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ecial

case
⊳

=
∅.
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P
relim

in
aries:

E
xpressio

n
N

orm
alisatio

n

R
e
c
a
ll:

A

v
:
In

t

C

v
:
In

t

D

n 0
,
1

•
w
e

w
an

t
to

allow
,
e.g.,

“con
text

D
in

v
:v

<
0”.

•
w
e

assu
m

e
fu

lly
q
u
a
lifi

e
d

n
a
m

e
s,

e.g.
C

::v
.

In
tu

itively,
v

sh
all

d
en

ote
th

e
“
m

o
st

sp
e
c
ia

l
m

o
re

g
e
n
e
ra

l”
C

::v
accord

in
g

to
⊳

.

T
o

keep
th

is
ou

t
of

typ
in

g
ru

les,
w
e

assu
m

e
th

at
th

e
follow

in
g

n
o
rm

a
lisa

tio
n

h
as

b
een

ap
p
lied

to
all

O
C
L

expression
s

an
d

all
action

s.

•
G

iven
expression

v
(or

f
)

in
c
o
n
te

x
t

of
class

D
,
as

d
eterm

in
ed

by,
e.g.

•
b
y

th
e

(typ
e

o
f
th

e)
n
avig

atio
n

exp
ressio

n
p
refi

x,
or

•
b
y

th
e

class,
th

e
state-m

ach
in

e
w

h
ere

th
e

actio
n

o
cccu

rs
b
elo

n
g
s

to
,

•
sim

ilar
for

m
eth

o
d

b
o
d
ies,

•
n
o
rm

a
lise

v
to

(=
rep

lace
by)

C
::v

,

•
w

h
ere

C
is

th
e

g
re

a
te

st
class

w
rt.

“�
”

su
ch

th
at

•
C

�
D

an
d

C
::v

∈
a
tr

(C
).

If
n
o

(u
n
iq

u
e)

su
ch

class
exists,

th
e

m
o
d
el

is
con

sid
ered

n
o
t

w
e
ll-fo

rm
e
d
;
th

e
expression

is
am

b
igu

ou
s.

T
h
en

:
exp

licitly
provid

e
th

e
q
u
a
lifi

e
d

n
a
m

e
.
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O
C

L
Syntax

a
n

d
Typin

g

•
R
ecall

(p
art

of
th

e)
O

C
L

syn
tax

an
d

typ
in

g:
v
,r

∈
V

;
C

,D
∈C

e
x
p
r

::=
v
(e

x
p
r
1 )

:
τ
C
→

τ
(v

),
if

v
:
τ
∈T

|
r(e

x
p
r
1 )

:
τ
C
→

τ
D

,
if

r
:
D

0
,1

|
r(e

x
p
r
1 )

:
τ
C
→

S
e
t(τ

D
),

if
r

:
D

∗

T
h
e

d
efi

n
ition

of
th

e
sem

an
tics

rem
ain

s
(textu

ally)
th

e
sa

m
e
.
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M
ore

Interestin
g:

W
ell-Typed-ness

C

v
:
In

t

D

•
W

e
w
an

t

con
text

D
in

v
:v

<
0

to
b
e

w
ell-typ

ed
.

C
u
rren

tly
it

isn
’t

b
ecau

se

v
(e

x
p
r
1 )

:
τ
C
→

τ
(v

)

b
u
t

A
⊢

se
lf

:
τ
D

.

(B
ecau

se
τ
D

an
d

τ
C

are
still

d
iff

e
re

n
t

ty
p
e
s,

alth
ou

gh
d
om

(τ
D

)
⊂

d
om

(τ
C

).)

•
S
o,

ad
d

a
(fi

rst)
n
ew

typ
in

g
ru

le

A
⊢

e
x
p
r

:
τ
D

A
⊢

e
x
p
r

:
τ
C

,
if

C
�

D
.

(In
h
)

W
h
ich

is
correct

in
th

e
sen

se
th

at,
if

‘e
x
p
r
’
is

of
typ

e
τ
D

,
th

en
w
e

can
u
se

it
everyw

h
ere,

w
h
ere

a
τ
C

is
allow

ed
.

T
h
e

system
state

is
prep

ared
for

th
at.
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W
ell-Typed-nessw

ith
Visibility

C
o

nt’d

A
,D

⊢
e
x
p
r

:
τ
C

A
,D

⊢
C

::v
(e

x
p
r
)
:
τ

,
ξ

=
+

(P
u
b
)

A
,D

⊢
e
x
p
r

:
τ
C

A
,D

⊢
C

::v
(e

x
p
r
)

:
τ

,
ξ

=
#

,
C

�
D

(P
rot)

A
,D

⊢
e
x
p
r

:
τ
C

A
,D

⊢
C

::v
(e

x
p
r
)
:
τ

,
ξ

=
−

,
C

=
D

(P
riv)

〈C
::v

:
τ,ξ,v

0 ,P
〉
∈

a
tr

(C
).

E
x
a
m

p
le

:

con
text/
in

v
(n

.)v
1

<
0

(n
.)v

2
<

0
(n

.)v
3

<
0

CDB

C

−
v
1

:
In

t

#
v
2

:
In

t

+
v
3

:
In

t

DB

0
,
1

n
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S
atisfyin

g
O

C
L

C
o

nstraints
(D

om
ain

Inclusio
n)

•
L
et

M
=

(CD

,OD

,SM

,I

)
b
e

a
U

M
L

m
o
d
el,

an
dD

a
stru

ctu
re.

•
W

e
(c

o
n
tin

u
e

to
)

say
M

|=
e
x
p
r

for
con

text
C

in
v

:
e
x
p
r
0

︸
︷
︷

︸

=
e
x
p
r

∈
In

v(M
)

iff

∀
π

=
(σ

i ,ε
i )

i∈
N
∈JMK

∀
i
∈
N

∀
u
∈

d
om

(σ
i )
∩D

(C
)

:

IJe
x
p
r
0 K(σ

i ,{
se

lf
7→

u
})

=
1.

•
M

is
(still)

con
sisten

t
if

an
d

on
ly

if
it

satisfi
es

all
con

strain
ts

in
In

v(M
).

•
E
x
a
m

p
le

:
C

x
:
In

t

D

n 0
,
1
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Tra
nsform

ers
(D

om
ain

Inclusio
n)

•
T
ran

sform
ers

also
rem

ain
th

e
sa

m
e
,
e.g.

[V
L

12,
p
.
18]

u
p
d
a
te

(e
x
p
r
1 ,v

,e
x
p
r
2 )

:
(σ

,ε)
7→

(σ
′,ε)

w
ith

σ
′
=

σ
[u

7→
σ
(u

)[v
7→

IJe
x
p
r
2 K(σ

)]]

w
h
ere

u
=

IJe
x
p
r
1 K(σ

).
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Sem
a

ntics
ofM

eth
o

d
C

alls

•
N

o
n

la
te

-b
in

d
in

g
:

clear,
by

n
orm

alisation
.

•
L
a
te

-b
in

d
in

g
:

C
on

stru
ct

a
m

e
th

o
d

c
a
ll

tran
sform

er,
w

h
ich

is
ap

p
lied

to
all

m
eth

o
d

calls.
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In
herita

nce
a

n
d

State
M

achines:
Triggers

•
W

a
n
te

d
:

triggers
sh

all
also

b
e

sen
sitive

for
in

h
erited

even
ts,

su
b
-class

sh
all

execu
te

su
p
er-class’

state-m
ach

in
e

(u
n
less

overrid
d
en

).

(σ
,ε)

(c
o
n
s
,S

n
d
)

−−
−
−
−
−
−→

u
(σ

′,ε
′)

if

•
∃

u
∈

d
o
m

(σ
)
∩D

(C
)
∃

u
E
∈D

(E
)

:
u

E
∈

rea
d
y
(ε

,
u
)

•
u

is
stab

le
an

d
in

state
m

ach
in

e
state

s,
i.e.

σ
(u

)(sta
b
le

)
=

1
an

d
σ
(u

)(st)
=

s,

•
a

tran
sitio

n
is

en
ab

led
,
i.e.

∃
(s

,
F

,
e
x
p
r
,
a
c
t,s

′)
∈
→

(S
M

C
)

:
F

=
E

∧
I Je

x
p
rK(σ̃

)
=

1

w
h
ere

σ̃
=

σ
[u

.p
a
ra

m
s

E
7→

u
e ].

an
d•

(σ
′,ε

′)
resu

lts
fro

m
ap

p
lyin

g
t
a
c
t

to
(σ

,ε)
an

d
rem

o
vin

g
u

E
fro

m
th

e
eth

er,
i.e.

(σ
′′,

ε
′)

=
t
a
c
t (σ̃

,
ε
⊖

u
E
),

σ
′
=

(σ
′′[u

.st
7→

s
′,

u
.sta

b
le

7→
b,

u
.p

a
ra

m
s

E
7→

∅
])|D

(C
)\

{
u

E
}

w
h
ere

b
d
e
p
e
n
d
s:

•
If

u
b
eco

m
es

stab
le

in
s
′,

th
en

b
=

1
.

It
d
o
e
s

b
eco

m
e

stab
le

if
an

d
o
n
ly

if
th

ere
is

n
o

tran
sitio

n
w

ith
o
u
t

trig
g
e
r

en
ab

led
for

u
in

(σ
′,

ε
′).

•
O

th
erw

ise
b

=
0
.

•
C
o
n
su

m
p
tio

n
o
f
u

E
an

d
th

e
sid

e
eff

ects
o
f
th

e
actio

n
are

o
b
served

,
i.e.

co
n
s

=
{
(u

,(E
,
σ
(u

E
)))}

,
S
n
d

=
O

b
s

t
a
c
t (σ̃

,
ε
⊖

u
E

).
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D
om

ain
Inclusio

n
a

n
dInteractio

ns

C
D

EF

CC
’

EF

•
S
im

ilar
to

satisfaction
of

O
C
L

expression
s

ab
ove:

•
A

n
in

stan
ce

lin
e

stan
d
s

for
all

in
stan

ces
of

C
(exact

or
in

h
eritin

g).

•
S
atisfaction

of
even

t
ob

servation
h
as

to
take

in
h
eritan

ce
in

to
accou

n
t,

to
o,

so
w
e

h
ave

to
fi
x,

e.g.

σ
,co

n
s,S

n
d
|=

β
E

!x
,y

if
an

d
on

ly
if

β
(x

)
sen

d
s

an
F

-even
t

to
β
y

w
h
ere

E
�

F
.

•
N

o
te

:
C

-in
stan

ce
lin

e
also

b
in

d
s

to
C

′-ob
jects.
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U
plink

Sem
a

ntics
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U
plink

Sem
a

ntics

•
Id

e
a
:

•
C
on

tin
u
e

w
ith

th
e

existin
g

d
efi

n
ition

of
stru

c
tu

re
,
i.e.

d
isjoin

t
d
om

ain
s

for
id

en
tities.

•
H

ave
an

im
p
lic

it
a
sso

c
ia

tio
n

from
th

e
ch

ild
to

each
p
aren

t
p
art

(sim
ilar

to
th

e
im

p
licit

attrib
u
te

for
stab

ility).

C

x
:
In

t

D

•
A

p
p
ly

(a
d
iff

eren
t)

pre-pro
cessin

g
to

m
ake

ap
propriate

u
se

of
th

at
asso

ciation
,
e.g.

rew
rite

(C
+

+
)

x
=

0;

in
D

to

u
p
l
i
n
k

C
-
>
x

=
0;
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P
re-P

rocessin
g

for
the

U
plink

Sem
a

ntics

•
F
or

each
p
air

C
⊳

D
,
exten

d
D

by
a

(fresh
)

asso
ciation

u
p
lin

k
C

:
C

w
ith

µ
=

[1,1],
ξ

=
+

(E
x
e
rc

ise
:

p
u
b
lic

n
ecessary?)

•
G

iven
expression

v
(or

f
)

in
th

e
c
o
n
te

x
t

of
class

D
,

•
let

C
b
e

th
e

sm
a
lle

st
class

w
rt.

“�
”

su
ch

th
at

•
C

�
D

,
an

d
•

C
::v

∈
a
tr

(D
)

•
th

en
th

ere
exists

(by
d
efi

n
ition

)
C
⊳

C
1
⊳

...
⊳

C
n
⊳

D
,

•
n
o
rm

a
lise

v
to

(=
rep

lace
by)

u
p
lin

k
C

n
-
>
···

-
>

u
p
lin

k
C

1 .C
::v

•
A

gain
:

if
n
o

(u
n
iq

u
e)

sm
allest

class
exists,

th
e

m
o
d
el

is
con

sid
ered

n
o
t

w
e
ll-fo

rm
e
d
;
th

e
expression

is
am

b
igu

ou
s.
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U
plink

Structure,System
State,Typin

g

•
D

efi
n
ition

of
stru

ctu
re

rem
ain

s
u
n
c
h
a
n
g
e
d
.

•
D

efi
n
ition

of
system

state
rem

ain
s
u
n
c
h
a
n
g
e
d
.

•
T
yp

in
g

an
d

tran
sform

ers
rem

ain
u
n
c
h
a
n
g
e
d

—
th

e
prepro

cessin
g

h
as

p
u
t

everyth
in

g
in

sh
ap

e.
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S
atisfyin

g
O

C
L

C
o

nstraints
(U

plink)

•
L
et

M
=

(CD
,OD

,SM
,I

)
b
e

a
U

M
L

m
o
d
el,

an
dD

a
stru

ctu
re.

•
W

e
(c

o
n
tin

u
e

to
)

say

M
|=

e
x
p
r

for

con
text

C
in

v
:
e
x
p
r
0

︸
︷
︷

︸

=
e
x
p
r

∈
In

v(M
)

if
an

d
on

ly
if

∀
π

=
(σ

i )
i∈

N
∈JMK

∀
i
∈
N

∀
u
∈

d
om

(σ
i )
∩D

(C
)

:

I Je
x
p
r
0 K(σ

i ,{
se

lf
7→

u
})

=
1.

•
M

is
(still)

con
sisten

t
if

an
d

on
ly

if
it

satisfi
es

all
con

strain
ts

in
In

v(M
).
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Tra
nsform

ers
(U

plink)

•
W

h
at

h
a
s

to
c
h
a
n
g
e

is
th

e
c
re

a
te

tran
sform

er:

c
rea

te
(C

,e
x
p
r
,v

)

•
A

ssu
m

e,
C

’s
in

h
eritan

ce
relation

s
are

as
follow

s.

C
1
,1
⊳

...
⊳

C
1
,n

1
⊳

C
,

...

C
m

,1
⊳

...
⊳

C
m

,n
m
⊳

C
.

•
T

h
en

,
w
e

h
ave

to

•
create

on
e

fresh
ob

ject
for

each
p
art,

e.g.

u
1
,1 ,...,u

1
,n

1 ,...,u
m

,1 ,...,u
m

,n
m

,

•
set

u
p

th
e

u
p
lin

ks
recu

rsively,
e.g.

σ
(u

1
,2 )(u

p
lin

k
C

1
,
1 )

=
u

1
,1 .

•
A

n
d
,
if

w
e

h
ad

con
stru

ctors,
b
e

carefu
l
w

ith
th

eir
ord

er.
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L
ate

B
in

din
g

(U
plink)

•
E
m

p
loy

som
eth

in
g

sim
ilar

to
th

e
“
m
o
s
t
s
p
e
c
”

trick
(in

a
m

in
u
te!).

B
u
t

th
e

resu
lt

is
typ

ically
far

from
con

cise.

(R
elated

to
O

C
L
’s
i
s
K
i
n
d
O
f
()

fu
n
ction

,
an

d
R
T

T
I
in

C
+

+
.)
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D
om
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Inclusio

n
vs.U

plink
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a
ntics
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C
ast-Tra

nsform
ers

•
C
c
;

•
D
d
;

•
Id

e
n
tity

u
p
c
a
st

(C
+

+
):

•
C
∗
c
p

=
&
d
;

//
a
ssig

n
a
d
d
ress

o
f
‘d

’
to

p
o
in

ter
‘cp

’

•
Id

e
n
tity

d
o
w

n
c
a
st

(C
+

+
):

•
D
∗
d
p

=
(D
∗)c

p
;

//
a
ssig

n
a
d
d
ress

o
f
‘d

’
to

p
o
in

ter
‘d

p
’

•
V
a
lu

e
u
p
c
a
st

(C
+

+
):

•
∗
c

=
∗
d
;

//
co

p
y

a
ttrib

u
te

v
a
lu

es
o
f
‘d

’
in

to
‘c’,

o
r,

//
m

o
re

p
recise,

th
e

v
a
lu

es
o
f
th

e
C

-p
art

o
f
‘d

’
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C
asts

in
D

om
ain

Inclusio
n

a
n

dU
plink

Sem
a

ntics

D
o
m

a
in

In
c
lu

sio
n

U
p
lin

k

C
∗
c
p

=
&
d
;

e
a
sy:

im
m

ed
iately

co
m

p
atib

le
(in

u
n
d
erlyin

g
system

state)
b
e-

cau
se

&
d

yield
s

an
id

en
tity

fro
m

D

(D
)
⊂D

(C
).

e
a
sy:

B
y

p
re-p

ro
cessin

g
,

C
∗
c
p

=
d
.u
p
l
i
n
k

C
;

D
∗
d
p

=
(D
∗
)c
p
;

e
a
sy:

th
e

valu
e

o
f
c
p

is
inD

(D
)∩

D

(C
)

b
ecau

se
th

e
p
o
in

ted
-to

o
b
-

ject
is

a
D

.

O
th

erw
ise,

error
co

n
d
itio

n
.

d
iffi

c
u
lt:

w
e

n
eed

th
e

id
en

tity
o
f
th

e
D

w
h
o
se

C
-slice

is
d
e-

n
o
ted

b
y

c
p
.

(S
ee

n
ext

slid
e.)

c
=

d
;

b
it

d
iffi

c
u
lt:

set
(for

all
C

�
D

)
(C

)(
·,

·)
:
τ

D
×

Σ
→

Σ
|a

tr
(
C

)

(u
,
σ
)
7→

σ
(u

)|a
tr

(
C

)

N
o
te:

σ
′

=
σ
[u

C
7→

σ
(u

D
)]

is
n
o
t

typ
e-co

m
p
atib

le!

e
a
sy:

B
y

p
re-p

ro
cessin

g
,

c
=

∗
(d

.u
p
l
i
n
k

C
);
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Identity
D

ow
ncastw

ith
U

plink
Sem

a
ntics

•
R
e
c
a
ll

(C
+

+
):

D
d
;

C
∗
c
p

=
&
d
;

D
∗
d
p

=
(D
∗)c

p
;

•
P
ro

b
le

m
:

w
e

n
eed

th
e

id
en

tity
of

th
e

D
w

h
ose

C
-slice

is
d
en

oted
by

c
p
.

•
O

n
e

te
c
h
n
ic

a
l
so

lu
tio

n
:

•
G
ive

u
p

d
isjo

in
tn

ess
o
f
d
o
m

ain
s

for
o
n
e

a
d
d
itio

n
a
l
ty

p
e

co
m

p
risin

g
all

id
en

tities,
i.e.

h
ave

a
l
l
∈T

,D
(a
l
l
)

=
⋃

C
∈ C D

(C
)

•
In

each
�

-m
in

im
a
l
c
la

ss
h
ave

asso
ciatio

n
s

“
m
o
s
t
s
p
e
c
”

p
o
in

tin
g

to
m

o
st

sp
e
c
ia

lise
d

slices,
p
lu

s
in

form
atio

n
o
f
w

h
ich

typ
e

th
at

slice
is.

•
T

h
en

d
o
w

n
c
a
st

m
ean

s,
d
ep

en
d
in

g
o
n

th
e
m
o
s
t
s
p
e
c

typ
e

(o
n
ly

fi
n
itely

m
an

y
p
o
ssib

ilities),
g
o
in

g
d
o
w

n
a
n
d

th
e
n

u
p

as
n
ecessary,

e.g
.

s
w
i
t
c
h
(m
o
s
t
s
p
e
c
t
y
p
e
){

c
a
s
e

C
:

d
p

=
c
p
-
>
m
o
s
t
s
p
e
c
-
>
u
p
l
i
n
k

D
n
-
>

..
.
-
>
u
p
l
i
n
k

D
1
-
>
u
p
l
i
n
k

D
;

...
}
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D
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D
ifferences

•
N

o
te

:
T

h
e

u
p
lin

k
sem

an
tics

view
s

in
h
eritan

ce
as

an
ab

breviation
:

•
W

e
o
n
ly

n
eed

to
to

u
ch

tran
sform

ers
(create)

—
an

d
if

w
e

h
ad

co
n
stru

ctors,
w
e

d
id

n
’t

even
n
eed

ed
th

at
(w

e
co

u
ld

en
co

d
e

th
e

recu
rsive

co
n
stru

ctio
n

o
f
th

e
u
p
p
er

slices
b
y

a
tran

sform
atio

n
o
f
th

e
existin

g
co

n
stru

ctors.)

•
S
o
:

•
In

h
eritan

ce
d
o
e
sn

’t
a
d
d

expressive
p
ow

er.

•
A

n
d

it
also

d
o
e
sn

’t
im

p
ro

v
e

con
cisen

ess
so

o
d
ra

m
a
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a
lly.

A
s

lon
g
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w
e’re

“
e
a
rly

b
in

d
in

g
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is...
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D
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Sem
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•
E
x
e
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:

W
h
at’s

th
e

p
oin

t
of

•
h
avin

g
th

e
te

d
io

u
s

ad
ju

stm
en

ts
of

th
e

th
e
o
ry

if
it

can
b
e

ap
proach

ed
te

c
h
n
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a
lly?

•
h
avin

g
th

e
te

d
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u
s

tech
n
ical

p
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-p
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c
e
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g

if
it
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b
e
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proach
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c
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n
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e
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eta-M
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W
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a

n
d

W
h

at

•
M

e
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-M
o
d
e
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g
is

on
e

m
ajor

prereq
u
isite

for
u
n
d
erstan

d
in

g

•
th

e
stan

d
ard

d
o
cu

m
en

ts
[O

M
G

,
2007a,

O
M

G
,
2007b

],
an

d

•
th

e
M

D
A

id
eas

of
th

e
O

M
G

.

•
T

h
e

id
ea

is
sim

p
le

:

•
if

a
m

o
d
e
llin

g
la

n
g
u
a
g
e

is
ab

ou
t

m
o
d
ellin

g
th

in
g
s,

•
an

d
if

U
M

L
m

o
d
els

are
an

d
com

prise
th

in
g
s,

•
th

en
w

h
y

n
ot

m
o
d
e
l
th

ose
in

a
m

o
d
ellin

g
lan

gu
age?

•
In

oth
er

w
ord

s:

W
h
y

n
ot

h
ave

a
m

o
d
el

M
U

su
ch

th
at

•
th

e
set

of
legal

in
stan

ces
of

M
U

is•
th

e
set

of
w
ell-form

ed
(!)

U
M

L
m

o
d
els.
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M
eta-M
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E

xam
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•
F
or

exam
p
le,

let’s
con

sid
er

a
class.

•
A

c
la

ss
h
as

(on
a

su
p
erfi

cial
level)

•
a

n
a
m

e
,

•
an

y
n
u
m

b
er

of
a
ttrib

u
te

s,

•
an

y
n
u
m

b
er

of
b
e
h
a
v
io

u
ra

l
fe

a
tu

re
s.

E
ach

of
th

e
latter

tw
o

h
as

•
a

n
a
m

e
an

d

•
a

v
isib

ility.

B
eh

aviou
ral

featu
res

in
ad

d
ition

h
ave

•
a

b
o
olean

attrib
u
te

isQ
u
e
ry,

•
an

y
n
u
m

b
er

of
p
aram

eters,

•
a

retu
rn

typ
e.

•
C
an

w
e

m
o
d
el

th
is

(in
U

M
L
,
for

a
start)?
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U
M

L
M

eta-M
o

del:
E

xtract

C
om

m
en

t
E
lem

en
t

N
am

ed
E
lem

en
t

n
am

e

visib
ility

T
yp

e
T
yp

ed
E
lem

en
t

R
ed

efE
lem

en
t

F
eatu

re
N

am
esp

ace

C
lassifi

er
S
tru

ctF
eatu

re
B

eh
avF

eatu
re

C
lass

P
rop

erty

O
p
eration

P
aram

eter

�

∗
red

efd
E
lem

∗

typ
e

0
..1

��
0
..1

∗

�0
..1

∗

typ
e

– 21 – 2014-02-05 – Sumlmm –

4
3

/
7
4

C
lasses

[O
M

G
,2

0
0
7
b,3

2]

F
ig

u
re 7.12 - C

lasses d
iag

ram
 o

f th
e K

ern
el packag

e

�

S
tructuralF

eature

Property

isD
erived : Boolean

isR
eadO

nly : Boolean
isD

erivedU
nion : Boolean

/default : String
aggregation : AggregationKind
/IsC

om
posite : Boolean

C
lassifier

R
elationship

C
lassifier

A
ssociation

isD
erived : B

oolean

Type

<
<

enum
eration>

>
A

ggregationK
ind

none
shared
com

posite

V
alueS

pecification

{redefines general}
+

 /superC
lass

+
subsettedP

roperty

{subsets classifier,
subsets nam

espace,
subsets featuringC

lassifier}
+

 class

+
ow

nedA
ttribute

C
lass

{subsets attribute,
subsets ownedM

em
ber,

ordered}

{subsets redefinedElem
ent}

+ redefinedProperty

+/opposite

0..1

0..1

C
lassifier

O
peration

{subsets nam
espace,

subsets redefinitionC
ontext}

+class

{subsets ow
nedM

em
ber, ordered}

+nestedC
lassifier

0..1
*

{subsets redefinitionC
ontext,

subsets nam
espace,

subsets featuringC
lassifier}

+class

{subsets feature, subsets
ow

nedM
em

ber, ordered}
+ow

nedO
peration

0..1
*

0..1
*

**
****

{subsets m
em

ber, ordered}
+m

em
berE

nd
+association

2..*
0..1

{subsets m
em

berE
nd,

subsets feature, subsets
ow

nedM
em

ber, ordered}
+ow

nedE
nd

{subsets association,
subsets nam

espace,
subsets featuringC

lassifier}
+ow

ningA
ssociation

0..1
*{subsets ow

ner}
+navigableO

w
nedE

nd

*
0..1

{subsets ow
ner}

+ow
ningP

roperty
(subsets ow

nedE
lem

ent}
+defaultValue

0..1
0..1

{readO
nly, odered}
+/endType *

1..*
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F
ig
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iag
ram

 o
f th

e K
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el packag
e
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O
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[O

M
G

,2
0
0
7
b,3

0]

F
ig

u
re 7.10 - F

eatu
res d

iag
ram

 o
f th

e K
ern

el packag
e
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C
lassifiers

[O
M

G
,2

0
0
7
b,2

9]

 F
ig

u
re 7.9 - C

lassifiers d
iag

ram
 o

f th
e K

ern
el packag

e
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N
am

esp
aces

[O
M

G
,2

0
0
7
b,2

6]

F
ig

u
re 7.4 - N

am
espaces d

iag
ram

 o
f th

e K
ern

el packag
e

P
ackageableE

lem
ent

visibility : V
isibilityK

ind

N
am

espace

{readO
nly, subsets m

em
ber}

+
im

portedM
em

ber
*

E
lem

ent

N
am

edE
lem

ent

N
am

e : S
tring 

visibility : V
isibilityK

ind 
[0..1]
[0..1]
[0..1]

/qualifiedN
am

e : S
tring

<
<

enum
eration>

>
V

isibilityK
ind

public
private
protected
package

N
am

edE
lem

ent

D
irectedR

elationship

E
lem

entIm
port

visibility : V
isibilityK

ind
alias : S

tring 
[0..1]

P
ackage

P
ackageIm

port

D
irectedR

elationship

P
ackageableE

lem
ent

visibility : V
isibilityK

ind

{readO
nly, union,

subsets ow
ner}

+
/nam

espace

*

{readO
nly, union}

+
/m

em
ber

+
/ow

nedM
em

ber

{readO
nly, union, subsets 

m
em

ber, subsets ow
nedE

lem
ent }

0..1

*
*

{subsets source, subsets ow
ner}

+
 im

portingN
am

espace
{subsets target}

+
 im

portedE
lem

ent
*

1
1

1
+

elem
entIm

port

{subsets
ow

nedE
lem

ent}

{subsets source,
subsets ow

ner}
+

im
portingN

am
espace

{subsets target}
+

 im
portedP

ackage

+
packageIm

port
{subsets ow

nedE
lem

ent} *

*
1

1
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R
o

otD
iagram

[O
M

G
,2

0
0
7
b,2

5]

F
ig

u
re 7.3 - R

o
o

t d
iag

ram
 o

f th
e K

ern
el packag

e
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Interestin
g:

D
e

claratio
n/D

efinitio
n

[O
M

G
,2

0
0
7
b,4

2
4]

F
ig

u
re 13.6 - C

o
m

m
o

n
 B

eh
avio

r
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U
M

L
A

rchite
cture

[O
M

G
,2

0
0
3,8]

•
M

eta-m
o
d
ellin

g
h
as

alread
y

b
een

u
sed

for
U

M
L

1
.x.

•
F
or

U
M

L
2
.0

,
th

e
req

u
est

for
p
ro

p
o
sals

(R
F
P
)

asked
for

a
sep

aratio
n

o
f
co

n
cern

s:

In
fra

stru
c
tu

re
an

d
S
u
p
e
rstru

c
tu

re
.

•
O

n
e

re
a
so

n
:

sh
arin

g
w

ith
M

O
F

(see
later)

an
d
,
e.g

.,
C
W

M
.

C
o

re

U
M

L

M
O

F

C
W

M

P
ro

files

F
igure 0-1

O
ve

rview
 o

f a
rchite

cture

   

C
lass, O

bject 
Action, Film

strip 
Package, Snapshot  

C
lass, State,  

Transition, 
Flow

, …
 

Superstructure 
(concrete syntax) 

C
lassBox, StateBox, 

TransitionLine, …
 

 

Superstructure 
(abstract syntax) 

Infrastructure 
(w

ith sem
antics) 

D
iagram

 
Interchange 

N
ode, Edge…
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U
M

L
S

u
perstructure

Packages
[O

M
G
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0
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7
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F
ig

u
re 7.5 - T

h
e to

p
-level packag

e stru
ctu

re o
f th

e U
M

L
 2.1.1 S

u
p

erstru
ctu

re

C
om

m
onB

ehaviors

U
seC

ases

C
lasses

S
tateM

achines
Interactions

C
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positeS
tructures

C
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ponents

D
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ents

A
uxiliaryC

onstructs
A
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M
o

dellin
g

vs.M
eta-M

o
dellin

g

C
lass

n
am

e
:

S
tr

P
rop

erty

n
am

e
:

S
tr

T
yp

e

n
am

e
:

S
tr

C

v
:
Z

:C
lass

n
am

e
=

C

:P
rop

erty

n
am

e
=

v

:T
yp

e

n
am

e
=

Z

S

=
({
Z
},

{C
},{v

},
{C

7→
v
}),

D

 
Σ DS

:C

v
=

0 in
sta

n
ce-o

f

σ
=

{u
7→

{v
7→

0}}

∈

M
eta-

M
o
d
el

(M
2
)

M
o
d
el

(M
1
)

In
stan

ce
(M

0
)
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M
o

dellin
g

vs.M
eta-M

o
dellin

g

C
lass

n
am

e
:

S
tr

P
rop

erty

n
am

e
:

S
tr

T
yp

e

n
am

e
:

S
tr

C

v
:
Z

:C
lass

n
am

e
=

C

:P
rop

erty

n
am

e
=

v

:T
yp

e

n
am

e
=

Z

S

=
({
Z
},

{C
},{v

},
{C

7→
v
}),

D
 

Σ DS
:C

v
=

0 in
sta

n
ce-o

f

σ
=

{u
7→

{v
7→

0}}

∈

M
eta-

M
o
d
el

(M
2
)

M
o
d
el

(M
1
)

In
stan

ce
(M

0
)

•
S
o,

if
w
e

h
ave

a
m

e
ta

m
o
d
e
l
M

U
of

U
M

L
,
th

en
th

e
set

of
U

M
L

m
o
d
e
ls

is
th

e
set

of
in

sta
n
c
e
s

of
M

U
.

•
A

U
M

L
m

o
d
e
l
M

can
b
e

represen
ted

as
an

ob
ject

d
iagram

(or
system

state)
w

rt.
th

e
m

e
ta

-m
o
d
e
l
M

U
.

•
O

th
e
r

v
ie

w
:

A
n

ob
ject

d
iagram

w
rt.

m
e
ta

-m
o
d
e
l
M

U

can
(altern

atively)
b
e

ren
d
ered

as
th

e
U

M
L

m
o
d
e
l
M

.
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o
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e
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U
M

L
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o
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e
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can
b
e

d
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ed
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e
set
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ob

ject
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s
satisfyin

g
all

con
strain

ts
of

th
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m
e
ta

-m
o
d
e
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F
or

exam
p
le,

“[2]
G

en
eralization
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7.3.8 
C

lassifier (fro
m

 K
ern

el, D
ep

en
d

en
cies, P

o
w

erT
yp

es)

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces, it d

e
scrib

e
s a

 se
t of insta

n
ce

s th
a

t h
a

ve
 fe

a
tu

re
s in

 co
m

m
o

n
. 

G
en

eralizatio
n

s

• 
“N

am
espace (from

 K
erne

l)” on page 99

• 
“R

edefinableE
lem

ent (from K
ernel)” on page 1

30

• 
“T

ype (from
 K

ernel)” o
n page 135

D
escrip

tio
n

A
 classifie

r is a n
a

m
espa

ce
 w

h
o

se
 m

em
be

rs can
 in

clu
d

e fea
tu

res. C
la

ssifier is an abstract m
etaclass.

A
 cla

ssifie
r is a

 typ
e

 a
n

d
 ca

n
 o

w
n

 g
e

n
e

ra
liza

tio
n

s, th
e

re
b

y m
a

king it p
o

ssib
le

 to d
e

fin
e

 g
e

n
e

ra
liza

tio
n

 re
la

tio
n

sh
ip

s to
 

o
th

er cla
ssifiers. A

 classifie
r can

 sp
ecify a

 g
en

e
ra

liza
tio

n
 h

ie
ra

rch
y b

y re
fe

re
n

cin
g
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e

n
e

ra
l cla

ssifie
rs.
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 cla

ssifie
r is a

 red
e
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a

b
le e

le
m

ent, m
e

anin
g

 th
a

t it is p
o

ssib
le to

 re
d

efin
e n

e
ste

d
 cla

ssifie
rs.

A
ttrib

u
tes

•
isA

b
stra

ct: B
o

o
le

a
n

�

If tru
e, the C

lassifier does not pro
vid

e
 a

 co
m

p
le

te
 d

e
cla

ra
tio

n
 a

n
d

 ca
n

 t
ypically not be instantiated. A

n abstract
�

classifier is intended to 
be used by oth

e
r classifie

rs (e
.g

., as th
e

 ta
rge

t o
f general m

etarelationships or generalization
�

relationships). D
efault value is false. 

A
sso

ciatio
n

s

•
/attribute: P

roperty [*]
�

R
efers to all of the P

roperties that 
are direct (i.e., n

ot inherited or im
ported) attributes of the classifier. S

ubsets
�

C
lassifie

r::fe
a

tu
re and is a derived union.

•
/ feature : F

eature [*]
�

S
p

e
cifie

s ea
ch

 fe
atu

re
 d

e
fin

e
d

 in
 th

e
 classifie

r. Subsets N
a

m
e

sp
a

ce
::m

e
m

b
e

r
. T

h
is is a

 d
e

rive
d

 unio
n

.

•
/ general : C

lassifier[*]
�

S
p

e
cifie

s th
e

 g
e

n
e

ra
l C

la
s

sifiers for this C
lassifier. T

his is derived.

W
in

d
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w

public
  size: A
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  defaultS

ize: R
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protected
  visibility: B
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private
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in: X
W

indow
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  display()
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private
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(xW
in: X

W
indow

)
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•
generalization: G

eneralization[*]
�

S
pecifies the G

eneralization relationships for this C
lassifier. T

hese G
eneralizat

ions navigate to m
ore general�

classifiers in the generalization hierarchy. S
u

b
se

ts E
le

m
e

n
t::o

wne
d

E
le

m
e

n
t

•
/ inheritedM

em
ber: N

am
edE

lem
ent[*]

�

S
pecifies all elem

ents inherited by this classifier from
 the general classifiers. 

S
u

b
se

ts N
a

m
e

sp
a

ce
::m

e
m

b
e

r
. T

his is�
derived.

•
redefinedC

lassifier: C
lassifier 

[*]
�

R
eferences the C

lass
ifiers that are redefin

ed by this C
lassifier. S

ubsets R
e

defin
ab

le
E

le
men

t::red
e

fin
e

d
E

le
m

e
nt

P
ackage D

ependencies 

•
su

bstitution : S
ubstitution

�

R
eferences the substitu

tio
ns that are owned by this C

lassifier. S
ubsets E

le
m

e
n

t::o
w

n
e

d
E

le
m

e
n

t
 and�

N
a

m
e

dE
lem

e
n

t::clie
n

tD
ep

e
n

de
n

cy.)

P
ackage P

ow
erTypes 

•
pow

ertypeE
xtent : G

eneralizationS
et

�

D
esignates the G

eneralizationS
et of w

hich the associated 
C

lassifier is a pow
er type.

C
o

n
strain

ts

[1
]  T

h
e

 g
eneral classifiers are the classifiers referenced by the generalization relationships.

general =
 self.parents()

[2]
G

eneralization hierarchies must be dire
cte

d
 a

n
d

 acyclica
l. A

 cla
ssifie

r cannot be both a transitiv
ely general and 

transitively specific classifier o
f th

e
 sa

m
e cla

ssifie
r.

n
o

t self.allP
arents()->

includes(self)

[3]
A

 classifier m
ay only specialize

 cla
ssifie

rs o
f a va

lid
 typ

e
.

self.parents()->
forA

ll(c | self.m
ayS

pecializeType(c))

[4]
T

he inheritedM
em

ber association is derived by inheriting the inheritable m
em

bers of the parents.

self.inheritedM
em

ber->
includesA

ll(self.inherit(self.parents()->
collect(p | p.inheritableM

em
bers(self)))

P
ackage P

ow
erTypes 

[5
]

T
h

e
 C

la
ssifie

r th
a

t m
ap

s to
 a

 G
e

n
eralizationS

et m
ay neither be a specific nor a general C

lassifier in any of the 
G

eneralization relationships defined for that G
eneralizationS

et. In other w
ords, a power type m

ay not be an instance of 
itself n

or m
ay its instances also be its subcl

asses.

A
d

d
itio

n
al O

p
eratio

n
s

[1
]  T

h
e

 q
u

e
ry allF

e
a

tu
re

s() g
ive

s a
ll o

f the features in the nam
espace of the classifi

e
r. In

 g
e

n
e

ra
l, th

ro
u

g
h

 m
e

ch
a

n
ism

s
 su

ch
 as 

inheritance, this w
ill be a larger set than feature.

C
lassifier::allF

eatures(): S
et(F

eature);
allF

eatures =
 m

em
ber->

select(oclIsK
indO

f(F
eature))

[2]
T

h
e

 q
ue

ry pare
nts() give

s a
ll o

f the
 im

m
ed

ia
te

 a
n

ce
sto

rs 
o

f a
 g

eneralized C
lassifier.

C
lassifier::parents(): S

et(C
lassifier);

parents =
 generalization.general�

��
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n
d

 acyclica
l. A

 cla
ssifie

r cannot be both a transitiv
ely general and 

transitively specific classifier o
f th

e
 sa

m
e cla

ssifie
r.

n
o

t self.allP
arents()->

includes(self)

[3]
A

 classifier m
ay only specialize

 cla
ssifie

rs o
f a va

lid
 typ

e
.

self.parents()->
forA

ll(c | self.m
ayS

pecializeType(c))

[4]
T

he inheritedM
em

ber association is derived by inheriting the inheritable m
em

bers of the parents.

self.inheritedM
em

ber->
includesA

ll(self.inherit(self.parents()->
collect(p | p.inheritableM

em
bers(self)))

P
ackage P

ow
erTypes 

[5
]

T
h

e
 C

la
ssifie

r th
a

t m
ap

s to
 a

 G
e

n
eralizationS

et m
ay neither be a specific nor a general C

lassifier in any of the 
G

eneralization relationships defined for that G
eneralizationS

et. In other w
ords, a power type m

ay not be an instance of 
itself n

or m
ay its instances also be its subcl

asses.

A
d

d
itio

n
al O

p
eratio

n
s

[1
]  T

h
e

 q
u

e
ry allF

e
a

tu
re

s() g
ive

s a
ll o

f the features in the nam
espace of the classifi

e
r. In

 g
e

n
e

ra
l, th

ro
u

g
h

 m
e

ch
a

n
ism

s
 su

ch
 as 

inheritance, this w
ill be a larger set than feature.

C
lassifier::allF

eatures(): S
et(F

eature);
allF

eatures =
 m

em
ber->

select(oclIsK
indO

f(F
eature))

[2]
T

h
e

 q
ue

ry pare
nts() give

s a
ll o

f the
 im

m
ed

ia
te

 a
n

ce
sto

rs 
o

f a
 g

eneralized C
lassifier.

C
lassifier::parents(): S

et(C
lassifier);

parents =
 generalization.general�

��
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[3
]

T
h

e
 q

u
e

ry a
llP

a
re

n
ts() g

ive
s a

ll of the direct and indirect ancestors of a generalized Classifier.

C
lassifier::allP

arents(): S
et(C

lassifier);

allP
arents =

 self.parents()->
union(self.parents()->

collect(p | p.allP
arents())

[4
]

T
he query inheritableM

em
bers() gives all o

f th
e

 m
e

m
b

e
rs of a

 cla
ssifie

r th
a

t m
a

y be inherited in one of its descendants, 
subject to w

hatever visibility restrictions apply.

C
lassifier::inheritableM

em
bers(c: C

lassifier): S
et(N

am
edE

lem
ent);

p
re: c.allP

arents()->
includes(self)

inheritableM
em

bers =
 m

em
ber->

select(m
 | c.hasV

isibilityO
f(m

))

[5
]

T
he query hasVisibilityO

f() determ
ines w

he
th

e
r a n

a
m

ed
 e

le
m

e
n

t is visib
le

 in th
e

 classifier. B
y default all are visible. It is 

only called w
hen the argum

ent is som
ething ow

ned by a parent.

C
lassifier::hasVisibilityO

f(n: N
am

edE
lem

ent) : B
oolean;

p
re: self.allP

arents()->
collect(c | c.m

em
ber)->

includes(n)

if (self.inheritedM
em

ber->
includes(n)) th

en
�

h
asV

isib
ilityO

f = (n
.visib

ility <> #p
rivate)

�

else

hasV
isibilityO

f =
 tru

e

[6]
T

he q
ue

ry co
nfo

rm
sTo() gives true for a

 classifier that defines 
a type that conform

s to another. T
his is used, for exam

ple, 
in the specification of signature conform

ance for operations.

C
lassifier::conform

sTo(other: C
lassifier): B

oolean;

conform
sTo =

 (self=
other) or (self.allP

arents()->
includes(other))

[7
]

T
he query inherit() defin

es h
ow

 to inherit a set of elem
ents. H

ere the operation is defined to inherit them
 all. It is intended 

to be redefined in circum
stances 

w
here inheritance is affected by redefinition.

C
lassifier::inherit(inhs: S

et(N
am

edE
lem

ent)): S
et(N

am
edE

lem
ent);

inherit =
 inhs

[8
]

T
he query mayS

pecializeType() determ
ines w

hether this classifier m
ay have a generalization relationship to classifiers of 

the specified type. B
y default a classifier 

m
ay specialize classifiers of the sam

e or a m
ore general type. It is intended to be 

red
efin

e
d b

y cla
ssifie

rs tha
t have

 d
iffe

re
n

t sp
e

cia
liza

tio
n

 co
n

stra
in

ts.

C
lassifier::m

ayS
pecializeType(c : C

lassifier) : B
oolean;

m
ayS

pecializeType =
 self.oclIsK

indO
f(c.oclType)

S
em

an
tics

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces acco

rd
in

g
 to

 th
e

ir fe
a

tures.

A
 C

la
ssifie

r m
a

y p
a

rticip
a

te
 in

 g
e

n
e

ra
liza

ti
o

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e

r C
la

ssifie
rs. A

n
 in

sta
n

ce
 o

f a
 sp

e
cific C

la
ssifie

r is 
also

 an (in
d

ire
ct) in

sta
n

ce o
f e

ach
 o

f th
e

 gen
e

ral C
la

ssifiers. T
h

ere
fo

re
, fe

a
tu

res spe
cifie

d
 fo

r in
stance

s o
f th

e
 g

en
e

ral 
cla

ssifie
r a

re im
p

licitly sp
e

cifie
d

 fo
r in

sta
n

ce
s o

f th
e

 sp
e

cific
 cla

ssifie
r. A

n
y con

stra
in

t a
p

p
lyin

g
 to

 in
sta

n
ce

s o
f

 th
e

 
g

e
n

e
ra

l cla
ssifie

r a
lso

 a
p

p
lie

s to
 in

sta
n

ce
s o

f th
e

 sp
e

cific cla
ssifie

r
.

T
h

e
 sp

e
cific se

man
tics o

f h
o

w
 g

e
n

e
ra

lizatio
n

 a
ffe

cts e
a

ch
 co

n
cre

te
 su

b
typ

e
 o

f 
C

lassifie
r va

ries. A
ll in

sta
n

ces o
f a 

cla
ssifie

r h
a

ve
 va

lue
s co

rre
sp

o
n

d
in

g
 to

 th
e

 cla
ssifie

r
’s a

ttrib
u

te
s. 

A
 C

la
ssifie

r d
e

fines a
 typ

e
. Typ

e
 co

n
fo

rm
an

ce
 b

e
tw

e
e

n
 g

e
n

e
ra

liza
b

le
 

C
la

ssifie
rs is defin

e
d

 so th
a

t a C
la

ssifier co
n

fo
rm

s 
to

 itse
lf a

n
d

 to
 a

ll o
f its a

n
ce

sto
rs in

 th
e

 gen
e

ra
liza

tio
n

 hie
ra

rch
y.
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5
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/
7
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R
ea

din
g
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Sta

n
d

ard
C

o
nt’d
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F
ig

u
re 7.29 - C

lass n
o

tatio
n

: attrib
u

tes an
d

 o
p

eratio
n

s g
ro

u
p

ed
 acco

rd
in

g
 to

 visib
ility

7.3.8 
C

lassifier (fro
m

 K
ern

el, D
ep

en
d

en
cies, P

o
w

erT
yp

es)

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces, it d

e
scrib

e
s a

 se
t of insta

n
ce

s th
a

t h
a

ve
 fe

a
tu

re
s in

 co
m

m
o

n
. 

G
en

eralizatio
n

s

• 
“N

am
espace (from

 K
erne

l)” on page 99

• 
“R

edefinableE
lem

ent (from K
ernel)” on page 1

30

• 
“T

ype (from
 K

ernel)” o
n page 135

D
escrip

tio
n

A
 classifie

r is a n
a

m
espa

ce
 w

h
o

se
 m

em
be

rs can
 in

clu
d

e fea
tu

res. C
la

ssifier is an abstract m
etaclass.

A
 cla

ssifie
r is a

 typ
e

 a
n

d
 ca

n
 o

w
n

 g
e

n
e

ra
liza

tio
n

s, th
e

re
b

y m
a

king it p
o

ssib
le

 to d
e

fin
e

 g
e

n
e

ra
liza

tio
n

 re
la

tio
n

sh
ip

s to
 

o
th

er cla
ssifiers. A

 classifie
r can

 sp
ecify a

 g
en

e
ra

liza
tio

n
 h

ie
ra

rch
y b

y re
fe

re
n

cin
g

 its g
e

n
e

ra
l cla

ssifie
rs.

A
 cla

ssifie
r is a

 red
e

fin
a

b
le e

le
m

ent, m
e

anin
g

 th
a

t it is p
o

ssib
le to

 re
d

efin
e n

e
ste

d
 cla

ssifie
rs.

A
ttrib

u
tes

•
isA

b
stra

ct: B
o

o
le

a
n

�

If tru
e, the C

lassifier does not pro
vid

e
 a

 co
m

p
le

te
 d

e
cla

ra
tio

n
 a

n
d

 ca
n

 t
ypically not be instantiated. A

n abstract
�

classifier is intended to 
be used by oth

e
r classifie

rs (e
.g

., as th
e

 ta
rge

t o
f general m

etarelationships or generalization
�

relationships). D
efault value is false. 

A
sso

ciatio
n

s

•
/attribute: P

roperty [*]
�

R
efers to all of the P

roperties that 
are direct (i.e., n

ot inherited or im
ported) attributes of the classifier. S

ubsets
�

C
lassifie

r::fe
a

tu
re and is a derived union.

•
/ feature : F

eature [*]
�

S
p

e
cifie

s ea
ch

 fe
atu

re
 d

e
fin

e
d

 in
 th

e
 classifie

r. Subsets N
a

m
e

sp
a

ce
::m

e
m

b
e

r
. T

h
is is a

 d
e

rive
d

 unio
n

.

•
/ general : C

lassifier[*]
�

S
p

e
cifie

s th
e

 g
e

n
e

ra
l C

la
s

sifiers for this C
lassifier. T

his is derived.

W
in

d
o

w

public
  size: A

rea = (100, 100)
  defaultS

ize: R
ectangle

protected
  visibility: B

oolean =
 true

private
  xW

in: X
W

indow
public
  display()
  hide()
private
  attachX

(xW
in: X

W
indow

)

U
M

L S
uperstructure S

pecification, v2.1.2
       53

•
generalization: G

eneralization[*]
�

S
pecifies the G

eneralization relationships for this C
lassifier. T

hese G
eneralizat

ions navigate to m
ore general�

classifiers in the generalization hierarchy. S
u

bsets E
le

m
e

n
t::o

wne
d

E
le

m
e

n
t

•
/ inheritedM

em
ber: N

am
edE

lem
ent[*]

�

S
pecifies all elem

ents inherited by this classifier from
 the general classifiers. 

S
u

b
sets N

a
m

e
sp

a
ce

::m
e

m
b

e
r

. T
his is�

derived.

•
redefinedC

lassifier: C
lassifier 

[*]
�

R
eferences the C

lass
ifiers that are redefin

ed by this C
lassifier. S

ubsets R
e

defin
ab

le
E

le
men

t::red
e

fin
e

d
E

le
m

e
nt

P
ackage D

ependencies 

•
su

bstitution : S
ubstitution

�

R
eferences the substitu

tio
ns that are owned by this C

lassifier. S
ubsets E

le
m

e
n

t::o
w

n
e

d
E

le
m

e
n

t
 and�

N
a

m
e

dE
lem

e
n

t::clie
n

tD
ep

e
n

de
n

cy.)

P
ackage P

ow
erTypes 

•
pow

ertypeE
xtent : G

eneralizationS
et

�

D
esignates the G

eneralizationS
et of w

hich the associated 
C

lassifier is a pow
er type.

C
o

n
strain

ts

[1]  T
he g

eneral classifiers are the classifiers referenced by the generalization relationships.

general =
 self.parents()

[2]
G

eneralization hierarchies must be dire
cte

d
 a

n
d

 acyclica
l. A

 cla
ssifie

r cannot be both a transitiv
ely general and 

transitively specific classifier o
f th

e
 sa

m
e cla

ssifie
r.

n
o

t self.allP
arents()->

includes(self)

[3]
A

 classifier m
ay only specialize

 cla
ssifie

rs o
f a va

lid
 typ

e
.

self.parents()->
forA

ll(c | self.m
ayS

pecializeType(c))

[4]
T

he inheritedM
em

ber association is derived by inheriting the inheritable m
em

bers of the parents.

self.inheritedM
em

ber->
includesA

ll(self.inherit(self.parents()->
collect(p | p.inheritableM

em
bers(self)))

P
ackage P

ow
erTypes 

[5
]

T
h

e
 C

la
ssifie

r th
a

t m
ap

s to
 a

 G
e

n
eralizationS

et m
ay neither be a specific nor a general C

lassifier in any of the 
G

eneralization relationships defined for that G
eneralizationS

et. In other w
ords, a power type m

ay not be an instance of 
itself n

or m
ay its instances also be its subcl

asses.

A
d

d
itio

n
al O

p
eratio

n
s

[1
]  T

h
e

 q
u

e
ry allF

e
a

tu
re

s() g
ive

s a
ll o

f the features in the nam
espace of the classifi

e
r. In

 g
e

n
e

ra
l, th

ro
u

g
h

 m
e

ch
a

n
ism

s
 su

ch
 as 

inheritance, this w
ill be a larger set than feature.

C
lassifier::allF

eatures(): S
et(F

eature);
allF

eatures =
 m

em
ber->

select(oclIsK
indO

f(F
eature))

[2]
T

h
e

 q
ue

ry pare
nts() give

s a
ll o

f the
 im

m
ed

ia
te

 a
n

ce
sto

rs 
o

f a
 g

eneralized C
lassifier.

C
lassifier::parents(): S

et(C
lassifier);

parents =
 generalization.general�

��
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[3
]

T
h

e
 q

u
e

ry a
llP

a
re

n
ts() g

ive
s a

ll of the direct and indirect ancestors of a generalized Classifier.

C
lassifier::allP

arents(): S
et(C

lassifier);

allP
arents =

 self.parents()->
union(self.parents()->

collect(p | p.allP
arents())

[4
]

T
he query inheritableM

em
bers() gives all o

f th
e

 m
e

m
b

e
rs of a

 cla
ssifie

r th
a

t m
a

y be inherited in one of its descendants, 
subject to w

hatever visibility restrictions apply.

C
lassifier::inheritableM

em
bers(c: C

lassifier): S
et(N

am
edE

lem
ent);

p
re: c.allP

arents()->
includes(self)

inheritableM
em

bers =
 m

em
ber->

select(m
 | c.hasV

isibilityO
f(m

))

[5
]

T
he query hasVisibilityO

f() determ
ines w

he
th

e
r a n

a
m

ed
 e

le
m

e
n

t is visib
le

 in th
e

 classifier. B
y default all are visible. It is 

only called w
hen the argum

ent is som
ething ow

ned by a parent.

C
lassifier::hasVisibilityO

f(n: N
am

edE
lem

ent) : B
oolean;

p
re: self.allP

arents()->
collect(c | c.m

em
ber)->

includes(n)

if (self.inheritedM
em

ber->
includes(n)) th

en
�

h
asV

isib
ilityO

f = (n
.visib

ility <> #p
rivate)

�

else

hasV
isibilityO

f =
 tru

e

[6]
T

he q
ue

ry co
nfo

rm
sTo() gives true for a

 classifier that defines 
a type that conform

s to another. T
his is used, for exam

ple, 
in the specification of signature conform

ance for operations.

C
lassifier::conform

sTo(other: C
lassifier): B

oolean;

conform
sTo =

 (self=
other) or (self.allP

arents()->
includes(other))

[7
]

T
he query inherit() defin

es h
ow

 to inherit a set of elem
ents. H

ere the operation is defined to inherit them
 all. It is intended 

to be redefined in circum
stances 

w
here inheritance is affected by redefinition.

C
lassifier::inherit(inhs: S

et(N
am

edE
lem

ent)): S
et(N

am
edE

lem
ent);

inherit =
 inhs

[8
]

T
he query mayS

pecializeType() determ
ines w

hether this classifier m
ay have a generalization relationship to classifiers of 

the specified type. B
y default a classifier 

m
ay specialize classifiers of the sam

e or a m
ore general type. It is intended to be 

red
efin

e
d b

y cla
ssifie

rs tha
t have

 d
iffe

re
n

t sp
e

cia
liza

tio
n

 co
n

stra
in

ts.

C
lassifier::m

ayS
pecializeType(c : C

lassifier) : B
oolean;

m
ayS

pecializeType =
 self.oclIsK

indO
f(c.oclType)

S
em

an
tics

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces acco

rd
in

g
 to

 th
e

ir fe
a

tures.

A
 C

la
ssifie

r m
a

y p
a

rticip
a

te
 in

 g
e

n
e

ra
liza

ti
o

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e

r C
la

ssifie
rs. A

n
 in

sta
n

ce
 o

f a
 sp

e
cific C

la
ssifie

r is 
also

 an (in
d

ire
ct) in

sta
n

ce o
f e

ach
 o

f th
e

 gen
e

ral C
la

ssifiers. T
h

ere
fo

re
, fe

a
tu

res spe
cifie

d
 fo

r in
stance

s o
f th

e
 g

en
e

ral 
cla

ssifie
r a

re im
p

licitly sp
e

cifie
d

 fo
r in

sta
n

ce
s o

f th
e

 sp
e

cific
 cla

ssifie
r. A

n
y con

stra
in

t a
p

p
lyin

g
 to

 in
sta

n
ce

s o
f

 th
e

 
g

e
n

e
ra

l cla
ssifie

r a
lso

 a
p

p
lie

s to
 in

sta
n

ce
s o

f th
e

 sp
e

cific cla
ssifie

r
.

T
h

e
 sp

e
cific se

man
tics o

f h
o

w
 g

e
n

e
ra

lizatio
n

 a
ffe

cts e
a

ch
 co

n
cre

te
 su

b
typ

e
 o

f 
C

lassifie
r va

ries. A
ll in

sta
n

ces o
f a 

cla
ssifie

r h
a

ve
 va

lue
s co

rre
sp

o
n

d
in

g
 to

 th
e

 cla
ssifie

r
’s a

ttrib
u

te
s. 

A
 C

la
ssifie

r d
e

fines a
 typ

e
. Typ

e
 co

n
fo

rm
an

ce
 b

e
tw

e
e

n
 g

e
n

e
ra

liza
b

le
 

C
la

ssifie
rs is defin

e
d

 so th
a

t a C
la

ssifier co
n

fo
rm

s 
to

 itse
lf a

n
d

 to
 a

ll o
f its a

n
ce

sto
rs in

 th
e

 gen
e

ra
liza

tio
n

 hie
ra

rch
y.
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P
ackage P

ow
erTypes

T
h

e
 n

otio
n

 o
f p

o
w

e
r typ

e
 w

a
s in

sp
ire

d
 

b
y th

e
 n

o
tio

n
 o

f p
o

w
e

r set. A
 p

ow
e

r set is d
efin

e
d

 as a
 set w

ho
se

 in
stance

s a
re

 
su

b
se

ts. In
 e

ssen
ce

, th
e

n
, a p

ow
e

r typ
e

 is a
 class w

h
o

se in
stances a

re sub
classe

s. T
h

e p
o

w
e

rtyp
e

E
xte

n
t a

sso
cia

tio
n

 re
la

t
es 

a
 C

la
ssifie

r w
ith

 a
 se

t o
f g

e
n

e
ra

liza
tio

ns th
a

t a
) h

a
ve

 a
 co

m
mon sp

e
cific C

la
ssifie

r, a
nd

 b) re
p

re
se

n
t a

 co
lle

ctio
n

 o
f su

b
se

ts 
fo

r th
a

t cla
ss. 

S
em

an
tic V

ariatio
n

 P
o

in
ts

T
h

e
 p

re
cise

 life
cycle

 se
m

a
n

tics o
f

 a
g

g
re

g
a

tio
n

 is a
 se

man
tic va

ria
tio

n
 p

o
in

t.

N
o

tatio
n

C
la

ssifie
r is a

n
 a

b
stra

ct m
o

d
e

l 
e

le
m

e
n

t, an
d

 so
 p

ro
p

e
rly sp

e
a

ki
n

g
 h

a
s n

o
 n

o
ta

tio
n

. It is n
e

verth
e

le
ss co

n
ve

n
ie

n
t 

to
 d

e
fin

e
 

in
 o

n
e

 p
la

ce
 a

 d
e

fa
u

lt n
o

t
a

tio
n

 a
va

ila
b

le
 for a

n
y co

n
cre

te
 su

b
cl
ass o

f C
la

ssifier fo
r w

h
ich

 th
is n

o
ta

tio
n

 is su
ita

b
le

. T
h

e
 

d
e

fa
u

lt n
o

ta
tio

n
 fo

r a
 cla

ssifie
r is a

 so
lid

-o
u

tlin
e

 re
cta

n
g

l
e

 co
n

ta
in

in
g

 th
e

 cla
ssifie

r
’s n

a
m

e
, a

n
d

 o
p

tiona
lly w

ith
 

co
m

p
a

rtm
e

n
ts se

p
a

ra
te

d
 b

y h
o

rizo
n

ta
l lin

e
s co

n
ta

in
in

g
 fe

a
tu

re
s o

r
 o

th
er m

em
b

ers o
f th

e cla
ssifier. T

h
e

 spe
cific typ

e o
f 

cla
ssifie

r ca
n

 b
e

 sh
o

w
n

 in
 g

u
ille

m
e

ts 
a

b
o

ve
 th

e
 n

a
m

e
. S

o
me sp

e
cia

liza
tio

n
s o

f C
la

ssi
fie

r h
a

ve
 the

ir o
w

n
 d

istin
ct n

o
ta

tion
s.

T
h

e
 n

a
m

e
 o

f a
n

 a
b

stra
ct C

la
ssifie

r is sh
o

w
n

 in
 ita

lics.

A
n a

ttrib
u

te
 ca

n
 b

e
 sh

o
w

n
 a

s a
 te

xt strin
g

. T
h

e
 fo

rm
a

t o
f th

is
 strin

g is sp
e

cifie
d

 in
 th

e
 N

o
ta

tio
n

 su
b

 cla
u

se
 o

f “P
ro

p
e

rty 
(fro

m
 K

e
rn

e
l, A

sso
cia

tio
n

C
la

sse
s)” o

n
 p

a
g

e
 

1
2

3
.

P
resen

tatio
n

 O
p

tio
n

s

A
n

y co
m

p
a

rtm
e

n
t m

a
y b

e
 su

p
presse

d
. A

 se
p

a
ra

to
r lin

e
 is n

o
t d

ra
w

n
 fo

r a
 su

p
p

re
sse

d
 co

m
p

a
rtm

e
n

t. If a
 co

m
pa

rtm
e

n
t is 

su
p

p
re

sse
d

, no
 in

fe
re

n
ce

 ca
n

 b
e

 
d

ra
w

n
 a

b
o

u
t th

e
 p

re
se

n
ce

 
o

r a
b

se
n

ce
 o

f e
le

men
ts in

 it. C
o

m
p

a
rtm

e
n

t n
a

mes ca
n

 b
e

 u
se

d
 

to re
m

o
ve

 a
m

b
ig

u
ity, if n

e
ce

ssa
ry. 

A
n a

b
stra

ct C
la

ssifie
r ca

n
 b

e
 sh

o
w

n
 

u
sin

g
 th

e
 ke

yw
o

rd
 {a

b
stra

ct} a
fte

r o
r b

e
lo

w
 th

e
 n

a
m

e
 o

f th
e

 C
la

ssifie
r

.

T
h

e
 typ

e
, visibility

, d
e

fa
u

lt, m
u

ltip
licity, p

ro
p

e
rty strin

g
 m

a
y b

e
 

su
ppresse

d
 fro

m
 b

e
ing d

isp
la

ye
d

, e
ve

n
 if th

e
re

 a
re

 
va

lu
e

s 
in

 th
e

 m
o

d
e

l. 

T
h

e
 ind

ivid
u

a
l p

ro
p

e
rtie

s o
f a

n
 a

ttrib
u

te
 ca

n
 b

e
 sh

o
w

n in
 co

lu
m

n
s ra

th
e

r th
a

n as a
 co

n
tin

u
ous strin

g
.

S
tyle G

u
id

elin
es

• 
A

ttrib
ute names typically begin w

ith
 a low

ercase letter. M
ulti-w

ord names are often formed by concatenating the w
ords 

a
n

d
 u

sin
g

 low
ercase for all letters except 

for up
casin

g
 th

e
 first le

tte
r o

f e
a

ch
 w

o
rd

 b
u

t the
 first.

• 
C

enter the nam
e of the classifier in boldface.

• 
C

enter keyw
ord (including stereotype nam

es) in plain face with
in guillem

ets above the classifier nam
e.

• 
F

or those languages that distinguish betw
een uppercase and lo

w
e

rca
se

 ch
a

ra
cte

rs
, ca

p
italize names (i.e, begin them

 
w

ith
 an uppercase character). 

• 
Left justify attributes and operations in plain face.

• 
B

e
g

in
 a

ttrib
u

te
 an

d
 operation nam

es w
ith a

 low
ercase letter.

• 
S

how
 full attributes and operations when needed and sup

press the
m

 in oth
e

r conte
xts o

r refe
rence

s.
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5
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/
7
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R
ea

din
g

the
Sta

n
d

ard
C

o
nt’d
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F
ig

u
re 7.29 - C

lass n
o

tatio
n

: attrib
u

tes an
d

 o
p

eratio
n

s g
ro

u
p

ed
 acco

rd
in

g
 to

 visib
ility

7.3.8 
C

lassifier (fro
m

 K
ern

el, D
ep

en
d

en
cies, P

o
w

erT
yp

es)

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces, it d

e
scrib

e
s a

 se
t of insta

n
ce

s th
a

t h
a

ve
 fe

a
tu

re
s in

 co
m

m
o

n
. 

G
en

eralizatio
n

s

• 
“N

am
espace (fro

m
 K

e
rn

e
l)” on page 99

• 
“R

edefinableE
lem

ent (from K
ernel)” on page 1

30

• 
“T

ype (from
 K

ernel)” o
n page 135

D
escrip

tio
n

A
 classifie

r is a n
a

m
espa

ce
 w

h
o

se
 m

em
be

rs can
 in

clu
d

e fea
tu

res. C
la

ssifier is an abstract m
etaclass.

A
 cla

ssifie
r is a

 typ
e

 a
n

d
 ca

n
 o

w
n

 g
e

n
e

ra
liza

tio
n

s, th
e

re
b

y m
a

king it p
o

ssib
le

 to d
e

fin
e

 g
e

n
e

ra
liza

tio
n

 re
la

tio
n

sh
ip

s to
 

o
th

er cla
ssifiers. A

 classifie
r can

 sp
ecify a

 g
en

e
ra

liza
tio

n
 h

ie
ra

rch
y b

y re
fe

re
n

cin
g

 its g
e

n
e

ra
l cla

ssifie
rs.

A
 cla

ssifie
r is a

 red
e

fin
a

b
le e

le
m

ent, m
e

anin
g

 th
a

t it is p
o

ssib
le to

 re
d

efin
e n

e
ste

d
 cla

ssifie
rs.

A
ttrib

u
tes

•
isA

b
stra

ct: B
o

o
le

a
n

�

If tru
e, the C

lassifier does not pro
vid

e
 a

 co
m

p
le

te
 d

e
cla

ra
tio

n
 a

n
d

 ca
n

 t
ypically not be instantiated. A

n abstract
�

classifier is intended to 
be used by oth

e
r classifie

rs (e
.g

., as th
e

 ta
rge

t o
f general m

etarelationships or generalization
�

relationships). D
efault value is false. 

A
sso

ciatio
n

s

•
/attribute: P

roperty [*]
�

R
efers to all of the P

roperties that 
are direct (i.e., n

ot inherited or im
ported) attributes of the classifier. S

ubsets
�

C
lassifie

r::fe
a

tu
re and is a derived union.

•
/ feature : F

eature [*]
�

S
p

e
cifie

s ea
ch

 fe
atu

re
 d

e
fin

e
d

 in
 th

e
 classifie

r. Subsets N
a

m
e

sp
a

ce
::m

e
m

b
e

r
. T

h
is is a

 d
e

rive
d

 unio
n

.

•
/ general : C

lassifier[*]
�

S
p

e
cifie

s th
e

 g
e

n
e

ra
l C

la
s

sifiers for this C
lassifier. T

his is derived.

W
in

d
o

w

public
  size: A

rea = (100, 100)
  defaultS

ize: R
ectangle

protected
  visibility: B

oolean =
 true

private
  xW

in: X
W

indow
public
  display()
  hide()
private
  attachX

(xW
in: X

W
indow

)
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•
generalization: G

eneralization[*]
�

S
pecifies the G

eneralization relationships for this C
lassifier. T

hese G
eneralizat

ions navigate to m
ore general�

classifiers in the generalization hierarchy. S
u

b
se

ts E
le

m
e

n
t::o

wne
d

E
le

m
e

n
t

•
/ inheritedM

em
ber: N

am
edE

lem
ent[*]

�

S
pecifies all elem

ents inherited by this classifier from
 the general classifiers. 

S
u

b
se

ts N
a

m
e

sp
a

ce
::m

e
m

b
e

r
. T

his is�
derived.

•
redefinedC

lassifier: C
lassifier 

[*]
�

R
eferences the C

lass
ifiers that are redefin

ed by this C
lassifier. S

ubsets R
e

defin
ab

le
E

le
men

t::red
e

fin
e

d
E

le
m

e
nt

P
ackage D

ependencies 

•
su

bstitution : S
ubstitution

�

R
eferences the substitu

tio
ns that are owned by this C

lassifier. S
ubsets E

le
m

e
n

t::o
w

n
e

d
E

le
m

e
n

t
 and�

N
a

m
e

dE
lem

e
n

t::clie
n

tD
ep

e
n

de
n

cy.)

P
ackage P

ow
erTypes 

•
pow

ertypeE
xtent : G

eneralizationS
et

�

D
esignates the G

eneralizationS
et of w

hich the associated 
C

lassifier is a pow
er type.

C
o

n
strain

ts

[1
]  T

h
e

 g
eneral classifiers are the classifiers referenced by the generalization relationships.

general =
 self.parents()

[2]
G

eneralization hierarchies must be dire
cte

d
 a

n
d

 acyclica
l. A

 cla
ssifie

r cannot be both a transitiv
ely general and 

transitively specific classifier o
f th

e
 sa

m
e cla

ssifie
r.

n
o

t self.allP
arents()->

includes(self)

[3]
A

 classifier m
ay only specialize

 cla
ssifie

rs o
f a va

lid
 typ

e
.

self.parents()->
forA

ll(c | self.m
ayS

pecializeType(c))

[4]
T

he inheritedM
em

ber association is derived by inheriting the inheritable m
em

bers of the parents.

self.inheritedM
em

ber->
includesA

ll(self.inherit(self.parents()->
collect(p | p.inheritableM

em
bers(self)))

P
ackage P

ow
erTypes 

[5
]

T
h

e
 C

la
ssifie

r th
a

t m
ap

s to
 a

 G
e

n
eralizationS

et m
ay neither be a specific nor a general C

lassifier in any of the 
G

eneralization relationships defined for that G
eneralizationS

et. In other w
ords, a power type m

ay not be an instance of 
itself n

or m
ay its instances also be its subcl

asses.

A
d

d
itio

n
al O

p
eratio

n
s

[1
]  T

h
e

 q
u

e
ry allF

e
a

tu
re

s() g
ive

s a
ll o

f the features in the nam
espace of the classifi

e
r. In

 g
e

n
e

ra
l, th

ro
u

g
h

 m
e

ch
a

n
ism

s
 su

ch
 as 

inheritance, this w
ill be a larger set than feature.

C
lassifier::allF

eatures(): S
et(F

eature);
allF

eatures =
 m

em
ber->

select(oclIsK
indO

f(F
eature))

[2]
T

h
e

 q
ue

ry pare
nts() give

s a
ll o

f the
 im

m
ed

ia
te

 a
n

ce
sto

rs 
o

f a
 g

eneralized C
lassifier.

C
lassifier::parents(): S

et(C
lassifier);

parents =
 generalization.general�

��
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[3
]

T
h

e
 q

u
e

ry a
llP

a
re

n
ts() g

ive
s a

ll of the direct and indirect ancestors of a generalized Classifier.

C
lassifier::allP

arents(): S
et(C

lassifier);

allP
arents =

 self.parents()->
union(self.parents()->

collect(p | p.allP
arents())

[4
]

T
he query inheritableM

em
bers() gives all o

f th
e

 m
e

m
b

e
rs of a

 cla
ssifie

r th
a

t m
a

y be inherited in one of its descendants, 
subject to w

hatever visibility restrictions apply.

C
lassifier::inheritableM

em
bers(c: C

lassifier): S
et(N

am
edE

lem
ent);

p
re: c.allP

arents()->
includes(self)

inheritableM
em

bers =
 m

em
ber->

select(m
 | c.hasV

isibilityO
f(m

))

[5
]

T
he query hasVisibilityO

f() determ
ines w

he
th

e
r a n

a
m

ed
 e

le
m

e
n

t is visib
le

 in th
e

 classifier. B
y default all are visible. It is 

only called w
hen the argum

ent is som
ething ow

ned by a parent.

C
lassifier::hasVisibilityO

f(n: N
am

edE
lem

ent) : B
oolean;

p
re: self.allP

arents()->
collect(c | c.m

em
ber)->

includes(n)

if (self.inheritedM
em

ber->
includes(n)) th

en
�

h
asV

isib
ilityO

f = (n
.visib

ility <> #p
rivate)

�

else

hasV
isibilityO

f =
 tru

e

[6]
T

he q
ue

ry co
nfo

rm
sTo() gives true for a

 classifier that defines 
a type that conform

s to another. T
his is used, for exam

ple, 
in the specification of signature conform

ance for operations.

C
lassifier::conform

sTo(other: C
lassifier): B

oolean;

conform
sTo =

 (self=
other) or (self.allP

arents()->
includes(other))

[7
]

T
he query inherit() defin

es h
ow

 to inherit a set of elem
ents. H

ere the operation is defined to inherit them
 all. It is intended 

to be redefined in circum
stances 

w
here inheritance is affected by redefinition.

C
lassifier::inherit(inhs: S

et(N
am

edE
lem

ent)): S
et(N

am
edE

lem
ent);

inherit =
 inhs

[8
]

T
he query mayS

pecializeType() determ
ines w

hether this classifier m
ay have a generalization relationship to classifiers of 

the specified type. B
y default a classifier 

m
ay specialize classifiers of the sam

e or a m
ore general type. It is intended to be 

red
efin

e
d b

y cla
ssifie

rs tha
t have

 d
iffe

re
n

t sp
e

cia
liza

tio
n

 co
n

stra
in

ts.

C
lassifier::m

ayS
pecializeType(c : C

lassifier) : B
oolean;

m
ayS

pecializeType =
 self.oclIsK

indO
f(c.oclType)

S
em

an
tics

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces acco

rd
in

g
 to

 th
e

ir fe
a

tures.

A
 C

la
ssifie

r m
a

y p
a

rticip
a

te
 in

 g
e

n
e

ra
liza

ti
o

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e

r C
la

ssifie
rs. A

n
 in

sta
n

ce
 o

f a
 sp

e
cific C

la
ssifie

r is 
also

 an (in
d

ire
ct) in

sta
n

ce o
f e

ach
 o

f th
e

 gen
e

ral C
la

ssifiers. T
h

ere
fo

re
, fe

a
tu

res spe
cifie

d
 fo

r in
stance

s o
f th

e
 g

en
e

ral 
cla

ssifie
r a

re im
p

licitly sp
e

cifie
d

 fo
r in

sta
n

ce
s o

f th
e

 sp
e

cific
 cla

ssifie
r. A

n
y con

stra
in

t a
p

p
lyin

g
 to

 in
sta

n
ce

s o
f

 th
e

 
g

e
n

e
ra

l cla
ssifie

r a
lso

 a
p

p
lie

s to
 in

sta
n

ce
s o

f th
e

 sp
e

cific cla
ssifie

r
.

T
h

e
 sp

e
cific se

man
tics o

f h
o

w
 g

e
n

e
ra

lizatio
n

 a
ffe

cts e
a

ch
 co

n
cre

te
 su

b
typ

e
 o

f 
C

lassifie
r va

ries. A
ll in

sta
n

ces o
f a 

cla
ssifie

r h
a

ve
 va

lue
s co

rre
sp

o
n

d
in

g
 to

 th
e

 cla
ssifie

r
’s a

ttrib
u

te
s. 

A
 C

la
ssifie

r d
e

fines a
 typ

e
. Typ

e
 co

n
fo

rm
an

ce
 b

e
tw

e
e

n
 g

e
n

e
ra

liza
b

le
 

C
la

ssifie
rs is defin

e
d

 so th
a

t a C
la

ssifier co
n

fo
rm

s 
to

 itse
lf a

n
d

 to
 a

ll o
f its a

n
ce

sto
rs in

 th
e

 gen
e

ra
liza

tio
n

 hie
ra

rch
y.
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P
ackage P

ow
erTypes

T
h

e
 n

otio
n

 o
f p

o
w

e
r typ

e
 w

a
s in

sp
ire

d
 

b
y th

e
 n

o
tio

n
 o

f p
o

w
e

r set. A
 p

ow
e

r set is d
efin

e
d

 as a
 set w

ho
se

 in
stance

s a
re

 
su

b
se

ts. In
 e

ssen
ce

, th
e

n
, a p

ow
e

r typ
e

 is a
 class w

h
o

se in
stances a

re sub
classe

s. T
h

e p
o

w
e

rtyp
e

E
xte

n
t a

sso
cia

tio
n

 re
la

t
es 

a
 C

la
ssifie

r w
ith

 a
 se

t o
f g

e
n

e
ra

liza
tio

ns th
a

t a
) h

a
ve

 a
 co

m
mon sp

e
cific C

la
ssifie

r, a
nd

 b) re
p

re
se

n
t a

 co
lle

ctio
n

 o
f su

b
se

ts 
fo

r th
a

t cla
ss. 

S
em

an
tic V

ariatio
n

 P
o

in
ts

T
h

e
 p

re
cise

 life
cycle

 se
m

a
n

tics o
f

 a
g

g
re

g
a

tio
n

 is a
 se

man
tic va

ria
tio

n
 p

o
in

t.

N
o

tatio
n

C
la

ssifie
r is a

n
 a

b
stra

ct m
o

d
e

l 
e

le
m

e
n

t, an
d

 so
 p

ro
p

e
rly sp

e
a

ki
n

g
 h

a
s n

o
 n

o
ta

tio
n

. It is n
e

verth
e

le
ss co

n
ve

n
ie

n
t 

to
 d

e
fin

e
 

in
 o

n
e

 p
la

ce
 a

 d
e

fa
u

lt n
o

t
a

tio
n

 a
va

ila
b

le
 for a

n
y co

n
cre

te
 su

b
cl
ass o

f C
la

ssifier fo
r w

h
ich

 th
is n

o
ta

tio
n

 is su
ita

b
le

. T
h

e
 

d
e

fa
u

lt n
o

ta
tio

n
 fo

r a
 cla

ssifie
r is a

 so
lid

-o
u

tlin
e

 re
cta

n
g

l
e

 co
n

ta
in

in
g

 th
e

 cla
ssifie

r
’s n

a
m

e
, a

n
d

 o
p

tiona
lly w

ith
 

co
m

p
a

rtm
e

n
ts se

p
a

ra
te

d
 b

y h
o

rizo
n

ta
l lin

e
s co

n
ta

in
in

g
 fe

a
tu

re
s o

r
 o

th
er m

em
b

ers o
f th

e cla
ssifier. T

h
e

 spe
cific typ

e o
f 

cla
ssifie

r ca
n

 b
e

 sh
o

w
n

 in
 g

u
ille

m
e

ts 
a

b
o

ve
 th

e
 n

a
m

e
. S

o
me sp

e
cia

liza
tio

n
s o

f C
la

ssi
fie

r h
a

ve
 the

ir o
w

n
 d

istin
ct n

o
ta

tion
s.

T
h

e
 n

a
m

e
 o

f a
n

 a
b

stra
ct C

la
ssifie

r is sh
o

w
n

 in
 ita

lics.

A
n a

ttrib
u

te
 ca

n
 b

e
 sh

o
w

n
 a

s a
 te

xt strin
g

. T
h

e
 fo

rm
a

t o
f th

is
 strin

g is sp
e

cifie
d

 in
 th

e
 N

o
ta

tio
n

 su
b

 cla
u

se
 o

f “P
ro

p
e

rty 
(fro

m
 K

e
rn

e
l, A

sso
cia

tio
n

C
la

sse
s)” o

n
 p

a
g

e
 

1
2

3
.

P
resen

tatio
n

 O
p

tio
n

s

A
n

y co
m

p
a

rtm
e

n
t m

a
y b

e
 su

p
presse

d
. A

 se
p

a
ra

to
r lin

e
 is n

o
t d

ra
w

n
 fo

r a
 su

p
p

re
sse

d
 co

m
p

a
rtm

e
n

t. If a
 co

m
pa

rtm
e

n
t is 

su
p

p
re

sse
d

, no
 in

fe
re

n
ce

 ca
n

 b
e

 
d

ra
w

n
 a

b
o

u
t th

e
 p

re
se

n
ce

 
o

r a
b

se
n

ce
 o

f e
le

men
ts in

 it. C
o

m
p

a
rtm

e
n

t n
a

mes ca
n

 b
e

 u
se

d
 

to re
m

o
ve

 a
m

b
ig

u
ity, if n

e
ce

ssa
ry. 

A
n a

b
stra

ct C
la

ssifie
r ca

n
 b

e
 sh

o
w

n
 

u
sin

g
 th

e
 ke

yw
o

rd
 {a

b
stra

ct} a
fte

r o
r b

e
lo

w
 th

e
 n

a
m

e
 o

f th
e

 C
la

ssifie
r

.

T
h

e
 typ

e
, visibility

, d
e

fa
u

lt, m
u

ltip
licity, p

ro
p

e
rty strin

g
 m

a
y b

e
 

su
ppresse

d
 fro

m
 b

e
ing d

isp
la

ye
d

, e
ve

n
 if th

e
re

 a
re

 
va

lu
e

s 
in

 th
e

 m
o

d
e

l. 

T
h

e
 ind

ivid
u

a
l p

ro
p

e
rtie

s o
f a

n
 a

ttrib
u

te
 ca

n
 b

e
 sh

o
w

n in
 co

lu
m

n
s ra

th
e

r th
a

n as a
 co

n
tin

u
ous strin

g
.

S
tyle G

u
id

elin
es

• 
A

ttrib
ute names typically begin w

ith
 a low

ercase letter. M
ulti-w

ord names are often formed by concatenating the w
ords 

a
n

d
 u

sin
g

 low
ercase for all letters except 

for u
p

ca
sin

g
 th

e
 first le

tte
r o

f e
a

ch
 w

o
rd

 b
u

t the
 first.

• 
C

enter the nam
e of the classifier in boldface.

• 
C

enter keyw
ord (including stereotype nam

es) in plain face with
in guillem

ets above the classifier nam
e.

• 
F

or those languages that distinguish betw
een uppercase and lo

w
e

rca
se

 ch
a

ra
cte

rs
, ca

p
italize names (i.e, begin them

 
w

ith
 an uppercase character). 

• 
Left justify attributes and operations in plain face.

• 
B

e
g

in
 a

ttrib
u

te
 an

d
 o

p
e

ra
tio

n
 na

m
e

s w
ith

 a
 low

ercase letter.

• 
S

how
 full attributes and operations when needed and sup

press the
m

 in oth
e

r conte
xts o

r refe
rence

s.
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E
xam

p
les

F
ig

u
re 7.30 - E

xam
p

les o
f attrib

u
tes

T
h

e
 a

ttrib
u

te
s in

 F
ig

u
re

 7
.3

0
 a

re
 e

xp
la

in
e

d
 b

e
lo

w
.

• 
C

lassA
::nam

e is an attribute w
ith type String.

• 
C

lassA
::shape is an attribute w

ith type Rectangle.

• 
C

lassA
::size is a public attribute of type Integer w

ith m
ultiplicity 0..1.

• 
C

lassA
::area is a derived attribute w

ith type Integer. It is m
arked as read-only.

• 
C

lassA
::height is an attribute of type Integer w

ith a default initial value of 5.

• 
C

lassA
::w

id
th is an attribute of type Integer.

• 
C

lassB
::id is an attribute that redefin

es C
lassA

::nam
e.

• 
C

lassB
::shape is an attribute that redefines C

lassA
::shape. It has type S

quare, a specialization of R
ectangle.

• 
C

lassB
::height is an attribute that redefines ClassA

::height. It has a default of 7 for C
lassB in

sta
n

ce
s th

a
t o

ve
rrid

e
s th

e
 

C
lassA

 default of 5.

• 
C

lassB
::w

idth is a derived attribute that redefines C
lassA

::
w

id
th, w

hich is not derived.

A
n

 a
ttrib

u
te

 m
a

y a
lso

 b
e

 sh
o

w
n

 u
sin

g
 a

sso
cia

tion
 n

ota
tio

n
, w

ith
 n

o
 a

d
o

rn
m

e
n

ts a
t th

e
 ta

il 
o

f th
e

 a
rro

w
 a

s sh
o

w
n

 in
 F

ig
u

re
 

7
.3

1
.

F
ig

u
re 7.31 - A

sso
ciatio

n
-like n

o
tatio

n
 fo

r attrib
u

te

C
lassB

id {redefines nam
e}

shape: S
quare

height =
 7

/ w
idth

C
lassA

nam
e: S

tring
shape: R

ectangle
+ size: Integer [0..1]
/ area: Integer {readO

nly}
height: Integer=

 5
w

idth: Integer

W
indow

A
rea

size

1
W

indow
A

rea
size

1

– 21 – 2014-02-05 – Sreading –

5
7

/
7
4

R
ea

din
g

the
Sta

n
d

ard
C

o
nt’d
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F
ig

u
re 7.29 - C

lass n
o

tatio
n

: attrib
u

tes an
d

 o
p

eratio
n

s g
ro

u
p

ed
 acco

rd
in

g
 to

 visib
ility

7.3.8 
C

lassifier (fro
m

 K
ern

el, D
ep

en
d

en
cies, P

o
w

erT
yp

es)

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces, it d

e
scrib

e
s a

 se
t of insta

n
ce

s th
a

t h
a

ve
 fe

a
tu

re
s in

 co
m

m
o

n
. 

G
en

eralizatio
n

s

• 
“N

am
espace (fro

m
 K

e
rn

e
l)” on page 99

• 
“R

edefinableE
lem

ent (from K
ernel)” on page 1

30

• 
“T

ype (from
 K

ernel)” o
n page 135

D
escrip

tio
n

A
 classifie

r is a n
a

m
espa

ce
 w

h
o

se
 m

em
be

rs can
 in

clu
d

e fea
tu

res. C
la

ssifier is an abstract m
etaclass.

A
 cla

ssifie
r is a

 typ
e

 a
n

d
 ca

n
 o

w
n

 g
e

n
e

ra
liza

tio
n

s, th
e

re
b

y m
a

king it p
o

ssib
le

 to d
e

fin
e

 g
e

n
e

ra
liza

tio
n

 re
la

tio
n

sh
ip

s to
 

o
th

er cla
ssifiers. A

 classifie
r can

 sp
ecify a

 g
en

e
ra

liza
tio

n
 h

ie
ra

rch
y b

y re
fe

re
n

cin
g

 its g
e

n
e

ra
l cla

ssifie
rs.

A
 cla

ssifie
r is a

 red
e

fin
a

b
le e

le
m

ent, m
e

anin
g

 th
a

t it is p
o

ssib
le to

 re
d

efin
e n

e
ste

d
 cla

ssifie
rs.

A
ttrib

u
tes

•
isA

b
stra

ct: B
o

o
le

a
n

�

If tru
e, the C

lassifier does not pro
vid

e
 a

 co
m

p
le

te
 d

e
cla

ra
tio

n
 a

n
d

 ca
n

 t
ypically not be instantiated. A

n abstract
�

classifier is intended to 
be used by oth

e
r classifie

rs (e
.g

., as th
e

 ta
rge

t o
f general m

etarelationships or generalization
�

relationships). D
efault value is false. 

A
sso

ciatio
n

s

•
/attribute: P

roperty [*]
�

R
efers to all of the P

roperties that 
are direct (i.e., n

ot inherited or im
ported) attributes of the classifier. S

ubsets
�

C
lassifie

r::fe
a

tu
re and is a derived union.

•
/ feature : F

eature [*]
�

S
p

e
cifie

s ea
ch

 fe
atu

re
 d

e
fin

e
d

 in
 th

e
 classifie

r. Subsets N
a

m
e

sp
a

ce
::m

e
m

b
e

r
. T

h
is is a

 d
e

rive
d

 unio
n

.

•
/ general : C

lassifier[*]
�

S
p

e
cifie

s th
e

 g
e

n
e

ra
l C

la
s

sifiers for this C
lassifier. T

his is derived.

W
in

d
o

w

public
  size: A

rea = (100, 100)
  defaultS

ize: R
ectangle

protected
  visibility: B

oolean =
 true

private
  xW

in: X
W

indow
public
  display()
  hide()
private
  attachX

(xW
in: X

W
indow

)
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•
generalization: G

eneralization[*]
�

S
pecifies the G

eneralization relationships for this C
lassifier. T

hese G
eneralizat

ions navigate to m
ore general�

classifiers in the generalization hierarchy. S
u

b
se

ts E
le

m
e

n
t::o

wne
d

E
le

m
e

n
t

•
/ inheritedM

em
ber: N

am
edE

lem
ent[*]

�

S
pecifies all elem

ents inherited by this classifier from
 the general classifiers. 

S
u

b
sets N

a
m

e
sp

a
ce

::m
e

m
b

e
r

. T
his is�

derived.

•
redefinedC

lassifier: C
lassifier 

[*]
�

R
eferences the C

lass
ifiers that are redefin

ed by this C
lassifier. S

ubsets R
e

defin
ab

le
E

le
men

t::red
e

fin
e

d
E

le
m

e
nt

P
ackage D

ependencies 

•
su

bstitution : S
ubstitution

�

R
eferences the substitu

tio
ns that are owned by this C

lassifier. S
ubsets E

le
m

e
n

t::o
w

n
e

d
E

le
m

e
n

t
 and�

N
a

m
e

dE
lem

e
n

t::clie
n

tD
ep

e
n

de
n

cy.)

P
ackage P

ow
erTypes 

•
pow

ertypeE
xtent : G

eneralizationS
et

�

D
esignates the G

eneralizationS
et of w

hich the associated 
C

lassifier is a pow
er type.

C
o

n
strain

ts

[1]  T
h

e
 g

eneral classifiers are the classifiers referenced by the generalization relationships.

general =
 self.parents()

[2]
G

eneralization hierarchies must be dire
cte

d
 a

n
d

 acyclica
l. A

 cla
ssifie

r cannot be both a transitiv
ely general and 

transitively specific classifier o
f th

e
 sa

m
e cla

ssifie
r.

n
o

t self.allP
arents()->

includes(self)

[3]
A

 classifier m
ay only specialize

 cla
ssifie

rs o
f a va

lid
 typ

e
.

self.parents()->
forA

ll(c | self.m
ayS

pecializeType(c))

[4]
T

he inheritedM
em

ber association is derived by inheriting the inheritable m
em

bers of the parents.

self.inheritedM
em

ber->
includesA

ll(self.inherit(self.parents()->
collect(p | p.inheritableM

em
bers(self)))

P
ackage P

ow
erTypes 

[5
]

T
h

e
 C

la
ssifie

r th
a

t m
ap

s to
 a

 G
e

n
eralizationS

et m
ay neither be a specific nor a general C

lassifier in any of the 
G

eneralization relationships defined for that G
eneralizationS

et. In other w
ords, a power type m

ay not be an instance of 
itself n

or m
ay its instances also be its subcl

asses.

A
d

d
itio

n
al O

p
eratio

n
s

[1
]  T

h
e

 q
u

e
ry allF

e
a

tu
re

s() g
ive

s a
ll o

f the features in the nam
espace of the classifi

e
r. In

 g
e

n
e

ra
l, th

ro
u

g
h

 m
e

ch
a

n
ism

s
 su

ch
 as 

inheritance, this w
ill be a larger set than feature.

C
lassifier::allF

eatures(): S
et(F

eature);
allF

eatures =
 m

em
ber->

select(oclIsK
indO

f(F
eature))

[2]
T

h
e

 q
ue

ry pare
nts() give

s a
ll o

f the
 im

m
ed

ia
te

 a
n

ce
sto

rs 
o

f a
 g

eneralized C
lassifier.

C
lassifier::parents(): S

et(C
lassifier);

parents =
 generalization.general�

��
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[3
]

T
h

e
 q

u
e

ry a
llP

a
re

n
ts() g

ive
s a

ll of the direct and indirect ancestors of a generalized Classifier.

C
lassifier::allP

arents(): S
et(C

lassifier);

allP
arents =

 self.parents()->
union(self.parents()->

collect(p | p.allP
arents())

[4
]

T
he query inheritableM

em
bers() gives all o

f th
e

 m
e

m
b

e
rs of a

 cla
ssifie

r th
a

t m
a

y be inherited in one of its descendants, 
subject to w

hatever visibility restrictions apply.

C
lassifier::inheritableM

em
bers(c: C

lassifier): S
et(N

am
edE

lem
ent);

p
re: c.allP

arents()->
includes(self)

inheritableM
em

bers =
 m

em
ber->

select(m
 | c.hasV

isibilityO
f(m

))

[5
]

T
he query hasVisibilityO

f() determ
ines w

he
th

e
r a n

a
m

ed
 e

le
m

e
n

t is visib
le

 in th
e

 classifier. B
y default all are visible. It is 

only called w
hen the argum

ent is som
ething ow

ned by a parent.

C
lassifier::hasVisibilityO

f(n: N
am

edE
lem

ent) : B
oolean;

p
re: self.allP

arents()->
collect(c | c.m

em
ber)->

includes(n)

if (self.inheritedM
em

ber->
includes(n)) th

en
�

h
asV

isib
ilityO

f = (n
.visib

ility <> #p
rivate)

�

else

hasV
isibilityO

f =
 tru

e

[6]
T

he q
ue

ry co
nfo

rm
sTo() gives true for a

 classifier that defines 
a type that conform

s to another. T
his is used, for exam

ple, 
in the specification of signature conform

ance for operations.

C
lassifier::conform

sTo(other: C
lassifier): B

oolean;

conform
sTo =

 (self=
other) or (self.allP

arents()->
includes(other))

[7
]

T
he query inherit() defin

es h
ow

 to inherit a set of elem
ents. H

ere the operation is defined to inherit them
 all. It is intended 

to be redefined in circum
stances 

w
here inheritance is affected by redefinition.

C
lassifier::inherit(inhs: S

et(N
am

edE
lem

ent)): S
et(N

am
edE

lem
ent);

inherit =
 inhs

[8
]

T
he query mayS

pecializeType() determ
ines w

hether this classifier m
ay have a generalization relationship to classifiers of 

the specified type. B
y default a classifier 

m
ay specialize classifiers of the sam

e or a m
ore general type. It is intended to be 

red
efin

e
d b

y cla
ssifie

rs tha
t have

 d
iffe

re
n

t sp
e

cia
liza

tio
n

 co
n

stra
in

ts.

C
lassifier::m

ayS
pecializeType(c : C

lassifier) : B
oolean;

m
ayS

pecializeType =
 self.oclIsK

indO
f(c.oclType)

S
em

an
tics

A
 cla

ssifie
r is a

 cla
ssificatio

n
 o

f in
sta

n
ces acco

rd
in

g
 to

 th
e

ir fe
a

tures.

A
 C

la
ssifie

r m
a

y p
a

rticip
a

te
 in

 g
e

n
e

ra
liza

ti
o

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e

r C
la

ssifie
rs. A

n
 in

sta
n

ce
 o

f a
 sp

e
cific C

la
ssifie

r is 
also

 an (in
d

ire
ct) in

sta
n

ce o
f e

ach
 o

f th
e

 gen
e

ral C
la

ssifiers. T
h

ere
fo

re
, fe

a
tu

res spe
cifie

d
 fo

r in
stance

s o
f th

e
 g

en
e

ral 
cla

ssifie
r a

re im
p

licitly sp
e

cifie
d

 fo
r in

sta
n

ce
s o

f th
e

 sp
e

cific
 cla

ssifie
r. A

n
y con

stra
in

t a
p

p
lyin

g
 to

 in
sta

n
ce

s o
f

 th
e

 
g

e
n

e
ra

l cla
ssifie

r a
lso

 a
p

p
lie

s to
 in

sta
n

ce
s o

f th
e

 sp
e

cific cla
ssifie

r
.

T
h

e
 sp

e
cific se

man
tics o

f h
o

w
 g

e
n

e
ra

lizatio
n

 a
ffe

cts e
a

ch
 co

n
cre

te
 su

b
typ

e
 o

f 
C

lassifie
r va

ries. A
ll in

sta
n

ces o
f a 

cla
ssifie

r h
a

ve
 va

lue
s co

rre
sp

o
n

d
in

g
 to

 th
e

 cla
ssifie

r
’s a

ttrib
u

te
s. 

A
 C

la
ssifie

r d
e

fines a
 typ

e
. Typ

e
 co

n
fo

rm
an

ce
 b

e
tw

e
e

n
 g

e
n

e
ra

liza
b

le
 

C
la

ssifie
rs is defin

e
d

 so th
a

t a C
la

ssifier co
n

fo
rm

s 
to

 itse
lf a

n
d

 to
 a

ll o
f its a

n
ce

sto
rs in

 th
e

 gen
e

ra
liza

tio
n

 hie
ra

rch
y.
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P
ackage P

ow
erTypes

T
h

e
 n

otio
n

 o
f p

o
w

e
r typ

e
 w

a
s in

sp
ire

d
 

b
y th

e
 n

o
tio

n
 o

f p
o

w
e

r set. A
 p

ow
e

r set is d
efin

e
d

 as a
 set w

ho
se

 in
stance

s a
re

 
su

b
se

ts. In
 e

ssen
ce

, th
e

n
, a p

ow
e

r typ
e

 is a
 class w

h
o

se in
stances a

re sub
classe

s. T
h

e p
o

w
e

rtyp
e

E
xte

n
t a

sso
cia

tio
n

 re
la

t
es 

a
 C

la
ssifie

r w
ith

 a
 se

t o
f g

e
n

e
ra

liza
tio

ns th
a

t a
) h

a
ve

 a
 co

m
mon sp

e
cific C

la
ssifie

r, a
nd

 b) re
p

re
se

n
t a

 co
lle

ctio
n

 o
f su

b
se

ts 
fo

r th
a

t cla
ss. 

S
em

an
tic V

ariatio
n

 P
o

in
ts

T
h

e
 p

re
cise

 life
cycle

 se
m

a
n

tics o
f

 a
g

g
re

g
a

tio
n

 is a
 se

man
tic va

ria
tio

n
 p

o
in

t.

N
o

tatio
n

C
la

ssifie
r is a

n
 a

b
stra

ct m
o

d
e

l 
e

le
m

e
n

t, an
d

 so
 p

ro
p

e
rly sp

e
a

ki
n

g
 h

a
s n

o
 n

o
ta

tio
n

. It is n
e

verth
e

le
ss co

n
ve

n
ie

n
t 

to
 d

e
fin

e
 

in
 o

n
e

 p
la

ce
 a

 d
e

fa
u

lt n
o

t
a

tio
n

 a
va

ila
b

le
 for a

n
y co

n
cre

te
 su

b
cl
ass o

f C
la

ssifier fo
r w

h
ich

 th
is n

o
ta

tio
n

 is su
ita

b
le

. T
h

e
 

d
e

fa
u

lt n
o

ta
tio

n
 fo

r a
 cla

ssifie
r is a

 so
lid

-o
u

tlin
e

 re
cta

n
g

l
e

 co
n

ta
in

in
g

 th
e

 cla
ssifie

r
’s n

a
m

e
, a

n
d

 o
p

tiona
lly w

ith
 

co
m

p
a

rtm
e

n
ts se

p
a

ra
te

d
 b

y h
o

rizo
n

ta
l lin

e
s co

n
ta

in
in

g
 fe

a
tu

re
s o

r
 o

th
er m

em
b

ers o
f th

e cla
ssifier. T

h
e

 spe
cific typ

e o
f 

cla
ssifie

r ca
n

 b
e

 sh
o

w
n

 in
 g

u
ille

m
e

ts 
a

b
o

ve
 th

e
 n

a
m

e
. S

o
me sp

e
cia

liza
tio

n
s o

f C
la

ssi
fie

r h
a

ve
 the

ir o
w

n
 d

istin
ct n

o
ta

tion
s.

T
h

e
 n

a
m

e
 o

f a
n

 a
b

stra
ct C

la
ssifie

r is sh
o

w
n

 in
 ita

lics.

A
n a

ttrib
u

te
 ca

n
 b

e
 sh

o
w

n
 a

s a
 te

xt strin
g

. T
h

e
 fo

rm
a

t o
f th

is
 strin

g is sp
e

cifie
d

 in
 th

e
 N

o
ta

tio
n

 su
b

 cla
u

se
 o

f “P
ro

p
e

rty 
(fro

m
 K

e
rn

e
l, A

sso
cia

tio
n

C
la

sse
s)” o

n
 p

a
g

e
 

1
2

3
.

P
resen

tatio
n

 O
p

tio
n

s

A
n

y co
m

p
a

rtm
e

n
t m

a
y b

e
 su

p
presse

d
. A

 se
p

a
ra

to
r lin

e
 is n

o
t d

ra
w

n
 fo

r a
 su

p
p

re
sse

d
 co

m
p

a
rtm

e
n

t. If a
 co

m
pa

rtm
e

n
t is 

su
p

p
re

sse
d

, no
 in

fe
re

n
ce

 ca
n

 b
e

 
d

ra
w

n
 a

b
o

u
t th

e
 p

re
se

n
ce

 
o

r a
b

se
n

ce
 o

f e
le

men
ts in

 it. C
o

m
p

a
rtm

e
n

t n
a

mes ca
n

 b
e

 u
se

d
 

to re
m

o
ve

 a
m

b
ig

u
ity, if n

e
ce

ssa
ry. 

A
n a

b
stra

ct C
la

ssifie
r ca

n
 b

e
 sh

o
w

n
 

u
sin

g
 th

e
 ke

yw
o

rd
 {a

b
stra

ct} a
fte

r o
r b

e
lo

w
 th

e
 n

a
m

e
 o

f th
e

 C
la

ssifie
r

.

T
h

e
 typ

e
, visibility

, d
e

fa
u

lt, m
u

ltip
licity, p

ro
p

e
rty strin

g
 m

a
y b

e
 

su
ppresse

d
 fro

m
 b

e
ing d

isp
la

ye
d

, e
ve

n
 if th

e
re

 a
re

 
va

lu
e

s 
in

 th
e

 m
o

d
e

l. 

T
h

e
 ind

ivid
u

a
l p

ro
p

e
rtie

s o
f a

n
 a

ttrib
u

te
 ca

n
 b

e
 sh

o
w

n in
 co

lu
m

n
s ra

th
e

r th
a

n as a
 co

n
tin

u
ous strin

g
.

S
tyle G

u
id

elin
es

• 
A

ttrib
ute names typically begin w

ith
 a low

ercase letter. M
ulti-w

ord names are often formed by concatenating the w
ords 

a
n

d
 u

sin
g

 low
ercase for all letters except 

for u
p

ca
sin

g
 th

e
 first le

tte
r o

f e
a

ch
 w

o
rd

 b
u

t the
 first.

• 
C

enter the nam
e of the classifier in boldface.

• 
C

enter keyw
ord (including stereotype nam

es) in plain face with
in guillem

ets above the classifier nam
e.

• 
F

or those languages that distinguish betw
een uppercase and lo

w
e

rca
se

 ch
a

ra
cte

rs
, ca

p
italize names (i.e, begin them

 
w

ith
 an uppercase character). 

• 
Left justify attributes and operations in plain face.

• 
B

e
g

in
 a

ttrib
u

te
 an

d
 operation nam

es w
ith a low

ercase letter.

• 
S

how
 full attributes and operations when needed and sup

press the
m

 in oth
e

r conte
xts o

r refe
rence

s.
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E
xam

p
les

F
ig

u
re 7.30 - E

xam
p

les o
f attrib

u
tes

T
h

e
 a

ttrib
u

te
s in

 F
ig

u
re

 7
.3

0
 a

re
 e

xp
la

in
e

d
 b

e
lo

w
.

• 
C

lassA
::nam

e is an attribute w
ith type String.

• 
C

lassA
::shape is an attribute w

ith type Rectangle.

• 
C

lassA
::size is a public attribute of type Integer w

ith m
ultiplicity 0..1.

• 
C

lassA
::area is a derived attribute w

ith type Integer. It is m
arked as read-only.

• 
C

lassA
::height is an attribute of type Integer w

ith a default initial value of 5.

• 
C

lassA
::w

id
th is an attribute of type Integer.

• 
C

lassB
::id is an attribute that redefin

es C
lassA

::nam
e.

• 
C

lassB
::shape is an attribute that redefines C

lassA
::shape. It has type S

quare, a specialization of R
ectangle.

• 
C

lassB
::height is an attribute that redefines ClassA

::height. It has a default of 7 for C
lassB in

sta
n

ce
s th

a
t o

ve
rrid

e
s th

e
 

C
lassA

 default of 5.

• 
C

lassB
::w

idth is a derived attribute that redefines C
lassA

::
w

id
th, w

hich is not derived.

A
n

 a
ttrib

u
te

 m
a

y a
lso

 b
e

 sh
o

w
n

 u
sin

g
 a

sso
cia

tion
 n

ota
tio

n
, w

ith
 n

o
 a

d
o

rn
m

e
n

ts a
t th

e
 ta

il 
o

f th
e

 a
rro

w
 a

s sh
o

w
n

 in
 F

ig
u

re
 

7
.3

1
.

F
ig

u
re 7.31 - A

sso
ciatio

n
-like n

o
tatio

n
 fo

r attrib
u

te

C
lassB

id {redefines nam
e}

shape: S
quare

height =
 7

/ w
idth

C
lassA

nam
e: S

tring
shape: R

ectangle
+ size: Integer [0..1]
/ area: Integer {readO

nly}
height: Integer=

 5
w

idth: Integer

W
indow

A
rea

size

1
W

indow
A

rea
size

1
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P
ackage P

ow
erTypes 

F
o

r e
xa

m
p

le
, a

 B
a

n
k A

cco
u

n
t Typ

e
 cla

ssifie
r co

u
ld

 h
a

ve
 a

 p
o

wertyp
e

 a
sso

ciatio
n

 w
ith

 a
 G

e
n

e
ra

liza
tio

n
S

e
t. T

h
is 

G
e

n
e

ra
liza

tio
n

S
e

t co
u

ld
 th

e
n

 a
sso

cia
te

 w
ith

 
tw

o
 G

e
n

e
raliza

tion
s w

h
ere

 th
e

 cla
ss (i.e

., g
e

n
e

ral C
la

ssifier) B
an

k A
cco

u
n

t 
h

a
s tw

o
 sp

e
cific su

b
classe

s (i.e., C
lassifie

rs): C
h

eckin
g

 A
cco

u
n

t a
n

d
 S

a
vin

g
s A

cco
u

n
t. C

h
e

ckin
g

 A
cco

u
n

t a
n

d
 S

a
vin

g
s 

A
cco

u
n

t, th
e

n
, a

re
 in

sta
n

ce
s o

f th
e

 p
o

w
e

r typ
e

: B
a

n
k A

cc
o

u
n

t Typ
e

. In
 o

th
e

r w
o

rd
s, C

h
e

ckin
g

 Acco
u

n
t a

n
d

 S
a

vin
g

s 
A

cco
u

n
t a

re
 bo

th
: in

sta
n

ce
s of B

a
n

k A
cco

u
n

t Typ
e

, a
s w

e
ll a

s su
b

classe
s o

f B
a

n
k A

cco
u

n
t. (F

o
r m

o
re

 e
x

p
la

n
a

tio
n a

n
d

 
exa

m
p

le
s, see

 E
xa

m
p

le
s in

 th
e

 G
en

e
ra

liza
tio

n
S

e
t sub

 clause, b
elo

w
.)

7.3.9 
C

o
m

m
en

t (fro
m

 K
ern

el)

A
 co

m
m

e
n

t is a
 te

xtu
a

l a
n

n
o

ta
tio

n
 th

a
t ca
n

 b
e

 a
tta

ch
e

d
 to

 a
 se

t o
f e

le
m

e
n

ts.

G
en

eralizatio
n

s

• 
“E

lem
ent (from

 K
ernel)” on page 64.

D
escrip

tio
n

A
 co

m
m

e
n

t g
ive

s th
e

 a
b

ility to
 

a
tta

ch
 va

rio
u

s re
m

a
rks to

 e
le

m
e

n
ts. A

 co
m

m
e

n
t ca

rrie
s no se

man
tic fo

rce
, bu

t m
a

y co
nta

in
 

in
form

a
tio

n th
a

t is u
se

ful to
 a

 m
o

d
e

le
r.

A
 co

m
m

e
n

t ca
n

 b
e

 o
w

n
e

d
 b

y a
n

y e
le

m
e

n
t.

A
ttrib

u
tes

•
m

ultiplicitybody: Strin
g [0..1]�

S
pecifies a string that is the com

m
ent.

A
sso

ciatio
n

s

•
annotatedE

lement: E
lem

ent[*]
�

R
eferences the E

lem
ent(s) 

being com
m

ented.

C
o

n
strain

ts

N
o a

d
d

itio
n

a
l co

n
stra

in
ts

S
em

an
tics

A
 C

o
m

m
e

n
t a

d
d

s n
o

 se
m

a
n

tics to
 th

e
 a

n
n

o
ta

te
d

 e
le

m
e

n
ts, b

u
t m

a
y re

p
re

se
n

t in
fo

rma
tio

n
 u

se
fu

l to
 th

e
 re

a
d

e
r o

f th
e

 
m

o
d

e
l.

N
o

tatio
n

A
 C

o
m

m
e

n
t is sh

o
w

n
 a

s a
 re

cta
n

g
l

e
 w

ith
 th

e
 u

p
p

e
r rig

h
t corn

e
r b

en
t (th

is is a
lso kn

o
w

n
 a

s a
 “no

te
 sym

b
o

l”). T
h

e 
re

cta
n

gle
 co

n
ta

in
s the b

o
d

y o
f th

e
 Co

m
m

e
n

t. T
h

e
 co

n
n

e
ctio

n
 to ea

ch
 a

n
nota

te
d

 e
le

m
e

n
t is sh

o
w

n
 b

y a
 se

p
a

ra
te

 d
a

sh
e

d
 

lin
e

.

P
resen

tatio
n

 O
p

tio
n

s

T
h

e
 d

a
she

d
 lin

e
 co

n
n

e
ctin

g
 th

e
 n

o
te

 to
 th
e

 a
n

n
ota

te
d

 e
le

m
e

n
t(s) m

ay b
e

 su
p

p
re

sse
d

 if it is cle
a

r fro
m th

e
 co

n
te

xt, o
r n

o
t 

im
p

o
rta

n
t in

 th
is d

ia
g

ra
m

.
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M
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O
bje

ctFacility
(M

O
F

)
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O
pen

Q
uestio

ns...

•
N

ow
you

’ve
b
een

“
tric

k
e
d
”

again
.

T
w

ice.

•
W

e
d
id

n
’t

tell
w

h
at

th
e

m
o
d
e
llin

g
la

n
g
u
a
g
e

for
m

eta-m
o
d
ellin

g
is.

•
W

e
d
id

n
’t

tell
w

h
at

th
e

is-in
sta

n
c
e
-o

f
relation

of
th

is
lan

gu
age

is.

•
Id

e
a
:

h
ave

a
m

in
im

a
l
o
b
je

c
t-o

rie
n
te

d
c
o
re

com
prisin

g
th

e
n
otion

s
of

c
la

ss,
a
sso

c
ia

tio
n
,
in

h
e
rita

n
c
e
,
e
tc

.
w

ith
“self-exp

lain
in

g”
sem

an
tics.

•
T

h
is

is
M

e
ta

O
b
je

c
t

F
a
c
ility

(M
O

F
),

w
h
ich

(m
ore

or
less)

coin
cid

es
w

ith
U

M
L

In
frastru

ctu
re

[O
M

G
,
2007a].

•
S
o:

th
in

gs
on

m
eta

level

•
M

0
are

ob
ject

d
iagram

s/system
states

•
M

1
are

w
o
rd

s
o
f
th

e
la

n
g
u
a
g
e

U
M

L

•
M

2
are

w
o
rd

s
o
f
th

e
la

n
g
u
a
g
e

M
O

F

•
M

3
are

w
o
rd

s
o
f
th

e
la

n
g
u
a
g
e

...
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5
9

/
7
4

M
O

F
Sem

a
ntics

•
O

n
e

ap
proach

:

•
T
reat

it
w

ith
o
u
r

sig
n
a
tu

re
-b

a
se

d
th

e
o
ry

•
T

h
is

is
(in

eff
ect)

th
e

righ
t

d
irection

,
b
u
t

m
ay

req
u
ire

n
ew

(or
exten

d
ed

)
sign

atu
res

for
each

level.
(F

or
in

stan
ce,

M
O

F
d
o
esn

’t
h
ave

a
n
o
tio

n
o
f
S
ig

n
al,

o
u
r

sig
n
atu

re
h
as.)

•
O

th
er

ap
proach

:

•
D

efi
n
e

a
g
e
n
e
ric,

g
ra

p
h

b
a
se

d
“is-in

stan
ce-of”

relation
.

•
O

b
ject

d
iagram

s
(th

at
a
re

grap
h
s)

th
en

a
re

th
e

system
states

—
n
ot

o
n
ly

g
ra

p
h
ic

a
l
re

p
re

se
n
ta

tio
n
s

of
system

states.

•
If

th
is

w
orks

ou
t,

go
o
d
:

W
e

can
easily

exp
erim

en
t

w
ith

d
iff

eren
t

lan
gu

age
d
esign

s,
e.g.

d
iff

eren
t

fl
avou

rs
of

U
M

L
th

at
im

m
ed

iately
h
ave

a
sem

an
tics.

•
M

ost
in

terestin
g:

also
d
o

gen
eric

d
efi

n
ition

of
b
eh

aviou
r

w
ith

in
a

closed
m

o
d
ellin

g
settin

g,
b
u
t

th
is

is
clearly

still
research

,
e.g.

[B
u
sch

erm
öh

le
an

d
O

elerin
k,

2008]
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6
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7
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M
eta-M

o
dellin

g:
(A

nticip
ated)

B
enefits
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7
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B
enefits:

O
verview

•
W

e’ll
(su

p
erfi

cially)
lo

ok
at

th
ree

asp
ects:

•
B

en
efi

ts
for

M
o
d
e
llin

g
T
o
o
ls.

•
B

en
efi

ts
for

L
a
n
g
u
a
g
e

D
e
sig

n
.

•
B

en
efi

ts
for

C
o
d
e

G
e
n
e
ra

tio
n

a
n
d

M
D

A
.
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6
2

/
7
4

B
enefits

for
M

o
dellin

g
To

ols

•
T

h
e

m
eta-m

o
d
el

M
U

of
U

M
L

im
m

e
d
ia

te
ly

provid
es

a
d
a
ta

-stru
c
tu

re

represen
tation

for
th

e
ab

stract
syn

tax
(∼

for
ou

r
sign

atu
res).

If
w
e

h
ave

co
d
e

gen
eration

for
U

M
L

m
o
d
els,

e.g.
in

to
Java,

th
en

w
e

can
im

m
ed

iately
represen

t
U

M
L

m
o
d
els

in
m

e
m

o
ry

for
Java.

(B
ecau

se
each

M
O

F
m

o
d
el

is
in

p
articu

lar
a

U
M

L
m

o
d
el.)

•
T

h
ere

exist
to

ols
an

d
libraries

called
M

O
F
-re

p
o
sito

rie
s,

w
h
ich

can
gen

erically
represen

t
in

stan
ces

of
M

O
F

in
stan

ces
(in

p
articu

lar
U

M
L

m
o
d
els).

A
n
d

w
h
ich

can
often

gen
erate

sp
ecifi

c
co

d
e

to
m

an
ip

u
late

in
stan

ces
of

M
O

F
in

stan
ces

in
term

s
of

th
e

M
O

F
in

stan
ce.
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6
3
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B
enefits

for
M

o
dellin

g
To

ols
C

o
nt’d

•
A

n
d

n
ot

on
ly

in
m

e
m

o
ry,

if
w
e

can
represen

t
M

O
F

in
stan

ces
in

fi
les,

w
e

ob
tain

a
can

on
ical

represen
tation

of
U

M
L

m
o
d
els

in
fi
le

s,
e.g.

in
X

M
L
.

→
X

M
L

M
etad

ata
In

terch
an

ge
(X

M
I)

•
N

o
te

:
A

priori,
th

ere
is

n
o

grap
h
ical

in
form

ation
in

X
M

I
(it

is
on

ly
ab

stract
syn

tax
like

ou
r

sign
atu

res)
→

O
M

G
D

iagram
In

terch
an

ge.

•
N

o
te

:
T

h
ere

are
sligh

t
am

b
igu

ities
in

th
e

X
M

I
stan

d
ard

.

A
n
d

d
iff

eren
t

to
o
ls

b
y

d
iff

eren
t

ven
d
ors

o
ften

seem
to

lie
at

o
p
p
o
site

en
d
s

o
n

th
e

scale
o
f
in

terp
retatio

n
.

W
h
ich

is
su

rely
a

co
in

cid
en

ce.

In
so

m
e

cases,
it’s

p
o
ssib

le
to

fi
x

th
in

g
s

w
ith

,
e.g

.,
X

S
LT

scrip
ts,

b
u
t

fu
ll

ven
d
or

in
d
ep

en
d
en

ce
is

to
d
ay

n
o
t

g
iven

.

P
lu

s
X

M
I
co

m
p
atib

ility
d
o
esn

’t
n
ecessarily

refer
to

D
iag

ram
In

terch
an

g
e.

•
T
o

re
-ite

ra
te

:
th

is
is

g
e
n
e
ric

fo
r

a
ll

M
O

F
-b

ased
m

o
d
ellin

g
lan

gu
ages

su
ch

as
U

M
L
,
C
W

M
,
etc.

A
n
d

also
for

D
o
m

a
in

S
p
e
c
ifi

c
L
a
n
g
u
a
g
e
s

w
h
ich

d
on

’t
even

exit
yet.
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B
enefits:

O
verview

•
W

e’ll
(su

p
erfi

cially)
lo

ok
at

th
ree

asp
ects:

•
B

en
efi

ts
for

M
o
d
e
llin

g
T
o
o
ls.

✔

•
B

en
efi

ts
for

L
a
n
g
u
a
g
e

D
e
sig

n
.

•
B

en
efi

ts
for

C
o
d
e

G
e
n
e
ra

tio
n

a
n
d

M
D

A
.
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B
enefits

for
L

a
n

g
u

age
D

esig
n

•
R
ecall:

w
e

said
th

at
co

d
e-gen

erators
are

p
ossib

le
“read

ers”
of

stereotyp
es.

•
F
or

exam
p
le,

(h
eavily

sim
p
lifyin

g)
w
e

cou
ld

•
in

tro
d
u
ce

th
e

stereotyp
es

B
u
tto

n
,
T
o
o
lb

a
r,

...

•
for

con
ven

ien
ce,

in
stru

ct
th

e
m

o
d
ellin

g
to

ol
to

u
se

sp
ecial

p
ictu

res
for

stereotyp
es

—
in

th
e

m
eta-d

ata
(th

e
ab

stract
syn

tax),
th

e
stereotyp

es
are

clearly
presen

t.

•
in

stru
ct

th
e

co
d
e-gen

erator
to

au
tom

atically
ad

d
in

h
eritan

ce
from

G
tk::B

u
tton

,
G

tk::T
o
olb

ar,
etc.

c
o
rre

sp
o
n
d
in

g
to

th
e

stereotyp
e.

E
t

v
o
ilà

:
w
e

can
m

o
d
el

G
tk-G

U
Is

an
d

gen
erate

co
d
e

for
th

em
.

•
A

n
oth

er
view

:

•
U

M
L

w
ith

th
ese

stereo
typ

es
is

a
n
e
w

m
o
d
e
llin

g
la

n
g
u
a
g
e
:

G
tk

-U
M

L
.

•
W

h
ich

lives
o
n

th
e

sam
e

m
eta-level

as
U

M
L

(M
2
).

•
It’s

a
D

o
m

a
in

S
p
e
c
ifi

c
M

o
d
ellin

g
L
a
n
g
u
a
g
e

(D
S
L
).

O
n
e

m
ech

an
ism

to
d
efi

n
e

D
S
L
s
(b

ased
on

U
M

L
,
an

d
“w

ith
in

”
U

M
L
):

P
ro

fi
le

s.
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B
enefits

for
L

a
n

g
u

age
D

esig
n

C
o

nt’d

•
F
or

each
D

S
L

d
efi

n
ed

by
a

P
rofi

le,
w
e

im
m

ed
iately

h
ave

•
in

m
em

ory
represen

tation
s,

•
m

o
d
ellin

g
to

ols,

•
fi
le

represen
tation

s.

•
N

o
te

:
h
ere,

th
e

se
m

a
n
tic

s
of

th
e

stereotyp
es

(an
d

th
u
s

th
e

lan
gu

age
of

G
tk-U

M
L
)
lie

s
in

th
e

c
o
d
e
-g

e
n
e
ra

to
r.

T
h
at’s

th
e

fi
rst

“read
er”

th
at

u
n
d
erstan

d
s

th
ese

sp
ecial

stereotyp
es.

(A
n
d

th
at’s

w
h
at’s

m
ean

t
in

th
e

stan
d
ard

w
h
en

th
ey’re

talkin
g

ab
ou

t
givin

g
stereotyp

es
sem

an
tics).

•
O

n
e

can
also

im
p
ose

ad
d
ition

al
w
ell-form

ed
n
ess

ru
les,

for
in

stan
ce

th
at

certain
com

p
on

en
ts

sh
all

all
im

p
lem

en
t

a
certain

in
terface

(an
d

th
u
s

h
ave

certain
m

eth
o
d
s

availab
le).

(C
f.

[S
tah

l
an

d
V

ölter,
2005].)
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B
enefits

for
L

a
n

g
u

age
D

esig
n

C
o

nt’d

•
O

n
e

step
fu

rth
er:

•
N

ob
o
d
y

h
in

d
ers

u
s

to
ob

tain
a

m
o
d
el

of
U

M
L

(w
ritten

in
M

O
F
),

•
th

row
ou

t
p
arts

u
n
n
ecessary

for
ou

r
p
u
rp

oses,

•
ad

d
(=

in
tegrate

in
to

th
e

existin
g

h
ierarch

y)
m

ore
ad

eq
u
at

n
ew

con
stru

cts,
for

in
stan

ce,
c
o
n
tra

c
ts

or
som

eth
in

g
m

ore
close

to
h
ard

w
are

as
in

te
rru

p
t

or
se

n
so

r
or

d
riv

e
r,

•
an

d
m

ayb
e

also
stereotyp

es.

→
a

n
ew

lan
gu

age
stan

d
in

g
n
ext

to
U

M
L
,
C
W

M
,
etc.

•
D

raw
b
ack:

th
e

resu
ltin

g
lan

gu
age

is
n
ot

n
ecessarily

U
M

L
an

y
m

ore,
so

w
e

c
a
n
’t

u
se

proven
U

M
L

m
o
d
ellin

g
to

ols.

•
B

u
t

w
e

can
u
se

all
to

ols
for

M
O

F
(or

M
O

F
-like

th
in

gs).

F
or

in
stan

ce,
E
clip

se
E
M

F
/G

M
F
/G

E
F
.
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B
enefits:

O
verview

•
W

e’ll
(su

p
erfi

cially)
lo

ok
at

th
ree

asp
ects:

•
B

en
efi

ts
for

M
o
d
e
llin

g
T
o
o
ls.

✔

•
B

en
efi

ts
for

L
a
n
g
u
a
g
e

D
e
sig

n
.

✔

•
B

en
efi

ts
for

C
o
d
e

G
e
n
e
ra

tio
n

a
n
d

M
D

A
.
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B
enefits

for
M

o
del(to

M
o

del)
Tra

nsform
atio

n

•
T

h
ere

are
m

an
ifold

ap
p
lication

s
for

m
o
d
el-to-m

o
d
el

tran
sform

ation
s:

•
F
or

in
stan

ce,
to

ol
su

p
p
ort

for
re

-fa
c
to

rin
g
s,

like
m

ovin
g

com
m

on
attrib

u
tes

u
pw

ard
s

th
e

in
h
eritan

ce
h
ierarch

y.

T
h
is

can
n
ow

b
e

d
efi

n
ed

as
g
ra

p
h
-re

w
ritin

g
ru

les
on

th
e

level
of

M
O

F
.

T
h
e

grap
h

to
b
e

rew
ritten

is
th

e
U

M
L

m
o
d
el

•
S
im

ilarly,
on

e
cou

ld
tran

sform
a

G
tk

-U
M

L
m

o
d
el

in
to

a
U

M
L

m
o
d
e
l,

w
h
ere

th
e

in
h
eritan

ce
from

classes
like

G
tk::B

u
tton

is
m

ad
e

exp
licit:

T
h
e

tran
sform

ation
w
ou

ld
ad

d
th

is
class

G
tk::B

u
tton

an
d

th
e

in
h
eritan

ce
relation

an
d

rem
ove

th
e

stereotyp
e.

•
S
im

ilarly,
on

e
cou

ld
h
ave

a
G
U

I-U
M

L
m

o
d
el

tran
sform

ed
in

to
a

G
tk

-U
M

L
m

o
d
el,

or
a

Q
t-U

M
L

m
o
d
el.

T
h
e

form
er

a
P
IM

(P
latform

In
d
ep

en
d
en

t
M

o
d
el),

th
e

latter
a

P
S
M

(P
latform

S
p
ecifi

c
M

o
d
el)

—
cf.

M
D

A
.
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S
pe

cialC
ase:

C
o

de
G

eneratio
n

•
R
ecall

th
at

w
e

said
th

at,
e.g.

Java
co

d
e,

can
also

b
e

seen
as

a
m

o
d
el.

S
o

co
d
e-gen

eration
is

a
sp

e
c
ia

l
c
a
se

of
m

o
d
el-to-m

o
d
el

tran
sform

ation
;

on
ly

th
e

d
estin

ation
lo

oks
q
u
ite

d
iff

eren
t.

•
N

o
te

:
C
o
d
e

gen
eration

n
eed

n
’t

b
e

as
exp

en
sive

as
b
u
yin

g
a

m
o
d
ellin

g
to

ol
w

ith
fu

ll
fl
ed

ged
co

d
e

gen
eration

.

•
If

w
e

h
ave

th
e

U
M

L
m

o
d
el

(or
th

e
D

S
L

m
o
d
el)

given
as

an
X

M
L

fi
le,

co
d
e

gen
eration

can
b
e

a
s

sim
p
le

a
s

an
X

S
LT

scrip
t.

“C
an

b
e”

in
th

e
sen

se
of

“
T

h
ere

m
ay

b
e

situ
a
tio

n
w

h
ere

a
g
ra

p
h
ica

l
a
n
d

a
b
stra

ct

rep
resen

ta
tio

n
o
f
so

m
eth

in
g

is
d
esired

w
h
ich

h
a
s

a
clear

a
n
d

d
irect

m
a
p
p
in

g
to

so
m

e
tex

tu
a
l
rep

resen
ta

tio
n
.”

In
gen

eral,
co

d
e

gen
eration

can
(in

collo
q
u
ial

term
s)

b
ecom

e
a
rb

itra
rily

d
iffi

c
u
lt .
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E
xam

ple:
M

o
dela

n
d

X
M

I

〈〈p
t1

0
0
〉〉

S
en

sorA
〈〈6

5
C

0
2
〉〉

C
on

trollerA
〈〈N

E
T

2
2
7
0
〉〉

U
sb

A
g
ath

er

1

u
p
d
ate

1

<
?
x
m
l

v
e
r
s
i
o
n

=
’
1
.
0
’

e
n
c
o
d
i
n
g

=
’
U
T
F
-
8
’

?
>

<
X
M
I

x
m
i
.
v
e
r
s
i
o
n

=
’
1
.
2
’

x
m
l
n
s
:
U
M
L

=
’
o
r
g
.
o
m
g
.
x
m
i
.
n
a
m
e
s
p
a
c
e
.
U
M
L
’

t
i
m
e
s
t
a
m
p

=
’
M
o
n

F
e
b

0
2

1
8
:
2
3
:
1
2

C
E
T

2
0
0
9
’
>

<
X
M
I
.
c
o
n
t
e
n
t
>

<
U
M
L
:
M
o
d
e
l

x
m
i
.
i
d

=
’
.
.
.
’
>

<
U
M
L
:
N
a
m
e
s
p
a
c
e
.
o
w
n
e
d
E
l
e
m
e
n
t
>

<
U
M
L
:
C
l
a
s
s

x
m
i
.
i
d

=
’
.
.
.
’

n
a
m
e

=
’
S
e
n
s
o
r
A
’
>

<
U
M
L
:
M
o
d
e
l
E
l
e
m
e
n
t
.
s
t
e
r
e
o
t
y
p
e
>

<
U
M
L
:
S
t
e
r
e
o
t
y
p
e

n
a
m
e

=
’
p
t
1
0
0
’
/
>

<
/
U
M
L
:
M
o
d
e
l
E
l
e
m
e
n
t
.
s
t
e
r
e
o
t
y
p
e
>

<
/
U
M
L
:
C
l
a
s
s
>

<
U
M
L
:
C
l
a
s
s

x
m
i
.
i
d

=
’
.
.
.
’

n
a
m
e

=
’
C
o
n
t
r
o
l
l
e
r
A
’
>

<
U
M
L
:
M
o
d
e
l
E
l
e
m
e
n
t
.
s
t
e
r
e
o
t
y
p
e
>

<
U
M
L
:
S
t
e
r
e
o
t
y
p
e

n
a
m
e

=
’
6
5
C
0
2
’
/
>

<
/
U
M
L
:
M
o
d
e
l
E
l
e
m
e
n
t
.
s
t
e
r
e
o
t
y
p
e
>

<
/
U
M
L
:
C
l
a
s
s
>

<
U
M
L
:
C
l
a
s
s

x
m
i
.
i
d

=
’
.
.
.
’

n
a
m
e

=
’
U
s
b
A
’
>

<
U
M
L
:
M
o
d
e
l
E
l
e
m
e
n
t
.
s
t
e
r
e
o
t
y
p
e
>

<
U
M
L
:
S
t
e
r
e
o
t
y
p
e

n
a
m
e

=
’
N
E
T
2
2
7
0
’
/
>

<
/
U
M
L
:
M
o
d
e
l
E
l
e
m
e
n
t
.
s
t
e
r
e
o
t
y
p
e
>

<
/
U
M
L
:
C
l
a
s
s
>

<
U
M
L
:
A
s
s
o
c
i
a
t
i
o
n

x
m
i
.
i
d

=
’
.
.
.
’

n
a
m
e

=
’
i
n
’

>
.
.
.
<
/
U
M
L
:
A
s
s
o
c
i
a
t
i
o
n
>

<
U
M
L
:
A
s
s
o
c
i
a
t
i
o
n

x
m
i
.
i
d

=
’
.
.
.
’

n
a
m
e

=
’
o
u
t
’

>
.
.
.
<
/
U
M
L
:
A
s
s
o
c
i
a
t
i
o
n
>

<
/
U
M
L
:
N
a
m
e
s
p
a
c
e
.
o
w
n
e
d
E
l
e
m
e
n
t
>

<
/
U
M
L
:
M
o
d
e
l
>

<
/
X
M
I
.
c
o
n
t
e
n
t
>

<
/
X
M
I
>
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u
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h
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.
a
n
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O
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k
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J
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0
0
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R
ich

m
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o
b
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In
P
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1
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IE
E
E

In
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w
o
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o
p

U
M

L
a
n
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F
o
rm

a
l
M

eth
o
d
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[F
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a
n
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W
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0
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F
isch
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C
.
a
n
d

W
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,
H
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(2

0
0
0
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B
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a
vio

u
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l
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b
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in
g
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n
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fo
r

o
b
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u
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u
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b
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L
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o
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o
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u
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g
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g
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b
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.
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0
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ö
lter,

2
0
0
5
]

S
ta

h
l,

T
.
a
n
d

V
ö
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