
S
oftw

are
D

esig
n,M

o
dellin

g
a

n
dA

n
alysis

in
U

M
L

L
e

cture
1

4:
H

ierarchicalState
M

achines
I

2
0
1
2-1

2-1
9

P
rof.

D
r.

A
n
d
reas

P
o
d
elski,

D
r.

B
e
rn

d
W

e
stp

h
a
l

A
lb

ert-L
u
d
w

igs-U
n
iversität

F
reib

u
rg,

G
erm

an
y
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:
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D

isp
atch

,
C
o
m

m
en

ce.

T
h
is

L
e
ctu

re
:

•
E
d
u
ca

tio
n
a
l
O

b
je

ctive
s:

C
ap

ab
ilities

for
follow

in
g

tasks/q
u
estion

s.

•
W

h
at

d
o
es

th
is

S
tate

M
ach

in
e

m
ean

?
W

h
at

h
ap

p
en

s
if

I
in

ject
th

is
even

t?

•
C
an

yo
u

p
lease

m
o
d
el

th
e

fo
llow

in
g

b
eh

avio
u
r.

•
W

h
at

is:
in

itial
state.

•
W

h
at

d
o
es

th
is

h
ie

rarch
ica

l
S
tate

M
ach

in
e

m
ean

?
W

h
at

m
ay

h
a
p
p
e
n

if
I

in
ject

th
is

even
t?

•
W

h
at

is:
A

N
D

-S
tate,

O
R
-S

tate,
p
seu

d
o
-state,

en
try/

exit/
d
o
,
fi
n
al

state,
...

•
C
o
n
te

n
t:

•
S
tep

,
R
T

C
,
D

iverg
en

ce

•
P
u
ttin

g
It

A
ll

T
o
g
eth

er

•
R
h
ap

so
d
y

D
em

o

•
H

ierarch
ical

S
tate

M
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N
otio

ns
ofSteps:

T
he

Step

N
o
te

:
w
e

call
on

e
evolu

tion
(σ
,ε)

(c
o
n
s
,S

n
d
)

−−
−
−
−
−
−→

u
(σ

′,ε
′)

a
ste

p
.

T
h
u
s

in
ou

r
settin

g,
a

ste
p

d
ire

ctly
co

rre
sp

o
n
d
s

to

o
n
e

o
b
je

ct
(n

am
ely

u
)

takes
a

sin
g
le

tra
n
sitio

n
b
etw

een
regu

lar
states.

(W
e

h
ave

to
exten

d
th

e
co

n
cep

t
o
f
“
sin

g
le

tran
sitio

n
”

for
h
ierarch

icalstate
m

ach
in

es.)

T
h
a
t

is:
W

e’re
goin

g
for

an
in

terleavin
g

sem
an

tics
w

ith
ou

t
tru

e
p
arallelism

.
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N
otio

ns
ofSteps:

T
he

R
u

n-to-C
om

pletio
n

Step

W
h
at

is
a

ru
n
-to

-co
m

p
le

tio
n

step
...?

•
In

tu
itio

n
:

a
m

axim
al

seq
u
en

ce
of

step
s,

w
h
ere

th
e

fi
rst

step
is

a
d
isp

a
tch

step
an

d
all

later
step

s
are

co
m

m
e
n
ce

step
s.

•
N

o
te

:
on

e
step

corresp
on

d
s

to
on

e
tran

sition
in

th
e

state
m

ach
in

e.

A
ru

n
-to-com

p
letion

step
is

in
gen

eral
n
ot

syn
tacically

d
efi

n
ab

le
—

on
e

tran
sition

m
ay

b
e

taken
m

u
ltip

le
tim

es
d
u
rin

g
an

R
T

C
-step

.

E
xa

m
p
le

:

s
1

s
2

E
[x
>

0
]/

/
x

:=
x
−

1

σ
:

:
C

x
=

2

ε:

E
for

u
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N
otio

ns
ofSteps:

T
he

R
u

n-to-C
om

pletio
n

Step
C

o
nt’d

P
ro

p
o
sa

l:
L
et

(σ
0 ,ε

0 )
(c

o
n
s
0
,S

n
d

0
)

−−
−
−
−
−
−
−→

u
0

...
(c

o
n
s

n
−

1
,S

n
d

n
−

1
)

−−
−
−
−
−
−
−
−
−
−
−→

u
n
−

1

(σ
n
,ε
n
),

n
>

0,

b
e

a
fi
n
ite

(!),
n
on

-em
p
ty,

m
axim

al,
con

secu
tive

seq
u
en

ce
su

ch
th

at

•
o
b
ject

u
is

alive
in
σ

0 ,

•
u

0
=
u

an
d

(co
n
s
0 ,S

n
d

0 )
in

d
icates

d
isp

atch
in

g
to
u
,
i.e.

co
n
s

=
{
(u
,~v

7→
~d)}

,

•
th

ere
are

n
o

recep
tio

n
s

b
y
u

in
b
etw

een
,
i.e.

co
n
s
i
∩
{
u
}
×

E
v
s
( E

,D

)
=

∅
,i
>

1
,

•
u
n
−

1
=
u

an
d
u

is
stab

le
o
n
ly

in
σ

0
an

d
σ
n
,
i.e.

σ
0 (u

)(sta
b
le

)
=
σ
n
(u

)(sta
b
le

)
=

1
an

d
σ
i (u

)(sta
b
le

)
=

0
for

0
<
i
<
n
,

L
et

0
=
k
1
<
k
2
<

···
<
k
N

=
n

b
e

th
e

m
axim

al
seq

u
en

ce
of

in
d
ices

su
ch

th
at
u
k

i
=
u

for
1
≤
i
≤
N

.
T

h
en

w
e

call
th

e
seq

u
en

ce

(σ
0 (u

)
=

)
σ
k
1 (u

),σ
k
2 (u

)
...,σ

k
N

(u
)

(=
σ
n
−

1 (u
))

a
(!)

ru
n
-to

-co
m

p
le

tio
n

co
m

p
u
ta

tio
n

of
u

(from
(lo

cal)
con

fi
gu

ration
σ

0 (u
)).
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D
ivergence

W
e

say,
ob

ject
u

ca
n

d
ive

rg
e

on
recep

tion
co

n
s

from
(lo

cal)
con

fi
gu

ration
σ

0 (u
)

if
an

d
on

ly
if

th
ere

is
an

in
fi
n
ite,

con
secu

tive
seq

u
en

ce

(σ
0 ,ε

0 )
(c

o
n
s
0
,S

n
d

0
)

−−
−
−
−
−
−
−→

(σ
1 ,ε

1 )
(c

o
n
s
1
,S

n
d

1
)

−−
−
−
−
−
−
−→

...

su
ch

th
at
u

d
o
esn

’t
b
ecom

e
stab

le
again

.

•
N

o
te

:
d
isap

p
earan

ce
of

ob
ject

n
ot

con
sid

ered
in

th
e

d
efi

n
ition

s.
B

y
th

e
cu

rren
t

d
efi

n
ition

s,
it’s

n
eith

er
d
ivergen

ce
n
or

an
R
T

C
-step

.
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R
u

n-to-C
om

pletio
n

Step:
D

iscussio
n.

W
h
at

p
eop

le
m

ay
d
islike

on
ou

r
d
efi

n
ition

of
R
T

C
-step

is
th

at
it

takes
a

g
lo

b
a
l

an
d

n
o
n
-co

m
p
o
sitio

n
a
l
view

.
T

h
at

is:

•
In

th
e

p
ro

jectio
n

o
n
to

a
sin

g
le

o
b
ject

w
e

still
se

e
th

e
eff

ect
o
f
in

teractio
n

w
ith

o
th

er
o
b
jects.

•
A

d
d
in

g
classes

(or
even

o
b
jects)

m
ay

ch
an

g
e

th
e

d
iverg

en
ce

b
eh

avio
u
r

o
f

existin
g

o
n
es.

•
C
o
m

p
o
sitio

n
al

w
o
u
ld

b
e:

th
e

b
eh

avio
u
r

o
f
a

set
o
f
o
b
jects

is
d
eterm

in
ed

b
y

th
e

b
eh

avio
u
r

o
f
each

o
b
ject

“
in

iso
latio

n
”
.

O
u
r
sem

an
tics

an
d

n
o
tio

n
o
f
R
T

C
-step

d
o
esn

’t
h
ave

th
is

(o
ften

d
esired

)
p
ro

p
erty.

C
an

w
e

give
(syn

tactical)
criteria

su
ch

th
at

an
y

glob
al

ru
n
-to-com

p
letion

step
is

an
in

terleavin
g

of
lo

cal
on

es?

M
ayb

e
:
S
trict

in
te

rfa
ce

s.
(P

ro
o
f
le

ft
a
s

e
x
e
rc

ise
...)

•
(A

):
R
efer

to
p
rivate

featu
res

o
n
ly

via
“
self”

.

(R
ecall

th
at

o
th

er
o
b
jects

o
f
th

e
sam

e
class

can
m

o
d
ify

p
rivate

attrib
u
tes.)

•
(B

):
L
et

o
b
jects

o
n
ly

co
m

m
u
n
icate

b
y

even
ts,

i.e.

d
o
n
’t

let
th

em
m

o
d
ify

each
o
th

er’s
lo

cal
state

via
lin

k
s

a
t

a
ll.
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T
he

M
issin

g
P

ie
ce:

InitialStates

R
e
ca

ll:
a

lab
elled

tran
sition

system
is

(S
,−→

,S
0 ).

W
e

h
a
ve

•
S

:
system

con
fi
gu

ration
s

(σ
,ε)

•
−→

:
lab

elled
tran

sition
relation

(σ
,ε)

(c
o
n
s
,S

n
d
)

−−
−
−
−
−
−→

u
(σ

′,ε
′).

W
a
n
te

d
:

in
itial

states
S

0 .

P
ro

p
o
sa

l:
R
eq

u
ire

a
(fi

n
ite)

set
of

o
b
je

ct
d
ia

g
ra

m
s
O
D

as
p
art

of
a

U
M

L
m

o
d
el

(CD

,SM

,OD

).

A
n
d

set

S
0

=
{(σ

,ε)
|
σ
∈
G

−
1(O

D
),O

D
∈ OD

,ε
em

p
ty}.

O
th

e
r

A
p
p
ro

a
ch

:
(u

sed
by

R
h
ap

so
d
y

to
ol)

m
u
ltip

licity
of

classes.
W

e
can

read
th

at
as

an
ab

breviation
for

an
ob

ject
d
iagram

.
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ofU

M
L

M
o

del—
S

o
Far

T
h
e

se
m

a
n
tics
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th

e
U

M
L

m
o
d
e
l

M
=

(CD
,SM

,OD
)

w
h
ere

•
so

m
e

classes
inCD

are
stereo

typ
ed

as
‘sig

n
al’

(stan
d
ard

),
so

m
e

sig
n
als

an
d

attrib
u
tes

are
stereo

typ
ed

as
‘extern

al’
(n

o
n
-stan

d
ard

),

•
th

ere
is

a
1
-to

-1
relatio

n
b
etw

een
classes

an
d

state
m

ach
in

es,

•OD

is
a

set
o
f
o
b
ject

d
iag

ram
s

o
verCD

,

is
th

e
tra

n
sitio

n
syste

m
(S
,−→

,S
0 )

con
stru

cted
on

th
e

previou
s

slid
e.

T
h
e

co
m

p
u
ta

tio
n
s

o
f
M

are
th

e
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p
u
tation

s
of

(S
,−→
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O
C

L
C

o
nstraints

a
n

d
B

eh
avio

ur

•
L
et

M
=

(CD

,SM

,OD

)
b
e

a
U

M
L

m
o
d
el.

•
W

e
call

M
co

n
siste

n
t

iff
,
for

each
O

C
L

con
strain

t
ex

p
r
∈

In
v(CD

),

σ
|=

ex
p
r

for
each

“reason
ab

le
p
oin

t”
(σ
,ε)

of
com

p
u
tation

s
of

M
.

(C
f.

exercises
an

d
tu

torial
for

d
iscu

ssio
n

o
f
“
reaso

n
ab

le
p
o
in

t”
.)

N
o
te

:
w
e

cou
ld

d
efi

n
e

In
v(SM

)
sim

ilar
to

In
v(CD

).

P
ra

g
m

a
tics:

•
In

U
M

L
-a

s-b
lu

e
p
rin

t
m

o
d
e
,
ifSM

d
o
esn

’t
exist

yet,
th

en
M

=
(CD

,∅
,OD

)
is

typ
ically

ask
in

g
th

e
d
evelo

p
er

to
p
ro

vid
e SM

su
ch

th
at

M
′
=

(CD

,SM

,OD

)
is

co
n
sisten

t.

If
th

e
d
evelo

p
er

m
akes

a
m

istake,
th

en
M

′
is

in
co

n
sisten

t.

•
N

o
t
co

m
m

o
n
:

ifSM

is
g
iven

,
th

en
co

n
strain

ts
are

also
co

n
sid

ered
w

h
en

ch
o
o
s-

in
g

tran
sitio

n
s

in
th

e
R
T

C
-alg

orith
m

.
In

o
th

er
w
ord

s:
even

in
p
resen

ce
o
f

m
is-

takes,
th

e SM

n
ever

m
o
ve

to
in

co
n
sisten

t
co

n
fi
g
u
ratio

n
s.
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U
M

L
State-M

achines:
W

h
atd

o
w

e
h

ave
to

cover?

[ 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 

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.

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
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ish

ed
en

try
an

d
d
o

actio
n

o
f
cu

rren
t

state
(h

ere:
s
2 )

—
th

e
state

is
th

en
called

co
m

p
le

te
d

—
,

(v)
raise

a
co

m
p
le

tio
n

e
ve

n
t

—
w

ith
strict

p
riority

o
ver

even
ts

fro
m

eth
er!
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a
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T
ran

sition
s

w
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ou
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trigger
can

co
n
ce

p
tio

n
a
lly

b
e

view
ed

as
b
ein

g
sen

sitive
for

th
e

“com
p
letion

even
t”.

•
D

isp
atch

in
g

(h
ere:

E
)
ca

n
th

e
n

a
lte

rn
a
tive

ly
b
e

vie
w
e
d

as

(i)
fetch

even
t

(h
ere:

E
)

fro
m

th
e

eth
er,

(ii)
take

an
en

ab
led

tran
sitio

n
(h

ere:
to
s
2 ),

(iii)
rem

o
ve

even
t

fro
m

th
e

eth
er,

(iv)
after

h
avin

g
fi
n
ish

ed
en

try
an

d
d
o

actio
n

o
f
cu

rren
t

state
(h

ere:
s
2 )

—
th

e
state

is
th

en
called

co
m

p
le

te
d

—
,

(v)
raise

a
co

m
p
le

tio
n

e
ve

n
t

—
w

ith
strict

p
riority

o
ver

even
ts

fro
m

eth
er!

(vi)
if

th
ere

is
a

tran
sitio

n
en

ab
led

w
h
ich

is
sen

sitive
for

th
e

co
m

p
letio

n
even

t,
•

th
en

take
it

(h
ere:

(s
2 ,s

3 )).
•

o
th

erw
ise

b
eco

m
e

stab
le.
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ject
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n
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state
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n
),

an
d

•
all

sib
lin

g
region

s
are

in
a

fi
n
al

state,

th
en

(con
cep

tion
ally)

a
com

p
letion

even
t

for
th

e
cu

rren
t

com
p
osite

state
s

is
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p
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com
p
osite

state
s

is
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•
If

th
ere

is
a

tran
sition

of
a

p
are

n
t

sta
te

(i.e.,
in

verse
of

ch
ild

)
of
s

en
ab

led
w

h
ich

is
sen

sitive
for

th
e

com
p
letion

even
t,

•
th

en
take

th
at

tran
sition

,

•
oth

erw
ise

kill
u

 
ad

ju
st

(2.)
an

d
(3.)

in
th

e
sem

an
tics

accord
in

gly

– 14 – 2012-12-19 – Sinitfin –

2
7

/
6
6

F
in

alStates

s
a
n
n
o
t

•
If•

a
step

of
ob

ject
u

m
oves

u
in

to
a

fi
n
al

state
(s,fi

n
),

an
d

•
all

sib
lin

g
region

s
are

in
a

fi
n
al

state,

th
en

(con
cep

tion
ally)

a
com

p
letion

even
t

for
th

e
cu

rren
t

com
p
osite

state
s

is
raised

.

•
If

th
ere

is
a

tran
sition

of
a

p
are

n
t

sta
te

(i.e.,
in

verse
of

ch
ild

)
of
s

en
ab

led
w

h
ich

is
sen

sitive
for

th
e

com
p
letion

even
t,

•
th

en
take

th
at

tran
sition

,

•
oth

erw
ise

kill
u

 
ad

ju
st

(2.)
an

d
(3.)

in
th
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e

co
n
se

q
u
e
n
ce
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u

n
ever
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rvives
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in

g
a

state
(s,fi

n
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w
ith
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∈
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ild
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ever
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reach
in

g
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state
(s,fi

n
)

w
ith

s
∈

ch
ild

(to
p
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•
N

o
w

:
in

C
ore

S
tate

M
ach

in
es,

th
ere

is
n
o

p
aren

t
state.

•
L
a
te

r:
in

H
ierarch

ical
on

es,
th

ere
m

ay
b
e
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In

a
sen
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com

p
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states
are

ab
ou

t
a
b
b
re

via
tio

n
,
stru

ctu
rin

g
,
an

d
a
vo

id
in

g
re

d
u
n
d
a
n
cy.

•
Id

ea:
in

T
ron

,
for

th
e

P
layer’s

S
tatem

ach
in

e,
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stead
of

n

•
w

e

s

resign
ed

X
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X
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X
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X
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a
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F
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F
/

– 14 – 2012-12-19 – Shierstm –

3
0

/
6
6

C
om

p
osite

States

an
d

in
stead

of

n

f
a
stN

•

w
f
W

e

f
E

s

f
S

F
/

F
/

w
rite

•

n

•
w

e

s

•
slow

f
a
st F
/

F
/

– 14 – 2012-12-19 – Shierstm –

3
0

/
6
6

R
e

call:
Syntax

s

s
1

s
2

s
3

s
′1

s
′2

s
′3

tran
slates

to

({(to
p
,st),(s,st),(s

1 ,st)(s
′1 ,st)(s

2 ,st)(s
′2 ,st)(s

3 ,st)(s
′3 ,st)}

︸
︷
︷

︸

S
,k

in
d

,

{
to

p
7→

{s},s
7→

{{s
1 ,s

′1 },{s
2 ,s

′2 },{s
3 ,s

′3 }},s
1
7→

∅,s
′1
7→

∅,...}
︸

︷
︷

︸

re
g
io

n

,

→
,ψ
,a

n
n
o
t)
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Syntax:
Fork/Join

•
F
or

brevity,
w
e

alw
ays

con
sid

er
tran

sition
s

w
ith

(p
ossib

ly)
m

u
ltip

le
sou

rces
an

d
targets,

i.e.

ψ
:
(→

)
→

(2
S
\
∅)

×
(2
S
\
∅)

•
F
or

in
stan

ce,

s
1

s
2

s
3

s
4

s
5

s
6

tr
[gd

]/
a
ct

tran
slates

to

(S
,kin

d
,regio

n
,{t

1 }
︸
︷
︷
︸

→

,{t
1
7→

({s
2 ,s

3 },{s
5 ,s

6 })}
︸

︷
︷

︸

ψ

,{t
1
7→

(tr
,gd

,a
ct)}

︸
︷
︷

︸

a
n
n
o
t

)

•
N

am
in

g
con

ven
tion

:
ψ

(t)
=

(so
u
rce

(t),ta
rget(t)).
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om
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B

lessin
g

or
C

urse?

•

•

s
1

s
2

•

s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/

•
w

h
at

m
ay

h
ap

p
en

on
E

?

•
w

h
at

m
ay

h
ap

p
en

on
E

,
F

?

•
can

E
,
G

kill
th

e
ob

ject?

•
...
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or
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urse?
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s
1

s
2

•

s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/

•
w

h
at

m
ay

h
ap

p
en

on
E

?

•
w

h
at

m
ay

h
ap

p
en

on
E

,
F

?

•
can

E
,
G

kill
th

e
ob

ject?

•
...

S
ta

te
s:

•
w

h
at

are
le

g
a
l
sta

te
co

n
fi
g
u
ra

tio
n
s?

•
w

h
at

is
th

e
typ

e
of

th
e

im
p
licit

st
attrib

u
te?

T
ra

n
sitio

n
s:

•
w

h
at

are
le

g
a
l

tran
sition

s?

•
w

h
en

is
a

tran
sition

en
ab

led
?

•
w

h
at

eff
ects

d
o

tran
si-

tion
s

h
ave?
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State
C

o
n

fig
uratio

n

•
T

h
e

typ
e

of
st

is
from

n
ow

on
a

se
t

o
f

states,
i.e.

st
:
2
S

•
A

set
S

1
⊆
S

is
called

(le
g
a
l)

sta
te

co
n
fi
g
u
ra

tio
n
s

if
an

d
on

ly
if

•
to

p
∈
S

1 ,
an

d

•
w

ith
each

state
s
∈
S

1
th

at
h
as

a
n
o
n
-em

p
ty

reg
io

n
∅
6=
R

∈
reg

io
n
(s),

exactly
o
n
e

(n
o
n

p
seu

d
o
-state)

ch
ild

o
f
s

is
in
S

1 ,
i.e.

|{
s
∈
R

|
k
in

d
(s)

∈
{
st,fi

n
}
}
∩
S

1 |
=

1
.
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in
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|{
s
∈
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|
k
in

d
(s)

∈
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st,fi
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∩
S

1 |
=

1
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•
E
xa

m
p
le

s:
s

s
1

s
2

s
3

s

s
1

s
2

s
3

s
′1

s
′2

s
′3

s

s
1

s
2

s
3

s

s
1

s
2

s
3

s
′1

s
′2

s
′3
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A
PartialO
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T
h
e

su
b
state-

(or
ch

ild
-)

relation
in

d
u
ce

s
a

p
artia

l
o
rd

e
r

o
n

sta
te

s:

•
to

p
≤
s,

for
all
s
∈
S

,

•
s
≤
s
′,

for
all
s
′
∈

ch
ild

(s),

•
tran

sitive,
refl

exive,
an

tisym
m

etric,

•
s
′
≤
s

an
d
s
′
′
≤
s

im
p
lies

s
′
≤
s
′
′
or
s
′
′
≤
s
′.
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≤
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≤
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s
1

s
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s
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s
′
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s
′2

s
′3

s
′
′
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s
′
′

2
s
′
′

3
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L
eastC

om
m

o
n

A
ncestor

a
n

d
Tin

g

•
T

h
e

le
a
st

co
m

m
o
n

a
n
ce

sto
r

is
th

e
fu

n
ction

lca
:
2
S
→
S

su
ch

th
at

•
T

h
e

states
in
S

1
are

(tran
sitive)

ch
ild

ren
of

lca
(S

1 ),
i.e.

lca
(S

1 )
≤
s,

for
alls

∈
S

1
⊆
S
,

•
lca

(S
1 )

is
m

in
im

al,
i.e.

if
ŝ
≤
s

for
all
s
∈
S

1 ,
th

en
ŝ
≤

lca
(S

1 )

•
N

o
te

:
lca

(S
1 )

exists
for

all
S

1
⊆
S

(last
can

d
id

ate:
to

p
).
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L
eastC

om
m

o
n

A
ncestor

a
n

d
Tin

g

•
T

w
o

states
s
1 ,s

2
∈
S

are
called

o
rth

o
g
o
n
a
l,

d
en

oted
s
1
⊥
s
2 ,

if
an

d
on

ly
if

•
th

ey
are

u
n
ord

ered
,
i.e.

s
1
6≤
s
2

an
d
s
2
6≤
s
1 ,

an
d

•
th

ey
live

in
d
iff

eren
t

region
s

of
an

A
N

D
-state,

i.e.

∃
s,reg

io
n
(s)

=
{
S

1 ,...,S
n
}
,1

≤
i
6=
j
≤
n

:
s
1
∈

c
h
ild

(S
i )
∧
s
2
∈

c
h
ild

(S
j ),
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b
le

d
in

an
ob

ject
u

if
an

d
on

ly
if

•
T

is
con

sisten
t,

•
T

is
m

axim
al

w
rt.

priority,

•
all

tran
sition

s
in
T

sh
are

th
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∈
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∈
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e
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p
ty

set
o
f

trig
g
er/

actio
n

p
airs

called
in

te
rn

a
l
tra

n
sitio

n
s,

(d
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