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Reca

Problem :
-

Given a one - clock T.tt . Ai is LIA> universal ?

Strategy : Building a transition system over configuration .

{ ( go ,
o ) } T

s

if
i

-

.

' I

-

{ ( 91,87 > 192,03
, 193,87 } '

'

I

:

-

For every timed word
, there is a unique path in

this system corresponding to the word
, leading

to a unique node .

Bad: A node of Ts is bad if every state contains

a non- accepting location .

Property : A 1

-

is not universal ⇐> there exists a path
leading

to a bad node

in Ta .

How to make Ta finite ?



Stepan Equivalence between configurations

a = {
-

,
- , - , - ,

-

} cz= { -

,
- , - , -

}

→
The location present in 4 are

C, ~ Cz same as those of cz .

0$ ,?/ i. a , - Goal is to come

up with such an

Sa,¥" equivalence .

a
"

t.oi.ae
~ Ca

"

.

Suppose we have such an equivalence :

C
,

~ Cz
'

f1.
cbad N C

'

bad

-1

Will also be bad

if Cbad is bad .

Once we have this , we can build a graph
over equivalence classes .



t-o-muatingth.ee#alena :

-

We will make use of the Max constant ha
,
and parameterize

the equivalence Kirt . M
.

ampg :

G :{ ( go , 0.57 } ✗ C2:{ (go , 1. 7) } ?

Asta
a rye

→④ ⑤

From C2
,
all words are accepted

.

ca = { (90,1^7) }

for# $0.119) . - - .

-1

{ ( 92,1-77} { Iqa,-1.87 }

From 9
,

the word tonal is rejected .

C
, = { (go ,

'

0.57 }

¥
{ 3 c- Bad

we cannot relate 4 and 4 .



Examine 2"

G = { ( 90 , 0.5 ) ,
(91,1-7) } Cz= { (90,2-9) ( 9 , , 1.77 }

A similar automaton as in the previous case will show

that c, cannot be made equivalent to G.

2.
E

N> 2 , a

→⑧-④
Etat

- 1C , reaches a bad configuration on 10,97

④ - Cz is universal

↳

£×Pk "

c, = { (go.az Cz = {91107 }

→④a-④
e

b) - c , reaches a bad config.

-

cz is universal .④ E



From Examples 1 , 2,3 , we learn that the equivalence

should satisfy toll . properties :

C
,
~ Cz should imply :

There exists bijection f :c, 1- a mapping
each state

of
9 to a state

of
Cz at .

- i. f- ( count ] has same location 9

-2 . Suppose f- (girl = 19,4
' )

. then

but = Lu 't

Is this sutticient ?

Eiampe : 119=10

Cz = { ( go , 1. 7)
, 19 , , 0.4) }

G = { ( go ,
1. 7)

,
( qi , 0.97 }

Want an example of it .

G is bad , Cz is not bad

an ant . }
sea
a E C, :

{ (9%1.7)
,
(91,0-4) }

→

y⑨ 0"% s if
92 9s q!q, 93

^ A ^hx⑨ E

V
Ela



Eiampe : 119=10

Cz = { ( go , 1. 7)
, 19 , , 0.4) }

G = { ( go ,
1. 7)

,
( qi , 0.97 }

Want an example of it .

G is bad , Cz is not bad

an ant . }

A
"" E C2 : { (9%1.7)

,
(91,0-4) }

→
of

⑥ o"'t s ⇒1¥:•

qz
°

9392 92193

^ A ^hy④ E

V
Ela C2 is universal

- No bad location is

reachable

Ci : { ( go ,
1.77

,
19 , ,

0.97 }

87% 8=0:| . - -

" " a

% g , , .z, a
{ } Bad

.

: . It is also important to consider the order

between fractional values while equating the

configuration .



equivalence:definition of -

Difference from the region equivalence :

(9,1×1)×2 , . . .mn>) ~m ( 9 , < ✗ i. ✗ I . . . . ,xñ >)

- Lxit = Lxi 't or Xi , Xi
'
> M

- For all ✗ i ,✗j EM ,

{ ni } I { Xj } ⇐> { ✗ i ' } c- {nj
' }

New:

{ 19.x , ) , 19.x-1 , . . . .

I 9. Xn ) } ~ { 191×17 Gyi ) , . . . . .
'

19
,
✗n'B

A{ ( 9 , 1. 7)
,
( 9 , 2.37 ,

the bijection is

apriori not evident .

To encode the order of fractional , the integrals and the correspondence
between locations ,

the
paper 0W'os makes use

of an intermediate representation .



Associating a word over a finite alphabet to each configuration :
- - - - -

suppose the Max constant is M
. "

-

REG = { ro
,
ro
'

, ra ,
ri

,
. . . . . rm , rni }

s☒% C = { (91,2^3) (92,5-7) , (93,7^1) , 19¢ .
5)

, 19s , 7.37 }
☒
"

(96
,
10.7 ) }

→ order based on fr. Values modulo M

+ group together same fr. values

{ (9¢ , 5) } { (93,7 . ) ) } { (91,2^37,195,73) } {(9z , 5.77 } {196,10-77}
1-
Unbdd .replace exact ← I, group tog .

Value with the region

{ ( ga , r,) } { 193 , r;) } } (9hr37 , Iqs ,r;) } {(92,4-6738196,75)}

t. I

.H(c) words over Powusetof(Q×RE"A
G ~ can ift Hla) = HKD

~



E✗am M= 10

1) c, = { ( go , 1-77 3 ✗ Cz =
'

{ ( go , os ) }

Hla) = { ( go , ri) } f- Ca = { 190 , rd ) }

2) a = { (go ,
or) } ✗ cz={ ( 9, , 0.5 ) )

Hle, )
= { ( go.ro

' ) } =/ Hla ) = { Cq , , rd )}

3) Ci = { ( 9 , , i. 7)
, (92,0-4) }

✗ Cat { ( q , > i. 7) 192,09
)}

Hla) = { cqz.ro
'
) } { (9 , , ri )} =/ Hkz7={ Iq , , ri )}{Gard ) }

I 1

4) c ,
= { 191 , 1^77

, (92,0^4) }~cz={(91,1-57,192,01) }

Heal = { lqz.ro' ) } { 19 , ,r,
' ) } = H¢ñ={ 19a.ro ' ) }

{ Cq , ,r,4
}

s, G = { 19,1^17
,
19.1.27 }

. ✗ cz= { 19 , 1.573

11-147 __ { (q , roll } { ( q ,
ro

' ) } =/ Alas = { 191rad )}

aa * a



Summary :

Equivalence Ci ~ Cz Iff HCG) = It (Ca)

Next-door. - ~ has nice properties

-

a graph can be constructed where node

is an Htc)

- termination ?


