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UPDATABLE TIMED AUTOMATA

Bouyer , Dufourd , Fleury ,Petit (TCS
'
04)

n E3 Guards
N := N - l

y := na c l can
A- n-yet a - y a c l can

-

y
4^4Iv Upw) c e in de { fit }

N 4. Iyfaf i) updates
y := U N := C

rf:]-X> n:=y+c In :=y
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Reachability is undecidable for UTA

since counters can be simulated using updates

2=0 2=0 2=0 A N=O

n :-. Ntl y :=y
- l

increment 19) decrement lez) is counter k ,)=o ?



Decidable subclasses are based on region equivalence
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Diagonal - free Diagonals:!?Y#cidab€ecidaidabe
N : - n - I Undecidable Undecidable
T

Bouyer , Dufourd , Fleury ,Petit (TCS
'
04)



Timed automata with bounded subtraction

Fersman
,
Kroll

, Pettersson , Yi ( Inf
. Comp .

'077

Updates : a :=c and a := n - c

Every transition with n : - n- c should

have some guard n E d

X:= X- I

i. avoids problem of
"" ÷÷:

"

i
,

"

! !
.

M

Not region - compatible

UPPAAL - TIMES : Tool for schedul ability analysis using this class
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ZONES

location

?fp ,

"e

: a set of configurations

!
( 9, , 2 ) : successor via p

9-
9,

% up

-

2g, = up Kp n g )



ZONE ENUMERATION
a) pick node

To
/ I

Ip . ←
'

' !
.

.

.

.:|Waiting Passed
V

2) compute successors ( q, , 2)
%

Waiting u

(q . 2g ) can be discarded if I 19,12g' ) E passed

sit .

Zg
,
€ Zg

"
3.) check simulation



SIMULATIONS

if ( oh , 2) ↳ ( q , , 2,
' )

men ! !
( 92,22 ) € ( 92,22' )

simulations preserve paths



-

GOAL

Find simulations that are

finite and efficient

coming next : g - simulation [Gaskin , Mukherjee , S . (can 'l9))



( g , 2) f 1%2
' )

if

Hu e 2 Frie 2 '

sit .

( 9, , v) S Iq , v
' )



G - preorder

G : a set of atomic constraints

V f v
'

if
G

Hy EG .

V-8 > o u -18 Fy ⇒ v'+ Sfg



Hy EG .

V-8 > o u -181=4 ⇒ v'+ Sfg

Examples:n= 4. z Sqn> 's } N= 4.9

N = 4.2 §q , > , } k= 4. I

N = 4.2 § N= 4.9

{ nS5 }

N = 4.2 £ k= 4. I
{ nS5 }

(n - 5
, y = 107 kg.my ⇐ z} (n

- 2
, y - O)



NEXT TASK :

Get a simulation on the UTA configurations
based on G - preorder



Associate a set of constraints Gig, ) to every q,

if ( q ,
v ) S ( q ,

v
' )

619,)

then 8 ! 8 !
1.) . .

g) up g f. up
×

2.) ( oh , oil £gcq
,)
( oh , Vi )



if ( q ,
v ) Sqq, ( q .

V
' )

then 8 ! 8 !
1.) • .

g) up g f. up
×

2.) ( oh , oil ⇐
gig,.)

( Gi , Vi )

1) : Every guard that v satisfies should be satisfied by V
'

Add guards in outgoing transitions of g, to Glq)

g
-

q . -81> E.g , gi , ga } E GIG)
x
.



if ( q ,
v ) S ( q ,

v
' )

619,)

then 8 ! 8 !
1.) • .

g) up g f. up
×

2.) ( oh , oil £gcq
,)
( oh , Vi )

2) Simulation is preserved after an update

How to ensure this ?



if ( q ,
v ) Sqq, ( q .

V
' '

g / 91
,

( No update) : u,
= v

y
U
,

'

= y
'

then Cq , ,v , ) S Cq , , vi )
{n-ya}

To ensure u
, Sqn -ye , }

Vi
'

, add n -yet to Gig,)

if ( 9, , V ) Sqq) ( 91 ' V
' )

v. in) = rule ) - 5

g) a:=z-5 G ↳ U :-Z - 5 vine) = v' 12 ) - 5
×

then Cq , ,u , ) S Cq , , vi )
{n-ya}
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"
'

.
add



if ( q ,
v ) Sqq, ( q .

V
' '

g / 91
,

(No update) : u,
= U

V
U
,

'

= U
'

then Cq , ,u, ) G Cq , , Vi )
{n-yet} Lf
I - up

-' ie)
v b

To ensure u
, Sqn -ye , }

Vi
'

, add n-yet to Gig,)

#

if ( 9, ,
V ) Sqq) ( 91 ' V

' )

v. in) = rule) - 5

g) a:=z-5 g ↳ U:=2- 5 vine) = U' 12) - 5
×

then Cq , ,u, ) G Cq , , Vi )
{n-ya}

To ensure u , Sqn - y , ,gvi .
add 12-5) - yet to Glq)

q t
4 up

-'

Cy )

up
-'

ly) = 4[ ntiupln) ]



if ( q ,
v ) Sqq, ( q .

V
' )

then 8 ! 8 !
1.) • .

g) up g f. up
×

2.) ( oh , oil £gcq
,)
( oh , Vi )

2) Simulation is preserved after an update

Vg E Glq ,) ,

add up
-'

ly) to Gig,)

up
-'

ly) = ylntiupln) ]



STATIC ANALYSIS

1) Hq : Add guards in outgoing transitions of g, to Glq)

2) Repeat : for every 9, ¥91 ,

Vy E Glq ,) ,

add up
"

ly) to Gig,)

Until fix point



I SUE -3

U := N - I

n -yet
→

°

"¥ '

÷.
G Isn , NEZ n -yet

G
'

n - y
TIEN,nE3

GZzsn.net/sn-ys2g3#EN,nE4a- yes
#

' y

l .

"
-



REACHABILITY ALGORITHM FOR UTA

static Analysis
1

NO
TERMINATES ?- cannot handle

Yes / given urn.

Zone Enumeration



Static Analysis
1

TERMINATES ? cannot handle

Yes / given u>a

Zone Enumeration

CAV
'

19 :
• Algo to detect whether static analysis terminates 61101 . 1×12 )

• Algo for 2 Sg Z
' 6 ( 2nd 1×12) d :# diagonals in a

• Works for subclasses of Bouyer et al .

• Does not work for T.tt . with bounded subtraction
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RESULTS

New static Analysis
1

TERMINATES ? cannot handle

Yes / given u>a

Zone Enumeration

New : Reduced propagation which terminates for more

UTA
, including TA . with bounded subtraction



I S N E -3

U:= N- I

n -yet
→ p 91
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¥ ' ( pm) ftp.v
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I S N E -3
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' to

Adding
'

NE 4 , nE5, . . . . to Gcp) is unnecessary



I S N E -3
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I S N E -3

U := N- I

n -yet
→ p 91

'
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NOTICE : Relevant v.v
'

satisfy a E3

HENCE : Both v
,
V
'

satisfy n - YES ,
N- y E4 , . . . . -

V £{ n-yee }
V
'

Hc > 3 is already true

Adding n-yes , n -yea, . . . . to Gcp) is unnecessary



I S N E -3

U:= N- I

n -yet
→ p 91

"¥ ' ( pm) ftp.v
' )

Gi Isn, ness n -ye , Glp)
T l lG
"

N - y £2 ' EM,NE3

oizenf.my# 'I.IE? ! 'I.IE? !
-g3 ZEN

,
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G" sent ( gyu, ) f 19,,v! )
Gr → SER GIG)

^

Finite !



NEW STATIC ANALYSIS

1) Hq : Add guards in outgoing transitions of g, to Glq)

2) Repeat : for every 9, ¥91 ,

Vy E Glq ,) ,

add up
"

ly) to Gig,)

until fix point pre ( g. up . 4)



up
-'

ly) g contains pre ( g. up , y )

n d d nd C T

d
'

a n na c c En

c s d

n - ya d aac T
c s d

' few more cases in the paper



MAIN IDEA

' P;? say, Hy
' )

)
choose Glp) and Gig) sat

.

g up g up Previously :! ! okay.,v
' ⇒ u Say, Vi

( qui) f 19,,u! )
619)

Now :

Ufa, o
' A vfg ⇒ visa, Vi



up
-'

ly ) g contains pre ( g. up , y )

n d d nd C T

d
'

a n na c c En

ca d

n - ya d aac T
c s d

Remark : similar optimization appears in the context of M - extrapolations
in the first static analysis paper of :

'Behrmann , Bouyer , Fleury , Larsen (TACAS ' 03)

- Diagonal constraints are not considered

- Updates n : - y +c , and no n:=y - c

- Going from Nl to LV or G is not direct



DETECTING TERMINATION

New static analysis does not terminate iff

a constraint with a constant 3N is added

N = poly CM ,
L
. 101,1×1 )

M : largest guard constant
L : largest update constant



Complexity of static analysis :

poly ( IAI ) : if constants encoded in unary
PSPACE - complete : if constants encoded in binary

For PSPACE - hardness :

emptiness of bounded termination of
→

1- counter automata new static analysis
Fearnley , Jurdoainski ( ICALP 's 's )
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FASTER

New analysis generates fewer constraints
⇒ more simulations during Lone enumeration

^

N -- I
n:=O

NEI A

→
BE.EE

. .
.

¥,
# zones

New G : { UH
, yet , nel , ' Ey } - 4

Old G : { n=l , yet , REI , lousy } → 104

[ I 1-CHECKER

& UPPAAL ]



More impact in the presence of diagonal constraints

since fewer diagonals implies

faster 2 Sg 2
'



MORE EFFECTIVE

Termination guaranteed for Timed automata with bounded subtraction

Updates : a :=c and a := n - c

'

Every transition with n: - n- c should

have some guard n E d

Usd
• -3 •

'

:p a :=n - e 91

Constants in Glp) are at most d



UTA with bounded clocks :

- decidable , since only finitely many zones

- How to make use of simulations ?

An NEB
Adding guard - guarantees termination of

new static analysis



EDF SCHEDULING

Task : ( computation time C
,
deadline D)

Task release : periodic or by a T- A - specification

Preemption allowed

Problem : can all tasks be scheduled within deadline ?



Modeling preemption : ( Forsman et al .
'
07 )

tj preempts ti
ti starts
- ti is ti is

ni :=o running preempted

tj is done

Ni = Ni - Cj
ni s Dj



Modeling Earliest - Deadline - First ( EDF) scheduling :

Whenever choice between ti and tj , choose the

one closest to its deadline

When task
.
'

t
'

starts
,
reset a clock

'

d
'

ti prioritized over tj if : Di - di L Dj - dj



EXPERIMENTS

- New static analysis implemented in TCHECKER

- Benchmarks : EDF scheduling with preemption

for different task release strategies

this application requires both diagonal constraints and subtractions



CAV
'

19

I

CANNOT HANDLE
.

SporadicPeriodic : TIMES tool

Mine - pump : Gerdsmeier et al . (CATS '01)

Others : synthetic



CONCLUSION

- I . Updatable Timed automata , reachability
undecidable

,
decidable subclasses

- 2 . Existing zone - based algorithm
static analysis t zone enumeration with G - simulation

- 3 .
Our modification

New static analysis with reduced constraint propagation

- 4 . Impact

Covers T.tt . with bounded subtraction ; preemptive scheduling



PERSPECTIVES

- l . G - simulation :

easier to understand than Lu

needed for diagonal constraints

- 2 . New static analysis :

more impact in the presence of diagonal constraints & updates

can be easily incorporated in implementations of classical T. A .

- 3 . Implementation :

No existing tool allows general updates + diagonal constraints

Work in progress to make our implementation public



PERSPECTIVES - II

- Diagonals still a problem

Lazy abstractions for UTA d la :

Herbreteau
,
S . . lxlalukievvicz ( CAV

'

13)

Roussanaly , Markey , Sankar ( CAV
'
19) ?

- stop - watches using updates ?

- Links to verification of counter systems ?


