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Diagonal constraints :
-

-

Diagonal constraints can be eliminated .

diagonal - free
-

For d- timed automaton A → F a timed aut . B. s - t .

(with possibly diag .
constr

.
) 21A ) = LIB)

Todays there exists a family of languages { Ln )n
, ,

s - t .

- for each Ln there exists a d- timed automaton of

size bln)

-

every diagonal free TA that accepts Ln has at least

size 012^7

-
d- timed automata are exponentially more succinct .

-

Bouyer $ Chevalier
'
05Reference :



danguagehri.tn
{ ( of? T ) to < T.sk < . . . . < Tan < a }

P z
2
"

a 9 a

1
T , Tz Tzn

L1 = { ( a
'

,
f) I 0 CT, ctz < 1 }

La = { Cat, T ) 1 OCT
,

-

← = . . < R
,
ca }

251

y > 0,9Naive Ta :

o_O-90%-0*0%900{ y }
{
y }

↳ 4 states

For Ln this naive construction would give 2
"

stake
.



succinct d- timed automaton :n :

-
-

Idea :
a

,
increment

-

counter c Add clocks
'

y
'

and
'

2
'

as before to

→

⑥ ensure Ti < titi

and In < 1

n - bit counter :
-

bi bz
.
- . .

bn

bn bn
. ,

-
-

- b
,

→ a
most least significant
significant

E 11010 00 000

bsbybzbzb, 0 0 001

00 0 I 0

00 0 1 1

00 1 O O

O O 10 1

00 I 1 °

:

find first :

I 0 from the right .

¥T

z
SHH

'

b. 1=0
? A

bln
)
transition

brain:
""÷
" ¥↳⇒!É⇒"÷②

g.
⇒ .

.

.

.hn-i
" '

"
b
, :-O ,

bz:=
'

bit a bit n bz :-O ?
,
9

bi:-O A bz?=0 ybg : -4



Simulating bits bi using docks :
- -

bi : Ni
,
Ni

'

Ri - ni
'

=0 encodes bi -_o

Ni - Ni
' > ° encodes bi =L

The key observation is that the difference between two clocks

is invariant under time elapse .

- so
, ni - ni

'

registers a value

- This value is stored until there is a reset of one of the clocks
.

How do We change the value of ni
-ni

'

?

a- ai --0
"

'

1¥
, ,

t
.

Suppose after a non - zero time elapse , ni is reset
.

then value of ni - ni becomes > 0
.

A transition :

bit ✗ bz=o ?

bi :-O .bz := ,
→
?=o,
-

{ Mini } 9mi }



d- timed automaton for Ln :
- - -

y>
°

y >
o gi=( Ri - n! >Da ni - ni

'

-0

a
, 91 j= ,

d t
Acs

?Rz{y}
Ri

in
{y

's

→ 0
Ri = U { ni ,n

' } u { ni
' }

j= ,
t j

o
:

a , gn - , ay > 0

Rn - i

{ y }

u
An : Size

of An : States : =z

Transitions = 01h7
↳
accepts Ln

.
Constants used are 0,1



⇒diag-na-free-n-rcn-isbig.hn
= { ( a"

,
f) I 0 < Tietze - - - - < In < i }

suppose there exists a diagonal - free 7A . Bn with strictly less than

2
"

states that accepts Ln
.

Consider the word W :

a

0dÉy1
÷,
÷

-

-

-

- - -

.

;÷

W C- Ln and hence WE £1Bn )

Bn has an accepting run on w -

190,16) (911×11%192,1)- -
- - - 192m¥)

8=1
2^-11

,
fqi , Gi ,

Ri , 9in
)

-

( 9i , Yi ) ( 9in ,
" it, )Observation :

In 4- + 8 , every
dock is ( o , 1)

This means that the guard Oli in the transition

( 9i.li
, Rin 9in) allows

every valuation in

the hypercube 10,1 )
"

,
✗ is no - of clocks in Bn



→
( 9i , Oli ,

Ri , 9in
)

-

( 9i , Yi ) ( 9in ,
" it )Observation :

In 4- + 8 , every
dock is ( 0 , 1)

this means that the guard 01; in the transition

( 9i.li
, Rin 9in) allows

every valuation in

the hypercube 10,1 )
"

,
✗ is no - of clocks in Bn

a diagonal - tree guard cannot

distinguish between the red
,y÷,

que an,

green pony .

- as constants used in guards are

natural nos .



a
a

0dÉg1
÷,
÷

-

-

-

- - -

.

Ex

W C- Ln and hence WE LIBN )

Bn has an accepting run on W -

P : 190,167 (911×11%192,1)- -
- - - 192m¥)

8=1
I -11

Since there are < 2
"

states
,

there are states

9i , go. in run p s- t . 9i=9j

'

• r-19i.li ) (9jYj)
mm
-

-

Consider the word formed by

cutting the part of the run

between i and j .



Word w
'

:

-

w' = ( a. ¥
,

) . . .

la
. ;÷) ( a . !÷) Iai" ) -

-
- - la . :÷ )E-

-

Bn accepts w
' too

-

Claim:

pi: lq.vn um 19in:) % 1%+2 ,xj+. ) . . .
. . 19
,
,¥ )

1-

same as f Hi +8
'

↳ Every dock in ✗
'

kt
8 c- (0,17

for Ke {jti . - . .
I- i}

- As the guards
in the corresponding transitions allow every

valuation in 10,171×1
, P

'

is a valid run .

→ Since p was an accepting nun , qzn
is accepting .

Hence P
"

is accepting .
W
'

c- £1Bn ) → contradiction

- d- timed automata are exponentially more concise .

Summary of diagonal constraints :
-
-

- Equal expressive power
-

Exponentially more concise
.


