
S
oftw

are
D

esig
n,M

o
dellin

g
a

n
dA

n
alysis

in
U

M
L

L
e

cture
1

7:
H

ierarchicalState
M

achines
II

2
0

1
4-0

1-2
0

P
rof.

D
r.

A
n
d
reas

P
o
d
elski,

D
r.

B
e
rn

d
W

e
stp

h
a
l

A
lb

ert-L
u
d
w

igs-U
n
iversität

F
reib

u
rg,

G
erm

an
y
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C
o

ntents
&

G
o

als

L
a
st

L
e
c
tu

re
:

•
S
tate

M
ach

in
es

an
d

O
C
L

•
H

ierarch
ical

S
tate

M
ach

in
es

S
yn

tax

•
In

itial
an

d
F
in

al
S
tate

T
h
is

L
e
c
tu

re
:

•
E
d
u
c
a
tio

n
a
l
O

b
je

c
tiv

e
s:

C
ap

ab
ilities

for
follow

in
g

tasks/q
u
estion

s.

•
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

d
o
es

th
is

h
ie

ra
rc

h
ic

a
l
S
tate

M
ach

in
e

m
ean

?
W

h
at

m
a
y

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:

•
C
o
m

p
o
site

S
tate

S
em

an
tics

•
T

h
e

R
est
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C
om

p
osite

States
(form

alisatio
n

follow
s

[D
am

m
etal.,2

0
0
3])
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/
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C
om

p
osite

States

•
In

a
sen

se,
com

p
osite

states
are

ab
ou

t
a
b
b
re

v
ia

tio
n
,
stru

c
tu

rin
g
,
an

d
a
v
o
id

in
g

re
d
u
n
d
a
n
c
y.

•
Id

ea:
in

T
ron

,
for

th
e

P
layer’s

S
tatem

ach
in

e,
in

stead
of

n

•
w

e

s

re
sig

n
ed

X
/

X
/

X
/

X
/

w
rite

•

n

•
w

e

s

re
sig

n
ed X

/
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4
/
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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

/
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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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C
om

p
osite

States:
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?

•
...

S
ta

te
s:

•
w

h
at

are
le

g
a
l
sta

te

c
o
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

c
o
n
fi
g
u
ra

tio
n
s

if
an

d
on

ly
if

•
to

p
∈

S
1 ,

an
d

•
for

each
state

s
∈

S
1 ,

for
each

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

(fro
m

R
)

is
in

S
1 ,

i.e.

|{
s
0
∈

R
|
k
in

d
(s

0 )
∈
{
st,fi

n
}
}
∩

S
1 |

=
1
.
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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
[g

d
]/

a
c
t

tran
slates

to

(S
,k

in
d
,reg

io
n
,{t

1 }
︸
︷
︷
︸

→

,{t
1
7→

({s
2 ,s

3 },{s
5 ,s

6 })}
︸

︷
︷

︸

ψ

,{t
1
7→

(tr
,g

d
,a

c
t)}

︸
︷
︷

︸

a
n
n
o
t

)

•
N

am
in

g
con

ven
tion

:
ψ

(t)
=

(so
u
rce

(t),ta
rg

e
t(t)).
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A
PartialO

rder
o

n
States

T
h
e

su
b
state-

(or
c
h
ild

-)
relation

in
d
u
c
e
s

a
p
a
rtia

l
o
rd

e
r

o
n

sta
te

s:

•
to

p
≤
s,

for
all
s
∈
S

,

•
s
≤
s
′,

for
all
s
′
∈

c
h
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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A
PartialO

rder
o

n
States

T
h
e

su
b
state-

(or
c
h
ild

-)
relation

in
d
u
c
e
s

a
p
a
rtia

l
o
rd

e
r

o
n

sta
te

s:

•
to

p
≤
s,

for
all
s
∈
S

,

•
s
≤
s
′,

for
all
s
′
∈

c
h
ild

(s),

•
tran

sitive,
refl

exive,
an

tisym
m

etric,

•
s
′
≤
s

an
d
s
′
′
≤
s

im
p
lies

s
′
≤
s
′
′
or
s
′
′
≤
s
′.

s

s
1

s
2

s
3

s
′

s
′1

s
′2

s
′3

s
′
′

1
s
′
′

2
s
′
′

3
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1
0
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L
eastC

om
m

o
n

A
ncestor

a
n

d
Tin

g

•
T

h
e

le
a
st

c
o
m

m
o
n

a
n
c
e
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
).

s

s
1

s
2

s
3

s
′

s
′1

s
′2

s
′3

s
′
′

1
s
′
′

2
s
′
′

3

– 17 – 2014-01-20 – Shierstm –

1
1

/
4
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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 ),

s

s
1

s
2

s
3

s
′

s
′1

s
′2

s
′3

s
′
′

1
s
′
′

2
s
′
′

3
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1
2

/
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4

L
eastC

om
m

o
n

A
ncestor

a
n

d
Tin

g

•
A

set
of

states
S

1
⊆
S

is
called

c
o
n
siste

n
t,

d
en

oted
by

↓
S

1 ,
if

an
d

on
ly

if
for

each
s,s

′
∈
S

1 ,

•
s
≤
s
′,

or

•
s
′
≤
s,

or

•
s
⊥
s
′.

s

s
1

s
2

s
3

s
′

s
′1

s
′2

s
′3

s
′
′

1
s
′
′

2
s
′
′

3
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3

/
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L
eg

alTra
nsitio

ns

A
h
iearch

ical
state-m

ach
in

e
(S
,k

in
d
,reg

io
n
,→

,ψ
,a

n
n
o
t)

is
called

w
e
ll-

fo
rm

e
d

if
an

d
on

ly
if

for
all

tran
sition

s
t
∈
→

,

(i)
so

u
rce

an
d

d
estin

atio
n

are
co

n
sisten

t,
i.e.

↓
so

u
rce

(t)
an

d
↓

ta
rg

e
t(t),

(ii)
so

u
rce

(an
d

d
estin

atio
n
)

states
are

p
airw

ise
orth

o
g
o
n
al,

i.e.

•
forall

s,s
′
∈

so
u
rce

(t)
(∈

ta
rg

e
t(t)),

s
⊥

s
′,

(iii)
th

e
to

p
state

is
n
eith

er
so

u
rce

n
or

d
estin

atio
n
,
i.e.

•
to

p
/∈

so
u
rce

(t)
∪

so
u
rce

(t).

•
R
ecall:

fi
n
al

states
are

n
ot

sou
rces

of
tran

sition
s.
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1
4

/
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4

L
eg

alTra
nsitio

ns

A
h
iearch

ical
state-m

ach
in

e
(S
,k

in
d
,reg

io
n
,→

,ψ
,a

n
n
o
t)

is
called

w
e
ll-

fo
rm

e
d

if
an

d
on

ly
if

for
all

tran
sition

s
t
∈
→

,

(i)
so

u
rce

an
d

d
estin

atio
n

are
co

n
sisten

t,
i.e.

↓
so

u
rce

(t)
an

d
↓

ta
rg

e
t(t),

(ii)
so

u
rce

(an
d

d
estin

atio
n
)

states
are

p
airw

ise
orth

o
g
o
n
al,

i.e.

•
forall

s,s
′
∈

so
u
rce

(t)
(∈

ta
rg

e
t(t)),

s
⊥

s
′,

(iii)
th

e
to

p
state

is
n
eith

er
so

u
rce

n
or

d
estin

atio
n
,
i.e.

•
to

p
/∈

so
u
rce

(t)
∪

so
u
rce

(t).

•
R
ecall:

fi
n
al

states
are

n
ot

sou
rces

of
tran

sition
s.

E
x
a
m

p
le

:

•

•

s
1

s
2

•

s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/
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T
he

D
epth

ofStates

•
d
e
p
th

(to
p
)
=

0,

•
d
e
p
th

(s
′)

=
d
e
p
th

(s)
+

1,
for

all
s
′
∈

c
h
ild

(s)

E
x
a
m

p
le

:

•

•

s
1

s
2

•

s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/
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E
n

a
bled

nessin
H

ierarchicalState-M
achines

•
T

h
e

sc
o
p
e

(“set
of

p
ossib

ly
aff

ected
states”)

of
a

tran
sition

t
is

th
e

le
a
st

c
o
m

m
o
n

re
g
io

n
of

so
u
rce

(t)
∪

ta
rg

e
t(t).

•
T

w
o

tran
sition

s
t
1 ,t

2
are

called
c
o
n
siste

n
t

if
an

d
on

ly
if

th
eir

scop
es

are
orth

ogon
al

(i.e.
states

in
scop

es
p
airw

ise
orth

ogon
al).

•
T

h
e

p
rio

rity
of

tran
sition

t
is

th
e

d
ep

th
of

its
in

n
erm

ost
sou

rce
state,

i.e.

p
rio

(t)
:=

m
ax

{
d
e
p
th

(s)
|
s
∈

so
u
rce

(t)}

•
A

set
of

tran
sition

s
T
⊆
→

is
e
n
a
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
e

sam
e

trigger,

•
all

gu
ard

s
are

satisfi
ed

by
σ
(u

),
an

d

•
for

all
t
∈
T

,
th

e
sou

rce
states

are
active,

i.e.

so
u
rce

(t)
⊆
σ
(u

)(st)
(⊆

S
).
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Tra
nsitio

ns
in

H
ierarchicalState-M

achines

•
L
et
T

b
e

a
set

of
tran

sition
s

en
ab

led
in
u
.

•
T

h
en

(σ
,ε)

(c
o
n
s
,S

n
d
)

−−
−
−
−
−
−→

(σ
′,ε

′)
if

•
σ
′(u

)(st)
con

sists
of

th
e

target
states

of
t,

i.e.
for

sim
p
le

states
th

e
sim

p
le

states
th

em
selves,

for
com

p
osite

states
th

e
in

itial
states,

•
σ
′,
ε
′,

co
n
s,

an
d

S
n
d

are
th

e
eff

ect
of

fi
rin

g
each

tran
sition

t
∈
T

o
n
e

b
y

o
n
e
,
in

a
n
y

o
rd

e
r,

i.e.
for

each
t
∈
T

,

•
th

e
exit

tran
sform

er
of

all
aff

ected
states,

h
igh

est
d
ep

th
fi
rst,

•
th

e
tran

sform
er

of
t,

•
th

e
en

try
tran

sform
er

of
all

aff
ected

states,
low

est
d
ep

th
fi
rst.

 
ad

ju
st

(2.),
(3.),

(5.)
accord

in
gly.
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E
ntry/D

o/E
xit

A
ctio

ns,Intern
alTra

nsitio
ns
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E
ntry/D

o/E
xit

A
ctio

ns
s
1

en
try/

a
c
t
e
n
try

1

d
o/

a
c
t
d
o

1

ex
it/

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

ex
it/

a
c
t
e
x
it

2

tr
[g

d
]/

a
c
t

•
In

gen
eral,

w
ith

each
state

s
∈
S

th
ere

is
asso

ciated

•
an

e
n
try,

a
d
o
,
an

d
an

e
x
it

actio
n

(d
efau

lt:
sk

ip
)

•
a

p
o
ssib

ly
em

p
ty

set
o
f

trig
g
er/

actio
n

p
airs

called
in

te
rn

a
l
tra

n
sitio

n
s,

(d
efau

lt:
em

p
ty).

E
1 ,...,E

n
∈ E

,
‘en

try’,
‘d

o
’,

‘exit’
are

reserved
n
am

es!

•
R
ecall:

each
action

’s
su

p
p
osed

to
h
ave
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