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USING A DIFFERENT CONSTANT FOR EACH CLOCK :
- - - - - - -

M : ✗ → IN a bounds function

- associates a constant to each clock

Eg : suppose ✗ = { my ,
z }

Mfa) = 5 Mlg ) = 2 KALE )= 10 is a bounds function

Intuition: Associate to each clock n the largest constant

appearing in a guard of the form nnc in the

given automaton .

Mtr) = 7

→

o÷%
" "

→
" < "

Mlg) = 10

MIZ)
= 20

→ of
- > so

yes
I
N=I ✗

An > 71

y >
2

Modified region equivalence :
- - -

B0unded↳={nlutn7£i→ Bounded to) = { a 1 VIN) I XAIU) }

Bounded to' ) = { n I v 'm) SM } Bounded IV'7= { a 1 V' (a) c- MINI }

V I
µ,

v
'

if

- 1 . Bounded to) = Bounded Cv ' ) → Same

→
definition of

region automaton- £ /
Bounded w,

=hbd
Ñ /

Bounded IN ' ) same .



Direct formulation of region equivalence :

1. Vtr) > M <⇒ v'm > M

2. For all
my

s -t . VIN ) EM
, lily> IM :

2- 1 . Lula )t = Lu
'

last

2-2. { win? } =O Iff {VYN) } =p

2-3 . Eula)3f {vly) } iff { v49 ) } I {U'ly)}

Direct formulation of
region que

- - -
¥ Keith

XA-bou-mdsil.VN
) > M <⇒ v'm > My

n

2. For all
my

s -t . VINI £14m
, lily)£My :

2- 1 . Lula )t = Lu
'

last

2-2. { win? } =O Iff {VYN) } =p

2-3 . Eula)3f {vly) } iff { v47 ) } I {U'ly))

↳
Alur

,
Dill ' 94
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size of
region automaton :

- -

A
region

is specified as follows :

- 1 . for each dock ✗
,
One constraint from the set :

{ ✗= c l c. c- { oil , - . - - Mu } u { c-t.cn < c l c. c- { 1,2 , . . . µ, 33 u {771×1}
u

Z

-

2. for every pair of clocks big sit . the constraints for my are open unit intends ,

say c-1km cc and d- I < yea,

there is one constraint: from :

{ a } ( {y } , {m3 = { y3 , {73 > {y}

" No of regions .is I 1T¢ Ninth . 21×1
.

1×1 !

✗ c- ✗

iI/
constant clocks that ordering

have fractional bet . bdd . and

value 0 non- zero

fractional clocks
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1. A timed automaton that accepts all words .

→⑧
" bnzo contains a trivial guard that is always true .

2.
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A) Yes . 90 , {010,0> → 91110,0-510.5> 92,405 > 0,1 >
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ha
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4. A
region

is specified as follows :

- 1 . for each dock ✗
,
One constraint from the set :

{ ✗= c l c. c- { oil , - . - - Mn } u { c-t.cn < c l a. c- { 1,2 , . . . µ, 33 u {271×1}
u

Z
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say c-1km cc and d- 1 eyed,
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Computing the immediate time successor of a region R :
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-

-
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✗=M
for some

Let Xo = { n I n=c , oses Mn is the constraint in R3
n>

M

Xo is the set of bounded clocks whose fractional part is 0 .

Let Y = { n I c- ' < a < c for some 1£ es m is the constraint in R

and for
every y

that is bounded we have {y
} _< Ems

}
.

Y is the set of bounded clocks that have the highest non- zero fractional part.¥É¥
"

i





Let R
'
be the immediate time successor of R :

¥11m :
1 . If Xo is non- empty

R' associates : C < n < c. +1 if ✗=c in R
,
and c < M

n > ha if N= in in R

c- I < a < c if c- I < ✗ cc in R

n > m it n > m in R

{n } = Ey} if n=c
, yard in R

,
CLM

, dem

{is easy} if n=c
,
d-icy Cd in R

{ is ~ {g3 where ~ is the same comparison
'

operator
as in R When

e- I < use ,
I - I < ycd in R

.

2
. If Xo is empty. , Y is non - empty
R'

associates : ✗ =c if c- tense in R , and ney
,
CSM

{n3<G3ifney,dt<y<ainRandg&f

same constraints as in R for all other clocks outside Y .

3
. If Xo is empty and 4 is

empty

this means all clocks are unbounded
,

i R '
- R

To find all time successors , one can iteratively apply the above algorithm
to get the immediate successors , until the unbounded region a >Muttu

is reached .
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L6 := { ( a
k, ⌧ ) | ⌧i is some integer for each i}

0 1 2 3 4 5 6 7

a a a

Claim: No timed automaton can accept L6

7/25

Is the following language timed regular
?
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Step 1: Suppose L6 = L(A)

Let cmax be the maximum constant appearing in a guard of A

Step 2: For a clock x,

x = dcmaxe+ 1 and x = dcmaxe+ 1.1

satisfy the same guards

Step 3: (a; dcmaxe+ 1) 2 L6 and so A has an accepting run

(q0, v0)
� = dcmaxe+1���������! (q0, v0 + �)

a�! (qF , vF)

Step 4: By Step 2, the following is an accepting run

(q0, v0)
�0 = dcmaxe+1.1����������! (q0, v0 + �0)

a�! (qF , v
0
F)

Hence (a; dcmaxe+ 1.1) 2 L(A) 6= L6

Therefore no timed automaton can accept L6

8/25B
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Lb can be accepted when c- - transitions Are allowed .

thm: c- - transitions add more expressivity if they contain clock resets .

- E- transitions that have no resets can be eliminated

↳ Bérard etat .
,

1958
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,

n
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L7 = { ( (ab)k, ⌧ ) | ⌧2i+2 � ⌧2i+1 < ⌧2i � ⌧2i�1 for each i � 1}
Converging ab distances

0 1 2 3 4 5 6 7

a a ab b b

Exercise: Prove that no timed automaton can accept L7

9/25
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L7 = { ( (ab)k, ⌧ ) | ⌧2i = i and ⌧2i+2 � ⌧2i+1 < ⌧2i � ⌧2i�1}
Pivoted converging ab distances

> 1

0 1 2 3 4

b b b ba a a a

⌧2i+2 � ⌧2i+1 < ⌧2i � ⌧2i�1 , ⌧2i+2 � ⌧2i < ⌧2i+1 � ⌧2i�1

, 1 < ⌧2i+1 � ⌧2i�1

q0 q1 q2

a

{x}

y = 1, b

{y}

x > 1, a

{x}
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