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Given a system which refers to a database and data values, verity properties of the system

CarHire Home Page Retum to Booking Help

CarHire Offers | Avis Locations Products & Services | Join Avis Preferred | Business Rentals = Help and Contacts | UKFleet Home Dellvery | Newsletter

1 When and Where 2 Your Car Choice 3 Price and Extras Ooaals 4 ahotant

Avis car hire quote and booking Sign In to your Onlne accountV/Avis Preferred

Find pickup location by City / town name
Search for edinburgh ‘

Roturncaton el fa Car hire delivered

Rental Start Date/Time 24 September 2010 (09 b8d 00 84

Rental End Date/Time 28 September 2010 (09 ¥4 00 ¥4 to your fr Ont daor

Number of days 4

Avis Worldwide Discount (AWD) No.

Click here to book
View, modify or cancel a booking Home DEIivery.’ 4

Car hire from £17 per day Car hire from £15 per day Car hire from £17 per day

Enjoy great discounts this Explore Europe this Autumn Explore the world by taking

Autumn. Get on the road and 4 with great discounts which wil advantage of our amazing
* explore the wonderful places s * take you further so you can see Autumn Sale prices.

the UK has to offer. 8 g% more. Book Now!

Book Now! : Book Now!
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Given a system which refers to a database and data values, verity properties of the system

Car Hire Offers | Avis Locations Products & Services | Join Avis Preferred Business Rentals

2 Your Car Choice 3 Price and Extras

You are viewing vehicles available at Edinburgh Airport

1 When and Where 4 Checkout

Small Medium Large Select Series

Size Number of Luggage

Small : Economy (Example of this range : Peugeot 207)

Hide Info

Best price £155.65 per rental
Available to book now

Driver age requirements

You must be at least 23 years old to hire this vehicle If you are
under 25 years old a Young Driver Surcharge will apply Young
Driver surcharge is £11/day + VAT; max £110

Vehicle Features
Air Bag - Driver
Short Wheel Base

Radio/Cassette

Credit card requirements
The number of Credit Cards required when you pick up this
vehicle is: 1.

Medium : Economy (Example of this range : Nissan Note 1.4)

More Info

Best price £181.37 per rental
Available to book now

Help and Contacts

CarHire Home Page Return to Booking Help

UKFleet | Home Delivery | Newsletter

Sign in Create an account

Sign In to your Online account/Avis Preferred

Your Booking

1 WHEN AND WHERE Change

Edinburgh Airport 23/08/2010 18:00
Edinburgh Airport 28/08/2010 15:00
5

YOUR CAR CHOICE
3 PRICE AND EXTRAS

4 CHECKOUT
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Extended automaton

a definition that captures timed automata, or vector addition systems

D — fixed domain

() — finite set of states
X — finite set of wvariables

D*={v: X—D} — space of variable valuations
(Q x DX — space of configurations

restricted 0 C (Q x D) x (Q x [DX) — set of allowed transitions
form [ € (Q x D¥) —set of initial configurations
F C (Q x DX) —set of final configurations




Examples

o Vector Addition System: D = N

(9> v)— > (g, v)

UV=0+UW

o Timed Automata: D =R

c1 < 2

(9> v)—— > (¢, v)

¢ =0

* (Lossy) channel system: D = {a+b}*
first, (c1)

b

c1'=c1-b

(9, v) >(q, v)




Our settin
(without the database)

'The domain:

YD = D,<, Pr, Py P3,...P»
e AN

linearly ordered set unary predicates

Examples (subsets of D)

< N) < O) 100) Peven) Pprz'me>

< Q) < O: 100) Pz'nteger) P<7z>
< {a+b}*, <lex P(db)* )

‘Transitions:

L FC(QxDX), &C(QxDX)x(Qx DY)

are specified by quantifier free formulas over &)
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Op: (xX=x) A (y=0)
Te: (y=1)
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Adding database constraints

X,%%... — a finite set of variables
R,S,... — a finite set of relational symbols

T (x=0)
On (x>x) A R(x) A =S5(x,9")
Op: (x’=0)
Te: (x=1)
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Adding database constraints

X,%%... — a finite set of variables
R,S,... — a finite set of relational symbols

T (x=0)

Decide emptiness

of D-automata

over w-words, with databases

N
an infinite run over [\:

aaababaabaa..

y d]3403()4%33

accepted language: (¢*6) * a accepted language: (a86)
N J y
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no database with database

Deutsch, Sui, Vianu, Zhou (06)
Kaminski, Francez (94)
PSPACE

Cerans (94) Deutsch, Hull, Patrizi, Vianu (09)

PSPACE PSPACE

Cerans (94)
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deciding emptiness
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Deutsch, Sui, Vianu, Zhou (06)
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Known results
deciding emptiness

no database with database

Deutsch, Sui, Vianu, Zhou (06)
Kaminski, Francez (94)
PSPACE

Cerans (94) Deutsch, Hull, Patrizi, Vianu (09)

PSPACE PSPACE

PSPACE PSPACE




Dense case

. D=0
e finite words
e no database




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A G
Op: (x=x) A (y'=0)

Tr: | (y=1)

 no database




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?gslfq}uy< 1=x, ...




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A G

Op: (x'=x) A (3=0)
 no database

Tr: | (y=1)

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?gslfq}uy< 1=x, ...
a

"




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...
a

\_/\\)
3(x, )




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A G

Op: (x'=x) A (3=0)
 no database

Tr: | (y=1)

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...
"

W

W
A(x3y’) F(xy)




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...
"

W

W)
3(xy’) () 5a(2% 9 X, 9)




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...
"

W

W)
3(xy’) () 5a(2% 9 X, 9)
(5,0)




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A G

Op: (x'=x) A (3=0)
 no database

Tr: | (y=1)

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...
"

W

W)
3(xy’) Axy): Sux %X, )
(5, 1) (5,0)




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A G

Op: (x'=x) A (3=0)
 no database

Tr: | (y=1)

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?gslfq}uy< 1=x, ...
a

"




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A G

Op: (x'=x) A (3=0)
 no database

Tr: | (y=1)

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...

(o




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...

) ﬂ

bisimulation — runs of the region

automaton correspond to runs of ¢




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

O<y<l<x, (O<x<1 =}:}B@ 129%@@)131 (—:PJ% %Q?galfq}uy< 1=x, ...

g U

N

aadgababaaaaa
bisimulation — runs of the region

automaton correspond to runs of ¢




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

) ﬂ

N

aadgababaaaaa
bisimulation — runs of the region

automaton correspond to runs of ¢




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A G

Op: (x'=x) A (3=0)
 no database

Tr: | (y=1)

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

) ﬂ

N

aaababaaaaa
pqgqrrqgrgs s s s\q bisimulation — runs of the region

automaton correspond to runs of ¢




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

) ﬂ

N

aaababaaaaa
pqgqrrqgrgs s s s\q bisimulation — runs of the region

automaton correspond to runs of ¢




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

) ﬂ

N

aaababaaaaa
pqgqrrqgrgs s s s\q bisimulation — runs of the region

automaton correspond to runs of ¢




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

) ﬂ

N

aaababaaaaa
pqgqrrqgrgs s s s\q bisimulation — runs of the region

x (5) ? automaton correspond to runs of ¢
J

\




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

) ﬂ

\
aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

€08 automaton correspond to runs of ¢
J
\




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5
0 1

x ; Z automaton correspond to runs of ¢
J
\_




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5
0 1

x ; Z (5) automaton correspond to runs of ¢
J
\_




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 50 ; automaton correspond to runs of ¢
Y
.




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 55555 automaton correspond to runs of ¢
y 24030
.




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 555555 automaton correspond to runs of ¢
y 2403 0.1
_




Dense case
° D — Q Tz | (x>0) A (y=0)

Or (x'=x) A (y<y’<x)
Op: (x'=x) A (3=0)
Tr: | (y=1)

e finite words
 no database

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aaababaaaaa

pqrrqgrqs s s sy bisimulation — runs of the region

x 555555555 automaton correspond to runs of ¢
y 0124030.1.2

\




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84' = <y’<
e finite words =) A G

Op: (x'=x ) A (y’=0)
 no database

Tr: | (y=1)

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 55555 automaton correspond to runs of ¢
y 24030.
.




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84' = <y’<
e finite words =) A G

Op: (x'=x ) A (y’=0)
 no database

Tr: | (y=1)

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 55555 automaton correspond to runs of ¢
y 24030. :
.




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84' = <y’<
e finite words =) A G

Op: (x'=x ) A (y’=0)
 no database

Tr: | (y=1)

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 55555 automaton correspond to runs of ¢
y 24030. :
.




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84' = <y’<
e finite words =) A G

Op: (x'=x ) A (y’=0)
 no database

Tr: | (y=1)

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 55555 automaton correspond to runs of ¢
y 24030. :
.




Dense case
° D — Q Tz | (x>0) A (y=0)

. 84' = <y’<
e finite words =) A G

Op: (x'=x ) A (y’=0)
 no database

Tr: | (y=1)

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

g U

N

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 55555 automaton correspond to runs of ¢
y 24030. :
.

accepted language: (a+b)*a




® — T | (x>0) A (y=0)
Q
* finite words O (¥=x) A (y<y'<x)

Op: (x'=x ) A (y’=0)
 no database

Tr: | (y=1)

)

"I’}, r . q s oy p _
O<y<l<x, O<x<1=)£ &1&9&‘&1%%&%#%14?&:@2%1=x,

aadgababaaaaa
pqrrqrqs s s sq bisimulation — runs of the region
5 5

0 1

x 55555 automaton correspond to runs of ¢
y 24030. :
.




° D = N Tr: | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A hr)
Op: (x'=x) A (3=0)

 no database
Tr: | (y=1)

; " q p
O<y<l<x, (O<x<l=yp) 0=1<y<x, (0<1=y<x)0=y<1l<x, 0=y<1l=x; ...

(o

b

bisimulation — runs of the region

automaton correspond to runs of ¢




Discrete case

° D = N Tr: | (x>0) A (y=0)

. 84: = <y’<
* finite words = b
Op: (x'=x) A (3=0)

 no database
Tr: | (y=1)

; " q p
O<y<l<x, (O<x<l=yp) 0=1<y<x, (0<1=y<x)0=y<1l<x, 0=y<1l=x; ...

J  UX

bisimulation — runs of the region
automaton correspond to runs of ¢




Discrete case
° D = N Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A hr)
Op: (x=x) A (y'=0)

 no database
Tr: | (y=1)

; 4 q ?
O<y<l<x, (O<x<l=y) O= 1<y<x, O<1—y<x, O=y<1l<x, 0=y<l=x; ...

bisimutation — run e region
autom correspo runs of A




Discrete case
° D = N Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A hr)
Op: (x=x) A (y'=0)

 no database
Tr: | (y=1)

; 4 q ?
O<y<l<x, (O<x<l=y) O= 1<y<x, O0<1l=y<x)0=y<l<x 0=y<l=x, ...

(¥ \/U

\

aaababaaaaa

psrrqrps rrirg bisimutation — run e region
autom correspo runs of A




Discrete case
° D = N Tz | (x>0) A (y=0)

. 84: = <y’<
e finite words =) A hr)
Op: (x=x) A (y'=0)

 no database
Tr: | (y=1)

; 4 q ?
O<y<l<x, (O<x<l=y) O= 1<y<x, O0<1l=y<x)0=y<l<x 0=y<l=x, ...

(¥ \/U

\

aaababaaaaa

psrrqrps rrirg bisimutation — run e region
autom correspo runs of A




Discrete case
° D = N Tz | (x>0) A (y=0)

. 84: = <y'<
e finite words =9 b=
Op: (x=x) A (y'=0)

Tr: | (y=1)

; 4 q ?
O<y<l<x, (O<x<l=y) O= 1<y<x, O0<1l=y<x)0=y<l<x 0=y<l=x, ...

 no database

(¥ \/U

\

aaababaaaaa

psrrqrps rrirg bisimulation — run e region
x 55555555
y 01240401 autom correspo runs of A

\




Discrete case
° D = N Tz | (x>0) A (y=0)

. 84: = <y'<
e finite words =9 b=
Op: (x=x) A (y'=0)

Tr: | (y=1)

; 4 q ?
O<y<l<x, (O<x<l=y) O= 1<y<x, O0<1l=y<x)0=y<l<x 0=y<l=x, ...

 no database

(¥ \/U

\

aaababaaaaa

psrrqrps rrirg bisimulation — run e region
x 555555555
y 01240401 4 autom correspo runs of A

\




Discrete case
° D = N Tz | (x>0) A (y=0)

. 84: = <y'<
e finite words =9 b=
Op: (x=x) A (y'=0)

Tr: | (y=1)

; 4 q ?
O<y<l<x, (O<x<l=y) O= 1<y<x, O0<1l=y<x)0=y<l<x 0=y<l=x, ...

 no database

(¥ \/U

\

aaababaaaaa

psrrqrps rrirg bisimulation — run e region
x 555555555 ¢
y 01240401 4 autom correspo runs of A

\




Discrete case

° D = N Tr: | (x>0) A (y=0)

. 84: = <y'<
e finite words X =) A by
b (x=x) A (y’=0)
 no database
Tr: |(y=1)

; " q p
O<y<l<x, (O<x<l=yp) 0=1<y<x, (0<1=y<x)0=y<1l<x, 0=y<1l=x; ...

J  UX

N
aaababaaaaa

PSV?"qVPS 7"7’7"4
¥ 555555555 3 configurations which are n-bisimilar
y 01240401 4 2

-

but: in any cell and any 7 we can find

— finite runs of the region automaton

correspond to runs of A







An elaboration of these ideas yields the results for

infinite runs and database constraints and unary
predicates in &.
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Theorem. For all &, &Y-automata over finite words
accept regular languages.
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Theorem. N-automata over infinite words accept

B-regular languages.




An elaboration of these ideas yields the results for
infinite runs and database constraints and unary

predicates in &.

Theorem. For all &, &Y-automata over finite words
accept regular languages.

Theorem. N-automata over infinite words accept

B-regular languages.

Theorem. For any reasonable structure &,
emptiness of &-automata is decidable and in PSPACE.




An elaboration of these ideas yields the results for
infinite runs and database constraints and unary

predicates in &.

Theorem. For all &, &Y-automata over finite words
accept regular languages.

Theorem. N-automata over infinite words accept

B-regular languages.

Theorem. For any reasonable structure &,
emptiness of &-automata is decidable and in PSPACE.

Corollary. Deciding LTL+data tests properties
of Y-automata is PSPACE-complete.




'Thank you!



'Thank you!




'Thank you!



