
– 18 – 2015-01-22 – 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
8
:

H
iera

rch
ica

l
S
ta

te
M

a
ch

in
es

II

2
0

1
5

-0
1

-2
2

P
ro
f.
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

C
o
n
ten

ts
&

G
o
a
ls

– 18 – 2015-01-22 – Sprelim –

2
/
3
0

L
a
st

L
e
c
tu
re
:

•
H
ierarch

ical
S
tate

M
ach

in
e
S
yn
tax

•
E
n
try/E

xit
A
ction

s

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
fo
llow

in
g
tasks/

q
u
estio

n
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

you
p
lease

m
o
d
el

th
e
follow

in
g
b
eh
aviou

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:

•
In
itial

an
d
F
in
al

S
tate

•
C
om

p
osite

S
tate

S
em

an
tics

•
T
h
e
R
est

In
itia

l
P

seu
d

o
sta

tes
a

n
d

F
in

a
l

S
ta

tes

– 18 – 2015-01-22 – main –

3
/
3
0

In
itia

l
P

seu
d
o
sta

te

– 18 – 2015-01-22 – Sinitfin –

4
/
3
0

•

s
0

s

s
1

s
2

s
3

/
a
c
t
1

a
n
n
o
t

•/
a
c
t
2

P
rin

c
ip
le
:

•
w
h
en

en
terin

g
a
reg

io
n
w
ith

o
u
t
a
sp
ecifi

c
d
estin

atio
n
state,

•
th
en

g
o
to

a
state

w
h
ich

is
d
estin

atio
n
o
f
an

in
itiatio

n
tran

sitio
n
,

•
execu

te
th
e
actio

n
o
f
th
e
ch
o
sen

in
itiatio

n
tran

sitio
n
s
b
e
tw

e
e
n
exit

an
d

en
try

actio
n
s.

S
p
e
c
ia
l
c
a
se
:
th
e
reg

io
n
o
f
to
p
.

•
If
class

C
h
as

a
state-m

ach
in
e,

th
en

“create-C
tran

sform
er”

is
th
e
con

caten
ation

of

•
th
e
tran

sform
er

of
th
e
“con

stru
ctor”

of
C

(h
ere

n
ot

in
tro

d
u
ced

exp
licitly)

an
d

•
a
tran

sform
er

corresp
on

d
in
g
to

on
e
in
itiation

tran
sition

o
f
th
e
top

region
.

T
o
w

a
rd

s
F

in
a
l

S
ta

tes:
C

o
m

p
letio

n
o
f

S
ta

tes

– 18 – 2015-01-22 – Sinitfin –

5
/
3
0

s
1

s
2

s
3

E
/
a
c
t
1

/
a
c
t
2

•
T
ran

sitio
n
s
w
ith

o
u
t
trig

g
er

can
c
o
n
c
e
p
tio

n
a
lly

b
e
view

ed
as

b
ein

g
sen

sitive
for

th
e
“
co
m
p
letio

n
even

t”
.

•
D
isp

atch
in
g
(h
ere:

E
)
c
a
n
th
e
n
a
lte

rn
a
tiv

e
ly

b
e
v
ie
w
e
d
as

(i)
fetch

even
t
(h
ere:

E
)
from

th
e
eth

er,

(ii)
take

an
en
ab
led

tran
sition

(h
ere:

to
s
2 ),

(iii)
rem

ove
even

t
from

th
e
eth

er,

(iv)
after

h
avin

g
fi
n
ish

ed
en
try

an
d
d
o
action

of
cu
rren

t
state

(h
ere:

s
2 )

—
th
e

state
is
th
en

called
c
o
m
p
le
te
d
—
,

(v)
raise

a
c
o
m
p
le
tio

n
e
v
e
n
t
—

w
ith

strict
priority

over
even

ts
from

eth
er!

(vi)
if
th
ere

is
a
tran

sition
en
ab
led

w
h
ich

is
sen

sitive
for

th
e
com

p
letion

even
t,

•
th
en

take
it
(h
ere:

(s
2 ,s

3 )).

•
oth

erw
ise

b
ecom

e
stab

le.

F
in

a
l

S
ta

tes

– 18 – 2015-01-22 – Sinitfin –

6
/
3
0

s
a
n
n
o
t

•
If•

a
step

o
f
o
b
ject

u
m
o
ves

u
in
to

a
fi
n
al

state
(s,fi

n
),
an
d

•
all

sib
lin
g
reg

io
n
s
are

in
a
fi
n
al

state,

th
en

(co
n
cep

tio
n
ally)

a
co
m
p
letio

n
even

t
for

th
e
cu
rren

t
co
m
p
o
site

state
s

is
raised

.

•
If
th
ere

is
a
tran

sitio
n
o
f
a
p
a
re
n
t
sta

te
(i.e.,

in
verse

o
f
c
h
ild

)
o
f
s
en
ab
led

w
h
ich

is
sen

sitive
for

th
e
co
m
p
letio

n
even

t,

•
th
en

take
th
at

tran
sitio

n
,

•
o
th
erw

ise
kill

u

 
ad
ju
st

(2
.)
an
d
(3
.)

in
th
e
sem

an
tics

accord
in
g
ly

•
O
n
e
c
o
n
se
q
u
e
n
c
e
:

u
n
ever

“
su
rvives”

reach
in
g
a
state

(s,fi
n
)
w
ith

s
∈
c
h
ild

(to
p
).



C
o

m
p

o
site

S
ta

tes

(fo
rm

a
lisa

tio
n

fo
llo

w
s

[D
a
m

m
e
t

a
l.,

2
0
0
3
])

– 18 – 2015-01-22 – main –

7
/
3
0

C
o
m

p
o
site

S
ta

tes

– 18 – 2015-01-22 – Shierstm –

8
/
3
0

•
In

a
sen

se,
co
m
p
o
site

states
are

ab
o
u
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
ro
n
,
for

th
e
P
layer’s

S
tatem

ach
in
e,

in
stead

o
f

n

•
w

e

s

re
sig

n
ed

X
/

X
/

X
/

X
/

w
rite

•

n

•
w

e

s

re
sig

n
ed X
/

C
o
m

p
o
site

S
ta

tes

– 18 – 2015-01-22 – Shierstm –

9
/
3
0

an
d
in
stead

o
f

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
/

R
eca

ll:
S
yn

ta
x

– 18 – 2015-01-22 – Shierstm –

1
0
/
3
0

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→

∅
,...}

︸
︷
︷

︸

reg
io
n

,

→
,ψ
,a
n
n
o
t)

S
yn

ta
x:

F
o
rk/Jo

in

– 18 – 2015-01-22 – Shierstm –

1
1
/
3
0

•
F
or

brevity,
w
e
alw

ays
co
n
sid

er
tran

sitio
n
s
w
ith

(p
o
ssib

ly)
m
u
ltip

le
so
u
rces

an
d
targ

ets,
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
co
n
ven

tio
n
:
ψ
(t)

=
(so

u
rce

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



C
o
m

p
o
site

S
ta

tes:
B

lessin
g

o
r

C
u
rse?

– 18 – 2015-01-22 – Shierstm –

1
2
/
3
0

•

•
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

o
n
E
?

•
w
h
at

m
ay

h
ap
p
en

o
n
E
,
F
?

•
can

E
,
G

kill
th
e
o
b
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
o
f
th
e

im
p
licit

st
attrib

u
te?

T
ra
n
sitio

n
s:

•
w
h
at

are
le
g
a
l
tran

si-
tio

n
s?

•
w
h
en

is
a
tran

sitio
n
en
-

ab
led

?

•
w
h
at

eff
ects

d
o
tran

si-
tio

n
s
h
ave?

S
ta

te
C

o
n
fi
g
u
ra

tio
n

– 18 – 2015-01-22 – Shierstm –

1
3
/
3
0

•
T
h
e
typ

e
o
f
st

is
fro

m
n
ow

o
n
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
o
n
ly

if

•
to
p
∈
S
1 ,

an
d

•
for

each
state

s
∈
S
1 ,

for
each

n
on

-em
p
ty

region
∅
6=
R

∈
reg

io
n
(s),

exactly
on

e
(n
on

p
seu

d
o-state)

ch
ild

of
s
(from

R
)
is
in
S
1 ,

i.e.

|{s
0
∈
R

|
k
in
d
(s

0 )
∈
{st,fi

n
}}

∩
S
1 |
=

1.

•
E
x
a
m
p
le
s:

s

s
1

s
2

s
3

S
ta

te
C

o
n
fi
g
u
ra

tio
n

– 18 – 2015-01-22 – Shierstm –

1
3
/
3
0

•
T
h
e
typ

e
o
f
st

is
fro

m
n
ow

o
n
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
o
n
ly

if

•
to
p
∈
S
1 ,

an
d

•
for

each
state

s
∈
S
1 ,

for
each

n
on

-em
p
ty

region
∅
6=
R

∈
reg

io
n
(s),

exactly
on

e
(n
on

p
seu

d
o-state)

ch
ild

of
s
(from

R
)
is
in
S
1 ,

i.e.

|{s
0
∈
R

|
k
in
d
(s

0 )
∈
{st,fi

n
}}

∩
S
1 |
=

1.

•
E
x
a
m
p
le
s:

s

s
1

s
2

s
3

s
′1

s
′2

s
′3

A
P

a
rtia

l
O

rd
er

o
n

S
ta

tes

– 18 – 2015-01-22 – Shierstm –

1
4
/
3
0

T
h
e
su
b
state-

(or
c
h
ild

-)
relatio

n
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

L
ea

st
C

o
m

m
o
n

A
n
cesto

r
a
n
d

T
in

g

– 18 – 2015-01-22 – Shierstm –

1
5
/
3
0

•
T
h
e
le
a
st

c
o
m
m
o
n
a
n
c
e
sto

r
is
th
e
fu
n
ctio

n
lca

:
2
S
\
{∅}

→
S

su
ch

th
at

•
T
h
e
states

in
S
1
are

(tran
sitive)

ch
ild
ren

o
f
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
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