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D
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törrle,

2005]

T
h
e

F
u
ll

S
to

ry

– 17 – 2015-01-20 – Shiersyn –

5
/
3
7

U
M
L
d
istin

g
u
ish

es
th
e
fo
llow

in
g
k
in
d
s
o
f
sta

te
s:

exam
p
le

sim
p
le

sta
te

s
1

en
try/

a
ct

e
n
try

1

d
o/
a
ct

d
o

1

exit/
a
ct

e
x
it

1

E
1 /
a
ct
E

1

...
E
n
/
a
ct
E

n

fi
n
a
l
sta

te

co
m
p
o
site

sta
te

O
R

s

s
1

s
2

s
3

A
N
D

s

s
1

s
2

s
3

s
′1

s
′2

s
′3

exam
p
le

p
se
u
d
o
-sta

te
in
itial

•

(sh
allow

)
h
istory

H

d
eep

h
istory

H
∗

fork/join
,

ju
n
ction

,
ch
oice

•
,

en
try

p
oin

t

exit
p
oin

t

term
in
ate

su
b
m
a
ch

in
e
sta

te
S
:
s

R
ep

resen
tin

g
A

ll
K

in
d
s

o
f

S
ta

tes

– 17 – 2015-01-20 – Shiersyn –

6
/
3
7

•
U
n
til

n
o
w
:

(S
,s

0 ,→
),

s
0
∈
S
,→

⊆
S
×

(
E
∪
{
}
)
×

E
x
p
r

S
×

A
c
t
S

×
S



R
ep

resen
tin

g
A

ll
K

in
d
s

o
f

S
ta

tes

– 17 – 2015-01-20 – Shiersyn –

6
/
3
7

•
U
n
til

n
o
w
:

(S
,s

0 ,→
),

s
0
∈
S
,→

⊆
S
×

(
E
∪
{
}
)
×

E
x
p
r

S
×

A
c
t
S

×
S

•
F
ro
m

n
o
w

o
n
:
(h
ie
rarch

ica
l)
sta

te
m
a
ch

in
e
s

(S
,k
in
d
,reg

io
n
,→

,ψ
,a
n
n
o
t)

w
h
ere

•
S
⊇

{
to
p
}
is
a
fi
n
ite

set
of

states
(a
s
b
e
fo
re
),

•
kin

d
:
S
→

{st,in
it,fi

n
,sh

ist,d
h
ist,fork,join

,ju
n
c,ch

oi,en
t,exi,term

}
is
a
fu
n
ction

w
h
ich

lab
els

states
w
ith

th
eir

k
in
d
,

(n
e
w
)

•
regio

n
:
S
→

2
2
S

is
a
fu
n
ction

w
h
ich

ch
aracterises

th
e
re
g
io
n
s
of

a
state,(n

e
w
)

•
→

is
a
set

of
tran

sition
s,

(ch
a
n
g
e
d
)

•
ψ
:
(→

)
→

2
S
×
2
S
is
an

in
cid

e
n
ce

fu
n
ctio

n
,
an
d

(n
e
w
)

•
a
n
n
o
t
:
(→

)
→

(
E
∪
{
})

×
E
x
p
r

S
×
A
ct

S

provid
es

an
an
n
otation

for
each

tran
sition

.
(n
e
w
)

F
ro

m
U

M
L

to
H

iera
rch

ica
l

S
tM

:
B

y
E

xa
m

p
le

– 17 – 2015-01-20 – Shiersyn –

7
/
3
7

(S
,k
in
d
,reg

io
n
,→

,ψ
,a
n
n
o
t)

exam
p
le

∈
S

k
in
d

reg
io
n

sim
p
le

sta
te

s
s

st
∅

fi
n
a
l
sta

te
q

fi
n

∅

co
m
p
o
site

sta
te

O
R

s

s
1

s
2

s
3

,
s

st
{{
s
1 ,s

2 ,s
3 }}

A
N
D

s

s
1

s
2

s
3

s
′1

s
′2

s
′3

s
st

reg
io
n

{{
s
1 ,s

′1 }
,{
s
2 ,s

′2 }
,

{
s
3 ,s

′3 }}

su
b
m
a
ch

in
e
sta

te
(later)

-
-

-

p
se
u
d
o
-sta

te
•
,
...

q
in
it,

...
∅

︸
︷
︷

︸

(s
,k
in
d
(s))

fo
r
sh
o
rt

F
ro

m
U

M
L

to
H

iera
rch

ica
l

S
tM

:
B

y
E

xa
m

p
le

– 17 – 2015-01-20 – Shiersyn –

8
/
3
7

•

s

tr

D
O
N
’T
!

[g
d
]

D
O
N
’T
!

/
a
c
t

a
n
n
o
t

...
tran

slates
to

(S
,k
in
d
,reg

io
n
,→

,ψ
,a
n
n
o
t)

=

( {(to
p
,st),(s

1 ,in
it),(s,st),(s

2 ,fi
n
)}

︸
︷
︷

︸

S
,k
in

d

,

{
to
p
7→

{{s
1 ,s,s

2 }},s
1
7→

∅,s
7→

∅,s
2
7→

∅}
︸

︷
︷

︸

re
g
io
n

,

{t
1 ,t

2 }
︸

︷
︷

︸

→

,
{t

1
7→

({s
1 },{s}),t

2
7→

({s},{s
2 })}

︸
︷
︷

︸

ψ

,

{t
1
7→

(tr
,gd

,a
ct),t

2
7→

a
n
n
o
t}

︸
︷
︷

︸

a
n
n
o
t

)

W
ell-F

o
rm

ed
n
ess:

R
eg

io
n
s

(fo
llo

w
s

fro
m

d
ia

g
ra

m
)

– 17 – 2015-01-20 – Shiersyn –

9
/
3
7

∈
S

k
in
d

reg
io
n
⊆

2
S
,S

i
⊆
S

c
h
ild

⊆
S

sim
p
le

sta
te

s
st

∅
∅

fi
n
a
l
sta

te
s

fi
n

∅
∅

co
m
p
o
site

sta
te

s
st

{
S
1 ,...,S

n
}
,n

≥
1

S
1
∪
···∪

S
n

p
se
u
d
o
-sta

te
s

in
it,

...
∅

∅
im

p
licit

to
p
sta

te
to
p

st
{
S
1 }

S
1

•
E
ach

state
(excep

t
for

to
p
)
lies

in
exactly

o
n
e
reg

io
n
,

•
S
tates

s
∈
S

w
ith

k
in
d
(s)

=
st

m
ay

co
m
p
rise

reg
io
n
s.

•
N
o
reg

io
n
:

sim
p
le

state.

•
O
n
e
reg

io
n
:

O
R
-state.

•
T
w
o
or

m
ore

reg
io
n
s:

A
N
D
-state.

•
F
in
al

an
d
p
seu

d
o
states

d
o
n
’t

co
m
p
rise

reg
io
n
s.

•
T
h
e
reg

io
n
fu
n
ctio

n
in
d
u
ces

a
ch

ild
fu
n
ctio

n
.

W
ell-F

o
rm

ed
n
ess:

In
itia

l
S
ta

te
(req

u
ir.

o
n

d
ia

g
ra

m
)

– 17 – 2015-01-20 – Shiersyn –

1
0
/
3
7

•
E
ach

n
o
n
-em

p
ty

reg
io
n
h
as

exactly
o
n
e
in
itial

p
seu

d
o
-state

an
d
at

least
o
n
e

tran
sitio

n
fro

m
th
ere,

i.e.

•
for

each
s
∈
S

w
ith

regio
n
(s)

=
{S

1 ,...,S
n
},
n
≥

1,
for

each
1
≤
i
≤
n
,

•
th
ere

exists
exactly

on
e
in
itial

p
seu

d
o-state

(s
i1 ,in

it)
∈
S
i
an
d

at
least

on
e
tran

sition
t
∈
→

w
ith

s
i1
as

sou
rce,

•
an
d
su
ch

tran
sition

’s
target

s
i2
is
in
S
i ,
an
d

( fo
r
sim

p
licity!)

kin
d
(s
i2 )

=
st,

an
d

a
n
n
o
t(t)

=
(
,tru

e,a
ct).

•
N
o
in
g
o
in
g
tran

sitio
n
s
to

in
itial

states.

•
N
o
o
u
tg
o
in
g
tran

sitio
n
s
fro

m
fi
n
al

states
(fo

r
sim

p
licity

!).

•
R
ecall:

•

s

tr

D
O
N
’T
!

[g
d
]

D
O
N
’T
!

/
a
c
t

a
n
n
o
t



P
la

n

– 17 – 2015-01-20 – Shiersyn –

1
1
/
3
7

exam
p
le

sim
p
le

sta
te

s
1

en
try/

a
ct

e
n
try

1

d
o/
a
ct

d
o

1

exit/
a
ct

e
x
it

1

E
1 /
a
ct
E

1

...
E
n
/
a
ct
E

n

fi
n
a
l
sta

te

co
m
p
o
site

sta
te

O
R

s

s
1

s
2

s
3

A
N
D

s

s
1

s
2

s
3

s
′1

s
′2

s
′3

exam
p
le

p
se
u
d
o
-sta

te
in
itial

•

(sh
allow

)
h
istory

H

d
eep

h
istory

H
∗

fork/join
,

ju
n
ction

,
ch
oice

•
,

en
try

p
oin

t

exit
p
oin

t

term
in
ate

su
b
m
a
ch

in
e
sta

te
S
:
s

•
E
n
try/

d
o
/
exit

actio
n
s,
in
tern

al
tran

sitio
n
s.

•
In
itial

p
seu

d
o
state,

fi
n
al

state.

•
C
o
m
p
o
site

states.

•
H
istory

an
d
o
th
er

p
seu

d
o
states,

th
e
rest.

E
n

try/D
o

/E
xit

A
ctio

n
s,

In
tern

a
l

T
ra

n
sitio

n
s

– 17 – 2015-01-20 – main –

1
2
/
3
7

E
n
try/D

o
/E

xit
A

ctio
n
s

– 17 – 2015-01-20 – Sentryexit –

1
3
/
3
7

s
1

en
try/

a
c
t
e
n
try

1

d
o
/
a
c
t
d
o

1

exit/
a
c
t
e
x
it

1

E
1 /
a
c
t
E

1

...
E

n
/
a
c
t
E

n

s
2

en
try/

a
c
t
e
n
try

2

d
o
/
a
c
t
d
o

2

exit/
a
c
t
e
x
it

2

tr
[g
d
]/
a
c
t

•
In

g
en
eral,

w
ith

each
state

s
∈
S

th
ere

is
asso

ciated

•
an

e
n
try,

a
d
o
,
an
d
an

e
xit

action
(d
efau

lt:
sk
ip
)

•
a
p
ossib

ly
em

p
ty

set
of

trigger/action
p
airs

called
in
te
rn
a
l
tra

n
sitio

n
s,

(d
efau

lt:
em

p
ty).

N
o
te
:
E

1 ,...,E
n
∈

E
,
‘en

try’,
‘d
o’,

‘exit’
are

reserved
n
am

es!

•
R
ecall:

each
actio

n
’s
su
p
p
o
sed

to
h
ave

a
tran

sform
er.

H
ere:

t
a
c
t
e
n
try

1

,
t
a
c
t
e
x
it

1

,
...

•
T
akin

g
th
e
tran

sitio
n
ab

o
ve

th
en

am
o
u
n
ts

to
ap
p
lyin

g

t
a
c
t
e
n
try

s
2

◦
t
a
c
t
◦
t
a
c
t
e
x
it

s
1

in
stead

o
f
o
n
ly

t
a
c
t

 
ad
ju
st

(2
.),

(3
.)
accord

in
g
ly.

In
tern

a
l

T
ra

n
sitio

n
s

– 17 – 2015-01-20 – Sentryexit –

1
4
/
3
7

s
1

en
try/

a
c
t
e
n
try

1

d
o
/
a
c
t
d
o

1

exit/
a
c
t
e
x
it

1

E
1 /
a
c
t
E

1

...
E

n
/
a
c
t
E

n

s
2

en
try/

a
c
t
e
n
try

2

d
o
/
a
c
t
d
o

2

exit/
a
c
t
e
x
it

2

tr
[g
d
]/
a
c
t

•
F
or

in
te
rn
a
l
tra

n
sitio

n
s,

takin
g
th
e
o
n
e
for

E
1 ,

for
in
stan

ce,
still

am
o
u
n
ts

to
takin

g
o
n
ly
t
a
c
t
E
1 .

•
In
tu
itio

n
:
T
h
e
state

is
n
eith

er
left

n
or

en
tered

,
so
:
n
o
exit,

n
o
en
try.

 
ad
ju
st

(2
.)
accord

in
g
ly.

•
N
o
te
:
in
tern

al
tran

sitio
n
s
also

start
a
ru
n
-to

-co
m
p
letio

n
step

.

•
N
o
te
:
th
e
stan

d
ard

seem
s
n
o
t
to

clarify
w
h
eth

er
in
tern

al
tran

sitio
n
s
h
ave

p
rio

rity
o
ver

reg
u
lar

tran
sitio

n
s
w
ith

th
e
sam

e
trig

g
er

at
th
e
sam

e
state.

S
o
m
e
co
d
e
g
en
erators

assu
m
e
th
at

in
tern

al
tran

sitio
n
s
h
ave

priority!

A
ltern

a
tive

V
iew

:
...a

s
A

b
b
revia

tio
n
s

– 17 – 2015-01-20 – Sentryexit –

1
5
/
3
7

s
0

s
1

en
try/

a
c
t
e
n
try

1

exit/
a
c
t
e
x
it

1

E
1 /
a
c
t
E

1

s
2

en
try/

a
c
t
e
n
try

2

exit/
a
c
t
e
x
it

2

tr
0 [g

d
0 ]/

a
c
t
0

tr
1 [g

d
1 ]/

a
c
t
1

tr
2 [g

d
2 ]/

a
c
t
2

•
...

as
ab
brevatio

n
for

...

s
0

s
1

s
2

A
ltern

a
tive

V
iew

:
...a

s
A

b
b
revia

tio
n
s

– 17 – 2015-01-20 – Sentryexit –

1
5
/
3
7

s
0

s
1

en
try/

a
c
t
e
n
try

1

exit/
a
c
t
e
x
it

1

E
1 /
a
c
t
E

1

s
2

en
try/

a
c
t
e
n
try

2

exit/
a
c
t
e
x
it

2

tr
0 [g

d
0 ]/

a
c
t
0

tr
1 [g

d
1 ]/

a
c
t
1

tr
2 [g

d
2 ]/

a
c
t
2

•
...

as
ab
brevatio

n
for

...

s
0

s
1

s
2

•
T
h
at

is:
E
n
try/In

tern
al/E

xit
d
on

’t
ad
d
expressive

p
ow

er
to

C
ore

S
tate

M
ach

in
es.

If
in
tern

al
action

s
sh
ou

ld
h
ave

priority,
s
1
can

b
e
em

b
ed
d
ed

in
to

an
O
R
-state

(later).

•
A
b
breviation

view
m
ay

avoid
con

fu
sion

in
con

text
of

h
ierarch

ical
states

(later).



D
o

A
ctio

n
s

– 17 – 2015-01-20 – Sentryexit –

1
6
/
3
7

s
1

en
try/

a
c
t
e
n
try

1

d
o
/
a
c
t
d
o

1

exit/
a
c
t
e
x
it

1

E
1 /
a
c
t
E

1

...
E

n
/
a
c
t
E

n

s
2

en
try/

a
c
t
e
n
try

2

d
o
/
a
c
t
d
o

2

exit/
a
c
t
e
x
it

2

tr
[g
d
]/
a
c
t

•
In
tu
itio

n
:
after

en
terin

g
a
state,

start
its

d
o
-actio

n
.

•
If
th
e
d
o
-actio

n
term

in
ates,

•
th
en

th
e
state

is
co
n
sid

ered
co

m
p
le
te
d
(→

later),

•
o
th
erw

ise,

•
if
th
e
state

is
left

b
efore

term
in
atio

n
,
th
e
d
o
-actio

n
is
sto

p
p
ed
.

•
R
ecall

th
e
o
verall

U
M
L
S
tate

M
ach

in
e
p
h
ilo
so
p
h
y:

“
A
n
o
b
je
ct

is
e
ith

e
r
id
le

o
r
d
o
in
g
a
ru
n
-to

-co
m
p
le
tio

n
ste

p
.”

•
N
ow

,
w
h
at

is
it
exactly

w
h
ile

th
e
d
o
actio

n
is
execu

tin
g
...?

R
eferen

ces

– 17 – 2015-01-20 – main –

3
6
/
3
7

– 17 – 2015-01-20 – main –

3
7
/
3
7

[C
ran

e
an
d
D
in
gel,

2007]
C
ran

e,
M
.
L
.
an
d
D
in
gel,

J.
(2007).

U
M
L
vs.

classical
vs.

rh
ap
so
d
y
statech

arts:
n
ot

all
m
o
d
els

are
created

eq
u
al.

S
oftw

are
an
d
S
ystem

s
M
o
d
elin

g,
6(4):415–435.

[D
am

m
et

al.,
2003]

D
am

m
,
W
.,
Josko,

B
.,
V
otin

tseva,
A
.,
an
d
P
n
u
eli,

A
.
(2003).

A
form

al
sem

an
tics

for
a
U
M
L
kern

el
lan

gu
age

1.2.
IS
T
/33522/W

P
1.1/D

1.1.2-P
art1,

V
ersion

1.2.

[F
ech

er
an
d
S
ch
ön

b
orn

,
2007]

F
ech

er,
H
.
an
d
S
ch
ön

b
orn

,
J.

(2007).
U
M
L
2.0

state
m
ach

in
es:

C
om

p
lete

form
al

sem
an
tics

via
core

state
m
ach

in
es.

In
B
rim

,
L
.,

H
averkort,

B
.
R
.,
L
eu
cker,

M
.,
an
d
van

d
e
P
ol,

J.,
ed
itors,

F
M
IC
S
/P

D
M
C
,
volu

m
e

4346
of

L
N
C
S
,
p
ages

244–260.
S
prin

ger.

[H
arel

an
d
K
u
gler,

2004]
H
arel,

D
.
an
d
K
u
gler,

H
.
(2004).

T
h
e
rh
ap
so
d
y
sem

an
tics

of
statech

arts.
In

E
h
rig,

H
.,
D
am

m
,
W
.,
G
roße-R

h
o
d
e,

M
.,
R
eif,

W
.,
S
ch
n
ied

er,
E
.,

an
d
W
estkäm

p
er,

E
.,
ed
itors,

In
tegration

of
S
oftw

are
S
p
ecifi

cation
T
ech

n
iq
u
es

for
A
p
p
lication

s
in

E
n
gin

eerin
g,

n
u
m
b
er

3147
in

L
N
C
S
,
p
ages

325–354.
S
prin

ger-V
erlag.

[O
M
G
,
2007]

O
M
G
(2007).

U
n
ifi
ed

m
o
d
elin

g
lan

gu
age:

S
u
p
erstru

ctu
re,

version
2.1.2.

T
ech

n
ical

R
ep
ort

form
al/07-11-02.

[S
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