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co

n
d
itio

n
s

N
o
t
d
efi
n
ed

if
I
Je
x
p
r
1 K(σ

,u
x )

or
I
Je
x
p
r
2 K(σ

,u
x )

n
o
t
d
efi
n
ed
.
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S
M

C
:

s
1

s
2

/x
:=

x
+
1

t
u
p
d
a
t
e
(e
x
p
r
1
,v
,e
x
p
r
2
) [u

x ](σ
,ε)

=
(σ

′
=

σ
[u

7→
σ
(u
)[v

7→
I
Je
x
p
r
2 K(σ

,u
x )]],ε),

u
=

I
Je
x
p
r
1 K(σ

,u
x )

σ
:

u
1
:
C

x
=

4
y
=

0

u
1
:
C

x
=

5
y
=

0

:σ
′

ε:
:ε

′
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a
b
stra

ct
syn

ta
x

co
n
cre

te
syn

ta
x

s
e
n
d
(E

(e
x
p
r
1 ,...,e

x
p
r
n
),e

x
p
r
d
st )

in
tu
itive

se
m
a
n
tics

O
b
ject

u
x
:
C

sen
d
s
ev
en
t
E

to
o
b
ject

e
x
p
r
d
st ,

i.e.
crea

te
a
fresh

sig
n
a
l
in
sta

n
ce,

fi
ll
in

its
a
ttrib

u
tes,

a
n
d
p
la
ce

it
in

th
e
eth

er.

w
e
ll-typ

e
d
n
e
ss

E
∈

E
;
a
tr
(E

)
=

{v
1
:
T
1 ,...,v

n
:
T
n
};

ex
p
r
i
:
T
i ,
1
≤

i
≤

n
;

e
x
p
r
d
st
:
T
D
,
C
,D

∈
C

\
E
;

all
expressio

n
s
o
b
ey

visib
ility

an
d
n
avig

ab
ility

in
C

se
m
a
n
tics(σ

′,ε
′)
∈
t
s
e
n
d
(E

(
e
x
p
r
1
,...,e

x
p
r
n
),e

x
p
r
d
s
t ) [u

x ](σ
,ε)

if
σ
′
=

σ
∪̇
{u

7→
{v

i
7→

d
i
|
1
≤

i
≤

n
}};

ε
′
=

ε
⊕
(u

d
s
t ,u

);

if
u
d
s
t
=

I
Jex

p
r
d
s
t K(σ

,u
x )

∈
d
om

(σ
);

d
i
=

I
Jex

p
r
i K(σ

,u
x )

for
1
≤

i
≤

n
;

u
∈

D
(E

)
a
fresh

id
en
tity,

i.e.
u
6∈
d
om

(σ
),

an
d
w
h
ere

(σ
′,ε

′)
=

(σ
,ε)

if
u
d
s
t
6∈
d
om

(σ
).

o
b
se
rva

b
le
s

O
bs

s
e
n
d [u

x
]
=

{(u
e ,u

d
s
t )}

(e
rro

r)
co

n
d
itio

n
s

I
Jex

p
r
K(σ

,u
x )

n
ot

d
efi
n
ed

for
an
y
ex
p
r
∈
{
ex
p
r
d
s
t ,ex

p
r
1 ,...,ex

p
r
n
}
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S
M

C
:

s
1

s
2

/n
!F

(x
+
1)

t
s
e
n
d
(e
x
p
r
s
rc
,E

(e
x
p
r
1
,...,e

x
p
r
n
),e

x
p
r
d
s
t ) [u

x ](σ
,ε)

∋
(σ

′,ε
′)
iff

ε
′
=

ε
⊕
(u

d
st ,u

);

σ
′
=

σ
∪̇
{
u
7→

{
v
i
7→

d
i
|
1
≤

i
≤

n
}}

;
u
d
st
=

I
Je
x
p
r
d
st K(σ

,u
x )

∈
d
o
m
(σ

);

d
i
=

I
Je
x
p
r
i K(σ

,u
x ),

1
≤

i
≤

n
;
u
∈

D
(E

)
a
fresh

id
en
tity;

σ
:

u
1
:
C

x
=

5

:σ
′

ε:
:ε

′

S
eq

u
en

tia
l

C
o

m
p

o
sitio

n
o

f
T
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•
S
e
q
u
e
n
tia

l
co

m
p
o
sitio

n
t
1
◦
t
2
of

tran
sform

ers
t
1
an
d
t
2
is
can

on
ically

d
efi
n
ed

as

(t
2
◦
t
1 )[u

x ](σ
,ε)

=
t
2 [u

x
](t

1 [u
x
](σ

,ε))

w
ith

ob
servation

O
bs

(t
2
◦
t
1
) [u

x
](σ

,ε)
=

O
bs

t
1 [u

x
](σ

,ε)
∪
O
bs

t
2 [u

x ](t
1 (σ

,ε)).

•
C
le
ar:

n
ot

d
efi
n
ed

if
on

e
th
e
tw
o
in
term

ed
iate

“m
icro

step
s”

is
n
ot

d
efi
n
ed
.

T
ra

n
sfo

rm
ers

A
n

d
D

en
o

ta
tio

n
a

l
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em
a

n
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2
2
/
4
7

O
b
se
rva

tio
n
:
ou

r
tran

sform
ers

are
in

prin
cip

le
th
e
d
e
n
o
ta
tio

n
a
l
se
m
a
n
tics

of
th
e

action
s/action

seq
u
en
ces.

T
h
e
trivial

case,
to

b
e
precise.

N
o
te
:
w
ith

th
e
previou

s
exam

p
les,

w
e
can

cap
tu
re

•
em

p
ty

statem
en
ts,

sk
ip
s,

•
assig

n
m
en
ts,

•
co
n
d
itio

n
als

(b
y
n
orm

alisatio
n
an

d
au

xiliary
variab

les),

•
create/

d
estroy

(later),

b
u
t
n
ot

p
o
ssib

ly
d
ive

rg
in
g
lo
o
p
s.

O
u
r
(S

im
p
le
)
A
p
p
ro
a
ch

:
if
th
e
action

lan
gu

age
is,

e.g.
Java,

th
en

(syn
ta
ctica

lly)
forb

id
lo
op

s
an
d
calls

of
recu

rsive
fu
n
ction

s.

O
th
e
r
A
p
p
ro
a
ch

:
u
se

fu
ll
b
low

n
d
en
otation

al
sem

an
tics.

N
o
sh
ow

-stop
p
er,

b
ecau

se
lo
op

s
in

th
e
action

an
n
otation

can
b
e
con

verted
in
to

tran
sition

cycles
in

th
e
state

m
ach

in
e.
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4
7
/
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H
arel,

D
.
an

d
G
ery,

E
.
(1
9
9
7
).

E
xecu

tab
le

o
b
ject

m
o
d
elin

g
w
ith

statech
arts.

IE
E
E
C
o
m
p
u
ter,

3
0
(7
):3

1
–
4
2
.

O
M
G

(2
0
1
1
a).

U
n
ifi
ed

m
o
d
elin

g
lan

g
u
ag

e:
In
frastru

ctu
re,

versio
n
2
.4
.1
.
T
ech

n
ical

R
ep

ort
form

al/
2
0
1
1
-0
8
-0
5
.

O
M
G

(2
0
1
1
b
).

U
n
ifi
ed

m
o
d
elin

g
lan

g
u
ag

e:
S
u
p
erstru

ctu
re,

versio
n
2
.4
.1
.
T
ech

n
ical

R
ep

ort
form

al/
2
0
1
1
-0
8
-0
6
.


