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GOALS OF TODAY 'S LECTURE
- - - -

- I . Recall zone graphs

- z .
Simulations between Zones

↳ Finite zone graphs
for reachability



X : a set of clocks
.

Lorie : a set of valuations given by a conjunction of constraints :
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Symbolic transitions :
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suppose t := 9,⇒ g,
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is a transition

we have:
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An important property of the symbolic transitions :
- - - - -
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Zone graphs are sound and complete :
- - - - - -

Ss :

femme. For every run on zones :

III ( go , Zo ) Cq, ,2, ) 192,227 - - - - Ign .2n7
To

there exists a corresponding timed run over valuations :

( go . Vo) Cq, ,v, ) Ents lgz.ua) → - r - r .
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such that Vi E Ii

Proof: Pick some Vn
'
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From the symbolic transition ( 9mi , 2ns,)
' ( 9N , 2n )

we have from previous lemma :

( 9mi , un't ) (gn, un, (9n.vn' )
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Completeness :

-

temma: For every timed run

(go . No ) (q, ,v , )
- - - -

cqn.vn )

there exists a run over zones :

( go ,
Zo) ( oh , 2 , ) - - - - ( qn , zn )

such that Vi E Zi

Proo First : Zo = {voT
. Therefore Vo E Zo

Assume that we have constructed a zone - run for i steps:
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Zone graphs could be infinite :
- - - - -
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Our main goal is to solve the reachability problem .

We need an

Object that can detect all
"

reachable States " of the automaton .

Qd! How do we get a finite
"

object
" that is sound and

complete for reachability ?

Coming next : A framework for solving this question .

-
-



Simulations between eone:

( q ,
Z) ( q ,

Z ' )

"* µ:*.
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Areia : ( g, . 2) is simulated by Cq ,
217 if

everypalhfromCq,z)hasa"corresponding"palnfromCg#

Formalizing this idea :
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reflexive and transitive
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Define a binary relation
n
E between nodes (91,27 and

(q ,
217

same discrete state g, .

- that satisfies the following condition :
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For every transition ( 91,2)
t (q, .z,) there

exists a transition (q ,
z
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(911,21 E Cq ,
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For example let us define (q , 27 E 191,2' )

when Z E Z' ⑥
→ This is a simulation . But this need not give finiteness .

We want a simulation which is finite
.



A particular simulation relation :
- - - -

Let M be the maximum constant appearing in the automaton

o. - o
'

Regions
(2)
E

Regions
(217

( 91,2) Sm ( g, .
Z

' ) if

V-VEZ.TV/EZ's-trVY
~M denotes region equivalence
✓

theorem Sm is a simulation relation on nodes
.
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Example 1 :
-
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Regions intersected by red : { €71 , Yeo) , ( x > I , ocyci) ,

( x > I
, yah ,
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( X > I , y 21 ) , ex> y , y>
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Build the zone graph and draw the simulation edges .
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90 , X 30→ 9ft , X 31 -s qz , X30
→ go , X 35
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Summary :-

- We have seen a relation Ina between zones :

Z Sha Z '
if

Regions 127 E Regions ( Z
"

f,

set of regions
that 2 intersects

( q , Z) Gaa (q, z
' ) if z Sm z

'

- What we have not seen :

• Sn °

→ Fna is a simulation te t
'

• - n fam - n O

→ Gm is
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