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Closure properties

I Union, intersection: use disjunction/conjunction

I Complementation: interchange

1. acc./non-acc.

2. conjunction/disjunction

No change in the number of clocks!
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Closure properties

I Union, intersection: use disjunction/conjunction

I Complementation: interchange

1. acc./non-acc.

2. conjunction/disjunction

No change in the number of clocks!
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Section 2:

The 1-clock restriction
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I Emptiness: given A, is L(A) empty

I Universality: given A, does L(A) contain all timed words

I Inclusion: given A,B, is L(A) ✓ L(B)

Undecidable for two clocks or more (via Lecture 3)

Decidable for one clock (via Lecture 4)

Restrict to one-clock ATA
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Universality problem → Emptiness problem for

for NTA ATA

B - Look at B as an ATA .

Complement it and check for emptiness
LIBI is universal ift

LCBT is empty



I Emptiness: given A, is L(A) empty

I Universality: given A, does L(A) contain all timed words

I Inclusion: given A,B, is L(A) ✓ L(B)

Undecidable for two clocks or more (via Lecture 3)

Decidable for one clock (via Lecture 4)

Restrict to one-clock ATA

15/29

E-



I Emptiness: given A, is L(A) empty

I Universality: given A, does L(A) contain all timed words

I Inclusion: given A,B, is L(A) ✓ L(B)

Undecidable for two clocks or more (via Lecture 3)

Decidable for one clock (via Lecture 4)

Restrict to one-clock ATA

15/29

-

-



Theorem

Languages recognizable by 1-clock ATA and (many clock) TA
are incomparable

! proof on the board
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Alternation 11s . Multiple Ions :

-

← For
very paint, 3- another atAlternation.

distance c .

•

•
a¥1Bn : a a¥

Interleaving .

Need multiple clock.

Example L : no a 's at distance 1 . → 1- clock ATA .

but no NTA .

Example of a language aiupted using multiple clock 7A,

but not 1- ATA ?
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clarification

ab-outtn-eexpru-i.ve#wer-f1-A-A:Question:-LetL--{ ( aaa
,
t , tztz ) I 0 < t , < tz < 1

ti -11 < to < tats
}

a
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t
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Can you construct a 1- ATA for L
,
?

Idea :
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, { a } )

( Pha , r >1)
→ If

,
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( S2 ,
a , a < 1) → ( f , $ )

( f , a , true) '→ ( reject . 0 ) , (reject , a , true) → ( reject , 0 )
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small modification If the tedious e_xample
:

Questions Let L2= { (aaaa , titztztc) I 0 < t , < tz < 1

1 < tz < 1-4 }t , -11 < 1-4<1-2+1
-

t
, tz t,+ , 1-2-11

Can you construct a 1- ATA for 22 ?
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Question: Lz = { lak
, t.bz .

. . .tk ) 1h33 :

0 < t , < tz < 1
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The Hyo ais could be different
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- This is an intuition that ↳ cannot be accepted by a 1- ATA .

-

However
, proving that a language cannot be accepted by a 1- ATA is difficult

.

- We will see another example given in the paper ,
for which there is a

proof that it cannot be accepted by a 1- ATA.



L = { (ak
,
Tita . . . th ) / o s t . c ta s I

1 < too . . . . . . th s 2

there is exactly one a between

ti ti and tztt }
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- L can be accepted by a deterministic TA. with 2 docks
.

Goya : To prove that L cannot be accepted by a 1- ATA .

Step: understand some property of DFA s

step: How Step I translates to unlined alternating finite automata

step 3 ! Any 1- ATA accepting L behaves like an antimed
-

AFA in the interval ( 1,2)
,
where clocks are

useless .

Step Use slept and 2 in 3 to get a contradiction .



Steps: Understanding a property of DFAS
.

- Consider a unary alphabet { a } , and DFA D= 10,90 , 8,1=7

- For each ak
,

the DFA gives rise to a function

fkB : Q → Q

q,
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- The number of functions from Q - Q is finite.

-

therefore .
if we look at the sequence :
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consider all DFA with d-most m stat
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- Let m = Max (Mi , . . . . Mj )
'

l = li.la . lz . . - . lj
^

y

Then for every DFA B with £ n states
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we have:
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