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L
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ciation
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p
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itu
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p
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.
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b
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V
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p
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e
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g
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D
x
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t
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ξ
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th
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fo
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in
g
O
C
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n
w
ell-typ
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n
o
t
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rt.
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se
lf
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e
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b
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)
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τ
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→

τ
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=

0
..1

or
µ
=

1
,

ro
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x
p
r
1 (w
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τ
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=

0
..1

or
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1
,
e
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p
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τ
C
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w
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τ
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d
C
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=
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=
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N
a
v
ig
a
b
ility

is
sim

ilar
to

visib
ility:

expressio
n
s
o
ver

n
o
n
-n
avig

ab
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n
en
d
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=
×
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b
a
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lly
typ
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b
u
t
fo
rb
id
d
e
n
.

Q
u
e
stio

n
:
g
iven

C
x
:
In
t

D
ro
le

×

is
th
e
fo
llow

in
g
O
C
L
expressio

n
w
ell-typ

ed
or

n
o
t
(w

rt.
n
avig

ab
ility)?

co
n
text

D
in
v
:
se
lf
.ro
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>
0

T
h
e
stan

d
ard

says:
n
avig

atio
n
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•
’−

’:
...p

ossib
le

•
’>

’:
...effi

cien
t

•
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p
ossib
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S
o
:
In

gen
eral,

U
M
L
asso

ciation
s
are

d
iff
eren

t
from

p
oin

ters/referen
ces!

B
u
t:

P
oin

ters/referen
ces

can
faith

fu
lly

b
e
m
o
d
elled

by
U
M
L
asso

ciation
s.
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e
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o
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a
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∈
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≤
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∈
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∪
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≤
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∈
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∪
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2
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︸
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∈
V
,ro

le
6=

ro
le

′.

A
n
d
d
e
fi
n
e

µ
CO
C
L (ro

le
)
:=

con
text

C
in
v
:
n
ot(o

clIsU
n
d
efi
n
ed
(ro

le
))

for
each

µ
=

1.

N
o
te
:
in

n
-ary

asso
ciation

s
w
ith

n
>

2,
th
ere

is
red

u
n
d
an
cy.

M
u
ltip

licities
a
s

C
o
n
stra

in
ts

E
xa

m
p
le

– 11 – 2014-12-04 – Sassocrest –

1
0
/
4
8

µ
CO
C
L (ro

le
)
=

co
n
text

C
in
v
:

(N
1
≤

ro
le
-
>
size()

≤
N

2 )
or

...
or

(N
2
k
−
1
≤

ro
le
-
>
size()

≤
N

2
k )

C
D

:
C

v
:
In
t

r
o
le

1

0
.
.1

r
o
le

2

4
,
1
7

r
o
le

3
3
.
.
∗

In
v(C

D
)
=

•
{
co
n
text

C
in
v
:
4
≤

ro
le

2
-
>
size()

≤
4
or

1
7
≤

ro
le

2
-
>
size()

≤
1
7}

=
{
co
n
text

C
in
v
:
ro
le

2
-
>
size()

=
4
or

ro
le

2
-
>
size()

=
1
7}

•
∪
{
co
n
text

C
in
v
:
3
≤

ro
le

3
-
>
size()}

W
h
y

M
u
ltip

licities
a
s

C
o
n
stra

in
ts?

– 11 – 2014-12-04 – Sassocrest –

1
1
/
4
8

M
ore

precise,
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w
e
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st

u
se
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p
e
s?

(cf.
S
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e
2
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•
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=

0
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,
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=
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:

m
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y
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m
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g
lan
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d
s
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e
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e
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d
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e
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—

th
erefore

treated
sp
ecially.

•
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=
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:
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b
e
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d
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b
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n
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ith
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e
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µ
O
C
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=
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e
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•
µ
=

0
..3

:
u
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array
of

size
4
—

if
m
o
d
el
b
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aviou

r
(or

th
e
im

p
lem

en
tation

)
ad
d
s
5th

id
en
tity,

w
e’ll

get
a
ru
n
tim

e
error,

an
d
th
ereby

see
th
at

th
e
con

strain
t
is
violated

.

P
rin

cip
a
lly

a
cce

p
ta
b
le
,
b
u
t:

ch
ecks

for
array

b
ou

n
d
s
everyw

h
ere...?

•
µ
=

5
..7

:
cou

ld
b
e
represen

ted
by

an
array

of
size

7
—

b
u
t:

few
program

m
in
g

lan
gu

ages/d
ata

stru
ctu

re
libraries

allow
low

er
b
ou

n
d
s
for

arrays
(oth

er
th
an

0).
If
w
e
h
ave

5
id
en
tities

an
d
th
e
m
o
d
el

b
eh
aviou

r
rem

oves
on

e,
th
is
sh
ou

ld
b
e
a

violation
of

th
e
con

strain
ts

im
p
osed

by
th
e
m
o
d
e
l.

T
h
e
im

p
lem

en
tation

w
h
ich

d
o
es

th
is
rem

oval
is
w
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n
g
.
H
ow

d
o
w
e
see

th
is...?

M
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N

ever
a
s

T
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es...?
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W
ell,

if
th
e
targ

e
t
p
la
tfo

rm
is
kn

ow
n
an
d
fi
xed

,
a
n
d
th
e
targ

et
p
latform

h
as,

for
in
stan

ce,

•
referen

ce
typ

es,

•
ran

g
e-ch

ecked
arrays

w
ith

p
o
sitio

n
s
0
,...,N

,

•
set

typ
es,

th
en

w
e
co
u
ld

sim
p
ly

re
strict

th
e
syn

tax
o
f
m
u
ltip

licities
to

µ
::=

1
|
0
..N

|
∗

an
d
d
o
n
’t
th
in
k
ab

o
u
t
co
n
strain

ts
(b
u
t
u
se

th
e
o
b
vio

u
s
1
-to

-1
m
ap
p
in
g
to

typ
es)...

In
g
en
eral,

u
n
fo
rtu

n
a
te
ly
,
w
e
d
o
n
’t
kn

ow
.
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R
e
ca

ll/
L
a
te
r:

C
D

=
{
C
D

1 ,...,C
D

n
}

sig
n
atu

re
S

(
C

D
)

in
varian

ts
In
v(

C
D
)

b
asic

(classes
an
d

attrib
u
tes)

exten
d
ed

(visib
ility)

J
·K

d
istin

g
u
ish

F
ro
m

n
o
w

o
n
:
In
v(

C
D
)
=

{
co
n
strain

ts
o
ccu

rrin
g
in

n
o
tes}

∪
{
µ
CO
C
L (ro

le
)
|

〈r
:
...,〈ro

le
:
D
,µ

,
,
,
,
〉,...,〈ro

le
′
:
C
,
,
,
,
,
〉,...〉

∈
V

or

〈r
:
...,〈ro

le
′
:
C
,
,
,
,
,
〉,...,〈ro

le
:
D
,µ

,
,
,
,
〉,...〉

∈
V
,

ro
le

6=
ro
le

′,µ
/∈
{
0
..1}

}
.

P
ro

p
erties

– 11 – 2014-12-04 – Sassocrest –

1
4
/
4
8

W
e
d
o
n
’t
w
an
t
to

co
ver

asso
ciatio

n
p
ro
p
e
rtie

s
in

d
etail,

o
n
ly

so
m
e
o
b
servatio

n
s
(assu

m
e
b
in
ary

asso
ciatio

n
s):

P
rop

erty
In
tu
ition

S
em

an
tical

E
ff
ect

u
n
iq
u
e

on
e
ob

ject
h
as

a
t
m
o
st

o
n
e
r-lin

k
to

a
sin

gle
oth

er
ob

ject
cu

rre
n
t
se
ttin

g

b
a
g

on
e
ob

ject
m
ay

h
ave

m
u
ltip

le
r-lin

ks
to

a
sin

gle
oth

er
ob

ject
h
ave

λ
(r)

yield
m
u
lti-sets

o
rd
e
re
d
,

se
q
u
e
n
ce

an
r-lin

k
is
a
se
q
u
e
n
ce

of
ob

ject
id
en
ti-

ties
(p
ossib

ly
in
clu

d
in
g
d
u
p
licates)

h
ave

λ
(r)

yield
se-

q
u
en
ces

P
ro

p
erties
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W
e
d
o
n
’t
w
an
t
to

co
ver

asso
ciatio

n
p
ro
p
e
rtie

s
in

d
etail,

o
n
ly

so
m
e
o
b
servatio

n
s
(assu

m
e
b
in
ary

asso
ciatio

n
s):

P
rop

erty
In
tu
ition

S
em

an
tical

E
ff
ect

u
n
iq
u
e

on
e
ob

ject
h
as

a
t
m
o
st

o
n
e
r-lin

k
to

a
sin

gle
oth

er
ob

ject
cu

rre
n
t
se
ttin

g

b
a
g

on
e
ob

ject
m
ay

h
ave

m
u
ltip

le
r-lin

ks
to

a
sin

gle
oth

er
ob

ject
h
ave

λ
(r)

yield
m
u
lti-sets

o
rd
e
re
d
,

se
q
u
e
n
ce

an
r-lin

k
is
a
se
q
u
e
n
ce

of
ob

ject
id
en
ti-

ties
(p
ossib

ly
in
clu

d
in
g
d
u
p
licates)

h
ave

λ
(r)

yield
se-

q
u
en
ces

P
ro
p
erty

O
C
L
T
yp
in
g
o
f
expressio

n
ro
le
(e
x
p
r
)

u
n
iq
u
e

τ
D
→

S
e
t(τ

C
)

b
a
g

τ
D
→

B
a
g
(τ

C
)

o
rd
e
re
d
,
se
q
u
e
n
ce

τ
D
→

S
eq
(τ

C
)

F
or

su
b
se
ts,

re
d
e
fi
n
e
s,

u
n
io
n
,
etc.

see
[O

M
G
,
2
0
0
7
a,

1
2
7
].

O
w

n
ersh

ip
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C
D

•
ro
le

r
×

In
tu
itively

it
says:

A
sso

ciation
r
is
n
o
t
a
“
th
in
g
o
n
its

o
w
n
”
(i.e.

provid
ed

by
λ
),

b
u
t
asso

ciation
en
d
‘ro

le
’
is
o
w
n
e
d
by

C
(!).

(T
h
at

is,
it’s

stored
in
sid

e
C

ob
ject

an
d
provid

ed
by

σ
).

S
o
:
if
m
u
ltip

licity
of

ro
le

is
0..1

or
1,

th
en

th
e
p
ictu

re
ab

ove
is
very

close
to

con
cep

ts
of

p
oin

ters/referen
ces.

A
ctu

ally,
ow

n
ersh

ip
is
seld

om
seen

in
U
M
L
d
iagram

s.
A
gain

:
if
target

p
latform

is

clear,
on

e
m
ay

w
ell

live
w
ith

ou
t
(cf.

[O
M
G
,
2007b

,
42]

for
m
ore

d
etails).

N
o
t
cle

ar
to

m
e
:

C
1

C
2...C
n

ro
le•

⋄
r

B
a

ck
to

th
e

M
a

in
T

ra
ck
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B
a
ck

to
th

e
m

a
in

tra
ck:
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R
e
ca

ll:
o
n
so
m
e
earlier

slid
es

w
e
said

,
th
e
exten

sio
n
o
f
th
e
sig

n
atu

re
is
o
n
ly

to
stu

d
y
asso

ciatio
n
s
in

“
fu
ll
b
eau

ty”
.

F
or

th
e
rem

ain
d
er

o
f
th
e
co
u
rse,

w
e
sh
o
u
ld

lo
o
k
for

so
m
eth

in
g
sim

p
ler...

P
ro
p
o
sa
l:

•
fro

m
n
o
w

o
n
,
w
e
o
n
ly

u
se

asso
ciatio

n
s
o
f
th
e
form

(i)
C

D
•

0
..1

ro
le

×

(ii)
C

D
•

∗

ro
le

×

(A
n
d
w
e
m
ay

om
it
th
e
n
on

-n
avigab

ility
an
d
ow

n
ersh

ip
sym

b
ols.)

•
F
orm

(i)
in
tro

d
u
ces

ro
le

:
C
0
,1 ,

an
d
form

(ii)
in
tro

d
u
ces

ro
le

:
C
∗
in

V
.

•
In

b
o
th

cases,
ro
le

∈
a
tr
(C

).

•
W
e
d
ro
p
λ
an
d
g
o
b
ack

to
o
u
r
n
ice

σ
w
ith

σ
(u
)(ro

le
)
⊆

D
(D

).



O
C

L
C

o
n

stra
in

ts
in

(C
la

ss)
D

ia
g

ra
m

s
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W
h
ere

S
h
a
ll

W
e

P
u
t

O
C

L
C

o
n
stra

in
ts?
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T
w
o
o
p
tio

n
s:

(i)
N
o
tes.

(ii)
P
articu

lar
d
ed
icated

p
laces.

(i)
N
o
te
s:

A
U
M
L
n
o
te

is
a
p
ictu

re
o
f
th
e
form

te
x
t

te
x
t
can

prin
cip

ally
b
e
e
v
e
ry
th
in
g
,
in

p
articu

lar
co

m
m
e
n
ts

an
d
co

n
stra

in
ts.

S
o
m
e
tim

e
s,

co
n
ten

t
is
e
x
p
licitly

cla
ssifi

e
d
for

clarity:

O
C
L
:e
x
p
r

O
C

L
in

N
o
tes:

C
o
n
ven

tio
n
s
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C
...
...

e
x
p
r

sta
n
d
s
fo
r

C
...
...

co
n
text

C
in
v
:
e
x
p
r

W
h
ere

S
h
a
ll

W
e

P
u
t

O
C

L
C

o
n
stra

in
ts?
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(ii)
P
articu

lar
d
e
d
ica

te
d
p
la
ce

s
in

class
d
iag

ram
s:

(b
eh
av.

featu
re:

later)

C
ξ
v
:
τ
{p

1 ,...,p
n
}
{
ex
p
r
}

ξ
f
(v

1
:
τ,...,v

n
:
τ
n
)
:
τ
{p

1 ,...,p
n
}
{pre

:
ex
p
r
1

p
ost

:
ex
p
r
2 }

F
or

sim
p
licity,

w
e
view

th
e
ab

o
ve

as
an

ab
breviatio

n
for

C
ξ
v
:
τ
{p

1 ,...,p
n
}

e
x
p
r

co
n
text

f
pre

:
e
x
p
r
1
p
o
st

:
e
x
p
r
2

In
va

ria
n
ts

o
f

a
C

la
ss

D
ia

g
ra

m
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•
L
et

C
D

b
e
a
class

d
iag

ram
.

•
A
s
w
e
(n
ow

)
are

ab
le

to
reco

g
n
ise

O
C
L
co
n
strain

ts
w
h
en

w
e
see

th
em

,
w
e

can
d
efi
n
e

In
v(C

D
)

as
th
e
set

{
ϕ
1 ,...,ϕ

n
}
o
f
O
C
L
co
n
strain

ts
o
ccu

rrin
g
in

n
o
tes

in
C
D

—
after

u
n
fo
ld
in
g
all

ab
breviatio

n
s
(cf.

n
ext

slid
es).

•
A
s
u
su
al:

In
v(

C
D
)
:=

⋃

C
D
∈

C
D
In
v(C

D
).

•
P
rin

cip
a
lly

cle
ar:

In
v(

·)
for

an
y
kin

d
o
f
d
iag

ram
.

In
va

ria
n
t

in
C

la
ss

D
ia

g
ra

m
E

xa
m

p
le

– 11 – 2014-12-04 – Socldia –

2
3
/
4
8

C
v
:
τ
{v

>
3}

If
C

D
co
n
sists

o
f
o
n
ly

C
D

w
ith

th
e
sin

g
le

class
C
,
th
en

•
In
v(

C
D
)
=

In
v(C

D
)
=



S
em

a
n
tics

o
f

a
C

la
ss

D
ia

g
ra

m
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D
e
fi
n
itio

n
.
L
et

C
D

b
e
a
set

o
f
class

d
iag

ram
s.

W
e
say,

th
e
sem

an
tics

o
f

C
D

is
th
e
sig

n
atu

re
it

in
d
u
ces

an
d
th
e

set
o
f
O
C
L
co
n
strain

ts
o
ccu

rrin
g
in

C
D
,
d
en
o
ted

J
C

D
K
:=

〈
S

(
C

D
),In

v(
C

D
)〉.

G
iven

a
stru

ctu
re

D
o
f
S

(an
d
th
u
s
o
f
C

D
),
th
e
class

d
iag

ram
s
d
e-

scrib
e
th
e
system

states
Σ

DS
,
o
f
w
h
ich

so
m
e
m
ay

satisfy
In
v(

C
D
).

In
p
ictu

re
s:

C
D

=
{
C
D

1 ,...,C
D

n
}

sig
n
atu

re
S

(
C

D
)

in
varian

ts
In
v(

C
D
)

b
asic

(classes
an
d

attrib
u
tes)

exten
d
ed

(visib
ility)

J
·K

d
istin

g
u
ish

P
ra

g
m

a
tics
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R
e
ca

ll:
a
U
M
L
m
o
d
e
l
is
an

im
ag
e
or

pre-im
ag
e
o
f
a
so
ftw

are
system

.

A
set

o
f
class

d
iag

ram
s

C
D

w
ith

in
varian

ts
In
v(

C
D
)
d
escrib

es
th
e
stru

ctu
re

o
f
system

states.

T
o
g
eth

er
w
ith

th
e
in
varian

ts
it
can

b
e
u
sed

to
state:

•
P
re
-im

a
g
e
:
D
ear

pro
g
ram

m
er,

p
lease

pro
vid

e
an

im
p
lem

en
tatio

n
w
h
ich

u
ses

o
n
ly

system
states

th
at

satisfy
In
v(

C
D
).

•
P
o
st-im

a
g
e
:
D
ear

u
ser/

m
ain

tain
er,

in
th
e
existin

g
system

,
o
n
ly

system
states

w
h
ich

satisfy
In
v(

C
D
)
are

u
sed

.

(T
h
e
exact

m
ean

in
g
o
f
“
u
se”

w
ill

b
eco

m
e
clear

w
h
en

w
e
stu

d
y
b
eh
avio

u
r
—

in
tu
itively:

th
e
system

states
th
at

are
reach

ab
le

fro
m

th
e
in
itial

system
state(s)

by
callin

g
m
eth

o
d
s
or

fi
rin

g
tran

sitio
n
s
in

state-m
ach

in
es.)

E
x
a
m
p
le
:
h
ig
h
ly

ab
stract

m
o
d
el

o
f
traffi

c
lig
h
ts

co
n
tro

ller.

T
L
C
trl

red
:
B
o
o
l

green
:
B
o
o
l

n
o
t(red

an
d
g
ree

n
)

C
o
n
stra

in
ts

vs.
T
yp

es
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F
in
d
th
e
1
0
d
iff
e
re
n
ce

s:

C
x
:
In
t
{x

=
3
∨
x
>

17}
C

x
:
T

D
(T

)
=

{3}
∪
{n

∈
N

|
n
>

17}

•
x
=

4
is
w
ell-typ

ed
in

th
e
left

co
n
text,

a
system

state
satisfyin

g
x
=

4
vio

lates
th
e
co
n
strain

ts
o
f
th
e
d
iag

ram
.

•
x
=

4
is
n
o
t
even

w
ell-typ

ed
in

th
e
rig

h
t
co
n
text,

th
ere

can
n
o
t
b
e
a
system

state
w
ith

σ
(u
)(x

)
=

4
b
ecau

se
σ
(u
)(x

)
is
su
p
p
o
sed

to
b
e
in

D
(T

)
(by

d
efi
n
itio

n
o
f
system

state).

R
u
le
-o
f-th

u
m
b
:

•
If
so
m
eth

in
g
“
fe
e
ls

like
”
a
ty
p
e
(o
n
e
criterio

n
:
h
as

a
n
atu

ral
corresp

o
n
d
en
ce

in
th
e
ap
p
licatio

n
d
o
m
ain

),
th
en

m
ake

it
a
typ

e.

•
If
so
m
eth

in
g
is
a
re
q
u
ire

m
e
n
t
or

restrictio
n
o
f
an

o
th
erw

ise
u
sefu

l
typ

e,
th
en

m
ake

it
a
co
n
strain

t.

U
M

L
S

ta
te

M
a

ch
in

es
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U
M

L
S
ta

te
M

a
ch

in
es
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s
1

s
2

s
3

E
[n

6=
∅]/x

:=
x
+
1;n

!F

/n
:=

∅
F
/x

:=
0

B
rie

f
H
isto

ry
:

•
R
o
oted

in
M
o
o
re
/
M
e
a
ly

m
a
ch

in
e
s,

T
ran

sition
S
ystem

s

•
[H
arel,

1987]:
S
ta
te
ch

arts
as

a
con

cise
n
otation

,
in
tro

d
u
ces

in
p
articu

lar
h
ierarch

ical
states.

•
M
an
ifest

in
to
ol

S
ta
te
m
a
te

[H
arel

et
al.,

1990]
(sim

u
lation

,
co
d
e-gen

eration
);

n
ow

ad
ays

also
in

M
a
tla

b
/
S
im

u
lin

k
,
etc.

•
F
rom

U
M
L
1.x

on
:
S
ta
te

M
a
ch

in
e
s

(n
ot

th
e
offi

cial
n
am

e,
b
u
t
u
n
d
ersto

o
d
:
U
M
L
-S
tatech

arts)

•
L
ate

1990’s:
to
ol

R
h
a
p
so
d
y
w
ith

co
d
e-gen

eration
for

state
m
ach

in
es.

N
o
te
:
th
ere

is
a
co
m
m
o
n
core,

b
u
t
each

d
ialect

in
terprets

so
m
e
co
n
stru

cts
su
b
tly

d
iff
eren

t
[C
ran

e
an
d
D
in
g
el,

2
0
0
7
].

(W
ou

ld
b
e
to
o
easy

oth
erw

ise...)

R
o
a
d
m

a
p
:

C
h
ro

n
o
lo

g
ica

lly
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(i)
W
h
at

d
o
w
e
(h
ave

to)
cover?

U
M
L
S
tate

M
ach

in
e
D
iagram

s
S
yn

ta
x
.

(ii)
D
ef.:

S
ign

atu
re

w
ith

sig
n
a
ls.

(iii)
D
ef.:

C
o
re

sta
te

m
a
ch

in
e
.

(iv)
M
ap

U
M
L
S
tate

M
ach

in
e
D
iagram

s
to

core
state

m
ach

in
es.

S
e
m
a
n
tics:

T
h
e
B
asic

C
au
sality

M
o
d
el

(v)
D
ef.:

E
th
e
r
(aka.

even
t
p
o
ol)

(vi)
D
ef.:

S
yste

m
co

n
fi
g
u
ra
tio

n
.

(vii)
D
ef.:

E
ve

n
t.

(viii)
D
ef.:

T
ra
n
sfo

rm
e
r.

(ix)
D
ef.:

T
ra
n
sitio

n
syste

m
,
com

p
u
tation

.

(x)
T
ran

sition
relation

in
d
u
ced

by
core

state
m
ach

in
e.

(xi)
D
ef.:

ste
p
,
ru
n
-to

-co
m
p
le
tio

n
ste

p
.

(xii)
L
ater:

H
ierarch

ical
state

m
ach

in
es.

U
M
L

ModelInstances

W

C
D
,
S
M

S
=

(
T
,
C
,V

,a
tr
),

S
M

M
=

(Σ
DS
,A

S
,→

S
M
)

ϕ
∈

O
C
L

e
x
p
r

C
D
,
S
D

S
,S

D

B
=

(Q
S
D
,q

0 ,A
S
,→

S
D
,F

π
=

(σ
0 ,ε

0 )
(
c
o
n
s
0
,S
n
d
0
)

−−
−
−
−
−
−
−→

u
0

(σ
1 ,ε

1 )···
w
π
=

((σ
i ,co

n
s
i ,S

n
d

G
=

(N
,E

,f
)

M
a
th
e
m
a
tic
s

O
D

U
M
L

✔
!

✔
!

!
✔

✔

✔

✔

✔



U
M

L
S

ta
te

M
a

ch
in

es:
S

yn
ta

x
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U
M

L
S
ta

te-M
a
ch

in
es:

W
h
a
t

d
o

w
e

h
a
ve

to
co

ver?
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[ ausstehendeAufrufe>1 ]
em

pfangeErgebnisse(nr, param
eter)/

[ausstehendeAufrufe = ausstehendeAufrufe
@

pre
- 1]

[true
]

/[ausstehendeAufrufe = ausstehendeAufrufe
@

pre + 1 ] 

anm
elden()/

abm
elden()/

angem
eldet

abgem
eldet

PA
C

lient

D
ie Z

ustandsübergänge von 
P

rotokoll-Z
ustandsautom

aten 
verfügen über eine 
Vorbedingung

, einen 
A

uslöser 
und eine 

N
achbedingung 

(alle 
optional) – jedoch nicht über 
einen E

ffekt. 

W
enn der E

ndzustand 
eines 

Z
ustandsautom

aten erreicht 
w

ird, w
ird die R

egion beendet, 
in der der E

ndzustand liegt.

ZA
Boardingautom

at (H
W

)
ZA

w
hen(k=0)/

w
hen(k=1)/

“Karte liegt an”

“Karte ausw
erfen”

/ setze(f,1)
“Karte laden” /

setze(f,1)

“Karte zurückw
eisen”

/ setze(f,-1)

“Karte auslesen” / 
          inhalt = i

leer

bereit

belegt
w

hen(k=0) / setze(f,0)

Kartenleser
A

uch Z
eit- und Ä

nderungs- 
ereignisse können Z

ustands- 
übergänge auslösen:

- after definiert das 
V

erstreichen eines Intervalls;
- w

hen definiert einen 
Z

ustandsw
echsel.

Z
ustände und zeitlicher 

B
ezugsrahm

en w
erden über 

den um
gebenden C

lassifier 
definiert, hier die W

erte der 
P

orts, siehe das M
ontage- 

diagram
m

 „A
bfertigung“ links 

oben.

drehkreuz

“D
rehkreuz

    freigeben”
/ setze(s,0)

“D
rehkreuz

  blockieren”
/ setze(s,1)

freigegeben

gesperrt

w
hen(d>0) /

“Kreuz dreht sich”

a
u
s
/

an/

E
in verfeinerter Z

ustand 
verw

eist auf einen Z
ustands- 

autom
aten (angedeutet von 

dem
 S

ym
bol unten links), der 

das V
erhalten des Z

ustandes 
definiert.

E
in Z

ustand kann eine oder 
m

ehrere R
egionen enthalten, 

die w
iederum

 Z
ustands- 

autom
aten enthalten können. 

W
enn ein Z

ustand m
ehrere 

R
egionen enthält, w

erden 
diese in verschiedenen 
A

bteilen angezeigt, die durch 
gestrichelte Linien 
voneinander getrennt sind. 
R

egionen können benannt 
w

erden. A
lle R

egionen 
w

erden parallel zueinander 
abgearbeitet.

Karten leser

W
enn ein R

egionsend- 
zustand erreicht w

ird, w
ird der 

gesam
te kom

plexe Z
ustand 

beendet, also auch alle 
parallelen R

egionen.

E
reignisse können innerhalb eines Z

ustands 
A

ktionen auslösen.

ZA
Bordkarte einlesen

entry/Karte ausw
erfen

do/D
rehkreuz freigeben

Bordkarte akzeptieren

[ Passagier 
  nicht 
  angem

eldet ]

w
hen(D

rehkreuzsensor=”drehen”)
 / D

rehkreuz blockieren

entry/Suchanfrage starten
do/Anzeigeläm

pchen blinkt

Passagierüberprüfen

Bordkarte
zurückw

eisen

Ergebnis der Such-
anfrage liegt vor

[ Passagier
   angem

eldet ]

after(10s)
 / D

rehkreuz blockieren

P
rotokollzustandsautom

aten 
beschreiben 

das V
erhalten von S

oftw
aresystem

en, 
N

utzfällen oder technischen G
eräten.

aussetzen

w
ieder

aufnehm
en

Passagier
identifizieren

after(10s)
/tim

eout

H

Passagier-ID
auslesen

E
in Z

ustand löst von sich aus 
bestim

m
te E

reignisse aus:

- entry beim
 B

etreten;
- do w

ährend des 
A

ufenthaltes;
- com

pletion 
beim

 E
rreichen 

des E
ndzustandes einer 

U
nter-Z

ustandsm
aschine

- exit beim
 V

erlassen.

D
iese und andere E

reignisse 
können als A

uslöser für 
A

ktivitäten herangezogen 
w

erden.

[ valide ]

Validität
überprüfen

w
arten

R
eguläre B

eendigung löst ein 
com

pletion
-E

reignis aus.

D
as Z

eitereignis 
after(10s) löst 

einen A
bbruch von „B

ordkarte 
einlesen “ aus.

D
er G

edächtniszustand 
sorgt 

dafür, dass nach dem
 W

ieder- 
aufnehm

en der gleiche Z
ustand 

w
ie vor dem

 A
ussetzen einge- 

nom
m

en w
ird.

D
er A

ustrittspunkt 
erlaubt es, von 

einem
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fü
r
S
tu
d
en
ten

.
P
earso

n
S
tu
d
iu
m
.


