
– 15 – 2017-01-10 – main –

S
o
ftw

a
re

D
esig

n
,

M
o
d
ellin

g
a
n
d

A
n
a
lysis

in
U

M
L

L
ectu

re
1
5
:

H
iera

rch
ica

l
S
ta

te
M

a
ch

in
es

II

2
0
1
7
-0

1
-1

0

P
ro

f.D
r.A

n
d

re
as

P
o

d
e

lski,D
r.B

e
rn

d
W

e
stp

h
al

A
lb

e
rt-Lu

d
w

igs-U
n

ive
rsität

Fre
ib

u
rg,G

e
rm

an
y

C
o

n
ten

t

– 15 – 2017-01-10 – Scontent –

2
/

3
5

•
H

ie
rarch

icalS
tate

M
ach

in
e

s

•
R

e
call:

•
A

b
stract

S
y

n
tax:S

tate
s

•
(Le

g
al)

S
y

ste
m

C
o

n
fig

u
ratio

n
s

•
A

b
stract

S
y

n
tax:Tran

sitio
n

s

•
o

rth
o

go
n

alstate
s,

•
le

galtran
sitio

n
s

•
E

n
ab

le
d

n
e

ss
o

f
Fo

rk/
Jo

in
Tran

sitio
n

s

•
le

ast
co

m
m

o
n

an
ce

sto
r,

•
sco

p
e

,

•
p

rio
rity

an
d

d
e

p
th

,

•
m

axim
ality

•
Tran

sitio
n

s
(o

r
ste

p
s)

o
f

H
ie

rarch
icalS

tate
M

ach
in

e
s

R
eca

ll

– 15 – 2017-01-10 – main –

3
/

3
5

– 15 – 2017-01-10 – main –

4
/

3
5

B
lessin

g
o
r

C
u
rse...?

– 14 – 2016-12-22 – Shiersyn –

18
/

4
2

•

•
s
1

s
2

•
s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/

Fo
r

e
xam

p
le

:
Fro

m
s
1
,
s
5

,

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E

?

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E
,
F

?

•
can

E
,
G

killth
e

o
b

je
ct?

•
...

P
la

n
:

S
tate

s
/

S
y

n
tax:

•
W

h
at

is
th

e
ab

stract
sy

n
tax

o
f

a
d

iagram
?

S
tate

s
/

S
e

m
an

tics:

•
w

h
at

is
th

e
ty

p
e

o
f

th
e

im
p

licit
st

attrib
u

te?

•
w

h
at

are
le

g
alsy

ste
m

co
n

fig
u

ratio
n

s ?

Tran
sitio

n
s

/
S

y
n

tax:

•
w

h
at

are
le

g
al/

w
e

ll-fo
rm

e
d

tran
sitio

n
s?

Tran
sitio

n
s

/
S

e
m

an
tics:

•
w

h
e

n
is

a
le

galtran
sitio

n
e

n
ab

le
d

?

•
w

h
ich

e
ffe

cts
d

o
tran

sitio
n

s
h

ave?

– 15 – 2017-01-10 – main –

5
/

3
5

R
ep

resen
tin

g
A

ll
K

in
d

s
o
f

S
ta

tes

– 14 – 2016-12-22 – Shiersyn –

19
/

4
2

•
S

o
far:

(S
,s

0 ,
�

),
s
0
�
S
,

�
�

S
×
(
E
�
{_

}
)
×

E
x
p
r

S
×

A
ct

S
×

S

•
Fro

m
n

o
w

o
n

:(h
ie

rarch
ical)state

m
a

ch
in

e
s

(S
,kin

d
,regio

n
,
�

,�
,a
n
n
o
t)

w
h

e
re

•
S
�

{
to
p
}

is
a

fin
ite

se
t

o
f

state
s

(n
e

w
:
to
p

),

•
k
in
d
:
S
�

{
st,in

it,fin
,sh

ist,d
h

ist,fo
rk,jo

in
,jun

c,ch
o

i,en
t,exi,term

}

is
a

fu
n

ctio
n

w
h

ich
lab

e
ls

state
s

w
ith

th
e

ir
kin

d
,

(n
e

w
)

•
reg

io
n
:
S
�

2
2
S

is
a

fu
n

ctio
n

w
h

ich
ch

aracte
rise

s
th

e
re

g
io

n
s

o
f

a
state

,
(n

e
w

)

•
�

is
a

se
t

o
f

tran
sitio

n
s,

(ch
an

ge
d

)

•
�
:
(�

)
�

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
c
t
S

p
ro

vid
e

s
an

an
n

o
tatio

n
fo

r
e

ach
tran

sitio
n

.
(n

e
w

)

(s
0

is
th

e
n

re
d

u
n

d
an

t
—

re
p

lace
d

b
y

p
ro

p
e

r
state

(!)
o

f
kin

d
‘in

it’.)

– 15 – 2017-01-10 – main –

6
/

3
5

F
ro

m
U

M
L

to
H

iera
rch

ica
l

S
ta

te
M

a
ch

in
e:

B
y

E
xa

m
p
le

– 14 – 2016-12-22 – Shiersyn –

2
2

/
4

2

•

s

...d
e

n
o

te
s
(S

,kin
d
,regio

n
,
�

,�
,a
n
n
o
t)

w
ith

•
S
=

{
to
p
,s

1 ,s,s
2 }

•
kin

d
=

{
to
p
7�

st,s
1
7�

in
it,s

7�
st,s

2
7�

fin
}

•
o

r
(S

,kin
d
)
=

{(to
p
,st),(s

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

2 ,fin
)}

•
regio

n
=

{
to
p
7�

{{s
1 ,s,s

2 }},s
1
7�

�
,s

7�
�

,s
2
7�

�
}

•
�

,�
,a
n
n
o
t:in

a
m

in
u

te
.



– 15 – 2017-01-10 – main –

7
/

3
5

R
eca

ll

– 14 – 2016-12-22 – Shiersyn –

2
3

/
4

2

•

•
s
1

s
2

•
s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/

Fo
r

e
xam

p
le

:
Fro

m
s
1
,
s
5

,

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E

?

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E
,
F

?

•
can

E
,
G

killth
e

o
b

je
ct?

•
...

P
la

n
:

S
tate

s
/

S
y

n
tax:

•
W

h
at

is
th

e
ab

stract
sy

n
tax

o
f

a
d

iagram
?

S
tate

s
/

S
e

m
an

tics:

•
w

h
at

is
th

e
ty

p
e

o
f

th
e

im
p

licit
st

attrib
u

te?

•
w

h
at

are
le

g
alsy

ste
m

co
n

fig
u

ratio
n

s ?

Tran
sitio

n
s

/
S

y
n

tax:

•
w

h
at

are
le

g
al/

w
e

ll-fo
rm

e
d

tran
sitio

n
s?

Tran
sitio

n
s

/
S

e
m

an
tics:

•
w

h
e

n
is

a
le

galtran
sitio

n
e

n
ab

le
d

?

•
w

h
ich

e
ffe

cts
d

o
tran

sitio
n

s
h

ave?

– 15 – 2017-01-10 – main –

8
/

3
5

S
em

a
n

tics:
S
ta

te
C

o
n
�

g
u

ra
tio

n

– 14 – 2016-12-22 – Shiersyn –

2
4

/
4

2

•
T

h
e

ty
p

e
o

f
(im

p
licit

attrib
u

te)
st

is
fro

m
n

o
w

o
n

a
se

t
o

f
state

s,i.e
.
D
(S

M
C
)
=

2
S

•
A

se
t
S
1
�

S
is

calle
d

(le
g

al)state
co

n
fig

u
ratio

n
if

an
d

o
n

ly
if

•
to
p
�
S
1 ,an

d

•
fo

r
e

ach
re

gio
n
R

o
f

a
state

in
S
1 ,

e
xactly

o
n

e
(n

o
n

p
se

u
d

o
-state)e

le
m

e
n

t
o

f
R

is
in
S
1 ,i.e

.

�
s
�
S
1
�
R

�
reg

io
n
(s)

•
|{
s
�
R

|
k
in
d
(s)

�
{

st,fin
}
}
�
S
1 |

=
1
.

•
E

xa
m

p
le

s:s
0

s
1

s
2

s
3

s
4

s
5

s
6

s
8

s
1
0

s
7

s
9

s
1
1

– 15 – 2017-01-10 – main –

9
/

3
5

R
eca

ll

– 14 – 2016-12-22 – Shierstm –

2
5

/
4

2

•

•
s
1

s
2

•
s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/

Fo
r

e
xam

p
le

:
Fro

m
s
1
,
s
5

,

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E

?

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E
,
F

?

•
can

E
,
G

killth
e

o
b

je
ct?

•
...

P
la

n
:

S
tate

s
/

S
y

n
tax:

•
W

h
at

is
th

e
ab

stract
sy

n
tax

o
f

a
d

iagram
?

S
tate

s
/

S
e

m
an

tics:

•
w

h
at

is
th

e
ty

p
e

o
f

th
e

im
p

licit
st

attrib
u

te?

•
w

h
at

are
le

g
alsy

ste
m

co
n

fig
u

ratio
n

s ?

Tran
sitio

n
s

/
S

y
n

tax:

•
w

h
at

are
le

g
al/

w
e

ll-fo
rm

e
d

tran
sitio

n
s?

Tran
sitio

n
s

/
S

e
m

an
tics:

•
w

h
e

n
is

a
le

galtran
sitio

n
e

n
ab

le
d

?

•
w

h
ich

e
ffe

cts
d

o
tran

sitio
n

s
h

ave?

– 15 – 2017-01-10 – main –

10
/

3
5

B
lessin

g
o
r

C
u
rse...?

– 14 – 2016-12-22 – Shiersyn –

18
/

4
2

•

•
s
1

s
2

•
s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/

R
eca

ll

– 15 – 2017-01-10 – Shierstm –

11/
3

5

•

•

s
1

s
2

•

s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[t
r
u
e
]/

F
/

Fo
r

e
xam

p
le

:
Fro

m
s
1
,
s
5

,

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E

?

•
w

h
at

m
ay

h
ap

p
e

n
o

n
E
,
F

?

•
can

E
,
G

killth
e

o
b

je
ct?

•
...

P
lan

:

S
tate

s
/

S
y

n
tax:

•
W

h
at

is
th

e
ab

stract
sy

n
tax

o
f

a
d

iagram
?

S
tate

s
/

S
e

m
an

tics:

•
w

h
at

is
th

e
ty

p
e

o
f

th
e

im
p

licit
st

attrib
u

te?

•
w

h
at

are
le

g
alsy

ste
m

co
n

fig
u

ratio
n

s ?

Tran
sitio

n
s

/
S

y
n

tax:

•
w

h
at

are
le

g
al/

w
e

ll-fo
rm

e
d

tran
sitio

n
s?

Tran
sitio

n
s

/
S

e
m

an
tics:

•
w

h
e

n
is

a
le

galtran
sitio

n
e

n
ab

le
d

?

•
w

h
ich

e
ffe

cts
d

o
tran

sitio
n

s
h

ave?

T
ra

n
sitio

n
s

S
yn

ta
x:

F
o

rk/Jo
in

– 15 – 2017-01-10 – Shierstm –

12
/

3
5

•
Fo

r
sim

p
licity,w

e
co

n
sid

e
r

tran
sitio

n
s

w
ith

(p
o

ssib
ly)m

u
ltip

le
so

u
rce

s
an

d
targe

ts,i.e
.

ψ
:
(→

)
→

(2
S
\
∅
)
×

(2
S
\
∅
)

•
Fo

r
in

stan
ce

,

s
1

s
2

s
3

s
4

s
5

s
6

tr
[g
d
]/
a
c
t

tran
slate

s
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
co

n
ve

n
tio

n
:ψ

(t)
=

(so
u
rce

(t),
ta
rg
e
t(t)).



O
rth

o
g

o
n

a
l

S
ta

tes

– 15 – 2017-01-10 – Shierstm –

13
/

3
5

•
Tw

o
state

s
s
1 ,s

2
∈
S

are
calle

d
o

rth
o

go
n

al,d
e

n
o

te
d
s
1
⊥
s
2 ,if

an
d

o
n

ly
if

•
th

e
y

“live”
in

d
iffe

re
n

t
re

gio
n

s
o

f
o

n
e

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
1

s
2

s
3

s
4

s
5

s
6

s
8

s
1
0

s
7

s
9

s
1
1

L
eg

a
l

T
ra

n
sitio

n
s

– 15 – 2017-01-10 – Shierstm –

14
/

3
5

A
h

ie
rarch

icalstate
-m

ach
in

e
(S
,k
in
d
,
reg

io
n
,→

,ψ
,
a
n
n
o
t)

is
calle

d
w

e
ll-fo

rm
e

d
if

an
d

o
n

ly
if

fo
r

alltran
sitio

n
s
t
∈
→

,

•
so

u
rce

(an
d

d
e

stin
atio

n
)state

s
are

p
airw

ise
o

rth
o

go
n

al,i.e
.

•
∀
s,s

′
∈

so
u
rce

(t)
(∈

ta
rg
e
t(t))

•
s
⊥

s
′,

•
th

e
to

p
state

is
n

e
ith

e
r

so
u

rce
n

o
r

d
e

stin
atio

n
,i.e

.

•
to
p

/∈
so
u
rce

(t)
∪
so
u
rce

(t).

R
e

call:fin
alstate

s
are

n
o

t
so

u
rce

s
o

f
tran

sitio
n

s.

E
xam

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
/

P
la

n

– 15 – 2017-01-10 – Shierstm –

15
/

3
5

e
xam

p
le

sim
p

le
state

s
1

en
try/

a
c
t

en
try

1

d
o
/
a
c
t

d
o

1

exit/
a
c
t

exit
1

E
1 /
a
c
t
E

1

...
E
n
/
a
c
t
E

n

fin
alstate

co
m

p
o

site
state

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

e
xam

p
le

p
se

u
d

o
-state

in
itial

•

(sh
allo

w
)h

isto
ry

H

d
e

e
p

h
isto

ry
H
∗

fo
rk/

jo
in

,

ju
n

ctio
n

,ch
o

ice
•

,

e
n

try
p

o
in

t

e
xit

p
o

in
t

te
rm

in
ate

su
b

m
ach

in
e

state
S
:
s

•

•

s
1

s
2

•

s
3

s
8

s
4

•

s
5

s
6

E
/F
/

F
/

E
/

G
/

s
7

[tru
e
]/

F
/

•
Tran

sitio
n

s
in

vo
lvin

g
n

o
n

-p
se

u
d

o
state

s.

•
In

itialp
se

u
d

o
state

,fin
alstate

.

•
E

n
try/d

o
/e

xit
actio

n
s,in

te
rn

altran
sitio

n
s.

•
H

isto
ry

an
d

o
th

e
r

p
se

u
d

o
state

s,th
e

re
st.

S
co

p
e

– 15 – 2017-01-10 – Shierstm –

16
/

3
5

•
T

h
e

sco
p

e
(“se

t
o

f
p

o
ssib

ly
affe

cte
d

state
s”)o

f
a

tran
sitio

n
t

is
th

e
le

ast
co

m
m

o
n

re
g

io
n

o
f

so
u
rce

(t)
∪
ta
rg
e
t(t).

•
Tw

o
tran

sitio
n

s
t
1 ,t

2
are

calle
d

co
n

siste
n

t
if

an
d

o
n

ly
if

th
e

ir
sco

p
e

s
are

d
isjo

in
t.

A
P

a
rtia

l
O

rd
er

o
n

S
ta

tes

– 15 – 2017-01-10 – Shierstm –

17
/

3
5

T
h

e
su

b
state

-
(o

r
ch

ild
-)re

latio
n

in
d

u
ce

s
a

p
artial

o
rd

e
r

o
n

state
s:

•
to
p
≤
s,fo

r
alls

∈
S

,

•
s
≤
s
′,fo

r
alls

′
∈
c
h
ild

(s),

•
tran

sitive
,re

fle
xive

,an
tisy

m
m

e
tric,

•
s
′
≤
s

an
d
s
′
′
≤
s

im
p

lie
s
s
′
≤
s
′
′

o
r
s
′
′
≤
s
′.

A
P

a
rtia

l
O

rd
er

o
n

S
ta

tes

– 15 – 2017-01-10 – Shierstm –

17
/

3
5

T
h

e
su

b
state

-
(o

r
ch

ild
-)re

latio
n

in
d

u
ce

s
a

p
artial

o
rd

e
r

o
n

state
s:

•
to
p
≤
s,fo

r
alls

∈
S

,

•
s
≤
s
′,fo

r
alls

′
∈
c
h
ild

(s),

•
tran

sitive
,re

fle
xive

,an
tisy

m
m

e
tric,

•
s
′
≤
s

an
d
s
′
′
≤
s

im
p

lie
s
s
′
≤
s
′
′

o
r
s
′
′
≤
s
′.

s
1

s
2

s
3

s
4

s
5

s
6

s
8

s
1
0

s
7

s
9

s
1
1



L
ea

st
C

o
m

m
o

n
A

n
cesto

r

– 15 – 2017-01-10 – Shierstm –

18
/

3
5

•
T

h
e

le
ast

co
m

m
o

n
an

ce
sto

r
is

th
e

fu
n

ctio
n
lca

:
2
S
→
S

su
ch

th
at

•
T

h
e

state
s

in
S
1

are
(tran

sitive)ch
ild

re
n

o
f
lca

(S
1
),i.e

.

lca
(S

1
)
≤

s,fo
r

alls
∈

S
1
⊆

S
,

•
lca

(S
1
)

is
m

axim
al,i.e

.if
ŝ
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