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DETERMINISTIC TINIE AUT0MATA-
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-1 . Definition and examples
-2

. Closure properties
-3 . Decision problems

1- Definition a-ndexam-p.lu
'

→☒
In unlined setting : ⑨ o_0

☒
Determinism : it at most one transition ii ) unique

on
'a' at every

initial state

state .

i) and i;) will ensure that there is at most one run on

every
word

completeness : ⑨
→⑤

→
!

There is a transition from every state

on every letter .

"
there is exactly one run on every word when the automaton

"

is deterministic and complete .



r

In the timed setting :

Any valuation u can take only
VM

÷g one of the two transitions .

④
s

Not allowed .

Uta)=7⇒
Deterministic timed automaton

with a single initial state and

It is a TA
n
with an additional condition on transition syntax :

④-: gin gj =D for every
pair iij

¥÷÷
Let q

be an arbitrary state and let gi , ga , .
. . gie

be the guards on outgoing transitions from '

9
'
on a

letter ' ai
.

then gi Agj =D Hi,j .

For every pair of transitions 19, , g. a , Rig ,
) and lq.gl/aiR !

we have gag
' is unsatisfiable 927



A TA is said to be complete if for every state
'

9
'

and
every letter '

a
'
:

if the set of transitions on
'a' from '

q
'

are

19µg , , a , Ri 91,7 19, / Ge , ai Ra , 927 - - -
. 191, Gaia , Rie.ge )

then g , Ug, Ug , . .
- . Ugh = set of all valuations

→

considering
guards as sets of valuations

gl V ga V g>
✓ - - - -

vg ,
is the

"

true
"

constraint

givgz - - . V92 = true



I
:

a b

I: →§# €?② Non - deterministic

1

a g.br
"

B :
→§# 0_É⑥ deterministic .

↳ Is this language equivalent ?

w:(b, o) (bit , ( bit)

WE LIAT , bat w ¢-21B )

a
b
,

N< 1 b ,n=1

a a
→ ÷ 0 ②



FLAME :

Words over unary alphabet
{a }

( Ji Ga - - . ok , Fitz . . . In ) sit . k 72 and

Tk - Pk
- ,
=L

-

distance between last trio letters is 1.

a -1-1
7=1,9

jus
→0-%,→⑤

" '

→
does not take care of kzz:C

2-1-2, a

9ns

a ,N -1-1
a ,
7=1

923

a ,n=1 I
{ 23

→0-9-8*-00
223

v.
ai n-1-1

{n}



CLOSURE PROPERTIES IF DIA :

-
-

- Union : DTA , A ,
and Az Assume both are complete .

Product construction . it , = ( Q , ,
E

,

✗ 1
,
41

,
Fl)

CAZ = ( Q2
,
&

,
X2
,
42

, Fe)

we assume ☒ i n 02=01

✗i n ✗ 2 = §

bunion : ( Q1 ☒ 2
, £ ,

Xi U ✗2
,
G

, Q, ✗ Fa v Fi ✗ QL)

(pi , pi
) "

( pz.pe
' )

RUR '

for every pair of transitions :

( pi , a , g , Ripe) C- 41 and

( pi , 9 , g , R , P2? C- 42

lpi.IT
×

, g / a g
'

×
.

→



p ,
É 9" 9 ,

'

p : a
.→ ri

gi

83¥
s
,

Ri

Gi ✗ ga ging
' is unset .

g ,
ng? } unsatisfiable

gsnsi
givgi is T .

8111 gzvg, is
"

true
"

T
.

• ii÷÷i÷=pairwise Rs URE

disjoint →

÷%:| .\÷i¥
R, Uki

'

Rivka

t TEN
.

- - .

Thin ! f-
union

is deterministic
, complete and accepts Llti

) 011th
.



-

7 A)
, Az : complete and deterministic

Ginter section : (Qi ✗ Qz
,
& XIU ✗ 2

,
I
,
F, ✗ Fe)

t

same as in

A union .

terse : NO these constructions work for

complete non- deterministic 7A ?

- Complementation :
-

A : deterministic 7A

- Assume A is complete
timed↳

For every n

word there is a unique Nen

so complement language is accepted by swapping
the

accept and non- accept states



Trim :

-

Non - deterministic TA are strictly more expressive than

deterministic 7A .

ani
Proo Consider : A :

→0-9,8
{ 93

there exist 2 a 's ltvhich are at distance 1- apart .

We have seen earlier that LIA )
'

is not even

timed regular
- There is no T.tt . accepting 21A )

'

-

If Lls) has a DTA
,

then LIAT has a DTA

- contradiction .

⇒ LIA ? cannot be recognized by a deterministic 7A .

NTA



Decision problems:
-

-

-1 . Given DTA A
,

is LH) empty ?

→

Build region automaton .

-2 . Given DTA it, is 21177 universal ? 21A ) - TS# ?

→ Decidable

→ Complement and check for emptiness .

-3
. Given an NTA A

,
does there exist a DTA B sit .

Llt ) = ☒B) ?

→ undecidable ( Finkel '06 )

summering

- Deterministic TA .

, closure properties . decision problems


