )(r
1 )

=
{u

}

⊥
,
oth

erw
ise

•
IJr

2 (ex
p
r
1 )K(σ

,β
)

:=

{

σ
(u

1 )(r
2 )

,
if

u
1
∈

d
om

(σ
)

⊥
,
oth

erw
ise

N
o
w

n
e
e
d
e
d
:

IJro
le

(ex
p
r
1 )K((σ

,λ
),β

)

•
W

e
can

n
o
t

sim
p
ly

w
rite

σ
(u

)(ro
le

).
R
e
ca

ll:
ro

le
is

(fo
r

th
e

m
o
m

e
n
t)

n
o
t

an
attrib

u
te

o
f
o
b
ject

u
(n

o
t

in
a
tr

(C
)).

•
W

h
at

w
e

h
ave

is
λ
(r)

(w
ith

r,
n
o
t

w
ith

ro
le

!)
—

b
u
t

it
yield

s
a

set
o
f
n
-tu

p
les,

o
f
w

h
ich

so
m

e
relate

u
an

d
o
th

er
so

m
e

in
stan

ces
o
f
D

.

•
ro

le
d
en

o
tes

th
e

p
o
sitio

n
o
f
th

e
D

’s
in

th
e

tu
p
les

co
n
stitu

tin
g

th
e

valu
e

o
f
r.
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O
C

L
and

A
ssociations:

Sem
antics

C
ont’d

A
ssu

m
e

ex
p
r
1

:
τ
C

for
som

e
C

∈C

.
S
et

u
1

:=
IJex

p
r
1 K((σ

,λ
),β

)
∈D

(τ
C

).

•
IJro

le
(e

x
p
r
1 )K((σ

,λ
),β

)
:=

{

u
,
if

u
1
∈

d
o
m

(σ
)

an
d

L
(ro

le
)(u

1
,λ

)
=

{
u
}

⊥
,
o
th

erw
ise

•
IJro

le
(e

x
p
r
1 )K((σ

,λ
),β

)
:=

{

L
(ro

le
)(u

1 ,λ
)

,
if

u
1
∈

d
o
m

(σ
)

⊥
,
o
th

erw
ise

w
h
ere

L
(ro

le
)(u

,λ
)
=

{(u
1 ,...,u

n
)
∈

λ
(r)

|
u
∈
{u

1 ,...,u
n
}}

↓
i

if

〈r
:
...〈ro

le
1

:
,

,
,

,
,
〉,...〈ro

le
n

:
,

,
,

,
,
〉,...〉,ro

le
=

ro
le

i .

G
iven

a
set

of
n
-tu

p
les

A
,
A

↓
i

d
en

otes
th

e
elem

en
t-w

ise
projection

on
to

th
e

i-th
com

p
on

en
t.
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O
C

L
and

A
ssociations

E
xam

ple

IJro
le

(ex
p
r
1 )K((σ

,λ
),β

)
:=

{

L
(ro

le
)(u

1 ,λ
)

,
if

u
1
∈

d
om

(σ
)

⊥
,
oth

erw
ise

L
(ro

le
)(u

,λ
)
=

{(u
1 ,...,u

n
)
∈

λ
(r)

|
u
∈
{u

1 ,...,u
n
}}

↓
i

C

D

x
:
In

t
•×

0
..
∗

n

σ
=

{1
C
7→

∅,3
D

7→
{x

7→
1},7

D
7→

{x
7→

2}}

λ
=

{A
C

D
7→

{(1
C

,3
D

),(1
C

,7
D

)}}

IJself
.nK((σ

,λ
),{

self
7→

1
C
})

=
IJn

(self
)K((σ

,λ
),{

self
7→

1
C
})

=
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Visibility

N
ot

so
su

rprisin
g:

V
isib

ility
of

role-n
am

es
is

treated
com

p
letely

sim
ilar

to
visi-

b
ility

of
attrib

u
tes,

n
am

ely
by

typ
in

g
ru

le
s.

Q
u
e
stio

n
:

given

C

D

x
:
In

t
1

ξ
ro

le

is
th

e
follow

in
g

O
C
L

expression
w
ell-typ

ed
or

n
ot

(w
rt.

visib
ility):

con
text

C
in

v
:
self

.ro
le

.x
>

0

B
asically

sam
e

ru
le

as
b
efore:

(an
alogou

sly
for

oth
er

m
u
ltip

licities)

(A
ssoc

1 )
A

,B
⊢

ex
p
r
1

:
τ
C

A
,B

⊢
ro

le
(ex

p
r
1 )

:
τ
D

,
µ

=
0..1

or
µ

=
1,

ξ
=

+
,
or

ξ
=

−
an

d
C

=
B

〈r
:
...〈ro

le
:
D

,µ
,

,ξ,
,
〉,...〈ro

le
′
:
C

,
,

,
,

,
〉,...〉

∈
V
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N
avigability

N
a
vig

a
b
ility

is
sim

ilar
to

visib
ility:

expression
s

over
n
on

-n
avigab

le
asso

ciation
en

d
s

(ν
=

×
)

are
b
a
sica

lly
typ

e-correct,
b
u
t
fo

rb
id

d
e
n
.

Q
u
e
stio

n
:

given

C

x
:
In

t
D

ro
le

×

is
th

e
follow

in
g

O
C
L

expression
w
ell-typ

ed
or

n
ot

(w
rt.

n
avigab

ility):

con
text

D
in

v
:
self

.ro
le

.x
>

0

T
h
e

stan
d
ard

says:
•

’−
’:

n
avig

atio
n

is
p
o
ssib

le

•
’>

’:
n
avig

atio
n

is
effi

cien
t

•
’×

’:
n
avig

atio
n

is
n
o
t

p
o
ssib

le

S
o
:

In
g
en

eral,
U

M
L

asso
ciatio

n
s

are
d
iff

eren
t

fro
m

p
o
in

ters/
referen

ces!

B
u
t:

P
o
in

ters/
referen

ces
can

faith
fu

lly
b
e

m
o
d
elled

b
y

U
M

L
asso

ciatio
n
s.
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T
he

R
est

R
e
ca

p
itu

la
tio

n
:

C
on

sid
er

th
e

follow
in

g
asso

ciation
:

〈r
:
〈ro

le
1

:
C

1 ,µ
1 ,P

1 ,ξ
1 ,ν

1 ,o
1 〉,...,〈ro

le
n

:
C

n
,µ

n
,P

n
,ξ

n
,ν

n
,o

n
〉〉

•
A

sso
ciation

n
am

e
r

an
d

role
n
am

es/typ
es

ro
le

i /C
i
in

d
u
ce

exten
d
ed

system
states

λ
.

•
M

u
ltip

licity
µ

is
con

sid
ered

in
O

C
L

syn
tax.

•
V

isib
ility

ξ
an

d
n
avigab

ility
ν

give
rise

to
w
ell-typ

ed
n
ess

ru
les.

N
o
w

th
e

re
st:

•
M

u
ltip

licity
µ
:

w
e

prop
ose

to
view

th
em

as
con

strain
ts.

•
P
rop

erties
P

i :
even

m
ore

typ
in

g.

•
O

w
n
ersh

ip
o:

gettin
g

closer
to

p
oin

ters/referen
ces.

•
D

iam
on

d
s:

exercise.
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M
ultiplicities

as
C

onstraints

R
e
ca

ll:
T

h
e

m
u
ltip

licity
of

an
asso

ciation
en

d
is

a
term

of
th

e
form

:

µ
::=

∗
|
N

|
N

..M
|
N

..∗
|
µ
,µ

(N
,M

∈
N

)

P
ro

p
o
sa

l:
V

iew
m

u
ltip

licities
(excep

t
0..1,

1)
as

ad
d
ition

al
in

varian
ts/con

strain
ts.

R
e
ca

ll:
w
e

can
n
orm

alize
each

m
u
ltip

licity
to

th
e

form

N
1 ..N

2 ,...,N
2
k
−

1 ..N
2
k

w
h
ere

N
i
≤

N
i
+

1
for

1
≤

i
≤

2k
,

N
1 ,...,N

2
k
∈
N

,
N

2
k
∈
N

∪
{∗}.

D
e
fi
n
e

µ
O

C
L

=
con

text
C

in
v

:

(N
1
≤

ro
le
-
>

size()
≤

N
2 )

an
d

...
an

d
(N

2
k
−

1
≤

ro
le
-
>

size()
≤

N
2
k )

for
each

〈r
:
...,〈ro

le
:
D

,µ
,

,
,

,
〉,...,〈ro

le
′

:
C

,
,

,
,

,
〉,...〉

∈
V

or

〈r
:
...,〈ro

le
′

:
C

,
,

,
,

,
〉,...,〈ro

le
:
D

,µ
,

,
,

,
〉,...〉

∈
V
,
ro

le
6=

ro
le

′.

N
o
te

:
in

n
-ary

asso
ciation

s
w

ith
n

>
2,

th
ere

is
red

u
n
d
an

cy.

– 08 – 2012-11-21 – Sassocrest –

1
9

/
5
2

M
ultiplicities

as
C

onstraints
ofC

lass
D

iagram

R
e
ca

ll:
CD

=
{C

D
1 ,...,C

D
n
}

sign
atu

reS

(CD
)

in
varian

ts
In

v(CD

)

b
asic

(classes
an

d

attrib
u
tes)

exten
d
ed

(visib
ility)

J
·K

d
istin

g
u
ish

F
ro

m
n
o
w

o
n
:

In
v(CD

)
=

{con
strain

ts
o
ccu

rrin
g

in
n
otes}

∪
{

µ
O

C
L
|

〈r
:
...,〈ro

le
:
D

,µ
,

,
,

,
〉,...,〈ro

le
′
:
C

,
,

,
,

,
〉,...〉

∈
V

or

〈r
:
...,〈ro

le
′
:
C

,
,

,
,

,
〉,...,〈ro

le
:
D

,µ
,

,
,

,
〉,...〉

∈
V
,

ro
le

6=
ro

le
′,µ

/∈
{0..1,1}

}

.
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M
ultiplicities

as
C

onstraints
E

xam
ple

µ
O

C
L

=
con

text
C

in
v

:

(N
1
≤

ro
le
-
>

size()
≤

N
2 )

an
d

...
an

d
(N

2
k
−

1
≤

ro
le
-
>

size()
≤

N
2
k )

C
D

:
C

v
:
In

t

r
o
le

1

0
..1

r
o
le

2

4
,
1
7

r
o
le

3
3
..
∗

In
v(C

D
)

=

•
{con

text
C

in
v

:
4
≤

ro
le

2
-
>

size()
≤

4
or

17
≤

ro
le

2
-
>

size()
≤

17}
=

{con
text

C
in

v
:
ro

le
2
-
>

size()
=

4
or

ro
le

2
-
>

size()
=

17}

•
∪
{con

text
C

in
v

:
3
≤

ro
le

3
-
>

size()}
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W
hy

M
ultiplicities

as
C

onstraints?

M
ore

precise,
can

’t
w
e

ju
st

u
se

typ
e
s?

(cf.
S
lid

e
36)

•
µ

=
0..1,

µ
=

1:
m

an
y

p
ro

g
ram

m
in

g
lan

g
u
ag

e
h
ave

d
irect

corresp
o
n
d
en

ces
(th

e
fi
rst

corresp
o
n
d
s

to
typ

e
p
o
in

ter,
th

e
seco

n
d

to
typ

e
referen

ce)
—

th
is

is
w

h
y

w
e

exclu
d
ed

th
em

.

•
µ

=
∗:

co
u
ld

b
e

rep
resen

ted
b
y

a
set

d
ata-stru

ctu
re

typ
e

w
ith

o
u
t

fi
xed

b
o
u
n
d
s

—
n
o

p
ro

b
lem

w
ith

o
u
r

ap
p
ro

ach
,
w
e

h
ave

µ
O

C
L

=
t
r
u
e

an
yw

ay.

•
µ

=
0..3

:
u
se

array
o
f
size

4
—

if
m

o
d
el

b
eh

avio
u
r

(or
th

e
im

p
lem

en
tatio

n
)

ad
d
s

5
th

id
en

tity,
w
e’ll

g
et

a
ru

n
tim

e
error,

an
d

th
ereb

y
see

th
at

th
e

co
n
strain

t
is

vio
lated

.
P
rin

cip
a
lly

a
cce

p
ta

b
le

,
b
u
t:

ch
eck

s
for

array
b
o
u
n
d
s

everyw
h
ere...?

•
µ

=
5..7

:
co

u
ld

b
e

rep
resen

ted
b
y

an
array

o
f
size

7
—

b
u
t:

few
p
ro

g
ram

m
in

g
lan

g
u
ag

es/
d
ata

stru
ctu

re
lib

raries
allow

low
er

b
o
u
n
d
s

for
arrays

(o
th

er
th

an
0
).

If
w
e

h
ave

5
id

en
tities

an
d

th
e

m
o
d
el

b
eh

avio
u
r

rem
o
ves

o
n
e,

th
is

sh
o
u
ld

b
e

a
vio

latio
n

o
f
th

e
co

n
strain

ts
im

p
o
sed

b
y

th
e

m
o
d
e
l.

T
h
e

im
p
lem

en
tatio

n
w

h
ich

d
o
es

th
is

rem
o
val

is
w

ro
n
g
.

H
ow

d
o

w
e

see
th

is...?
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M
ultiplicities

N
ever

as
Types...?

W
ell,

if
th

e
targ

e
t

p
la

tfo
rm

is
kn

ow
n

an
d

fi
xed

,
an

d
th

e
target

p
latform

h
as,

for
in

stan
ce,

•
referen

ce
typ

es,

•
ran

ge-ch
ecked

arrays
w

ith
p
osition

s
0,...,N

,

•
set

typ
es,

th
en

w
e

cou
ld

sim
p
ly

re
strict

th
e

syn
tax

of
m

u
ltip

licities
to

µ
::=

1
|
0..N

|
∗

an
d

d
on

’t
th

in
k

ab
ou

t
con

strain
ts

(b
u
t

u
se

th
e

ob
viou

s
1-to-1

m
ap

p
in

g
to

typ
es)...

In
gen

eral,
u
n
fo

rtu
n
a
te

ly,
w
e

d
on

’t
kn

ow
.
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P
roperties

W
e

d
on

’t
w
an

t
to

cover
asso

ciation
p
ro

p
e
rtie

s
in

d
etail,

on
ly

som
e

ob
servation

s
(assu

m
e

b
in

ary
asso

ciation
s):

P
rop

erty
In

tu
ition

S
em

an
tical

E
ff
ect

u
n
iq

u
e

on
e

ob
ject

h
as

a
t

m
o
st

o
n
e

r-lin
k

to
a

sin
gle

oth
er

ob
ject

cu
rre

n
t

se
ttin

g

b
a
g

on
e

ob
ject

m
ay

h
ave

m
u
ltip

le
r-lin

ks
to

a
sin

gle
oth

er
ob

ject
h
ave

λ
(r)

yield
m

u
lti-sets

o
rd

e
re

d
,

se
q
u
e
n
ce

an
r-lin

k
is

a
se

q
u
e
n
ce

of
ob

ject
id

en
ti-

ties
(p

ossib
ly

in
clu

d
in

g
d
u
p
licates)

h
ave

λ
(r)

yield
se-

q
u
en

ces

P
rop

erty
O

C
L

T
yp

in
g

of
expression

ro
le

(ex
p
r
)

u
n
iq

u
e

τ
D

→
S
et(τ

C
)

b
a
g

τ
D

→
B
a
g
(τ

C
)

o
rd

e
re

d
,
se

q
u
e
n
ce

τ
D

→
S
eq

(τ
C

)

F
or

su
b
se

ts,
re

d
e
fi
n
e
s,

u
n
io

n
,
etc.

see
[O

M
G

,
2007a,

127].
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O
w

nership

C
D

•
ro

le

r
×

In
tu

itively
it

says:

A
sso

ciatio
n

r
is

n
o
t

a
“
th

in
g

o
n

its
o
w

n
”

(i.e.
p
ro

vid
ed

b
y

λ
),

b
u
t

asso
ciatio

n
en

d
‘ro

le
’
is

o
w

n
e
d

b
y

C
(!).

(T
h
at

is,
it’s

stored
in

sid
e

C
o
b
ject

an
d

p
ro

vid
ed

b
y

σ
).

S
o
:

if
m

u
ltip

licity
of

ro
le

is
0..1

or
1,

th
en

th
e

p
ictu

re
ab

ove
is

very
close

to
con

cep
ts

of
p
oin

ters/referen
ces.

A
ctu

ally,
ow

n
ersh

ip
is

seld
om

seen
in

U
M

L
d
iagram

s.
A

gain
:

if
target

p
latform

is
clear,

on
e

m
ay

w
ell

live
w

ith
ou

t
(cf.

[O
M

G
,
2007b

,
42]

for
m

ore
d
etails).

N
o
t

cle
ar

to
m

e
:

C
1

C
2

...C
n

ro
le•

⋄
r
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B
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to
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M
ain

Track
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B
ack

to
the

m
ain

track:

R
e
ca

ll:
on

som
e

earlier
slid

es
w
e

said
,
th

e
exten

sion
of

th
e

sign
atu

re
is

o
n
ly

to
stu

d
y

asso
ciation

s
in

“fu
ll

b
eau

ty”.
F
or

th
e

rem
ain

d
er

of
th

e
cou

rse,
w
e

sh
ou

ld
lo

ok
for

som
eth

in
g

sim
p
ler...

P
ro

p
o
sa

l:

•
fro

m
n
o
w

o
n
,
w
e

on
ly

u
se

asso
ciation

s
of

th
e

form

(i)
C

D
•

0..1

ro
le

×

(ii)
C

D
•

∗

ro
le

×

(A
n
d

w
e

m
ay

o
m

it
th

e
n
o
n
-n

avig
ab

ility
an

d
ow

n
ersh

ip
sym

b
o
ls.)

•
F
orm

(i)
in

tro
d
u
ces

ro
le

:
C

0
,1 ,

an
d

form
(ii)

in
tro

d
u
ces

ro
le

:
C

∗
in

V
.

•
In

b
oth

cases,
ro

le
∈

a
tr

(C
).

•
W

e
d
rop

λ
an

d
go

b
ack

to
ou

r
n
ice

σ
w

ith
σ
(u

)(ro
le

)
⊆D

(D
).
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