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•
σ
(u

)(sta
b
le

)
=

1,
σ
(u

)(st)
=

s,

•
(σ

′′,ε
′)

=
t
a
c
t (σ̃

,ε
⊖

u
E

)

•
σ
′
=

(σ
′′[u

.st
7→

s
′,u

.sta
b
le

7→
b,u

.p
a
ra

m
s

E
7→

∅])|D
(C

)\
{
u

E
}

•
co

n
s

=
{(u

,(E
,σ

(u
E

)))},
S
n
d

=
O

b
s

t
a
c
t (σ̃

,ε
⊖

u
E

)
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(iii)
C

om
m

ence
R

u
n-to-C

om
pletio

n

(σ
,ε)

(c
o
n
s
,S

n
d
)

−−
−
−
−
−
−→

u
(σ

′,ε
′)

if

•
th

ere
is

an
u
n
stab

le
o
b
ject

u
o
f
a

classC

,
i.e.

u
∈

d
o
m

(σ
)
∩ D

(C
)
∧

σ
(u

)(sta
b
le

)
=

0

•
th

ere
is

a
tran

sitio
n

w
ith

o
u
t

trig
g
er

en
ab

led
fro

m
th

e
cu

rren
t

state
s

=
σ
(u

)(st),
i.e.

∃
(s,

,
e
x
p
r
,
a
c
t,s

′)
∈
→

(S
M

C
)

:
IJe

x
p
rK(σ

)
=

1

an
d•

(σ
′,ε

′)
resu

lts
fro

m
ap

p
lyin

g
t
a
c
t

to
(σ

,ε),
i.e.

(σ
′′,ε

′)
∈

t
a
c
t [u

](σ
,ε),

σ
′
=

σ
′′[u

.st
7→

s
′,u

.sta
b
le

7→
b]

w
h
ere

b
d
e
p
e
n
d
s

as
b
efore.

•
O

n
ly

th
e

sid
e

eff
ects

o
f
th

e
actio

n
are

o
b
served

,
i.e.

co
n
s

=
∅
,
S
n
d

=
O

b
s

t
a
c
t (σ

,ε).
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E
xam

ple:
C

om
m

ence

S
M

C
:

s
1

s
2

G
[x

>
0
]/

x
:=

y

[x
>

0
]/

x
:=

x
−

1
;n

!J

H
/
z

:=
y
/
x

〈〈sig
n
a
l,

e
n
v
〉〉

H

〈〈sig
n
a
l〉〉

G
,J

C

x
,z

:
In

t

y
:
In

t
〈〈e

n
v
〉〉

n0
,1

σ
:

c
:
C

x
=

2,z
=

0,y
=

2

st
=

s
2

sta
b
le

=
0

ε:

•
∃

u
∈

d
om

(σ
)
∩D

(C
)

:
σ
(u

)(sta
b
le

)
=

0

•
∃

(s,
,e

x
p
r
,a

c
t,s

′)
∈
→

(S
M

C
)

:
IJe

x
p
rK(σ

)
=

1

•
σ
(u

)(sta
b
le

)
=

1,
σ
(u

)(st)
=

s,

•
(σ

′′,ε
′)

=
t
a
c
t (σ

,ε),
σ
′
=

σ
′′[u

.st
7→

s
′,u

.sta
b
le

7→
b]

•
co

n
s

=
∅,

S
n
d

=
O

b
s

t
a
c
t (σ

,ε)
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(iv)
E

nviro
nm

entInteractio
n

A
ssu

m
e

th
at

a
setE

e
n
v
⊆E

is
d
esign

ated
as

e
n
viro

n
m

e
n
t

e
ve

n
ts

an
d

a
set

of
attrib

u
tes

v
e
n
v
⊆

V
is

d
esign

ated
as

in
p
u
t

a
ttrib

u
te

s.

T
h
en

(σ
,ε)

(c
o
n
s
,S

n
d
)

−−
−
−
−
−
−→

e
n
v

(σ
′,ε

′)

if

•
an

en
viro

n
m

en
t

even
t

E
∈E

e
n
v

is
sp

o
n
tan

eo
u
sly

sen
t

to
an

alive
o
b
ject

u
∈D

(σ
),

i.e.

σ
′
=

σ
∪̇
{
u

E
7→

{
v

i
7→

d
i
|
1
≤

i
≤

n
}
,

ε
′
=

ε
⊕

u
E

w
h
ere

u
E

/∈
d
o
m

(σ
)

an
d

a
tr

(E
)

=
{
v
1 ,...,v

n
}
.

•
S
en

d
in

g
o
f
th

e
even

t
is

o
b
served

,
i.e.

co
n
s

=
∅
,
S
n
d

=
{
(e

n
v
,E

(
~d))}

.

or•
V
alu

es
o
f
in

p
u
t

attrib
u
tes

ch
an

g
e

freely
in

alive
o
b
jects,

i.e.

∀
v
∈

V
∀

u
∈

d
o
m

(σ
)

:
σ
′(u

)(v
)
6=

σ
(u

)(v
)

=
⇒

v
∈

V
e
n
v .

an
d

n
o

o
b
jects

ap
p
ear

or
d
isap

p
ear,

i.e.
d
o
m

(σ
′)

=
d
o
m

(σ
).

•
ε
′
=

ε.
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E
xam

ple:
E

nviro
nm

ent

S
M

C
:

s
1

s
2

G
[x

>
0
]/

x
:=

y

[x
>

0
]/

x
:=

x
−

1
;n

!J

H
/
z

:=
y
/
x

〈〈sig
n
a
l,

e
n
v
〉〉

H

〈〈sig
n
a
l〉〉

G
,J

C

x
,z

:
In

t

y
:
In

t
〈〈e

n
v
〉〉

n0
,1

σ
:

c
:
C

x
=

0,z
=

0,y
=

2

st
=

s
2

sta
b
le

=
1

ε:

•
σ
′
=

σ
∪̇
{u

E
7→

{v
i
7→

d
i
|
1
≤

i
≤

n
}

•
ε
′
=

ε
⊕

u
E

w
h
ere

u
E

/∈
d
om

(σ
)

an
d

a
tr

(E
)

=
{v

1 ,...,v
n
}.

•
u
∈

d
om

(σ
)

•
co

n
s

=
∅,

S
n
d

=
{(e

n
v
,E

( ~d))}.
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(v)
E

rror
C

o
n

ditio
ns

s
(c

o
n
s
,S

n
d
)

−−
−
−
−
−
−→

u
#

if,
in

(ii)
or

(iii),

•
IJe

x
p
rK

is
n
o
t

d
efi

n
ed

for
σ
,
or

•
t
a
c
t

is
n
o
t

d
efi

n
ed

for
(σ

,ε),

an
d•

con
su

m
p
tion

is
o
b
se

rve
d

accord
in

g
to

(ii)
or

(iii),
b
u
t
S
n
d

=
∅.

E
xa

m
p
le

s:

•

s
2

s
1

s
3

E
[x

/
0
]/

a
c
t

E
[
t
r
u
e]/

a
c
t

•
s
1

s
2

E
[e

x
p
r
]/

x
:=

x
/
0
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E
xam

ple:
E

rror
C

o
n

ditio
n

S
M

C
:

s
1

s
2

G
[x

>
0
]/

x
:=

y

[x
>

0
]/

x
:=

x
−

1
;n

!J

H
/
z

:=
y
/
x

〈〈sig
n
a
l,

e
n
v
〉〉

H

〈〈sig
n
a
l〉〉

G
,J

C

x
,z

:
In

t

y
:
In

t
〈〈e

n
v
〉〉

n0
,1

σ
:

c
:
C

x
=

0,z
=

0,y
=

27

st
=

s
2

sta
b
le

=
1

ε:

H
for

c

•
IJe

x
p
rK

n
ot

d
efi

n
ed

for
σ
,
or

•
t
a
c
t

is
n
ot

d
efi

n
ed

for
(σ

,ε)

•
con

su
m

p
tion

accord
in

g
to

(ii)
or

(iii)

•
S
n
d

=
∅
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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

.

R
e
m

ark
:

W
ith

on
ly

m
eth

o
d
s

(later),
th

e
n
otion

of
step

is
n
ot

so
clear.

F
or

exam
p
le,

con
sid

er

•
c
1

calls
f
(
)

at
c
2 ,

w
h
ich

calls
g
(
)

at
c
1

w
h
ich

in
tu

rn
calls

h
(
)

for
c
2 .

•
Is

th
e

co
m

p
letio

n
o
f
h
(
)

a
step

?

•
O

r
th

e
co

m
p
letio

n
o
f
f
(
)
?

•
O

r
d
o
esn

’t
it

p
lay

a
ro

le?

It
d
o
es

p
lay

a
ro

le,
b
ecau

se
co

n
stra

in
ts/

in
varia

n
ts

are
typ

ically
(=

b
y

co
n
ven

tio
n
)

assu
m

ed
to

b
e

evalu
ated

at
step

b
o
u
n
d
aries,

an
d

so
m

etim
es

th
e

co
n
ven

tio
n

is
m

ean
t

to
ad

m
it

(tem
p
orary)

vio
latio

n
in

b
etw

een
step

s.
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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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