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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

– 19 – 2015-01-29 – Shierstm –

6
/
2
8

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
6
/
3
0

•
T
w
o
states

s
1 ,s

2
∈
S
are

called
o
rth

o
g
o
n
a
l,
d
en
o
ted

s
1
⊥
s
2 ,

if
an
d
o
n
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
reg

io
n
s
o
f
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



– 19 – 2015-01-29 – Shierstm –

7
/
2
8

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
7
/
3
0

•
A

set
o
f
states

S
1
⊆
S

is
called

c
o
n
siste

n
t,

d
en
o
ted

by
↓
S
1 ,

if
an
d
o
n
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

– 19 – 2015-01-29 – Shierstm –

8
/
2
8

L
eg

a
l

T
ra

n
sitio

n
s

– 18 – 2015-01-22 – Shierstm –

1
8
/
3
0

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
o
n
ly

if
for

all
tran

sitio
n
s
t
∈
→

,

(i)
sou

rce
an
d
d
estin

ation
are

con
sisten

t,
i.e.
↓
so
u
rce

(t)
an
d
↓
ta
rg
e
t(t),

(ii)
sou

rce
(an

d
d
estin

ation
)
states

are
p
airw

ise
orth

ogon
al,

i.e.

•
forall

s,s
′
∈
so
u
rce

(t)
(∈

ta
rg
e
t(t)),

s
⊥
s
′,

(iii)
th
e
top

state
is
n
eith

er
sou

rce
n
or

d
estin

ation
,
i.e.

•
to
p
/∈
so
u
rce

(t)
∪
so
u
rce

(t).

•
R
ecall:

fi
n
al

states
are

n
o
t
so
u
rces

o
f
tran

sitio
n
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
/

T
h
e

D
ep

th
o
f

S
ta

tes

– 19 – 2015-01-29 – Shierstm –

9
/
2
8

•
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
/

E
n
a
b
led

n
ess

in
H

iera
rch

ica
l

S
ta

te-M
a
ch

in
es

– 19 – 2015-01-29 – Shierstm –

1
0
/
2
8

•
T
h
e
sco

p
e
(“
set

o
f
p
o
ssib

ly
aff

ected
states”

)
o
f
a
tran

sitio
n
t
is
th
e
le
a
st

co
m
m
o
n
re
g
io
n
o
f

so
u
rce

(t)
∪
ta
rg
e
t(t).

•
T
w
o
tran

sitio
n
s
t1 ,t2

are
called

co
n
siste

n
t
if
an
d
o
n
ly

if
th
eir

sco
p
es

are
orth

o
g
o
n
al

(i.e.
states

in
sco

p
es

p
airw

ise
orth

o
g
o
n
al).

E
n
a
b
led

n
ess

in
H

iera
rch

ica
l

S
ta

te-M
a
ch

in
es

– 19 – 2015-01-29 – Shierstm –

1
0
/
2
8

•
T
h
e
sco

p
e
(“
set

o
f
p
o
ssib

ly
aff

ected
states”

)
o
f
a
tran

sitio
n
t
is
th
e
le
a
st

co
m
m
o
n
re
g
io
n
o
f

so
u
rce

(t)
∪
ta
rg
e
t(t).

•
T
w
o
tran

sitio
n
s
t1 ,t2

are
called

co
n
siste

n
t
if
an
d
o
n
ly

if
th
eir

sco
p
es

are
orth

o
g
o
n
al

(i.e.
states

in
sco

p
es

p
airw

ise
orth

o
g
o
n
al).

•
T
h
e
p
rio

rity
o
f
tran

sitio
n
t
is
th
e
d
ep
th

o
f
its

in
n
erm

o
st

so
u
rce

state,
i.e.

p
rio

(t)
:=

m
a
x
{
d
e
p
th
(s)
|
s
∈
so
u
rce

(t)}

•
A

set
o
f
tran

sitio
n
s
T
⊆
→

is
e
n
a
b
le
d
in

an
o
b
ject

u
if
an
d
o
n
ly

if

•
T

is
co
n
sisten

t,

•
T

is
m
axim

al
w
rt.

priority,

•
all

tran
sitio

n
s
in

T
sh
are

th
e
sam

e
trig

g
er,

•
all

g
u
ard

s
are

satisfi
ed

by
σ
(u
),
an
d

•
for

all
t
∈
T
,
th
e
so
u
rce

states
are

active,
i.e.

so
u
rce

(t)
⊆

σ
(u
)(st)

(⊆
S
).

T
ra

n
sitio

n
s

in
H

iera
rch

ica
l

S
ta

te-M
a
ch

in
es

– 19 – 2015-01-29 – Shierstm –

1
1
/
2
8

•
L
et

T
b
e
a
set

o
f
tran

sitio
n
s
en
ab
led

in
u
.

•
T
h
en

(σ
,ε)

(co
n
s
,S
n
d
)

−
−
−
−
−
−
→

(σ
′,ε

′)
if

•
σ
′(u

)(st)
co
n
sists

o
f
th
e
targ

et
states

o
f
t,

i.e.
for

sim
p
le

states
th
e
sim

p
le

states
th
em

selves,
for

co
m
p
o
site

states
th
e
in
itial

states,

•
σ
′,
ε
′,
co
n
s,

an
d
S
n
d
are

th
e
eff

ect
o
f
fi
rin

g
each

tran
sitio

n
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
o
f
all

aff
ected

states,
h
ig
h
est

d
ep
th

fi
rst,

•
th
e
tran

sform
er

o
f
t,

•
th
e
en
try

tran
sform

er
o
f
all

aff
ected

states,
low

est
d
ep
th

fi
rst.

 
ad
ju
st

(2
.),

(3
.),

(5
.)

accord
in
g
ly.



T
h

e
C

o
n

cep
t

o
f

H
isto

ry,
a

n
d

O
th

er
P

seu
d

o
-S

ta
tes

– 19 – 2015-01-29 – main –

1
2
/
2
8

H
isto

ry
a
n
d

D
eep

H
isto

ry:
B

y
E

xa
m

p
le

– 19 – 2015-01-29 – Shist –

1
3
/
2
8

su
sp

•
s
0

a
c
t

H
H

∗

•
s
1

s
2

s
3

s
b

•
s
4

s
5 E

/

B
/

C
/

D
/

F
/

R
s /

R
d /

A
/

S
/

R
s /

R
d /

W
h
at

h
ap
p
en
s
on

...

•
R

s ?
s
0 ,s

2

•
R

d ?
s
0 ,s

2

•
A
,B

,C
,S

,R
s ?

s
0 ,s

1 ,s
2 ,s

3 ,su
sp
,s

3

•
A
,B

,C
,S

,R
d ?

s
0 ,s

1 ,s
2 ,s

3 ,su
sp
,s

3

•
A
,B

,C
,D

,E
,S

,R
s ?

s
0 ,s

1 ,s
2 ,s

3 ,s
4 ,s

5 ,su
sp
,s

3

•
A
,B

,C
,D

,E
,S

,R
d ?

s
0 ,s

1 ,s
2 ,s

3 ,s
4 ,s

5 ,su
sp
,s

5

Ju
n
ctio

n
a
n
d

C
h
o
ice

– 19 – 2015-01-29 – Shist –

1
4
/
2
8

•
Ju
n
ctio

n
(“
sta

tic
co

n
d
itio

n
a
l
b
ra
n
ch

”
):

•
[gd

1 ]/
a
ct

1

[gd
2
]/
a
ct

2
•

g
o
o
d
:
ab
breviatio

n

•
u
n
fo
ld
s
to

so
m
an
y
sim

ilar
tran

sitio
n
s
w
ith

d
iff
eren

t
g
u
ard

s,
th
e
u
n
fo
ld
ed

tran
sitio

n
s
are

th
en

ch
ecked

for
en
ab
led

n
ess

•
at

b
est,

start
w
ith

trig
g
er,

bran
ch

in
to

co
n
d
itio

n
s,
th
en

ap
p
ly

actio
n
s

•
C
h
o
ice:

(“
d
y
n
a
m
ic

co
n
d
itio

n
a
l
b
ra
n
ch

”
)

N
o
te:

n
o
t
so

su
re

ab
o
u
t
n
am

in
g
an
d
sym

b
o
ls,

e.g
.,

I’d
g
u
e
sse

d
it
w
as

ju
st

th
e
o
th
er

w
ay

ro
u
n
d
...

;-)

Ju
n
ctio

n
a
n
d

C
h
o
ice

– 19 – 2015-01-29 – Shist –

1
4
/
2
8

•
Ju
n
ctio

n
(“
sta

tic
co

n
d
itio

n
a
l
b
ra
n
ch

”
):

•
[gd

1 ]/
a
ct

1

[gd
2
]/
a
ct

2
•

g
o
o
d
:
ab
breviatio

n

•
u
n
fo
ld
s
to

so
m
an
y
sim

ilar
tran

sitio
n
s
w
ith

d
iff
eren

t
g
u
ard

s,
th
e
u
n
fo
ld
ed

tran
sitio

n
s
are

th
en

ch
ecked

for
en
ab
led

n
ess

•
at

b
est,

start
w
ith

trig
g
er,

bran
ch

in
to

co
n
d
itio

n
s,
th
en

ap
p
ly

actio
n
s

•
C
h
o
ice:

(“
d
y
n
a
m
ic

co
n
d
itio

n
a
l
b
ra
n
ch

”
)

•
e
v
il:

m
ay

g
et

stu
ck

•
en
ters

th
e
tran

sitio
n
w
ith

o
u
t
k
n
o
w
in
g
w
h
eth

er
th
ere’s

an
en
ab
led

p
ath

•
at

b
est,

u
se

“
else”

an
d
co
n
vin

ce
yo
u
rself

th
at

it
can

n
o
t
g
et

stu
ck

•
m
ayb

e
even

b
etter:

a
v
o
id

N
o
te:

n
o
t
so

su
re

ab
o
u
t
n
am

in
g
an
d
sym

b
o
ls,

e.g
.,

I’d
g
u
e
sse

d
it
w
as

ju
st

th
e
o
th
er

w
ay

ro
u
n
d
...

;-)

E
n
try

a
n
d

E
xit

P
o
in

t,
S
u
b
m

a
ch

in
e

S
ta

te,
T
erm

in
a
te

– 19 – 2015-01-29 – Shist –

1
5
/
2
8

•
H
ierarch

ical
states

can
b
e
“
fo
ld
e
d
”
for

read
ab
ility.

(b
u
t:

th
is
can

also
h
in
d
er

read
ab
ility.)

•
C
an

even
b
e
taken

fro
m

a
d
iff
eren

t
state-m

ach
in
e
for

re-u
se.

S
:
s

E
n
try

a
n
d

E
xit

P
o
in

t,
S
u
b
m

a
ch

in
e

S
ta

te,
T
erm

in
a
te

– 19 – 2015-01-29 – Shist –

1
5
/
2
8

•
H
ierarch

ical
states

can
b
e
“
fo
ld
e
d
”
for

read
ab
ility.

(b
u
t:

th
is
can

also
h
in
d
er

read
ab
ility.)

•
C
an

even
b
e
taken

fro
m

a
d
iff
eren

t
state-m

ach
in
e
for

re-u
se.

S
:
s

•
E
n
try

/
e
x
it

p
o
in
ts

,

•
P
ro
vid

e
co
n
n
ectio

n
p
o
in
ts

for
fi
n
er

in
teg

ratio
n
in
to

th
e
cu
rren

t
level,

th
an

ju
st

via
in
itial

state.

•
S
em

an
tically

a
b
it
tricky:

•
F
irst

th
e
exit

action
of

th
e
exitin

g
state,

•
th
e
n
th
e
action

s
of

th
e
tran

sition
,

•
th
e
n
th
e
en
try

action
s
of

th
e
en
tered

state,

•
th
e
n
action

of
th
e
tran

sition
from

th
e
en
try

p
oin

t
to

an
in
tern

al
state,

•
an
d
th
e
n
th
at

in
tern

al
state’s

en
try

action
.

•
T
e
rm

in
a
te

P
se
u
d
o
-S
ta
te

•
W
h
en

a
term

in
ate

p
seu

d
o
-state

is
reach

ed
,

th
e
o
b
ject

takin
g
th
e
tran

sitio
n
is
im

m
ed
iately

killed
.



D
eferred

E
ven

ts
in

S
ta

te-M
a

ch
in

es

– 19 – 2015-01-29 – main –

1
6
/
2
8

D
eferred

E
ven

ts:
Id

ea

– 19 – 2015-01-29 – Sdefer –

1
7
/
2
8

F
or

ag
es,

U
M
L
state

m
ach

in
es

co
m
prises

th
e
featu

re
o
f
d
e
fe
rre

d
e
v
e
n
ts.

T
h
e
id
ea

is
as

fo
llow

s:

•
C
o
n
sid

er
th
e
fo
llow

in
g
state

m
ach

in
e:

s
1

s
2

s
3

E
/

F
/

•
A
ssu

m
e
w
e’re

stab
le

in
s
1 ,

an
d
F

is
read

y
in

th
e
eth

er.

•
In

th
e
fra

m
e
w
o
rk

o
f
th
e
co

u
rse

,
F

is
d
iscard

e
d
.

•
B
u
t
w
e
m
ay

fi
n
d
it
a
p
ity

to
d
iscard

th
e
p
o
or

even
t

an
d
m
ay

w
an
t
to

rem
em

b
er

it
for

later
pro

cessin
g
,
e.g

.
in

s
2 ,

in
o
th
er

w
ord

s,
d
e
fe
r
it.

G
en
eral

o
p
tio

n
s
to

satisfy
su
ch

n
eed

s:

•
P
rovid

e
a
p
attern

h
ow

to
“program

”
th
is
(u
se

self-lo
op

s
an
d
h
elp

er
attrib

u
tes).

•
T
u
rn

it
in
to

an
origin

al
lan

gu
age

con
cep

t.
(←

O
M
G
’s

ch
o
ice

)

D
eferred

E
ven

ts:
S
yn

ta
x

a
n
d

S
em

a
n
tics

– 19 – 2015-01-29 – Sdefer –

1
8
/
2
8

•
S
y
n
ta
ctica

lly
,

•
E
ach

state
h
as

(in
ad
d
itio

n
to

th
e
n
am

e)
a
set

o
f
d
eferred

even
ts.

•
D
e
fa
u
lt:

th
e
em

p
ty

set.

•
T
h
e
se
m
a
n
tics

is
a
b
it
in
tricate,

so
m
eth

in
g
like

•
if
an

even
t
E

is
d
isp

atch
ed
,

•
an
d
th
ere

is
n
o
tran

sition
en
ab
led

to
con

su
m
e
E
,

•
an
d
E

is
in

th
e
d
eferred

set
of

th
e
cu
rren

t
state

con
fi
gu

ration
,

•
th
en

stu
ff
E

in
to

som
e
“d

eferred
even

ts
sp
ace”

of
th
e
ob

ject,
(e.g.

in
to

th
e

eth
er

(=
exten

d
ε)

or
in
to

th
e
lo
cal

state
of

th
e
ob

ject
(=

exten
d
σ
))

•
an
d
tu
rn

atten
tion

to
th
e
n
ext

even
t.

•
N
o
t
so

o
b
v
io
u
s:

•
Is
th
ere

a
priority

b
etw

een
d
eferred

an
d
regu

lar
even

ts?

•
Is
th
e
ord

er
of

d
eferred

even
ts

preserved
?

•
...

[F
ech

er
an
d
S
ch
ön

b
orn

,
2007],

e.g.,
claim

to
provid

e
sem

an
tics

for
th
e
com

p
lete

H
ierarch

ical
S
tate

M
ach

in
e
lan

gu
age,

in
clu

d
in
g
d
eferred

even
ts.

A
n

d
W

h
a

t
A

b
o

u
t

M
eth

o
d

s?

– 19 – 2015-01-29 – main –

1
9
/
2
8

A
n
d

W
h
a
t

A
b
o
u
t

M
eth

o
d
s?

– 19 – 2015-01-29 – Smethods –

2
0
/
2
8

•
In

th
e
cu
rren

t
settin

g
,
th
e
(lo

cal)
state

o
f
o
b
jects

is
o
n
ly

m
o
d
ifi
ed

by
actio

n
s
o
f
tran

sitio
n
s,
w
h
ich

w
e
ab
stract

to
tran

sform
ers.

•
In

g
en
eral,

th
ere

are
also

m
e
th
o
d
s.

•
U
M
L
fo
llow

s
an

ap
pro

ach
to

sep
arate

•
th
e
in
te
rfa

ce
d
e
clara

tio
n
from

•
th
e
im

p
le
m
e
n
ta
tio

n
.

In
C
+
+

lin
g
o
:
d
istin

g
u
ish

d
e
clara

tio
n
an
d
d
e
fi
n
itio

n
o
f
m
eth

o
d
.

•
In

U
M
L
,
th
e
form

er
is
called

b
e
h
a
v
io
u
ra
l

fe
a
tu
re

an
d
can

(ro
u
g
h
ly)

b
e

C

ξ
1
f
(τ

1
,1 ,...,τ

1
,n

1 )
:
τ
1
P
1

ξ
2
F
(τ

2
,1 ,...,τ

2
,n

2 )
:
τ
2
P
2

〈〈sig
n
a
l〉〉

E

•
a
ca

ll
in
te
rfa

ce
f
(τ

1
1 ,...,τ

n
1 )

:
τ
1

•
a
sig

n
a
l
n
a
m
e
E

N
ote:

T
h
e
sign

al
list

can
b
e
seen

as
red

u
n
d
an
t
(can

b
e
lo
oked

u
p
in

th
e
state

m
ach

in
e)

of
th
e
class.

B
u
t:

certain
ly

u
sefu

l
for

d
o
cu
m
en
tation

(or
san

ity
ch
eck).

B
eh

a
vio

u
ra

l
F

ea
tu

res

– 19 – 2015-01-29 – Smethods –

2
1
/
2
8

C

ξ
1
f
(τ

1
,1 ,...,τ

1
,n

1 )
:
τ
1
P
1

ξ
2
F
(τ

2
,1 ,...,τ

2
,n

2 )
:
τ
2
P
2

〈〈sig
n
a
l〉〉

E

S
e
m
a
n
tics:

•
T
h
e
im

p
le
m
e
n
ta
tio

n
o
f
a
b
eh
avio

u
ral

featu
re

can
b
e
pro

vid
ed

by:

•
A
n
o
p
e
ra
tio

n
.

In
ou

r
settin

g,
w
e
sim

p
ly

assu
m
e
a
tran

sform
er

like
T
f
.

It
is
th
en
,
e.g.

clear
h
ow

to
ad
m
it
m
eth

o
d
calls

as
action

s
on

tran
sition

s:
fu
n
ction

com
p
osition

of
tran

sform
ers

(clear
b
u
t
ted

iou
s:

n
on

-term
in
ation

).

In
a
settin

g
w
ith

Java
as

action
lan

gu
age:

op
eration

is
a
m
eth

o
d
b
o
d
y.

•
T
h
e
class’

sta
te
-m

a
ch

in
e
(“
trig

g
ered

o
p
eratio

n
”
).

•
C
allin

g
F

w
ith

n
2
p
aram

eters
for

a
stab

le
in
stan

ce
of

C
creates

an
au
xiliary

even
t
F

an
d
d
isp

atch
es

it
(byp

assin
g
th
e
eth

er).

•
T
ran

sition
action

s
m
ay

fi
ll
in

th
e
retu

rn
valu

e.

•
O
n
com

p
letion

of
th
e
R
T
C
step

,
th
e
call

retu
rn
s.

•
F
or

a
n
on

-stab
le

in
stan

ce,
th
e
caller

b
lo
cks

u
n
til

stab
ility

is
reach

ed
again

.



B
eh

a
vio

u
ra

l
F

ea
tu

res:
V

isib
ility

a
n
d

P
ro

p
erties

– 19 – 2015-01-29 – Smethods –

2
2
/
2
8

C

ξ
1
f
(τ

1
,1 ,...,τ

1
,n

1 )
:
τ
1
P
1

ξ
2
F
(τ

2
,1 ,...,τ

2
,n

2 )
:
τ
2
P
2

〈〈sig
n
a
l〉〉

E

•
V
isib

ility
:

•
E
xten

d
typ

in
g
ru
les

to
seq

u
en
ces

of
action

s
su
ch

th
at

a
w
ell-typ

ed
action

seq
u
en
ce

on
ly

calls
visib

le
m
eth

o
d
s.

•
U
se
fu
l
p
ro
p
e
rtie

s:

•
co

n
cu

rre
n
cy

•
co

n
cu

rre
n
t
—

is
th
read

safe

•
g
u
ard

e
d
—

som
e
m
ech

an
ism

en
su
res/sh

ou
ld

en
su
re

m
u
tu
al

exclu
sion

•
se
q
u
e
n
tia

l
—

is
n
ot

th
read

safe,
u
sers

h
ave

to
en
su
re

m
u
tu
al

exclu
sion

•
isQ

u
e
ry

—
d
o
esn

’t
m
o
d
ify

th
e
state

sp
ace

(th
u
s
th
read

safe)

•
F
or

sim
p
licity,

w
e
leave

th
e
n
otion

of
step

s
u
n
tou

ch
ed
,
w
e
co
n
stru

ct
ou

r
sem

an
tics

arou
n
d
state

m
ach

in
es.

Y
et

w
e
cou

ld
exp

lain
pre/p

ost
in

O
C
L
(if

w
e
w
an
ted

to).

D
iscu

ssio
n

.

– 19 – 2015-01-29 – main –

2
3
/
2
8

S
em

a
n
tic

V
a
ria

tio
n

P
o
in

ts

– 19 – 2015-01-29 – Ssemvar –

2
4
/
2
8

P
e
ssim

istic
v
ie
w
:
T
h
ey

are
leg

io
n
...

•
F
o
r
in
sta

n
ce

,

•
allow

a
b
se
n
ce

o
f
in
itia

l
p
se
u
d
o
-sta

te
s

can
th
en

“b
e”

in
en
closin

g
state

w
ith

ou
t
b
ein

g
in

an
y
su
b
state;

or
assu

m
e
on

e
of

th
e
ch
ild
ren

states
n
on

-d
eterm

in
istically

•
(im

p
licitly)

e
n
fo
rce

d
e
te
rm

in
ism

,
e.g.

by
con

sid
erin

g
th
e
ord

er
in

w
h
ich

th
in
gs

h
ave

b
een

ad
d
ed

to
th
e
C
A
S
E
to
ol’s

rep
ository,

or
grap

h
ical

ord
er

•
allow

tru
e
co

n
cu

rre
n
cy

E
x
e
rcise

:
S
earch

th
e
stan

d
ard

for
“
sem

an
tical

variatio
n
p
o
in
t”
.

•
[C
ran

e
an
d
D
in
g
el,

2
0
0
7
],
e.g

.,
pro

vid
e
an

in
-d
ep
th

co
m
p
ariso

n
o
f

S
tatem

ate,
U
M
L
,
an
d
R
h
ap
so
d
y
state

m
ach

in
es

—
th
e
b
o
tto

m
lin
e
is:

•
th
e
in
te
rse

ctio
n
is

n
o
t
e
m
p
ty

(i.e.
th
ere

are
p
ictu

res
th
at

m
ean

th
e
sam

e
th
in
g
to

all
th
ree

com
m
u
n
ities)

•
n
o
n
e
is

th
e
su
b
se
t
o
f
a
n
o
th
e
r

(i.e.
for

each
p
air

of
com

m
u
n
ities

exist
p
ictu

res
m
ean

in
g
d
iff
eren

t
th
in
gs)

O
p
tim

istic
v
ie
w
:
to
o
ls
exist

w
ith

co
m
p
lete

an
d
co
n
sisten

t
co
d
e
g
en
eratio

n
.

Y
o

u
a

re
h

ere.

– 19 – 2015-01-29 – main –

2
5
/
2
8

C
o
u
rse

M
a
p

– 19 – 2015-01-29 – main –

2
6
/
2
8

U
M
L

ModelInstances

NS

W
E

C
D
,
S
M

S
=

(
T
,
C
,V

,a
tr
),

S
M

M
=

(Σ
DS
,A

S
,→

S
M
)

ϕ
∈

O
C
L

e
x
p
r

C
D
,
S
D

S
,S

D

B
=

(Q
S
D
,q

0 ,A
S
,→

S
D
,F

S
D
)

π
=

(σ
0 ,ε

0 )
(co

n
s
0
,S
n
d
0
)

−−
−
−
−
−
−
−→

u
0

(σ
1 ,ε

1 )···
w
π
=

((σ
i ,co

n
s
i ,S

n
d
i ))

i
∈
N

G
=

(N
,E

,f
)

M
a
th
e
m
a
tic
s

O
D

U
M
L

✔
✔

✔
✔

✔
✔

✔

✔

✔

✔

R
eferen

ces

– 19 – 2015-01-29 – main –

2
7
/
2
8



– 19 – 2015-01-29 – main –

2
8
/
2
8

[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.


