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b
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c
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.
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b
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ab
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p
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p
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r
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p
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p
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r
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u
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ro
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itio
n
.

A
c
o
n
stra
in
t
sy
ste
m

con
sists
of
a
sign
atu
re
�
an
d
�
rst-ord
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b
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con
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c
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c
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u
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c
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c
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c
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P
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.
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d
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r
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d
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d
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d
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=
o
�
)
n
e
x
t
?
t
e
ll(lig
h
ts
=
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=
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e
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R
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Proof System for P j= A

tell(c) ` c (tell)

P ` A Q ` B

P k Q ` A ^B
(par) P ` A

local x inP ` 9xA
(hide)

P ` A
nextP ` ÆA

(next)

P ` A
!P ` �A

(rep) P ` A
?P ` }A

(star)

8i 2 I Pi ` AiP
i2I when ci do Pi `

W
i2I(ci ^Ai) _

V
i2I :ci

(sum)

P ` A A) B
P ` B

(rel)

Theorem. (Completeness) For every P; A

. P ` A implies P j= A and

. P j= A implies P ` A, if P is locally-independent.
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Applications: LEGO Zigzagging

Speci�cation. Go forward (f), right (r) or left (l) but

DO NOT go:

. f if preceding action was f,

. r if second-to-last action was r, and

. l if second-to-last action was l.

GoForward
def
= fexch(act1 ; act2 ) k tell(forward)

GoRight
def
= rexch(act1 ; act2 ) k tell(right)

GoLeft
def
= lexch(act1 ; act2 ) k tell(left)

Zigzag
def
= ( when (act1 6= f)do GoForward

+ when (act2 6= r)do GoRight

+ when (act2 6= l)do GoLeft )
k nextZigzag

StartZigzag
def
= act1: (0) k act2: (0) k Zigzag

Proposition. StartZigzag ` �(}right ^ }left)

24



T
em
p
o
ra
l
C
C
P

F
eb
.,
2
0
0
3

B
e
h
a
v
io
ra
l
E
q
u
iv
a
le
n
c
e
s

D
e
�
n
itio
n
.

L
et
l
2
f
o
;
io
;
sp
g
.
D
e�
n
e
P
�
l
Q
i�
l(P
)
=
l(Q
).

B
u
t
n
eith
er
�
io

n
or
�
o

are
con
gru
en
ces.
L
et
�
io

an
d
�
o

b
e
th
e
corresp
on
d
in
g

con
gru
en
ces.

T
h
e
o
re
m
.

�
io
=
�
o
�
�
io
�
�
o .

2
5



T
em
p
o
ra
l
C
C
P

F
eb
.,
2
0
0
3

D
is
tin
g
u
is
h
in
g
C
o
n
te
x
t
C
h
a
ra
c
te
riz
a
tio
n
s

T
h
e
o
re
m
.

L
et
�

2

f
�
o ;
�
io ;
�
s
p
g
.
O
ne
can
construct
contexts
U
[:]
and
C
(P
;Q
)

�

[:]

such
that
for
all
P
;
Q
:

.

P

�
o

Q

i�

U
[P
]
�
o

U
[Q
]
(for
�
nite
set
of
constraints).

.

P

�

Q

i�

C
(P
;Q
)

�

[P
]
�
o

C
(P
;Q
)

�

[Q
].

�
In
terestin
g
con
seq
u
en
ce
of
th
e
th
eorem
:

D
e
c
id
a
b
ility
of
all
�
io ;�
sp ;�
o

a
n
d
�
io
red
u
ce
to
th
at
o
f
�
o .

�
In
terestin
g
resu
lt
in
tro
d
u
ced
for
th
e
pro
of
of
th
e
th
eorem
:

G
iven
P
on
e
can
c
o
n
stru
c
t
a
�
n
ite
se
t
in
clu
d
in
g
all
relevan
t
in
p
u
ts.

2
6



T
em
p
o
ra
l
C
C
P

F
eb
.,
2
0
0
3

B
e
h
a
v
io
ra
l
E
q
u
iv
a
le
n
c
e
:
D
e
c
id
a
b
ility
.

D
e
�
n
itio
n
.

A
star-free
P

is
lo
c
a
lly
-d
e
te
rm
in
istic
i�
all
its
su
m
m
atio
n
s

o
ccu
r
ou
tsid
e
of
its
lo
cal
pro
cesses.

T
h
e
o
re
m
.

G
iven
a
lo
cally-d
eterm
in
istic
P

on
e
can
e�
ectively
con
stru
ct
a

B
ü
ch
i
au
tom
aton
B
P

th
at
recogn
izes
o(P
).

A
s
a
corollary,

T
h
e
o
re
m
.

�
o ;�
io ;�
io

,
�
sp

a
re
a
ll
d
e
c
id
a
b
le
for
lo
cally-d
eterm
in
istic

pro
cesses.

2
7



T
em
p
o
ra
l
C
C
P

F
eb
.,
2
0
0
3

V
a
ria
n
ts
a
n
d
th
e
ir
E
x
p
re
s
s
iv
e
P
o
w
e
r

D
eterm
in
istic

n
tcc

w
ith

th
e

follow
in
g

altern
atives

for

in
�
n
ite
b
e
h
a
v
io
r.

�
tc
c
[R
e
c
]

R
ecu
rsive
d
e�
n
ition
s
A
(x
1 ;
::
:;
x
n
)
d
ef

=
P
w
ith
f
v
(P
)
�
f
x
1 ;:
:
:;
x
n
g
.

�
tc
c
[R
e
c
,
Id
e
n
tic
a
l
P
a
ra
m
e
te
rs]

A
s
ab
ove
b
u
t
every
call
of
A
in
P
is
of
th
e
form
A
(x
1 ;:
::
;x
n
).

�
tc
c
[R
e
c
,
N
o
P
a
ra
m
e
te
rs,
D
y
n
.
S
c
o
p
in
g
]

R
ecu
rsive
d
e�
n
ition
s
A
d
ef

=
P
w
ith
D
yn
am
ic
S
cop
in
g

�
tc
c
[R
e
c
,
N
o
P
a
ra
m
e
te
rs,
S
ta
tic
S
c
o
p
in
g
]

R
ecu
rsive
d
e�
n
ition
s
A
d
ef

=
P
w
ith
S
tatic
S
cop
in
g.

2
8



Temporal CCP Feb., 2003

TCC Hierarchy and �io (un)decidability.

(PCP)

 (Buchi Autom.)
ntcc[Rec, Ident. Par.]

UNDECIDABLE

DECIDABLE
ntcc[Rec,No Par, Static Scope]

ntcc[Replication]

ntcc[Rec, No Par., Dyn. Scope]ntcc[Rec]

��. : Encoding:

��I: Sublanguage:

� The results clarify conjectures made in the literature.

� Qualitative distinction between dynamic and static scope.

� The results involve FSA, PCP, Encodings and Bisimulations.

� The results have inspired similar results for CCS.
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