
R
eal-Tim

e
System

s

L
e

cture
7:

D
C

P
ro

perties
II

2
0

1
3-0

5-1
4

D
r.

B
ern

d
W

estp
h
al

A
lb

ert-L
u
d
w

igs-U
n
iversität

F
reib

u
rg,

G
erm

an
y

C
o

ntents
&

G
o

als

L
a
st

L
e
c
tu

re
:

•
R
D

C
in

d
iscrete

tim
e

•
S
tarted

:
S
atisfi

ab
ility

an
d

realisab
ility

fro
m

0
is

d
ecid

ab
le

for
R
D

C
in

d
iscrete

tim
e

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
follow

in
g

tasks/q
u
estion

s.

•
F
acts:

(u
n
)d

ecid
ab

ility
p
ro

p
erties

o
f
D

C
in

d
iscrete/

co
n
tin

u
o
u
s

tim
e.

•
W

h
at’s

th
e

id
ea

o
f
th

e
co

n
sid

ered
(u

n
)d

ecid
ab

ility
p
ro

o
fs?

•
C
o
n
te

n
t:

•
C
o
m

p
lete:

S
atisfi

ab
ility

an
d

realisab
ility

fro
m

0
is

d
ecid

ab
le

for
R
D

C
in

d
iscrete

tim
e

•
U

n
d
ecid

ab
le

p
ro

b
lem

s
o
f
D

C
in

co
n
tin

u
o
u
s

tim
e

– 7 – 2013-05-14 – Sprelim –

2
/
3
3

R
D

C
in

D
iscrete

Tim
e

C
o

nt’d

– 7 – 2013-05-14 – main –

3
/
3
3

R
e

call:
D

e
cid

a
bility

ofS
atisfia

bility/R
ealisa

bility
from

0

T
h
e
o
re

m
3
.6

.

T
h
e

satisfi
ab

ility
prob

lem
for

R
D

C
w

ith
d
iscrete

tim
e

is
d
ecid

ab
le.

T
h
e
o
re

m
3
.9

.

T
h
e

realisab
ility

prob
lem

for
R
D

C
w

ith
d
iscrete

tim
e

is
d
ecid

ab
le.

4
/
3
3

R
e

call:
P

ro
ofSketch

– 7 – 2013-05-14 – Sdisc –

5
/
3
3

Sketch:
P

ro
ofofT

heorem
3.6

•
give

a
pro

ced
u
re

to
con

stru
ct,

given
a

form
u
la

F
,
a

re
g
u
la

r
lan

gu
age

L
(F

)
su

ch
th

at

I
,[0

,n
]
|=

F
if

an
d

on
ly

if
w

∈
L

(F
)

w
h
ere

w
ord

w
d
escrib

es
I

on
[0

,n
]

(su
itab

ility
of

th
e

pro
ced

u
re:

L
e
m

m
a

3
.4

)

•
th

en
F

is
satisfi

ab
le

in
d
iscrete

tim
e

if
an

d
on

ly
if
L

(F
)

is
n
ot

em
p
ty

( L
e
m

m
a

3
.5

)

•
T

h
eorem

3.6
follow

s
b
ecau

se

•
L

(F
)

can
e
ff
e
c
tiv

e
ly

b
e

con
stru

cted
,

•
th

e
em

p
tyn

ess
prob

lem
is

d
e
c
id

a
b
le

for
regu

lar
lan

gu
ages.

– 7 – 2013-05-14 – Sdisc –

6
/
3
3



C
o

nstructio
n

of
L

(F
)

•
Id

e
a
:

•
alp

h
ab

et
Σ

(F
)

con
sists

of
b
asic

con
ju

n
cts

of
th

e
state

variab
les

in
F

,

•
a

letter
corresp

on
d
s

to
an

in
terpretation

on
an

in
terval

of
len

gth
1,

•
a

w
ord

of
len

gth
n

d
escrib

es
an

in
terpretation

on
in

terval
[0

,n
].

•
E
x
a
m

p
le

:
A

ssu
m

e
F

con
tain

s
exactly

state
variab

les
X

,Y
,Z

,
th

en

Σ
(F

)
=

{
X

∧
Y

∧
Z

,X
∧

Y
∧
¬

Z
,X

∧
¬

Y
∧

Z
,X

∧
¬

Y
∧
¬

Z
,

¬
X

∧
Y

∧
Z

,¬
X

∧
Y

∧
¬

Z
,¬

X
∧
¬

Y
∧

Z
,¬

X
∧
¬

Y
∧
¬

Z
}
.

T
im

e

10
X

I10
Y
I

10
Z
I

0
1

2
3

4

w
=

(¬
X

∧
¬

Y
∧
¬

Z
)

·(X
∧
¬

Y
∧
¬

Z
)

·(X
∧

Y
∧
¬

Z
)

·(X
∧

Y
∧

Z
)
∈

Σ
(F

)
∗

7
/
3
3

C
o

nstructio
n

of
L

(F
)

m
ore

Form
ally

D
e
fi
n
itio

n
3
.2

.
A

w
ord

w
=

a
1
...a

n
∈

Σ
(F

)
∗

w
ith

n
≥

0
d
e
sc

rib
e
s

a
d
isc

re
te

in
terpretation

I
on

[0
,n

]
if

an
d

on
ly

if

∀
j
∈
{1

,...,n
}
∀

t
∈

]j
−

1
,j[

:
I Ja

j K(t)
=

1
.

F
or

n
=

0
w
e

p
u
t

w
=

ε.

•
E
ach

state
assertion

P
can

b
e

tran
sform

ed
in

to
an

eq
u
ivalen

t
d
isju

n
c
tiv

e

n
o
rm

a
l
fo

rm
∨

mi
=

1
a

i
w

ith
a

i
∈

Σ
(F

).

•
S
et

D
N

F
(P

)
:=

{
a
1 ,...,a

m
}

(⊆
Σ

(F
)).

•
D

efi
n
e
L

(F
)

in
d
u
ctively:

L
(⌈P

⌉)
=

D
N

F
(P

)
+
,

L
(¬

F
1 )

=
Σ

(F
)
∗
\
L

(F
1 ),

L
(F

1
∨

F
2 )

=
L

(F
1 )

∪
L

(F
2 ),

L
(F

1
;
F

2 )
=

L
(F

1 )
·L

(F
2 ).

– 7 – 2013-05-14 – Sdisc –

8
/
3
3

L
em

m
a

3.4

L
e
m

m
a

3
.4

.
F
or

all
R
D

C
form

u
lae

F
,
d
iscrete

in
terpretation

s
I
,

n
≥

0,
an

d
all

w
ord

s
w

∈
Σ

(F
)
∗

w
h
ich

d
e
sc

rib
e
I

on
[0

,n
],

I
,[0

,n
]
|=

F
if

an
d

on
ly

if
w

∈
L

(F
).

– 7 – 2013-05-14 – Sdisc –

9
/
3
3

Sketch:
P

ro
ofofT

heorem
3.9

T
h
e
o
re

m
3
.9

.

T
h
e

realisab
ility

prob
lem

for
R
D

C
w

ith
d
iscrete

tim
e

is
d
ecid

ab
le.

•
k
e
rn

(L
)

con
tain

s
all

w
ord

s
of

L
w

h
ose

prefi
xes

are
again

in
L

.

•
If

L
is

regu
lar,

th
en

k
e
rn

(L
)

is
also

regu
lar.

•
k
e
rn

(L
(F

))
can

eff
ectively

b
e

con
stru

cted
.

•
W

e
h
ave

L
e
m

m
a

3
.8

.
F
or

all
R
D

C
form

u
lae

F
,

F
is

realisab
le

from
0

in
d
iscrete

tim
e

if
an

d
on

ly
if

k
e
rn

(L
(F

))
is

in
fi
n
ite.

•
In

fi
n
ity

of
regu

lar
lan

gu
ages

is
d
ecid

ab
le.

1
1

/
3
3

(Varia
nts

of)
R

D
C

in
C

o
ntin

u
o

us
Tim

e

– 7 – 2013-05-14 – main –

1
2

/
3
3

R
e

call:
R

estricted
D

C
(R

D
C

)

F
::=

⌈P
⌉
|
¬

F
1
|
F

1
∨

F
2
|
F

1
;
F

2

w
h
ere

P
is

a
state

assertion
,
b
u
t

w
ith

b
o
o
le

a
n

ob
servab

les
o
n
ly.

F
rom

n
ow

on
:

“R
D

C
+

ℓ
=

x
,∀

x
”

F
::=

⌈P
⌉
|
¬

F
1
|
F

1
∨

F
2
|
F

1
;
F

2
|
ℓ

=
1
|
ℓ

=
x
|
∀

x
•

F
1

– 7 – 2013-05-14 – Scont –

1
3

/
3
3



U
n

de
cid

a
bility

ofS
atisfia

bility/R
ealisa

bility
from

0

T
h
e
o
re

m
3
.1

0
.

T
h
e

realisab
ility

from
0

prob
lem

for
D

C
w

ith
c
o
n
tin

u
o
u
s

tim
e

is
u
n
d
ecid

ab
le,

n
ot

even
sem

i-d
ecid

ab
le.

T
h
e
o
re

m
3
.1

1
.

T
h
e

satisfi
ab

ility
prob

lem
for

D
C

w
ith

con
tin

u
ou

s
tim

e
is

u
n
d
ecid

-
ab

le.

1
4

/
3
3

Sketch:
P

ro
ofofT

heorem
3.1

0

R
ed

u
ce

d
ivergen

ce
of

tw
o
-c

o
u
n
te

r
m

a
c
h
in

e
s

to
realisab

ility
from

0:

•
G

iven
a

tw
o-cou

n
ter

m
ach

in
e
M

w
ith

fi
n
al

state
q
fi
n
,

•
con

stru
ct

a
D

C
form

u
la

F
(M

)
:=

e
n
co

d
in

g
(M

)

•
su

ch
th

at

M
d
iv

e
rg

e
s

if
a
n
d

o
n
ly

if
th

e
D

C
form

u
la

F
(M

)
∧
¬

♦
⌈q

fi
n
⌉

is
re

a
lisa

b
le

fro
m

0
.

•
If

realisab
ility

from
0

w
as

(sem
i-)d

ecid
ab

le,
d
ivergen

ce
of

tw
o-cou

n
ter

m
ach

in
es

w
ou

ld
b
e

(w
h
ich

it
isn

’t).

– 7 – 2013-05-14 – Scont –

1
5

/
3
3

R
e

call:
Tw

o-co
u

nter
m

achines

A
tw

o
-c

o
u
n
te

r
m

ach
in

e
is

a
stru

ctu
re

M
=

(Q
,q

0 ,q
fi
n
,P

ro
g
)

w
h
ere

•
Q

is
a

fi
n
ite

set
of

sta
te

s,

•
com

prisin
g

th
e

in
itia

l
sta

te
q
0

an
d

th
e

fi
n
a
l
sta

te
q
fi
n

•
P
ro

g
is

th
e

m
a
c
h
in

e
p
ro

g
ra

m
,
i.e.

a
fi
n
ite

set
of

c
o
m

m
a
n
d
s

of
th

e
form

q
:
in

c
i
:
q
′

an
d

q
:
d
ec

i
:
q
′,q

′′,
i
∈
{1

,2}
.

•
W

e
assu

m
e

d
e
te

rm
in

istic
2C

M
:
for

each
q
∈

Q
,

at
m

ost
on

e
com

m
an

d
starts

in
q,

an
d

q
fi
n

is
th

e
on

ly
state

w
h
ere

n
o

com
m

an
d

starts.

– 7 – 2013-05-14 – Scont –

1
6

/
3
3

2C
M

C
o

n
fig

uratio
ns

a
n

d
C

om
p

utatio
ns

•
a

c
o
n
fi
g
u
ra

tio
n

o
f
M

is
a

trip
le

K
=

(q
,
n

1
,
n

2 )
∈
Q

×
N

0
×

N
0 .

•
T

h
e

tra
n
sitio

n
re

la
tio

n
“
⊢
”

o
n

co
n
fi
g
u
ratio

n
s

is
d
efi

n
ed

as
fo

llow
s:

C
o
m

m
an

d
S
em

an
tics:

K
⊢

K
′

q
:
in

c
1

:
q
′

(q
,
n

1
,
n

2 )
⊢

(q
′,

n
1

+
1
,
n

2 )

q
:
d
e
c
1

:
q
′,

q
′
′

(q
,0

,
n

2 )
⊢

(q
′,0

,
n

2 )

(q
,
n

1
+

1
,
n

2 )
⊢

(q
′
′,

n
1
,
n

2 )

q
:
in

c
2

:
q
′

(q
,
n

1
,
n

2 )
⊢

(q
′,

n
1
,
n

2
+

1
)

q
:
d
e
c
2

:
q
′,

q
′
′

(q
,
n

1
,0

)
⊢

(q
′,

n
1
,0

)

(q
,
n

1
,
n

2
+

1
)
⊢

(q
′
′,

n
1
,
n

2 )

•
T

h
e

(!)
c
o
m

p
u
ta

tio
n

o
f
M

is
a

fi
n
ite

seq
u
en

ce
o
f
th

e
form

(“
M

h
a
lts”

)

K
0

=
(q

0
,0

,0
)
⊢

K
1
⊢

K
2
⊢
·
·
·
⊢

(q
fi
n
,
n

1
,
n

2 )

or
an

in
fi
n
ite

seq
u
en

ce
o
f
th

e
form

(“
M

d
iv

e
rg

e
s”

)

K
0

=
(q

0
,0

,0
)
⊢

K
1
⊢

K
2
⊢

.
.
.

1
7

/
3
3

2C
M

E
xam

ple

•
M

=
(Q

,q
0 ,q

fi
n
,P

ro
g
)

•
com

m
an

d
s

of
th

e
form

q
:
in

c
i
:
q
′
an

d
q

:
d
ec

i
:
q
′,q

′′,
i
∈
{1

,2}

•
con

fi
gu

ration
K

=
(q

,n
1 ,n

2 )
∈
Q

×
N

0
×
N

0 .

•

C
om

m
an

d
S
em

an
tics:

K
⊢

K
′

q
:
in

c
1

:
q
′

(q
,n

1 ,n
2 )

⊢
(q

′,n
1

+
1
,n

2 )

q
:
d
ec

1
:
q
′,q

′′
(q

,0
,n

2 )
⊢

(q
′,0

,n
2 )

(q
,n

1
+

1
,n

2 )
⊢

(q
′′,n

1 ,n
2 )

q
:
in

c
2

:
q
′

(q
,n

1 ,n
2 )

⊢
(q

′,n
1 ,n

2
+

1)

q
:
d
ec

2
:
q
′,q

′′
(q

,n
1 ,0)

⊢
(q

′,n
1 ,0)

(q
,n

1 ,n
2

+
1)

⊢
(q

′′,n
1 ,n

2 )

– 7 – 2013-05-14 – Scont –

1
8

/
3
3

R
ed

ucin
g

D
ivergence

to
D

C
realisa

bility:
Idea

In
P

ictures

– 7 – 2013-05-14 – Scont –

1
9

/
3
3



R
ed

ucin
g

D
ivergence

to
D

C
realisa

bility:
Idea

•
A

sin
gle

con
fi
gu

ration
K

of
M

can
b
e

en
co

d
ed

in
an

in
terval

of
len

gth
4;

b
ein

g
an

en
co

d
in

g
in

terval
can

b
e

c
h
a
ra

c
te

rise
d

by
a

D
C

form
u
la.

•
A

n
in

terpretation
on

‘T
im

e’
en

co
d
es

th
e

com
p
u
tation

of
M

if

•
each

in
terval

[4
n
,4(n

+
1)],

n
∈
N

0 ,
e
n
c
o
d
e
s

a
con

fi
gu

ration
K

n
,

•
each

tw
o

su
b
seq

u
en

t
in

tervals
[4

n
,4(n

+
1)]

an
d

[4(n
+

1),4(n
+

2)],
n
∈
N

0 ,
en

co
d
e

con
fi
gu

ration
s

K
n
⊢

K
n
+

1
in

tra
n
sitio

n
re

la
tio

n
.

•
B

ein
g

en
co

d
in

g
of

th
e

ru
n

can
b
e

c
h
a
ra

c
te

rise
d

by
D

C
form

u
la

F
(M

).

•
T

h
en

M
d
iv

e
rg

e
s

if
an

d
on

ly
if

F
(M

)
∧
¬

♦
⌈q

fi
n
⌉

is
realisab

le
from

0.

2
0

/
3
3

E
nco

din
g

C
o

n
fig

uratio
ns

•
W

e
u
se

O
b
s
=

{ob
s}

w
ith

D
(ob

s)
=

Q
M

∪̇
{
C

1 ,C
2 ,B

,X
}.

E
x
a
m

p
le

s:

•
K

=
(q

,2
,3)



⌈q⌉

∧

ℓ
=

1


;



⌈B
⌉
;
⌈C

1 ⌉
;
⌈B

⌉
;
⌈C

1 ⌉
;
⌈B

⌉

∧

ℓ
=

1


;



⌈X
⌉

∧

ℓ
=

1


;



⌈B
⌉
;
⌈C

2 ⌉
;
⌈B

⌉
;
⌈C

2 ⌉
;
⌈B

⌉
;
⌈C

2 ⌉
;
⌈B

⌉

∧

ℓ
=

1



•
K

0
=

(q
0 ,0

,0)

⌈q
0 ⌉

∧

ℓ
=

1


;



⌈B
⌉

∧

ℓ
=

1


;



⌈X
⌉

∧

ℓ
=

1


;



⌈B
⌉

∧

ℓ
=

1



or,
u
sin

g
ab

breviation
s,
⌈q

0 ⌉
1
;
⌈B

⌉
1
;
⌈X

⌉
1
;
⌈B

⌉
1.

– 7 – 2013-05-14 – Scont –

2
1

/
3
3

C
o

nstructio
n

of
F

(M
)

In
th

e
follow

in
g,

w
e

give
D

C
form

u
lae

d
escrib

in
g

•
th

e
in

itial
con

fi
gu

ration
,

•
th

e
gen

eral
form

of
con

fi
gu

ration
s,

•
th

e
tran

sition
s

b
etw

een
con

fi
gu

ration
s,

•
th

e
h
an

d
lin

g
of

th
e

fi
n
al

state.

F
(M

)
is

th
e

con
ju

n
ction

of
all

th
ese

form
u
lae.

– 7 – 2013-05-14 – Scont –

2
2

/
3
3

Initiala
n

d
G

eneralC
o

n
fig

uratio
ns

in
it

:⇐
⇒

(ℓ
≥

4
=
⇒

⌈q
0 ⌉

1
;
⌈B

⌉
1
;
⌈X

⌉
1
;
⌈B

⌉
1
;
tru

e
)

k
ee

p
:⇐

⇒
�

(⌈Q
⌉
1
;
⌈B

∨
C

1 ⌉
1
;
⌈X

⌉
1
;
⌈B

∨
C

2 ⌉
1
;
ℓ

=
4

=
⇒

ℓ
=

4
;
⌈Q

⌉
1
;
⌈B

∨
C

1 ⌉
1
;
⌈X

⌉
1
;
⌈B

∨
C

2 ⌉
1)

w
h
ere

Q
:=

¬
(X

∨
C

1
∨

C
2
∨

B
).

2
3

/
3
3

A
uxiliary

Form
ula

Pattern
co

p
y

co
p
y
(F

,{
P

1 ,...,P
n
})

:⇐
⇒

∀
c,d

•
�

((F
∧

ℓ
=

c)
;
(⌈P

1
∨
···∨

P
n
⌉
∧

ℓ
=

d
)
;
⌈P

1 ⌉
;
ℓ

=
4

=
⇒

ℓ
=

c
+

d
+

4
;
⌈P

1 ⌉

...

∀
c,d

•
�

((F
∧

ℓ
=

c)
;
(⌈P

1
∨
···∨

P
n
⌉
∧

ℓ
=

d
)
;
⌈P

n
⌉
;
ℓ

=
4

=
⇒

ℓ
=

c
+

d
+

4
;
⌈P

n
⌉

– 7 – 2013-05-14 – Scont –

2
4

/
3
3

q
:
in

c
1

:
q
′(Increm

ent)

(i)
C
h
an

ge
state

�
(⌈q⌉

1
;
⌈B

∨
C

1 ⌉
1
;
⌈X

⌉
1
;
⌈B

∨
C

2 ⌉
1
;
ℓ

=
4

=
⇒

ℓ
=

4
;
⌈q

′⌉
1
;
tru

e
)

(ii)
In

crem
en

t
cou

n
ter

∀
d
•

�
(⌈q⌉

1
;
⌈B

⌉
d
;
(ℓ

=
0
∨
⌈C

1 ⌉
;
⌈¬

X
⌉)

;
⌈X

⌉
1
;
⌈B

∨
C

2 ⌉
1
;
ℓ

=
4

=
⇒

ℓ
=

4
;
⌈q

′⌉
1
;
(⌈B

⌉
;
⌈C

1 ⌉
;
⌈B

⌉
∧

ℓ
=

d
)
;
tru

e

– 7 – 2013-05-14 – Scont –

2
5

/
3
3



q
:
in

c
1

:
q
′(Increm

ent)

(i)
K

eep
rest

of
fi
rst

cou
n
ter

co
p
y
(⌈q⌉

1
;
⌈B

∨
C

1 ⌉
;
⌈C

1 ⌉,{
B

,C
1 })

(ii)
L
eave

secon
d

cou
n
ter

u
n
ch

an
ged

co
p
y
(⌈q⌉

1
;
⌈B

∨
C

1 ⌉
;
⌈X

⌉
1,{

B
,C

2 })

2
6

/
3
3

q
:
d
ec

1
:
q
′,q

′′(D
e

crem
ent)

(i)
If

zero

�
(⌈q⌉

1
;
⌈B

⌉
1
;
⌈X

⌉
1
;
⌈B

∨
C

2 ⌉
1
;
ℓ

=
4

=
⇒

ℓ
=

4
;
⌈q

′⌉
1
;
⌈B

⌉
1
;
tru

e
)

(ii)
D

ecrem
en

t
cou

n
ter

∀
d
•

�
(⌈q⌉

1
;
(⌈B

⌉
;
⌈C

1 ⌉
∧

ℓ
=

d
)
;
⌈B

⌉
;
⌈B

∨
C

1 ⌉
;
⌈X

⌉
1
;
⌈B

∨
C

2 ⌉
1
;
ℓ

=
4

=
⇒

ℓ
=

4
;
⌈q

′′⌉
1
;
⌈B

⌉
d
;
tru

e
)

(iii)
K

eep
rest

of
fi
rst

cou
n
ter

co
p
y
(⌈q⌉

1
;
⌈B

⌉
;
⌈C

1 ⌉
;
⌈B

1 ⌉,{
B

,C
1 })

(iv)
L
eave

secon
d

cou
n
ter

u
n
ch

an
ged

co
p
y
(⌈q⌉

1
;
⌈B

∨
C

1 ⌉
;
⌈X

⌉
1,{

B
,C

2 })

– 7 – 2013-05-14 – Scont –

2
7

/
3
3

F
in

alState

co
p
y
(⌈q

fi
n
⌉
1
;
⌈B

∨
C

1 ⌉
1
;
⌈X

⌉
;
⌈B

∨
C

2 ⌉
1,{

q
fi
n
,B

,X
,C

1 ,C
2 })

– 7 – 2013-05-14 – Scont –

2
8

/
3
3

S
atisfia

bility

•
F
ollow

in
g

[C
h
ao

ch
en

an
d

H
an

sen
,
2004]

w
e

can
ob

serve
th

at

M
h
a
lts

if
a
n
d

o
n
ly

if
th

e
D

C
form

u
la

F
(M

)
∧

♦
⌈q

fi
n
⌉

is
sa

tisfi
a
b
le

.

T
h
is

yield
s

T
h
e
o
re

m
3
.1

1
.

T
h
e

satisfi
ab

ility
prob

lem
for

D
C

w
ith

con
tin

u
ou

s
tim

e
is

u
n
d
ecid

ab
le.

(It
is

sem
i-d

ecid
ab

le.)

•
F
u
rth

erm
ore,

by
takin

g
th

e
con

trap
osition

,
w
e

see

M
d
iv

e
rg

e
s

if
a
n
d

o
n
ly

if
M

d
o
es

n
ot

h
a
lt

if
a
n
d

o
n
ly

if
F

(M
)
∧
¬

♦
⌈q

fi
n
⌉

is
n
o
t

satisfi
ab

le.

•
T

h
u
s

w
h
eth

er
a

D
C

form
u
la

is
n
o
t

sa
tisfi

a
b
le

is
n
ot

d
ecid

ab
le,

n
ot

even
sem

i-d
ecid

ab
le.

2
9

/
3
3

Validity

•
B

y
R
em

ark
2.13,

F
is

valid
iff

¬
F

is
n
ot

satisfi
ab

le,
so

C
o
ro

lla
ry

3
.1

2
.

T
h
e

valid
ity

prob
lem

for
D

C
w

ith
con

tin
u
ou

s
tim

e
is

u
n
d
ecid

ab
le,

n
ot

even
sem

i-d
ecid

ab
le.

•
T

h
is

provid
es

u
s

w
ith

an
altern

ative
pro

of
of

T
h
eorem

2.23
(“th

ere
is

n
o

sou
n
d

an
d

com
p
lete

pro
of

system
for

D
C
”):

•
S
u
p
p
o
se

th
ere

w
ere

su
ch

a
calcu

lu
s
C
.

•
B

y
L
em

m
a

2.22
it

is
sem

i-d
ecid

ab
le

w
h
eth

er
a

given
D

C
form

u
la

F
is

a
th

eorem
in

C
.

•
B

y
th

e
sou

n
d
n
ess

an
d

com
p
leten

ess
of

C
,

F
is

a
th

eorem
in

C
if

a
n
d

o
n
ly

if
F

is
valid

.

•
T

h
u
s

it
is

sem
i-d

ecid
ab

le
w

h
eth

er
F

is
valid

.
C
o
n
tra

d
ic

tio
n
.

– 7 – 2013-05-14 – Scont –

3
0

/
3
3

D
iscussio

n

•
N

ote:
th

e
D

C
fragm

en
t

d
efi

n
ed

by
th

e
follow

in
g

gram
m

ar
is

su
ffi

c
ie

n
t

for
th

e
red

u
ction

F
::=

⌈P
⌉
|
¬

F
1
|
F

1
∨

F
2
|
F

1
;
F

2
|
ℓ

=
1
|
ℓ

=
x
|
∀

x
•

F
1 ,

P
a

state
assertion

,
x

a
glob

al
variab

le.

•
F
orm

u
lae

u
sed

in
th

e
red

u
ction

are
ab

breviation
s:

ℓ
=

4
⇐
⇒

ℓ
=

1
;
ℓ

=
1
;
ℓ

=
1
;
ℓ

=
1

ℓ
≥

4
⇐
⇒

ℓ
=

4
;
tru

e

ℓ
=

x
+

y
+

4
⇐
⇒

ℓ
=

x
;
ℓ

=
y

;
ℓ

=
4

•
L
en

gth
1

is
n
ot

n
ecessary

—
w
e

can
u
se

ℓ
=

z
in

stead
,
w

ith
fresh

z
.

•
T

h
is

is
R
D

C
au

gm
en

ted
by

“
ℓ

=
x
”

an
d

“∀
x
”,

w
h
ich

w
e

d
en

ote
by

R
D

C
+

ℓ
=

x
,∀

x
.

– 7 – 2013-05-14 – Scont –

3
1

/
3
3



R
eferences

3
2

/
3
3

R
e
fe

re
n
c
e
s

[C
h
ao

ch
en

an
d

H
an

sen
,
2004]

C
h
ao

ch
en

,
Z
.
an

d
H

an
sen

,
M

.
R
.
(2004).

D
u
ra

tio
n

C
a
lcu

lu
s:

A
F
o
rm

a
l
A

p
p
ro

a
ch

to
R
ea

l-T
im

e
S
ystem

s.
M

on
ograp

h
s

in
T

h
eoretical

C
om

p
u
ter

S
cien

ce.
S
prin

ger-V
erlag.

A
n

E
A
T

C
S

S
eries.

[O
ld

erog
an

d
D

ierks,
2008]

O
ld

erog,
E
.-R

.
an

d
D

ierks,
H

.
(2008).

R
ea

l-T
im

e
S
ystem

s

-
F
o
rm

a
l
S
p
ecifi

ca
tio

n
a
n
d

A
u
to

m
a
tic

V
erifi

ca
tio

n
.

C
am

brid
ge

U
n
iversity

P
ress.

– 7 – 2013-05-14 – main –

3
3

/
3
3


