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Pian fer today

-

Getting a finite truncation of the zone graph that is sound and complete
for -

reachability

Re-cut :
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G-oak.li Get finiteness

2. Get a small finite truncation

Main idea :
-
-

Use simulations between zones



Simulations between ¥:

( 9, , 2) ( q, , 2
' )

\
.t.H.li#iH..

-

(9, , 2) is simulated by 19, , 2) ifcore idea:

everypalhfromlq.zlhasaiorrespondinjpalnfromlq.to

Formalizing this idea :
-
- -

We will define a relation over nodes in the Zone graph :

[9,2) E 19,2' ?

The relation E satisfies the following properties :

- 1 . E is reflexive and transitive .

- 2 . ( 9 , 2) E (9,2 ' )

⇒ It ②
① it tf

(91/2) E. (91,2 ,
' )

③



( 9,27 E 19,217

tf tf
(91,27 I 19 , ,zi)

tz / ¥
(92 , 227 £ (92 , 2nd )

t3f +31
(93,237 £ 3,2's)

: :
: ,

( 9 , 2) E (9,2 ' )

⇒ It ②
① it tf

(91/2) £ (91,2 ,
' )

③

For
every

'

transition ( 9,21 →t 191,27

there exists transition 19,217 →t Iq , , zi)

such that 191,93 E Cq , ,zi )



Find a simulation relation :
- -

( 9 , z) E 19,2 ' )

\ 1
relating nodes which have

same control state

so we will consider relation E- on zones .

(9,2) E 19,2 ) if 2 Ez
'

- Task is to find a relation E on zones which

will induce a simulation relation on nodes .



A first attempt at a simulation :
- - -

Z E Z
'

if 2 £ 21
-

set inclusion Is this a simulation ?

( 9 , 2) I (9,2
' ) Keher 2 Iz

'

symb
"" →

¥
,

tiff ,transition
from

last
( 9$ , 2, ) I 191 , 2,1) 2, I 2,

'

lecture

21 = [R☐(2ng

21

- Set inclusion is a simulation .

- So
, are we done ?



b

☐
N=1

{ n }

→⑤a-⑨
{my }

D-
✗90,4--1=0 a→ 91 ,

Y - ✗ =o

b f,

91 , y - ✗ =L
✗

b f,
← zone graph

9, , Y - X = 2

b H
:
-

No pair Gi , y - ✗ =D (9 , , Y - ✗ =j7 i=j

is included in the other

- this
gives

no simulation in the above graph

if we use set inclusion .

- Task is to get a
" finite

"

simulation .



finite simulation :
-

A relation Z E 2
'

is finite if :

for every sequence :

2) 22
, - - - - - -

F
. j > i sit .

/ZjT
"

¥
; -

-

-

-

-

-

•

Zi
→
-
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simulation using regions : lvtsimulahbn
- - -

Let M be a max . bounds function attaching to each clock n the

maximum constant appearing in a guard involving

.az
'

2 ⇐
µ,

2
'

if

V-VEZ.TV/c-z's.t.v~mvfreg.onsY"
~

" denotes region
equivalence?

Regions!
"
"

regions that e intersects

Regions 127 = { [u]µ I ve z }
na



Recall : 2 Im 2
'

if Regonsm (2) C- Regionsmlz
' )

Mn = 2

My =2It
2

I ' 2 In, 22 ? No
, ( I -< na

, 0Cy< i. nap
c- 21 ¢-22 ,

2. Zz Sm 2
,

? No
, ( < N< 2 , y >2) c-22

, ¢-21

3. 2, Im 23
?

No
,

same as (e)

4. 23 fmz, ?

Zz : 132 (
orange line coincides with black line)

- 23 §m 2 , y > 2 , N=2

Zz : N >2

- 23 £3m Zi



trampled :

{ m3
→

"= '

{my }

( " " ✗ ⇒>→ g , ,y→=o

I.

91 ,Y_
1.

9 , ,Y- ✗ =D , Y >1

i

↳ i t
.

Y - ✗ =3 Em Y - -1--2 \
, q , , Y-✗

Using 1m gives a finite truncation .



txamp1e

→ ⑨ ⑨ M=5
, single dock .

r

n >s\⑨¥{ n }
o.IE

( 90 , ✗ 70) - (9, , ×>1)→ (92 , ✗ 70)
c-

and 4-
m
f
"

F-
"
(go ,

✗ 757



ingrapn:_

-

It is a finite truncation of the Zone
graph

computed using the following
'

algorithm .

- The algorithm maintains two lists : Passed ☒ Waiting .

a) Add initial node ( go , Zo) to Waiting .

2) While waiting to do:

"

(
" "" " "

" "" """""
4)

-

Add it to Passed .

5) - For every successor (9,2)
→t (91,217 :

6) if 3- (q, ,z ,
' )
in Paned

s.tn Z¥µz ,

'④ailing)77 skip

87 else add Cq , , z,) to Waiting

↳ This algorithm computes a Anik truncation of
the zone graph

:



✗
• -

!
!rÉLr*

Every leaf in the finite truncation is

either a deadlock ( no enabled actions from this node)

hoh - leaf

00 a covered node ( there is a anode that simulates

this)



Theorem :

-

19 , 2) In, 19,2
' ) is a simulation

on the nodes of the zone graph .

( Exercise )

Theorem: 4-
µ

is finite
.

-

(Exercise )

theorem: Z Inn 2'

can be done in 011×12)

✗ is the
hoof clocks .

-

Better abstractions for timed automata

Herbereteau
,

Srivatban , Walukiewiii ' 16
.( ""

i. i. a. www.ascn.caingini.im "" "



/

Emry :

- We have given an algorithm to compute a finite

truncation of the zone graph
.

- This is based on : simulation : Z -9m 2
'

when

Regionsmlz) C- Regionsmcz' )

Remark:
-

Current tools use more sophisticated simulations .

( out of scope for our course ) .


