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- A partial algorithm for determining timed
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.
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complete for several

subclasses of T. A .
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Maida : How to make a subset - construction work ?

Recall the problem with subset construction :
- - -

-

-

g,

"'

egg a- sq. .
923

#
qz How to track resets

?

A 911
Egg a- { 911 , 923Suppose q,# {as

a

\ No problem
{a } 92

Goal : n . Convert the given NTA into a language-

equivalent B so that the same dock is reset

on every transition with the same letter 'a
'

for every state
'

9
'
.

2 . Suppose we try to do a subset construction

{ %, gals

in:/! at sy ,

Even if same clock is reset out of 91 , and out of 92 , still

there is a problem for the "
subset

"
-



To tackle these two problems, BBBB
'

09

gives a construction where

for each level - a new clock is reset

9TH ,

Level o initial States of MTA

'"411%1
Level I 9iI#

east! 11.11.11.
Level 2

:
'
.

- This is the basic idea
. There are two challenges

- the constructed automaton should be language equivalent
- it has to be finite .



Automaton A : ( Running example )
-
-

steps : A1 : Infinite tree given by the unfolding of A
:

-
-

a new clock is reset at each level .

Zo > O lo Lo >
n : Lo

{ 2, }* I.
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20=1 f
, 12, > 0
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a : 224 ↳ a :2z
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doo

Advantages of Aa : In a good form amenable to

subset construction

Problems with Soo : Infinitely many States .

Idea : If we know some Li > Nl Imax constant) , we can
-

reuse it .



A → Ad :

-

Advantages : It is in a good form for subset construction

Problemi Infinite .

- We want to be able to
"

reuse
"

docks

{Ki)
^

:

I {zit

Suppose we know that at a stale
,
value of Zi > M

( M '- maximal

constant occurringin A l

N : Li and Ii > M

i.

n : I and make zi free .

To detect Li > na , we will make use of a region- style

construction .
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Stg : Rl da) : infinite timed automaton where guards are regions
over relevant clocks

.

Illustration :
-

( lo
,
n'- Zo ) , (20--0)

sinan .
? I

.

in lo → d' "

( log , n :3, ), 20=1 lls
,
n : 2,7 , Zo > 1

( log
,

K : 21) , 0<204 z,⇒ 21=0

4=0

"as . I
.

•

region over
3 clocks Lo

, 21,22

ya
map

from X → E3 . . . . Zi }



Currently we have an infinite tree whose nodes are :

Level it ' ( L ,
o )

,
8

/ \
←

region over {a , . . . ,2i }

State of NTA a map of clocks to 20,21 , - . . ,2i
R, t 2K

,

R2 T! Ike
:

Nn i-s Zkn

Advantages : - l . Amenable to subset construction since
-

same resets on all outgoing transitions .

[Ziti}
Level i fTrty
-
{Ziti's

- 2 . Node contains information about which clocks

are above ka .

-

Problems : - Still infinite
-

To make it finite we need a facility to reuse clocks

As a first step , we restrict regions to "
active docks

"

.



Active clocks:
-
-

A clock Zi is active at node ( l , o ) , r if

- I . Some clock
'

n
'
is mapped to Li AND

-2. 4.EM in the region
'
r
'

.

- First of all , note that if some clock 2g. is not

mapped to any clock in o, then its value is

useless for the future . So it can be removed .

- Secondly, if Mn ) = Li and Li > na in r , then we

can maintain this information in r itself .

Ha) =L (to denote that its value > M)
.

Once again , such a Li can be removed .

We can therefore assume that the regions in

121AM are only over active docks !

We now perform a subset construction on this

region tree .



Subset construction :
-
-

Node :
- { ( hi

,
o .)

,

Cee
,
-27 . . . . Ilk

,
or) } , r

a

l l
.

a region .

A subset of state - map pairs over - active

clocks .

Transitions : Look at all a - transitions from :

( l
, ,
o, ) , r ( la

,
oh

,
r . - -

i Clk
,
ok) , r

Ir ' Ir ' tr '
x x

- from the same time successor r
'

.

- Pick a fresh clock 2 which is not present in r

{ ( b
, on, tears) . . .

( er
,
re) } ,

r

+ r '

{ Ce,
'

,
rille ,

"
, ri't . . - clad , ow) ) , r

"

over
active clocks .



Illustration Of step 3 :
- -

symbolic determination of
RIAA ) .

.

new reset added subset
- A → Aa- R (Ad)- SymbDet (RHD

regions restrict to

clocks that are present
in the map

RISH → SymbDet CRIA
- ) )

7

ni:
.

restricted to

checks which

appear
in

a.m:*.im/
for eg .

only za appears\,
in {ns.n43



Final observation : If the number of active clocks is bounded boy 8,-

we can reuse clocks and get a finite timed automaton .

X - En , , na , . . . ur :} I

based on some deterministic

policy .

One more optimization:-
.

- If the successor is due to a
"
zero- time

"

successor

of
the region . then use the previously reset dock ( in the

transition that leads to this region ) .

1923
{ Hi

, o ,) . . . Che
, q) ) , r rt 2=0

fr ' [ O - time successor , that is : r
'
- r }
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OF A - d ( l , Yi : zi.yr.az . - - )
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e. EM dock
"

gym,
,,µµy

"
"
"&

→
°

RIAA ) f Every node is augmented with

A- moms l'
a region involving all cheeks

2, I ¥'

finds e, ez

g
above its level .

Zo
£,

H. t ' v

l ! ! Y ' fig subset construction restricted

i
.
T-

to choke that appear in

If the number of clocks the maps .

present in each region
is finite

then there is a way
in which

we can extract an equivalent D -TA - using a fresh set of clocks { Nii - n - My }



I k
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E 2 active

clocks in { ni , Na}
each

node - -

with active dock reduction t reuse of
clocks .

t.

I
.

H
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Een :

- What are some sufficient conditions for an automaton to have

Only finitely many active clocks ? that is
, finite V .

Coming next : Two subclasses of NTA for which this
-

construction works .



Integer reset timed automata

q1 q2
a, g

R

Conditions:
I g has integer constants other than zero

I R is non-empty iff g has some constraint x = c

Implication:
I Along a timed word, a reset of an IRTA happens only at

integer timestamps

Timed automata with integer resets: Language inclusion and expressiveness

Suman, Pandya, Krishna, Manasa. FORMATS’08

22/35
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q0 q1
x = 1, a

{x}
x = 1, a
{x} an IRTA

q0 q1 q2
a

{x}
x = 1, a

a aa

not an IRTA

Next: determinizing IRTA using the subset construction

23/35Go



q0 q1
x = 1, a

{x}
x = 1, a
{x} an IRTA

q0 q1 q2
a

{x}
x = 1, a

a aa

not an IRTA

Next: determinizing IRTA using the subset construction
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, . . .

C ) 3
,
r

t
, 323

{ ( ) C 7 I 7 . .
17 3

,
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-

suppose a new clock 2 becomes active
.
in the

successor

some
cheek

- this means was reset in the previous transition

- MAOrealer
,
due to the

"
zero - time

"

optimization , the
new clock is added only for a non - zero delay .

- therefore > o time should have elapsed . from
'
r '

.

-

Due to property of IRTA
,
this non - zero delay should be

an integer 31 .

- If there are NHL active clocks in a node,

then starting from the oldest active clock '

y
'
in this

node
,

At least Nl time has elapsed.

therefore '

y
' will become inactive 17 ha) and

can be reused .

Mtl active docks are sufficient for IRTA .



Strongly non-Zeno automata

A TA is strongly non-Zeno if there is K 2 N :

every sequence of greater than K transitions elapses at least 1
time unit

q0 q1

x < 1, a

x = 1, a

not SNZ

q0 q1
x = 1, a

{x}
x = 1, a
{x}

SNZ

27/35
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- In a Saiz automaton , every sequence of
KCMH) transitions

elapses > M time units
.

-

Therefore when there Klatt) active clocks in a node ,

the oldest entrant will become inactive and can be

reused again .



q0 q1 q2
a

{x}

b

x = 1, a

ERA IRTA SNZ

q0 q1 q2

{x}

a

x = 2, ax = 1, a

ERA IRTA SNZ

q0 q1 q2 q2
a

{x}

a x = 1, a

ERA IRTA SNZ
31/35



ERA IRTA

SNZ

DTA

TA
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Summary :
-

- A method to determine NTA
,
that works for

certain classes .

- New subclasses seen : IMA

SNZ
.

- For a generic A , this algorithm may not work
.

Can we decide
, given A , whether the no . of active clocks

in Symb Net ( RKO) ) is finite ?

→ Given it
, can we decode whether this algorithm will

work for this automaton or not ?

Given NTAA. does there exist a language equiv . DTA '

↳ undecidable i


