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Motivation

Recap: Petri Nets

Can Petri Nets make it better 7

EIR I

An inhibitor arc imposes the precondition that the transition may
only fire when the place is empty; this allows arbitrary
computations on numbers of tokens to be expressed, which makes
the formalism Turing complete.!

http://en.wikipedia.org/wiki/Petri_net
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A Finite Asynchronous Automaton accepting L,
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Finite Asynchronous Transition System (fat-system):

7= (%, R,EX,A)

e X is the a finite set of values e X =Nc,U{s}

e A={0,]|a€ X} isa family o A ={0,,0p,0c}
of transition Relations
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N———
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A closer look at the signature
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When are two Actions a, b € ¥ independent ?

In a signature o two Actions a, b are called independent,
if for all fat-systems with ¢ a and b can be executed in any order
without altering the result of the computation.
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W, = ids (a— O« b)
D,=C,uCtuw,

I, =X2\ D, {(a, b) | a, b not adjacent}



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations

Are fact-systems regular?



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.
WLOG let @ ={qo,.--,qk-1}-



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.
Let 7 = (X, Q, ) be a regular finite transition system.
WLOG let @ = {qo,.-.,qk-1}-



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.
Let 7 = (X, Q, ) be a regular finite transition system.
WLOG let @ ={qo,.--,qk-1}-



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.

Let 7 = (X, Q,9) be a regular finite transition system.
WLOG let @ ={qo,.--,qk-1}-

7c = (X, C, X, A) s.t.:



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-

7c = (X, C, X, A) s.t.:

[ ] C:z2



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-

7c = (X, C, X, A) s.t.:

[ ] C:z2
e X={0,...,k—1}



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-

7c = (X, C, X, A) s.t.:

[ ] C:z2
e X={0,...,k—1}
® A:Uaez{éa}



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-
letac ¥,8e€ X and x € X.
e =(L,C,X,A)st:  (B.x)€d,

[ ] C:z2
e X={0,...,k—1}
® A:Uaez{éa}



Asynchronous Cellular Transition Systems

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-
letac¥,B € X* and x € X.
c=(%,C X, A)st:  (B,x) €da& 35,8

[ ] C:zz
e X={0,...,k—1}
® A:Uaez{éa}



Asynchronous Cellular Transition Systems

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-
letac¥,B € X* and x € X.
c=(%,C X, A)st:  (B,x) €da& 35,8

s C=7%? (gs,a,qs) €6
e X={0,...,k—1}
® A:Uaez{éa}



Asynchronous Cellular Transition Systems

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-
letac¥,B € X* and x € X.
c=(%,C X, A)st:  (B,x) €da& 35,8

) C:zz (Qsaaaqs’)ed
e X={0,...,k—1} /\Zﬁ(b) mod k =s
. A:Uaez{5a} bex



Asynchronous Cellular Transition Systems

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-
letac¥,B € X* and x € X.

c=(%,C X, A)st:  (B,x) €da& 35,8

) C:zz (Qsaaaqs’)ed
e X={0,...,k—1} /\Zﬁ(b) mod k =s
. A:Uaez{5a} bex

As —B(a) +x mod k=5



Asynchronous Cellular Transition Systems

Simulations
NDT — fact

Proof.
Let 7 = (X, Q,9) be a regular finite transition system.

WLOG let @ ={qo,.--,qk-1}-
letac¥,B € X* and x € X.

c=(%,C X, A)st:  (B,x) €da& 35,8

) C:zz (Qsaaaqs’)ed
e X={0,...,k—1} /\Zﬁ(b) mod k =s
. A:Uaez{5a} bex

As —B(a) +x mod k=5

Tc simulates 7.
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Can a finite asynchronous cellular automaton (faca) simulate a faa?
— both accept regular languages.
What would be an interesting simulation?

— One that maintains independence.



Motivation Introduction Asynchronous Cellular Transition Systems Language Recognizability and Determinization

Simulations
fat — fact

How can we assure that all independence is maintained?



Asynchronous Cellular Transition Systems

Simulations
fat — fact

How can we assure that all independence is maintained?

Try not to interfere with the signature:

Fat signature
o= (X, R,E)



Motivation

Introduction

Asynchronous Cellular Transition Systems

Language Recognizability and Determinization
Simulations

fat — fact

How can we assure that all independence is maintained?

Try not to interfere with the signature:

Fat signature

oc=(%L,RE)

DA



Motivation

Introduction

Asynchronous Cellular Transition Systems

Language Recognizability and Determinization
Simulations

fat — fact

How can we assure that all independence is maintained?

Try not to interfere with the signature:

Fat signature

oc=(%L,RE)

Fact signature
o= (%, QC)




Motivation

Introduction

Asynchronous Cellular Transition Systems

Language Recognizability and Determinization
Simulations
fat — fact

How can we assure that all independence is maintained?

Try not to interfere with the signature:

Fat signature

oc=(%L,RE)

Fact signature
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Add a time-stamp

This writing conflict is
w-redundant.
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Simulations
fact — fat

Does the other direction work too?

Let 7 = (X, C, X, A) be a fact-system and o an w-redundant
signature that induces C.

Then there exists a fat-system 7/ = (X, R, &, X', A’) over o
covering T.
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Finite Asynchronous Automaton (FAA):

A= (X, R, EX,A,IF)
N——

(e

L(A)={weX*|3sg € l,5r € F: s € Alsp, w)}

L9 := class of languages recognized by deterministic faa over the
signature o

L7 := class of languages recognized by non-deterministic faa over
the signature o

Defined analogously for FACA
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Languages

Let
e 01 = (X, R,&) be an w-redundant signature of a fat-system

e 0y = (X, C) be the induced signature of a fact-system
(C=&2Nn%?)

Then
£l =g and L] =L
Proof.
Simulation fat«»fact plus a little magic regarding initial /final states
and languages. O

In the sequel we restrain our attention to languages recognized by
faca.
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Languages

For each faca A = (%, C, X, A, I, F) there exists a faca A’ over
the same signature o = (X, C) with only one initial state s.t.

L(A) = L(A).

Proof.

boring O

In the sequel wlog we assume that there is only one initial state.
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Languages

Let 01 = (X1, C1) and 02 = (X2, () be two signatures, such that

Y1CY, and G =GNY?
Then for each language L C ¥7: Lely & Lelg,

proof idea.

=: Let A; be a faca over o1. Construct A> over o5 such that it
works like Ay for Actions in X;. For Actions in X5\ X it goes into
a state such that a final state cannot be reached anymore.

«: Let A, be a faca over oy with initial state s, final states F».
Construct A1 over o1 with the same values X that works like A,
- . . _ 2
for Actions in 21. Let s be a final state, then siz,\y, = S0/ T2\ "

Pick F, = {S|z1 ‘ S c Fz}. L]
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Lemma: Let C; C G; C ¥2 and 0; = (%, C;),i = 1,2. Then

cd ccd and £l C LD

Proof idea.
Given A; faca over o1, construct Ap over oy s.t. L(Ag) = L(Az):

Let ac ¥,s € X©@? x € X then

(s,x) €05€ Dy iff  (Sjcax) €63 € A
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Languages

Theorem (Hierarchy Theorem)
C,GC¥%ando;=(%X,C),i=1,2. Then

cd crd iff GCG

Proof.
<: given by the Lemma.

= blurp. O
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Determinization

Theorem (Zielonka's Theorem)
Let 0 = (X, C). If C is symmetric and reflexive then

£d=rn
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Complexity

indirect proof construction

triple-exponential blow-up in size

direct determinization shown in [KMS94]

"only” double-exponential < essentially optimal
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