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Recoil:

- Timed word ( alae . . . an , th
,
th - - - Tn)

a,

T , % '
- .

an

Ts

Ti s Tit , Ti c- IR>o

- Timed language
- Timed automaton : clocks

✗ I,

guards
Resets

- Closure properties :
- closed under union, intersection

, vntime

-

non- closure under complementation

To-day .

Theorem:

-

For a timed automaton A
,

the language
Untime ( Lcs )) is regular .

Untime - ( L ) = { WE 2*1 IT
.

(wit ) c- L }
t,

timed lang .

{ ( Wi , Til lwz.TN , . . . . . -
.

- - .
}



Given a timed automaton it .

Naive amah :-

Remove all guards and resets from A
.

↳
This does not work .

a. n >_2 a. ne '

z(d) = § Ginned language)
→0-0-00

Untime ILIAD = OI

f.

→ 0A-0-900 B obtained by the above construction

LIB) = {aa }

LIB ) =/ runtime Klm

Modification :
-

We will construct an NFA which maintains information

about clock values in its states

of Sg
② ⑤

Region - automaton IN→ Nbd IM

infinite states infinite states finite states

infinite alphabet finite alphabet finite alphabet
- some correspondence
bet . timed language of LlNbd (t) ) LCRAIA))

it and runs of Ss =Untimeliness) = Untime CHAD

t
Untime - Ssi -



stet :

States: ( 9, , v7 U is a valuation over docks

✗ : clocks .
U : ✗ → IR> o

✗ = {my } U
,
: ( N= 1.7 , y= 10.5>

¥H
8 c- Ryo

-

19, , v7 ( q
'
,
v17Transitions:

N 72 I

④-É④ ( 9,, < a- 2-5 , g- as>)
{ y } tea 0.6 , a(( q1, < a- 25 , y -077¥0.51

A

ywtf = CR=3,y=l
>

( g
'
,
<a- 3

, y=0>)

[ { y}) (uts)



There is a transition :

19, , v7
¥ 191 , v17

if i) there exists some transition in the timed automaton in

this form :

q,
→ q

'

R

in v -18 f- g ( v -18 satisfies guard g)

Iiit v
'

= [R]@+8) CRT Cuts) (n ) = {
° HER

Utah help

Let's call this automaton Sy :

1×1
States : Q ✗ Ryo Transitions : as above

on

valuations

Alphabet: IR
>a

✗ § Initial states : (go , V07

Yihere 90 C- Qo

Xo : every clock is

set to 0 .

Accepting states : F- ✗ 112¥ '



What can we

say
about Ss ?

- Suppose there is a run :

Jugan

( go ,
V07 ( 9 , ,

v
, )
> (92 ,

v27 -
- -

- - → ( 9n.vn)

s -t. 9h C- F

then timed word (
q , 92 . - -

.

an ,
c- Ll A)

of 81+82 81+02 . -tin )

-

conversely , suppose
( ai aa

- .
. §! ,

) c- LIA)
D, Tz

then there is a nun in SA of the form :

t, , Ai

190,407→ 19, , , 4,7 tÉs(game) →
r r

-
n É

,

(9min)

Modify Sa to get Unlime KIAM

(q , v7 ¢9, ,u)

(Jia#
Erase

s at
,

(g) v1 ) ( 91, v17



Untiming Sa : - Untime - Ss
-
-

- Erase the 8 part in the transitions

States : QX 112¥
, Alphabet = I Acu states : F- ✗ 112¥

Initial states : Qo ✗ {to}

Transitions : ( 9, , v7
a- ( qi ,u ' )

if I 870 Srt .

Iq, , v7
(9

'

/ v17 is a transition in Ss
.

Claim: Ll Untime - St) = Untime ( Let ) )

pr-oof.LI Untime - Ss) E Untime CLIAI )

Pick 91 9293 . - ^ an E Llvntime - St ) )
.

i. there is a run :

( 90 , V07 Cox , , xD €, - - r - r ( 9h14m ) 9m£ F

in Untime - Ss

i. there exists a run :

81
,
at

19° , 1107 → 19/1,47 ¥> -
- - -

€5 cqn.vn ) in Ss

⇒ ( ai az
. . . .

an
,

,

c- Ltd)
8
, check die . . - +8s

=) a , an - .
. . an c- Untime KIA) )

The other direction : Untime 111177 C- Llbntime - 5s) ) Exercise .



Automaton :

-

Infinitely many states

- finite alphabet
-

accepts ontime Kit) )

of SA
⑦

Nbd in
⑤

Region - automaton IN

infinite states infinite states finite states

infinite alphabet finite alphabet finite alphabet
- some correspondence
bet . timed language of Llxlbd (t) ) LCRAIS))

name ,µµ,A and runs of Ss
= Untime CHAD

t
Un time - Ss) -

infinite states

finite alphabet
accepts centime KIAD



SKI: Neighbourhood automaton .

Untime - sa

Cq , v7 ( q , v1 )

^saw
-

Merge status Cq, ,v ) (q, ,v
' ) if set of suffixes

that are accepted from these states is

the same -

idea: Find sufficient conditions on 4 and v1 so that

the set of suffixes is the same from (9, ,Y ) and (9/1×1)
for

every 91 ,



" " "

÷¥¥
.

☐ < a < I

0<y< ,

What we want :

n > y Cox, v1
¥

> - - -
-

Inbd

Cq, ,

✗ ' 7 ¥ ¥2 . . . .

Neighbourhood equivalence is
2D:÷¥¥¥¥¥¥¥Ei÷.I) Lulu> 1 = Lu ' lait

Lvlyit = 20 'YH
fractional

{win> 3=0 ⇒ { ✓ IN } -0
part 06
NIM { vly) 3=0 ⇐ { v' g) 1=0

iii ) { VIN)}< {v1y7⇐> { vim}<
{ily ) }

{ Ulm?}={ rely] } { v 'tnD=
{vicg ?}



Inba U
' if

~_ nbd equivalence with {my} ,

it Lvtnt = Lu'fa7t

Luigi 1=20 'YH- It is an equivalence relation :

ii. ) . { vln> 3=0 ⇒ { u'la73=o

Evly) 3=0 ⇐ { v' g) 1=0

iii ) { VIN)}< {v1y7⇐> { vim }<
{ily ) }

{ Ula?}={ vly] } { v 'tnB=
{vicg ?}

Claim: '

suppose U Inba v
'

.

For
every 8>-0

. I 8
'
St.

U -1 8 Inba V1 -18
'

i
Next-gen . We will complete construction of neighbourhood automaton .


