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Main Topicsof the Paper

Zero-safePetrinets
Transactiong Petrinets
De nition of processe$or zero-safd’etrinets
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Petri Nets
A P/TnetN isatuple

N =(P,T,@ @ My)
P Is a nite setof places.

T Isa nite setof transitionswithP\ T = ;.

@ @:T! MS(P) arethepre-and
post-conditiorfunctions.

ThemultisetMy 2 MS(P) is theinitial marking.

Net Processefor Zero-Safd\ets— p.3/20



Petri Nets
A P/TnetN isatuple

N =(P,T,@ @ My)
P Is a nite setof places.

T Isa nite setof transitionswithP\ T = ;.

@ @:T! MS(P) arethepre-and
post-conditiorfunctions.

ThemultisetMy 2 MS(P) is theinitial marking.
A transitiont 2 T isenabledn M Iff M @(t).

Net Processefor Zero-Safd\ets— p.3/20



Petri Nets
A P/TnetN isatuple

N =(P,T,@ @ My)
P Is a nite setof places.

T Isa nite setof transitionswithP\ T = ;.

@ @:T! MS(P) arethepre-and
post-conditiorfunctions.

ThemultisetMy 2 MS(P) is theinitial marking.
A transitiont 2 T isenabledn M Iff M @(t).

Firing of anenabledransitionis denotedasM It MmO
T whereM®= (M @(1)) + @(t).
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Petri Net Safeness

A placepis n-safeiff 8M 2 R(N) : M(p) n
whereR(N ) denoteghesetof reachablenarkings.
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Petri Net Safeness

A placepis n-safeiff 8M 2 R(N) : M(p) n
whereR(N ) denoteghesetof reachablenarkings.

Whataboutn = 0?

Following theideaof Bruni: O-safeplacesndicate
stateghatshouldbeinvisible to anobsenrer.

$1 S2

U_-tl - hz- tz_-

Assumethatz is a O-safeplace,thenM; = s; and
M, = s, arethetwo visible markings,while the
M = zisaninvisible one.
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Net Components

A netcomponents atuple
N =(P;Z;T; @ @; My)
1. P isa nite setof places.

2. Z P isasetof O-safechannelsandthe setof stable
placessS .= P nZ.

3. T isa nite setof transitionswith T\ P = ;.
4, @, @:T! MS(P) arethepre-andpost-conditions
mappings.

5. Mg 2 MS(S) Is theinitial marking,a multisetoverthe
stableplacesS.

Theunderlyingnetof N is: netp (N) = (P; T; @; @; My).
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Transactions
Let N beanetcomponentA ring sequence
Mo F M, B2 1t My, o oM,
IS astablesequencdf

thetrans'\gionsequencds enabledasawhole:
8s2S: L, @)(s) My(s)and

Mo andM, arestablemarkings,.e.,
822 Z :My(z) = M,(z) = 0.
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Transactions

Let N beanetcomponentA ring sequence
Mo F M, B2 1t My, o oM,

IS astablesequencdf

thetrans'\gionsequencds enabledasawhole:
8s2S: L, @)(s) My(s)and

Mo andM, arestablemarkings,.e.,
822 Z :My(z) = M,(z) = 0.

A stablesequenceés atransactionff all theintermediate
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A Net Component

S g

Possiblgransactionsret,; t3 t0™ forn 2 N.
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A Net Component

S g

Possiblgransactionsret,; t3 t0™ forn 2 N.
=) In nite branchingn thereachabilitygraph:

(1;0;0)

(0;1,0) (0;20) (O;n+ 1;0)
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Permutation in Transactions

1

_ hzl_

%)

_ hZZ_

(3

Herew = t t>tat, IS atransaction.

4
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Permutation in Transactions

1

hzl -

%)

hZZ _

(3

Herew = t t>tat, IS atransaction.

4

Thetransitionst, andt; areconcurrentSo,the
permutationv®= titst,t, is enabledput ...

It IS notatransactionsincethepre x t1t5 already
yieldsa stablemarking.

e .
to permutation.

=) Thesetof transactionss not closedwith respect
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Pre xes of Permutations

TheoremLet N beanetcomponentaindlet
w=1t; t,beatransaction:

Mg "' M,

Letw®=t ) t () beanenabledpermutatiorof w

thatis notatransaction.
Thenwis a stablesequencandthereexistsapre x

of w@ thatis atransaction.

=) Useprocessesf Petri netsinsteadof sequences
to de ne transactions.
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CausalNetsand Cuts

A nitely branchingPetrinetN = (B; E;F) Iisacausalnetiff
thetransitve closureF * is agyclic andfor allb2 B the
conditionj i landjbj 1holds.

Theorder< on(B [ E)isdenedby< = F™.
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CausalNetsand Cuts

A nitely branchingPetrinetN = (B; E;F) Iisacausalnetiff
thetransitve closureF * is agyclic andfor allb2 B the
conditionj i landjbj 1holds.

Theorder< on(B [ E)isdenedby< = F™.

i = (<[ < 1[ida)andco = (li [ ida)

LetR A A beasymmetricandre exiverelation.The
setK Aisacliquewrt. Riff 8x;y 2 K : (X;y) 2 R.

A maximalcliqueis calleda kenandthesetof all kensof R
Is denotedoy KEN(R).

A kenwith respecto li is oftencalledaline, while aken
with respecto co is calledacut

Net Processefor Zero-SafdNets— p.10/20



Processesf Petri Nets

LetN = (P;T,;F;,W;Mg) beaP/TnetandR = (B;E;l ) a
causahet. Furthermordet = ( ":B! P; T:E! T)bea
pair of mappings.Then(R; ) isaprocessof N iff:

1. Preserationof the ow relation:x1 y=) (X)) F (y).

2. Representationf theinitial markingM o by the minimal
elementsR of therunR: P( R) = M.

3. Compatibilityof with thearc-weightfunction:

(8=@( '(e) and F(e)=@( '(9)

4. Representabilitpf R asthelimit of nite processes.
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SynchronisedEvents

Possiblecandidates$or transactionsrethe kens
X  E of eventsthataresynchronisedby O-safe
placesz 2 Z.

Ry EZ“relateseventsthatareconnectedy a
O-safeplace:

Ry =1 1 w2y lic @ wmy
Thesyndironisationrelationsy EZis

Sy = (Rsy [ Rsy1
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A Net Component

An examplenetcomponeniN :

t31 t t32
I, ]
@@ @@ S3
Z

ForMg = s;+ S, wehavew = t1t, astheonly
possibletransaction:

2

Si+ S, I Z+ s+ S 17 s+ S
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Closednes®f Channels

A processhouldnotdescribeanun nished
transactionsSo,aprocesR of theunderlyingnet

netp (N ) hasto emptyall O-safeplaces.

7', 't 7!'s;

L s

/s
R

Here,R isaproces®of netp(N), butz 2 R :
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Autonomy of Kens

Note,thatX = fe;;e,gisasy-kenfor bothprocesses.

s,

Mt 71,

ns, Mt
s, H Pl
X
R
s, Tl 71g,
- el -
@ @
R> 7! z >

For R, thesequence(e;) (&) = t; t,isatransactionwhile
for R, it Is not, sincetheresources, is notinitally present.
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Processesf Components

De nition LetN = (P;Z;T; @; @; M) beanet
componenandlet (R; ) aprocesf thenet
HEtP(N).

Then(R; ) isacomponenprocesof N, if the
following propertieshold:

1. Closednessf c_ha_nnels: o
()2Z2=) (jH>0"jbj> 0).

2. Autonomyof kens:
8X 2 KEN(sy) : (X \ X\ X9) =;.
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Kensof the sy-Relation

TheoremLet (R; ) beacomponenprocessEachsy-kenX is
closedandautonomous:

Theminimal (resp.maximal)elementof akenX  E of
sy with respecto therelationRs, arestable:

(XnX ) (X nX) S

All stabletokensrequiredby X ,i.e. X\ (S) are
presentnitially, while the postsebf X will beproduced:

(XV  X(8) = (XnX \ X))
XV X)) = (X nX\  XS)
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Permutation of Kens

SEQ, (X ) denoteghesetof theenabledpermutation®f a
sy-kenX.

permutatiore ;3 € (n) 2 SEQ, (X) suchthat:

_e(T)

XnX =Cq ¢ C.=X n X

yieldsatransaction:
(e (1)|) (e (nf)

(XnX )= (Co) (Ch) = (X n X):
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Abstract Process

Remawing all 0-safeplacesb2 (Z) and
simultaneouslyusingall transitionsof eachsy-ken

X leadsto theabstiact processabst(R).

Theorem Thefollowing structurepreseration holds:

B *F' absyR)
? ?

y yabst()
N 2P abstN)
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Conclusion

Zero-safenetcomponents
Transactiongssequences
Permutatiorof concurrentransitions
Processesf netcomponents
Transactionsaskensof aprocess
Permutatiorof concurrenevents
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