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So far in the course :
--

- Timed automata basics

i ) Timed languages , closure Properties
in Region construction

Iii) Deterministic 7A . Vs - Non - deterministic 7A .

in Undecidability of inclusion

V7 Event - clock automata

Next module :
-

- Verification

We will study the core algorithm implemented in 7- A - tools
.

Tools : UPPAAL
,
1-CHECKER

-



TODAY 'S LECTURE
-
-

-1 . Network of timed automata

-2 .
Introduction to

"
zone - based

"

algorithm



"etks If H_med automata :

Eixample:
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Po → Pi→po→po→p, → pi- Po
90 9/1 91 90 91 90 90

✗ 0 4 5 0 3 4

✗ 0 4 5 0 3 A

Set of executions of this network are as follows :

a be + Cb a bcteb -

- i [a (bctcb?]*
a b

Timing constraints : 1-1
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TA . that represents
the semantics of

→ Synchronous product . the network
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tampers :

a. n=i
% b. ya

{ n } 11 {y}

c. ✗=\ / c ,y=1
✗

O O
pi 91

a a b c

t, ta ta ta

1
2 7=2

,
not possible to do to

-

a b A b c

t
, ta tog ta Ts

I 1 2 2 3

a b b a a b ab b a c

1- 1- 2 2 3 3 44 55 6

Language of all timed words that reach <pnq ,
> :

( ab + ba )* C

sit . - the pair
'
ab
'

or
'

ba
'

occurs at the same 't
'

- difference between consecutive
'ab

'

/
' ba' is t

- difference between
'ab

'

I'ba' and c is 1



a. n=i
% b. y=1

{ n } 11 {y}

c. ✗= ' f. c ,y=i
O O
pi 91

Synchronous product:
-
-

b
, y=i

a,n=1 ① Lpo , 90? {y }
{ n}

c- 11=1^7--1

4ps ,9i>



'

→ Train

✗""÷EXAMPLES : From [Alur - Dill '

94]

idq

g.
idt

approach→ ⑤÷ →s
or +

exit | ( in up / downn< 5 N > 2

ky< 2 /
,

ya
y

⑤F-⑨ ③¥
.

Train

Gate

µ

idc

n
.

→⑤ ⑤
{23

raise | ( lower2=1
2<1

4

⑨÷:④
Controller

specification ( property to be checked ) : whenever the train is inside the crossing .

the gale should be down .

Error states :
-

G Sz
,
So

,
-
> < Sa

,
Si
,
-7 ,

<Sry Sz ,

-
>

L Sz , So
,
-7 453 , S , ,

-7 453
, 53 , -

>

Property is violated ⇐ there is a run
of

the network leading
to one of these states



Network of timed automata: syntax :
- -

L Al
,
A2 - .

.
.

, Ak >

each Ai is a timed automaton given by :

Ai = ( Qi
,
Ei

,
Xi

,
Q?

,
di )

ltssumprs: Xi n Xj = § No shared clocks

Qin Qj = 01

A, 11 Az 11 - -
- HAK is a timed automaton :

/

- States : Q , ✗ Qzx . - - ✗ Qe

-

Alphabet : E= Ii U Ee - - . use

For a c- E. domla ) = { i I ae Ei }

- Clocks : X, U ✗zu - --
U ✗e

- Transitions :
<91.92 , -

- r , 9k >
¥49

,

' -95
, . . . , gie

' >

R

if there exist transitions :

{ (pi ,
a , Gi , Ri , pi

' }
icdomlai

57 .

- it qi = pi tie domla?

-in
g- A

igi i c- domed

-iii> R= H Ri
i

icdombi

- IN 9i
'
= pi

'

V-ic-domlasqi-q.fi Efdomla )



Reachability Problem :

-
-

Given a network of T.A.
, and a state '

9
'
of the

network
,

does there exist a run that leads to 9, ,

Complexity PSPACE - complete [ Alur - Dill
'

94]
, proof via region automata

what we will see next :

-
-

- Idea behind the algorithm used in tools .

- We will restrict to single automata instead of networks . The same

method can be extended to networks in a straightforward manner

by considering the synchronized product .
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£e :

b. y £4 c. sees my >_
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th N 32



trample:

I

④
<a④ ⑨
E.

90 ,☒ ✗-7=0

← →
a.t a."

⇐ ✗⇒

1:
90

,

• a- ✗ £4

y

)b

92 ,µ⇐±yMy > 5
Notice that :

Lone graph .

the constraints are ospecial . they
involve only difference between clocks

or comparison to a constant -

- No ✗+ y , 3×-43 ,
etc

.



Yohei

✗

A valuation v : ✗ → IR>o

conjunctions of
A zone is a set of valuations given by n

constraints of the following forms

✗ - y ~ C C c- IN

✗ Nc ~ c- { < , S
,
=
, > , 7}

c

-

Graph computed in the previous example will be called the zone

graph .

We will see more examples and definitions in the next tenure .

¥y :

-1 . Network of timed automata

-2. An intuition behind Zone
graph computation


