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Goats

- Event- Clock Automata
→ Timed Automata

- Expressiveness of various
models



ECA to NTA :
-
-

Parts:
-

ERA to timed automata

a

•→ add reset of Na to all
{ na } transitions having a

A ,
Nb NC

9- q
' → q¥

"

q
'

{ na }

in ECA in T.tt .

A , Nb =L

g- q
'

→ ??

in ECA

-
To simulate guards having 1-

,
we maintain information

in the state
.

9t.IH.FI
×b=t- €-1



ERA to T.tt :
-

Given ERA A = ( Q
,
E

, Qo
,

I
, F)

7A. equivalent to it is given by :

States : Iq, , 4) where qe Q
-

H E { ✗a=t1 a c- E }

Initiatives : ( go, %) sit . 9. c- Qo

4g := { Xa=t la c- E }

-

( 9,47 sit - QEFAccepting:
a. g

-

19 , 4) - 19
'

. 4h
' ) ifTransitions :

R

g
-4

'

- 19 , a. 4,9
' ) c- 4

in ERA
- if

y contain 's Nb=1 for some be S
,
then 1^5-1) c- Y

-

G is conjunction of all constraints naive
in P

-

y
' -

= 41 { na 13

- R is { ma }



Partisi EPA to MTA

-

,q
'

General idea :

i.
,
"

- 9
{ 2yb=2 }

states of TA
'

q -

"
Yb=2

a

look at each1 Obligation for
'ar

non - a obligations .t7:÷_. and check for the

corresponding guard
in the transition

Reset {245-3}

* If obligation is then no
'b' transition should exist from that

state .

YBEC g-
q - q

'* 1*1--1 ÷don't reset '

eybsu}

already present

Yb 7C

q c- F (in the EPA)

* a - a
'

FÉÉ
.

→ •"*.
" " "

* what are accepting states :

form ya = I



EPA to NTA :
-

Given EPA A = ( Q ,
E
, Qo ,

d
, F) .

the equivalent NTA is given as follows :

Let §
,

be the set of all atomic clock constraints appearing in edges of A-

Atomic dock constraints : ya -_ 1- or

ya
~ c

~ c- { <
,
f. 7,33

→ Obligations
-

stats: ( q , 4) 9 C- Q

in a- %

- Initial Iad" Goi %) 90 £ °

% does not contain a constraint of the

form ( ya .
- c)

4. C- { Ya =L late
}

¥-3> .
_
→

-

Accepting states : 19,47 9 c- F
-
-

H E { ya -_1-late }

- Clocks: For
every 4 := Cyane) c- §

→ , keep a clock 2m
-



-

-

Transfix: 19 , 4)
I 19 ' , a' 7 if
R

-
i) (9 , a , y , q

' ) c- 9 É 9
'

in EPA

- in constraint ya
__ 1- does not appear in 4

- iii g :

conjunction of Egan,
- c for

every ya
- c c- 4

-in For all bta , if a constraint involving y, appears inch,
then it

appears
in 4 '

too

-v7 Each atomic constraint of y appears in 4 !

- xi) For each
' b'

,
and for ~ equal to > or 7

, Lyne appears
in reset condition Rift constraint ybnc is present

in 4 .☒
,
, , ,, pg, away,

,
any g. , quay , , ,, , gym, appears

in reset condition R its constraint yb~c is present in 4 and

either b=a

or the constraint ybnc is not present
in 4 .



Pardi.EC/tt0NTA:-

Combination of both methods

Question :

- I - Does ERA to TA . preserve determinism ? Yes .

-2. Does EPA to 7A .

preserve determinism ?

1) n ERA to T.tt .

-1¥
q% {✗a

}

4=7-At Nb I 4 a
-

{xa }
-

-

guards are maintained as they are in the ERA .

This will ensure that it yxe start with a DERA ,

we will

get
a D. 7A .



q
5n>

9 ,

→ q :-# 1%7

¥+9. 71T¥{2%4}

Not deterministic

-
: EPA to Tia. Conversion does not preserve

determinism .



Expressive Power of diz
. daises

:

- -

NTA

1) ERA E DTA : conversion preserves determinism .

2) ERA ¢ EPA 3) EPA ¢ ERA

a a b → EPA
,
but not ERA

÷

-

a b b →

ERA
,
but not EPA

1-1
= 1

Fa L
whichEPA

DTA ¢ EPA / 1- ' in
*" W""

5) EPA & DTA4)
is not EPA rely. ) but not by

DTA

abb { akb 1k > 1 ,
I some

'

a
' which is at

1-1
=\ distance 1 from 'b' 3

5) Dea 4- Eca G- Lin DTA ¢} "

ÉÉAP%§ Day
⇒ < in Eca

which is not which is not

ECA recog? DTA recog ,⇐
aaa

7) ECA & EPAUERA i. { aab ] v { abb }
1-1 1-
21 21

87 ECAE NTA : conversion algorithms as seen before



/

EPA ¢ DTA

{ akb I k > 1
,

there exists an
'

a
' which is at distance

1 from ' b ' }

→É-.É- ☒
Yb = 1

There is no DTA for this language - Intuitively , we

cannot guess
the

'

a
'

deterministically for Kenichi the b is at

distance 2 .

E×e : Prove this formally .



1

summary :
- Event - clock automata .

19
'

- Xa : records time since last event
-

ya : predicts time to next 'a' event

- Delerminized

- Closed under boolean operations :

Inclusion: LCB) C- LIA)

T T
7. A E - CA

t.

Let it be the EAA for LIA ?

t.

D be the NTA equivalent to A
'

LIB) ELIA) (⇒ LIB) n Ll A'7 = 01
⇐ > AB? n LCD? = §

↳
t.TN .

- Decidable if A is an ECA .

- Expressive power of the model .


