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rof.
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•
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d
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—
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n
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w
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O
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L
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e

system

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.

•
P
lease

exp
lain

th
is

class
d
iag

ram
w

ith
asso

ciatio
n
s.

•
W

h
ich

an
n
o
tatio

n
s

o
f
an

asso
ciatio

n
arrow

are
sem

an
tically

relevan
t?

•
W

h
at’s

a
ro

le
n
am

e?
W

h
at’s

it
g
o
o
d

for?

•
W

h
at’s

“
m

u
ltip

licity”
?

H
ow

d
id

w
e

treat
th

em
sem

an
tically?

•
W

h
at

is
“
read

in
g

d
irectio

n
”
,
“
n
avig

ab
ility”

,
“
ow

n
ersh

ip
”
,
...?

•
W

h
at’s

th
e

d
iff

eren
ce

b
etw

een
“
ag

g
reg

atio
n
”

an
d

“
co

m
p
o
sitio

n
”
?

•
C
o
n
te

n
t:

•
C
o
m

p
lete

visib
ility

•
S
tu

d
y

co
n
crete

syn
tax

for
“
asso

ciatio
n
s”

.

•
(T

e
m

p
o
rarily)

exten
d

sig
n
atu

re,
d
efi

n
e

m
ap

p
in

g
fro

m
d
iag

ram
to

sig
n
atu

re.

•
S
tu

d
y

eff
ect

o
n

O
C
L
.

•
W

h
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d
o

w
e

p
u
t

O
C
L
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n
strain
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E
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n:
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plicit

C
asts

•
W

e
m

ay
w

ish
to

h
ave

⊢
1

an
d

fa
ls
e

:
B
oo

l
(∗)

In
o
th

e
r
w
o
rd

s:
W

e
m

ay
w

ish
th

at
th

e
typ

e
system

allow
s

to
u
se

0,1
:
In

t
in

stead
of

t
ru

e
an

d
fa

ls
e

w
ith

ou
t

breakin
g

w
ell-typ

ed
n
ess.

•
T

h
en

ju
st

h
ave

a
ru

le:

(C
a
st)

A
⊢

ex
p
r

:
In

t

A
⊢

ex
p
r

:
B
oo

l

•
W

ith
(C

ast)
(an

d
(In

t),
an

d
(B

o
ol),

an
d

(F
u
n
0 )),

w
e

can
d
erive

th
e

sen
ten

ce
(∗),

th
u
s

con
clu

d
e

w
ell-typ

ed
n
ess.

•
B
u
t:

th
at’s

on
ly

h
alf

of
th

e
story

—
th

e
d
efi

n
ition

of
th

e
in

terpretation
fu

n
ction

I
th

at
w
e

h
ave

is
n
ot

prep
ared

,
it

d
o
esn

’t
tellu

s
w

h
at

(∗)
m

ean
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S
o
,
w

h
y

isn
’t

th
e
re

a
n

in
te

rp
re

ta
tio

n
fo

r
(1

an
d

fa
ls
e)?

•
F
irst

of
all,

w
e

h
ave

(syn
tax)

ex
p
r
1

an
d

ex
p
r
2

:
B
oo

l
×

B
oo

l
→

B
oo

l

•
T

h
u
s,

I
(an

d
)

:
I
(B

oo
l)
×

I
(B

oo
l)

→
I
(B

oo
l)

w
h
ere

I
(B

oo
l)

=
{
t
ru

e,
fa

ls
e}

∪
{⊥

B
o
o
l }.

•
B

y
d
efi

n
ition

,

IJ1
an

d
fa

ls
eK(σ

,β
)

=
I
(an

d
)(

IJ1K(σ
,β

),
IJ

fa
ls
eK(σ

,β
)

),

an
d

th
e
re

w
e
’re

stu
ck

.
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Q
uickfix

•
E
xp

licitly
d
efi

n
e

I Jan
d
(ex

p
r
1 ,ex

p
r
2 )K(σ

,β
)

:=

{

b
1
∧

b
2

,
if

b
1
6=

⊥
B
o
o
l
6=

b
2

⊥
B
o
o
l

,
oth

erw
ise

w
h
ere

•
b
1

:=
to

B
oo

l(IJex
p
r
1 K(σ

,β
)),

•
b
2

:=
to

B
oo

l(IJex
p
r
2 K(σ

,β
)),

an
d

w
h
ere

to
B
oo

l
:
I
(In

t)
∪

I
(B

oo
l)

→
I
(B

oo
l)

x
7→



t
ru

e
,
if

x
∈
{
t
ru

e}
∪

I
(In

t)
\
{0,⊥

I
n
t }

fa
ls
e

,
if

x
∈
{
fa

ls
e,0}

⊥
B
o
o
l

,
oth

erw
ise
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B
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•
T

h
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w
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e
s
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e
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e-system
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req
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ch
an
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th

e
d
efi

n
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of
I

a
n
d

th
e

typ
e

system
.

In
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ost
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d
iffi
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b
u
t
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s.

•
N

o
te

:
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e
exten
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is

still
a

b
asic

typ
e

system
.

•
N

o
te

:
O

C
L

h
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a
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m
ore
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typ
e
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w

h
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p
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th
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b
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t
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y
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E
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:

S
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In
t}
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C

,D
}
,{

n
:
D

0
,
1
,

m
:
D

0
,
1
,〈x

:
In

t,ξ
,e

x
p
r
0 ,∅

〉}
,

{
C

7→
{
n
}
,D

7→
{
x
,m

}
}

C

D

ξ
x

:
In

t
=

e
x
p
r
0

×
•

n0
,1

×•
m0
,1

an
d

c
:
C

d
1

:
D

x
=

1
d
2

:
D

n
m

A
ssu

m
e

w
1

:
τ

C
an

d
w

2
:
τ

D
are

lo
g
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W
h
ich

o
f
th

e
fo

llow
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g
syn

ta
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lly

co
rre

ct
(?)

O
C
L

exp
ressio

n
s

sh
a
ll

w
e

co
n
sid

er
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b
e

w
e
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e
d
?

ξ
o
f
x
:

p
u
b
lic

p
rivate

p
ro

tected
p
ackag

e

w
1

.
n

.
x

=
0

✔
✔

later
n
o
t

✘
✘

?
?

w
2

.
m

.
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0

✔
✔

later
n
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t

✘
✘

?
?
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•
E
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p
le

:
A

prob
lem

?

C

D

−
v

:
In

t
r

0
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1

r

0
,
1

self
:
τ
D

⊢
self

.
r
.v

>
0

self
:
τ
C
6⊢

self
.r

.v
>

0

•
T

h
at

is,
w

h
eth

er
an

expression
in

volvin
g

attrib
u
tes

w
ith

visib
ility

is
w
ell-typ

ed
d
e
p
e
n
d
s

on
th

e
class

of
ob

jects
for

w
h
ich

it
is

evalu
ated

.

•
T
h
e
re

fo
re

:
w
ell-typ

ed
n
ess

in
typ

e
en

viron
m

en
t

A
an

d
co

n
te

xt
B

∈C

:

A
,B

⊢
ex

p
r

:
τ

•
In

p
articu

lar:
p
rep

are
to

treat
“
p
ro

tected
”

later
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o
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g
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•
If

ex
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r
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e

τ
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a
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e
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m

en
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th
en
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in
a
n
y

co
n
te

xt:

(C
o
n
tex

tIn
tro

)
A

⊢
ex

p
r

:
τ

A
,B

⊢
ex

p
r

:
τ

•
A
cce

ssin
g

a
ttrib

u
te

v
of

a
C

-ob
ject

via
logical

variab
le

w
is

w
ell-typ

ed
if

•
v

is
p
u
b
lic,

o
r

w
is

of
typ

e
τ
B

(A
ttr

1 )
A

⊢
w

:
τ
B

A
,B

⊢
v
(w

)
:
τ

,
〈v

:
τ,ξ,ex

p
r
0 ,PC

〉
∈

a
tr

(B
)

•
A
cce

ssin
g

a
ttrib

u
te

v
of

a
C

-ob
ject

of
via

expression
ex

p
r
1

is
w
ell-typ

ed
in

co
n
te

xt
B

if

•
v

is
p
u
b
lic,

o
r
ex

p
r
1

d
en

otes
an

ob
ject

of
class

B
:

(A
ttr

2 )
A

,B
⊢

ex
p
r
1

:
τ
C

A
,B

⊢
v
(ex

p
r
1 )

:
τ

,
〈v

:
τ,ξ,ex

p
r
0 ,PC

〉
∈

a
tr

(C
),

ξ
=

+
,
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C
=

B

•
A

cessin
g

C
0
,1 -

or
C

∗ -typ
ed

attrib
u
tes:

sim
ilar.
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A
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⊢

ex
p
r
1

:
τ
1

...
A
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⊢

ex
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n
:
τ
n

A
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⊢
ω
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p
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p
r
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:
τ
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ω

:
τ
1
×
···×

τ
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→
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≥
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ω

/∈
a
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( C

)

•
Iterate:

(Iter
1 )

A
,B

⊢
ex

p
r
1

:
S
et(τ

1 )
A

′,B
⊢

ex
p
r
2

:
τ
2

A
′,B

⊢
ex

p
r
3

:
τ
2

A
,B

⊢
ex

p
r
1
-
>
iterate(w

1
:
τ
1

;
w

2
:
τ
2

=
ex

p
r
2
|
ex

p
r
3 )

:
τ
2

w
h
ere

A
′
=

A
⊕

(w
1

:
τ
1 )

⊕
(w

2
:
τ
2 ).
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⊢
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⊢
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:
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⊢
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:
τ
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⊢
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τ
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τ
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∈
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ξ
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,
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ξ
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−
an

d
C

=
B

C
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−
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:
In

t
r

0
,
1

r

0
,
1

E
xa

m
p
le

:

self
:
τ
C

⊢
self

.r
.v

>
0

– 07 – 2012-11-14 – Svisityp –

1
3

/
6
5

T
he

Sem
a

ntics
ofVisibility

•
O

b
se

rva
tio

n
:

•
W

h
eth

er
an

expression
d
o
e
s

or
d
o
e
s

n
o
t

resp
ect

visib
ility

is
a
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of
w
ell-typ

ed
n
ess

o
n
ly.

•
W

e
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I
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w
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e
d
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→
W
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n
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e
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o
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e
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fu
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ction

I
to

su
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p
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visib
ility.
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W
h

atis
Visibility

G
o

o
d

For?

•
V

isib
ility

is
a

prop
erty

of
attrib

u
tes

—

C

D

−
x

:
In

t
×

• n

0
,1

:
C

:
D

x
=

3

n
is

it
u
sefu

l
to

con
sid

er
it

in
O

C
L
?

•
In

oth
er

w
ord

s:
given

th
e

p
ictu

re
ab

ove,
is

it
u
se

fu
l
to

state
th

e
follow

in
g

in
varian

t
(even

th
ou

gh
x

is
private

in
D

)

con
text

C
in

v
:
n
.x

>
0

?

•
It

d
e
p
e
n
d
s.

(cf.
[?

],
S
ect.

1
2

an
d

9
.2

.2
)

•
C
o
n
stra

in
ts

a
n
d

p
re

/
p
o
st

co
n
d
itio

n
s:

•
V

isib
ility

is
so

m
e
tim

e
s

n
o
t

taken
in

to
acco

u
n
t.

T
o

state
“
g
lo

b
al”

req
u
irem

en
ts,

it
m

ay
b
e

ad
eq

u
ate

to
h
ave

a
“
g
lo

b
al

view
”
,
b
e

ab
le

to
lo

o
k

in
to

all
o
b
jects.

•
B

u
t:

visib
ility

su
p
p
orts

“
n
arrow

in
terfaces”

,
“
in

form
atio

n
h
id

in
g
”
,
an

d
sim

ilar
g
o
o
d

d
esig

n
p
ractices.

T
o

b
e

m
ore

ro
b
u
st

ag
ain

st
ch

an
g
es,

try
to

state
req

u
irem

en
ts

o
n
ly

in
th

e
term

s
w

h
ich

are
visib

le
to

a
class.

R
u
le

-o
f-th

u
m

b
:

if
attrib

u
tes

are
im

p
ortan

t
to

state
req

u
irem

en
ts

o
n

d
esig

n
m

o
d
els,

leave
th

em
p
u
b
lic

or
p
ro

vid
e

g
et-m

eth
o
d
s

(later).

•
G

u
ard

s
an

d
o
p
e
ra

tio
n

b
o
d
ie

s:
If

in
d
o
u
b
t,

ye
s

(=
d
o

take
visib

ility
in

to
acco

u
n
t).

A
n
y

so
-called

a
ctio

n
la

n
g
u
a
g
e

typ
ically

takes
visib

ility
in

to
acco

u
n
t.
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(!)
sign

atu
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(CD
)

B
asic

T
yp

e
S
ystem

in
d
u
ce

s

g
ive

s
rise

to

•
W

e
exten

d
ed

th
e

typ
e

system
for

•
ca

sts
(req

u
ires

ch
an

ge
of

I
)

an
d

•
visib

ility
(n

o
ch

an
ge

of
I
).

•
L
a
te

r:
n
a
vig

a
b
ility

of
asso

ciation
s.

G
o
o
d
:

w
ell-typ

ed
n
ess

is
d
ecid

ab
le

for
th

ese
typ

e-system
s.

T
h
at

is,
w
e

can
h
ave

au
tom

atic
to

ols
th

at
ch

eck,
w

h
eth

er
O

C
L

expression
s
in

a
m

o
d
elare

w
ell-typ

ed
.
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U
M

L
C

lassD
iagram

Syntax
[?]

G
esch

äftsm
itarb

eiter
G

esch
äftsm

itarb
eiter

©
 2

0
0
6
 b

y
 o

o
s
e
.d

e
 G

m
b
H

A
k
tu

e
lle

 F
a
s
s
u
n
g
, In

fo
 u

n
d
 D

o
w

n
lo

a
d
: h

ttp
://w

w
w

.o
o
s
e
.d

e
/u

m
l

U
M

L
-N

o
ta

tio
n
s
ü
b
e
rs

ic
h
t

T
e
il 1

/4

K
la

s
s

e
n

d
ia

g
ra

m
m

o
p
e
ra

tio
n
1
()

o
p
e
ra

tio
n
2
()

«
in

te
rfa

c
e
»

S
c

h
n

itts
te

lle

P
a
ra

m
e
tris

ie
r-

b
a
re

 K
la

s
s
e

i:E
lem

en
t

P
aram

etrisierte
K

lasse<
P

aram
eter>

A
k
tiv

e
K

la
s
s
e

O
b

je
k
t:K

la
s
s
e

a
ttrib

u
t =

 w
e
rt

O
b

je
k
t

:K
la

s
s
e

A
k
tiv

e
s

O
b

je
k
t

O
b

je
k
t

K
la

s
s
e
1

rolle

1

Sichtbarkeit rolle

* {ordered}
«Stereotyp»
B

eziehungsnam
e
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