
Softw
are

D
esign,M

odelling
and

A
nalysis

in
U

M
L

L
ecture

06:
Type

System
s

and
Visibility

2012-11-13

P
rof.

D
r.

A
n
d
reas

P
o
d
elski,

D
r.

B
e
rn

d
W

e
stp

h
a
l

A
lb

ert-L
u
d
w

igs-U
n
iversität

F
reib

u
rg,

G
erm

an
y
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C
ontents

&
G

oals

L
a
st

L
e
c
tu

re
:

•
R
ep

resen
tin

g
class

d
iag

ram
s

as
(exten

d
ed

)
sig

n
atu

res
—

for
th

e
m

o
m

en
t

w
ith

o
u
t

asso
ciatio

n
s

(see
L
ectu

res
0
7

an
d

0
8
).

•
A

n
d
:

in
L
ectu

re
0
3
,
im

p
licit

assu
m

p
tio

n
o
f
w
ell-typ

ed
n
ess

o
f
O

C
L

exp
ressio

n
s.

T
h
is

L
e
c
tu

re
:

•
E
d
u
c
a
tio

n
a
l
O

b
je

c
tiv

e
s:

C
ap

ab
ilities

for
follow

in
g

tasks/q
u
estion

s.

•
Is

th
is

O
C
L

exp
ressio

n
w
ell-typ

ed
or

n
o
t?

W
h
y?

•
H

ow
/
in

w
h
at

form
d
id

w
e

d
efi

n
e

w
ell-d

efi
n
ed

n
ess?

•
W

h
at

is
visib

ility
g
o
o
d

for?

•
C
o
n
te

n
t:

•
C
lass

d
iag

ram
sem

an
tics.

•
S
tereo

typ
es

–
for

d
o
cu

m
en

tatio
n
.

•
R
ecall:

typ
e

th
eory/

static
typ

e
system

s.

•
W

ell-typ
ed

n
ess

for
O

C
L

exp
ressio

n
.

•
V

isib
ility

as
a

m
atter

o
f
w
ell-typ

ed
n
ess.
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/
4
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R
ecall:

F
rom

C
lass

B
oxes

to
E

xtended
Signatures
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/
4
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E
xtended

C
lasses

F
rom

n
ow

on
,
w
e
assu

m
e
th
at

each
class

C
∈

C
h
as:

•
a
fi
n
ite

(p
ossib

ly
em

p
ty)

set
S
C

of
ste

re
o
ty
p
e
s,

•
a
b
o
olean

fl
ag

a
∈
B

in
d
icatin

g
w
h
eth

er
C

is
a
b
stra

c
t,

•
a
b
o
olean

fl
ag

t
∈
B

in
d
icatin

g
w
h
eth

er
C

is
a
c
tiv

e
.

W
e
u
se

S
C

to
d
en
ote

th
e
set

⋃

C
∈

C
S
C

of
stereotyp

es
in

S
.

(A
ltern

atively,
w
e
co
u
ld

ad
d
a
set

S
t
as

5
-th

co
m
p
o
n
en
t
to

S
to

p
ro
vid

es
th
e
stereo

-

typ
es

(n
am

es
o
f
stereo

typ
es)

to
ch
o
o
se

fro
m
.
B
u
t:

to
o
u
n
im

p
ortan

t
to

care.)

C
o
n
v
e
n
tio

n
:

•
W
e
w
rite

〈C
,S

C
,a
,t〉

∈
C

w
h
en

w
e
w
an
t
to

refer
to

all
asp

ects
of

C
.

•
If
th
e
n
ew

asp
ects

are
irrelevan

t
(for

a
given

con
text),

w
e
sim

p
ly

w
rite

C
∈

C
i.e.

old
d
efi
n
ition

s
are

still
valid

.
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2
5
/
5
6
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4
/
4
4

E
xtended

A
ttributes

•
F
rom

n
ow

on
,
w
e
assu

m
e
th
at

each
attrib

u
te

v
∈
V

h
as

(in
ad
d
ition

to
th
e
typ

e):

•
a
v
isib

ility

ξ
∈
{p

u
b
lic

︸
︷
︷
︸

:=
+

,private
︸
︷
︷
︸

:=
−

,protected
︸

︷
︷

︸

:=
#

,p
ackage

︸
︷
︷

︸

:=
∼

}

•
an

in
itia

l
v
a
lu
e
e
x
p
r
0
given

as
a
w
ord

from
la
n
g
u
a
g
e
fo
r
in
itia

l

v
a
lu
e
s,

e.g.
O
C
L
expresion

s.

(If
u
sin

g
Java

as
a
c
tio

n
la
n
g
u
a
g
e
(later)

Java
exp

ressio
n
s
w
o
u
ld

b
e
fi
n
e.)

•
a
fi
n
ite

(p
ossib

ly
em

p
ty)

set
of

p
ro
p
e
rtie

s
P
v .

W
e
d
efi
n
e
P

C
an
alogou

sly
to

stereotyp
es.

C
o
n
v
e
n
tio

n
:

•
W
e
w
rite

〈v
:
τ
,ξ
,
e
x
p
r
0 ,P

v 〉
∈
V

w
h
en

w
e
w
an
t
to

refer
to

all
asp

ects
of

v
.

•
W
rite

on
ly

v
:
τ
or

v
if
d
etails

are
irrelevan

t.

– 05 – 2012-11-07 – Sextsig –

2
6
/
5
6

– 06 – 2012-11-13 – main –

5
/
4
4

F
rom

C
lass

B
oxes

to
E

xtended
Signatures

A
class

b
ox

n
in
d
u
c
e
s
an

(exten
d
ed
)
sign

atu
re

class
as

follow
s:

n
:

〈〈
S
1 ,...,S

k
〉〉

C

ξ
1
v
1
:
τ
1
=

v
0
,1

{
P
1
,1 ,...,P

1
,m

1 }
...

ξ
ℓ
v
ℓ
:
τ
ℓ
=

v
0
,ℓ
{
P
ℓ
,1 ,...,P

ℓ
,m

ℓ }

 

C
(n
)
:=

〈C
,{
S
1 ,...,S

k }
,a
(n
),t(n

)〉

V
(n
)
:=

{〈v
1
:
τ
1 ,ξ

1 ,v
0
,1 ,{

P
1
,1 ,...,P

1
,m

1 }〉,...,〈v
ℓ
:
τ
ℓ ,ξ

ℓ ,v
0
,ℓ ,{

P
ℓ
,1 ,...,P

ℓ
,m

ℓ }〉}

a
tr
(n
)
:=

{
C

7→
{
v
1 ,...,v

ℓ }}

w
h
ere

•
“ab

stract”
is
d
eterm

in
ed

by
th
e
fon

t:

a
(n
)
=

{

t
ru
e

,
if
n
=

C
or

n
=

C
{
A

}

fa
ls
e

,
oth

erw
ise

•
“active”

is
d
eterm

in
ed

by
th
e
fram

e:

t(n
)
=

{

t
ru
e

,
if
n
=

C
or

n
=

C

fa
ls
e

,
oth

erw
ise
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C
lass

D
iagram

Sem
antics

– 06 – 2012-11-13 – main –

7
/
4
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Sem
antics

•
T

h
e

sem
an

tics
of

a
set

of
c
la

ss
d
ia

g
ra

m
sCD

fi
rst

of
all

is
th

e
in

d
u
ced

(exten
d
ed

)
sig

n
a
tu

reS

(CD

).

•
T

h
e

sig
n
a
tu

re
gives

rise
to

a
set

of
sy

ste
m

sta
te

s
given

a
stru

c
tu

reD

.

•
D

o
w
e

n
eed

to
red

efi
n
e/exten

dD

?
N

o
.

(W
o
u
ld

b
e

d
iff

eren
t

if
w
e

co
n
sid

ered
th

e
d
efi

n
itio

n
o
f
en

u
m

eratio
n

typ
es

in
class

d
iag

ram
s.

T
h
en

th
e

d
o
m

ain
o
f
an

en
u
m

eratio
n

typ
e

τ
,
i.e.

th
e

setD

(τ
),

w
o
u
ld

b
e

d
eterm

in
ed

b
y

th
e

class
d
iag

ram
,
an

d
n
o
t

free
for

ch
o
ice.)

DSDC
DTDC

C

D
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8
/
4
4

Sem
antics

•
T

h
e

sem
an

tics
of

a
set

of
c
la

ss
d
ia

g
ra

m
sCD

fi
rst

of
all

is
th

e
in

d
u
ced

(exten
d
ed

)
sig

n
a
tu

reS

(CD

).

•
T

h
e

sig
n
a
tu

re
gives

rise
to

a
set

of
sy

ste
m

sta
te

s
given

a
stru

c
tu

reD

.

•
D

o
w
e

n
eed

to
red

efi
n
e/exten

dD

?
N

o
.

(W
o
u
ld

b
e

d
iff

eren
t

if
w
e

co
n
sid

ered
th

e
d
efi

n
itio

n
o
f
en

u
m

eratio
n

typ
es

in
class

d
iag

ram
s.

T
h
en

th
e

d
o
m

ain
o
f
an

en
u
m

eratio
n

typ
e

τ
,
i.e.

th
e

setD

(τ
),

w
o
u
ld

b
e

d
eterm

in
ed

b
y

th
e

class
d
iag

ram
,
an

d
n
o
t

free
for

ch
o
ice.)

•
W

h
at

is
th

e
eff

ect
on

Σ DS

?
L
ittle

.

F
or

n
ow

,
w
e

on
ly

re
m

o
v
e

ab
stract

class
in

stan
ces,

i.e.

σ
:D

(C

)
9

(V
9

(D

(T

)
∪D

(C

∗ )))

is
n
ow

o
n
ly

called
sy

ste
m

sta
te

if
an

d
on

ly
if,

for
all

〈C
,S

C
,1,t〉

∈C

,

d
om

(σ
)
∩ D

(C
)

=
∅.

W
ith

a
=

0
as

d
efau

lt
“ab

stractn
ess”,

th
e

earlier
d
efi

n
ition

s
ap

p
ly

d
irectly.

W
e’ll

revisit
th

is
w

h
en

d
iscu

ssin
g

in
h
eritan

ce.
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W
hatA

boutT
he

R
est?

•
C
la

sse
s:

•
A
c
tiv

e
:

n
ot

represen
ted

in
σ
.

L
a
te

r:
relevan

t
for

b
eh

aviou
r,

i.e.,
h
ow

system
states

evolve
over

tim
e.

•
S
te

re
o
ty

p
e
s:

in
a

m
in

u
te.

•
A
ttrib

u
te

s:

•
In

itia
l
v
a
lu

e
:

n
ot

represen
ted

in
σ
.

L
a
te

r:
provid

es
an

in
itial

valu
e

as
eff

ect
of

“creation
action

”.

•
V
isib

ility:
n
ot

represen
ted

in
σ
.

L
a
te

r:
view

ed
as

ad
d
ition

al
ty

p
in

g
in

fo
rm

a
tio

n
for

w
ell-form

ed
n
ess

of
system

tran
sform

ers;
an

d
w

ith
in

h
eritan

ce.

•
P
ro

p
e
rtie

s:
su

ch
as

r
e
a
d
O
n
l
y
,
o
r
d
e
r
e
d
,
c
o
m
p
o
s
i
t
e

(D
e
p
re

c
a
te

d
in

th
e

stan
d
ard

.)

•
r
e
a
d
O
n
l
y

—
la

te
r

treated
sim

ilar
to

visib
ility.

•
o
r
d
e
r
e
d

—
to

o
fi
n
e

for
ou

r
represen

tation
.

•
c
o
m
p
o
s
i
t
e

—
cf.

lectu
re

on
asso

ciation
s.
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Stereotypes
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/
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Stereotypes
as

L
abels

or
Tags

•
S
o,

a
class

is

〈C
,S

C
,a

,t〉

w
ith

a
th

e
ab

stractn
ess

fl
ag,

t
activen

ess
fl
ag,

an
d

S
C

a
set

of
ste

re
o
ty

p
e
s.

•
W

h
at

are
S
tereotyp

es?

•
N

o
t

represen
ted

in
system

states.

•
N

o
t

con
trib

u
tin

g
to

typ
in

g
ru

les.
(cf.

typ
e

th
eory

for
U

M
L

la
te

r)

•
[O

estereich
,
2006

]:
V

iew
stereotyp

es
as

(ad
d
ition

al)
“
la

b
e
llin

g
”

(“tags”)
or

as
“
g
ro

u
p
in

g
”.

U
sefu

l
for

d
o
cu

m
en

tation
an

d
M

D
A

.

•
D

o
c
u
m

e
n
ta

tio
n
:

e.g.
layers

of
an

arch
itectu

re.
S
om

etim
es,

p
ackages

(cf.
th

e
stan

d
ard

)
are

alread
y

su
ffi

cien
t

an
d

“righ
t”.

•
M

o
d
e
l
D

riv
e
n

A
rc

h
ite

c
tu

re
(M

D
A

):
la

te
r.

– 06 – 2012-11-13 – Sstereo –
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E
xam

ple:
Stereotypes

for
D

ocum
entation

C
ore

V
iew A

pplication/Q
t

T
race

sortm
ove

filter

jum
p

zoom

V
iew

/Q
t

•
E
xa

m
p
le:

T
im

in
g

D
ia

g
ra

m
V

iew
er

[S
ch

u
m

a
n
n

et
a
l.,

2
0
0
8
]

•
A

rch
itectu

re
o
f
fo

u
r

layers:

•
co

re,
d
a
ta

layer

•
a
b
stra

ct
view

layer

•
to

o
lk

it-sp
ecifi

c
view

layer/
w

id
g
et

•
a
p
p
lica

tio
n

u
sin

g
w

id
g
et

•
S
tereo

typ
e

“
=

”
layer

“
=

”
co

lo
u
r
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Stereotypes
as

Inheritance

•
A

n
oth

er
view

(d
u
e

to
w

h
om

?):
d
istin

gu
ish

•
T
e
c
h
n
ic

a
l
In

h
e
rita

n
c
e

If
th

e
ta

rg
e
t

p
la

tfo
rm

,
su

ch
as

th
e

p
ro

g
ram

m
in

g
lan

g
u
ag

e
for

th
e

im
p
lem

en
tatio

n
o
f

th
e

b
lu

ep
rin

t,
is

o
b
ject-orien

ted
,
assu

m
e

a
1
-o

n
-1

relatio
n

b
etw

een
in

h
eritan

ce
in

th
e

m
o
d
el

an
d

o
n

th
e

targ
et

p
latform

.

•
C
o
n
c
e
p
tu

a
l
In

h
e
rita

n
c
e

O
n
ly

m
ean

in
g
fu

l
w

ith
a

c
o
m

m
o
n

id
e
a

o
f
w

h
at

stereo
typ

es
stan

d
for.

F
or

in
stan

ce,
o
n
e

co
u
ld

lab
el

each
class

w
ith

th
e

team
th

at
is

resp
o
n
sib

le
for

realisin
g

it.
O

r
w

ith
licen

sin
g

in
form

atio
n

(e.g
.,

L
G
P
L

an
d

p
ro

p
rietary).

O
r

o
n
e

co
u
ld

h
ave

lab
els

u
n
d
ersto

o
d

b
y

co
d
e

g
en

erators
(cf.

lectu
re

o
n

M
D

S
E
).

•
C
o
n
fu

sin
g
:

•
In

h
eritan

ce
is

often
referred

to
as

th
e

“is
a”-relation

.
S
h
arin

g
a

stereotyp
e

also
expresses

“b
ein

g
som

eth
in

g”.

•
W

e
can

alw
ays

(ab
-)u

se
U

M
L
-in

h
eritan

ce
for

th
e

con
cep

tu
al

case,
e.g.

C
ore

C
ell

T
race
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E
xcursus:

Type
T

heory
(cf.T

hiem
ann,2008)
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Type
T

heory

R
e
c
a
ll:

In
lectu

re
03,

w
e

in
tro

d
u
ced

O
C
L

expression
s

w
ith

ty
p
e
s,

for
in

stan
ce:

ex
p
r

::=
w

:
τ

...logical
variab

le
w

|
tru

e
|
false

:
B
oo

l
...con

stan
ts

|
0
|
−

1
|
1
|
...

:
In

t
...con

stan
ts

|
ex

p
r
1

+
ex

p
r
2

:
In

t
×

In
t
→

In
t

...op
eration

|
size(ex

p
r
1 )

:
S
et(τ

)
→

In
t

W
a
n
te

d
:

A
pro

ced
u
re

to
tell

w
e
ll-ty

p
e
d
,
su

ch
as

(w
:
B
oo

l)

n
ot

w

from
n
o
t

w
e
ll-ty

p
e
d
,
su

ch
as,

size(w
).

A
p
p
ro

a
c
h
:

D
erivation

S
ystem

,
th

at
is,

a
fi
n
ite

set
of

d
erivation

ru
les.

W
e

th
en

say
ex

p
r

is
w
e
ll-ty

p
e
d

if
an

d
on

ly
if

w
e

can
d
erive

A
,C

⊢
ex

p
r

:
τ

( re
a
d
:

“expression
ex

p
r

h
as

typ
e

τ
”)

for
som

e
O

C
L

typ
e

τ
,
i.e.

τ
∈

T
B
∪

TC

∪
{
S
et(τ

0 )
|
τ
0
∈

T
B
∪

TC

},
C

∈C

.
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A
Type

System
for

O
C

L
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A
Type

System
for

O
C

L

W
e

w
ill

give
a

fi
n
ite

set
of

ty
p
e

ru
le

s
(a

ty
p
e

sy
ste

m
)

of
th

e
form

(“n
am

e”)
“prem

ises”

“con
clu

sion
”

“sid
e

con
d
ition

”

T
h
ese

ru
les

w
ill

estab
lish

w
ell-typ

ed
n
ess

statem
en

ts
( ty

p
e

se
n
te

n
c
e
s)

of
th

ree
d
iff
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⊢
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⊢
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⊢
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p
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→
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b
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∪
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∈
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⊢
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⊢
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⊢
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⊢
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b
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⊢
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⊢
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⊢
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p
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p
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