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MichaelKöhlerandBerndtFarwer
koehler@informatik.un i-h amburg .de

Universityof Hamburg, Departmentof Informatics
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Main Topicsof the Paper

� Zero-safePetrinets
� Transactionsin Petrinets
� De�nition of processesfor zero-safePetrinets
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Petri Nets
A P/TnetN is a tuple

N = (P; T; @0; @1; M0)

� P is a �nite setof places.
� T is a �nite setof transitions,with P \ T = ; .
� @0; @1 : T ! MS(P) arethepre-and

post-conditionfunctions.
� ThemultisetM 0 2 MS(P) is theinitial marking.

A transitiont 2 T is enabledin M iff M � @0(t).

Firing of anenabledtransitionis denotedasM t�! M 0

whereM 0 = (M � @0(t)) + @1(t).
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Petri Net Safeness
A placep is n-safeiff 8M 2 R(N ) : M (p) � n
whereR(N ) denotesthesetof reachablemarkings.

Whataboutn = 0?

Following theideaof Bruni: 0-safeplacesindicate
statesthatshouldbeinvisible to anobserver.

��

� �s1
u - t1 - h

z
- t2 -

��

� �s2

Assumethatz is a0-safeplace,thenM 1 = s1 and
M2 = s2 arethetwo visiblemarkings,while the
M = z is aninvisible one.
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Net Components
A netcomponentis a tuple

N = (P; Z; T; @0; @1; M0)

1. P is a �nite setof places.

2. Z � P is asetof 0-safechannels,andthesetof stable
placesis S := P n Z.

3. T is a �nite setof transitions,with T \ P = ; .

4. @0; @1 : T ! MS(P) arethepre-andpost-conditions
mappings.

5. M 0 2 MS(S) is theinitial marking,amultisetover the
stableplacesS.

Theunderlyingnetof N is: netP (N ) = (P; T; @0; @1; M0).
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Transactions
Let N beanetcomponent.A �ring sequence

M0
t1�! M 1

t2�! � � �
tn � 1� � ! M n� 1

tn�! M n

is a stablesequenceiff

� thetransitionsequenceis enabledasawhole:
8s 2 S :

P n
i =1 @0(t i )(s) � M 0(s) and

� M0 andM n arestablemarkings,i.e.,
8z 2 Z : M 0(z) = M n(z) = 0.

A stablesequenceis a transactioniff all theintermediate
markingsM 1; : : : ; Mn� 1 arenot stable:

8i 2 f 1; : : : ; n � 1g : 9z 2 Z : M i (z) > 0
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A Net Component

��

� �s1
u - t1 - h

z

�


2

t3

- t2 -
��

� �s2

Possibletransactionsaret1 � tn
3 � tn+1

2 for n 2 N.

=) In�nite branchingin thereachabilitygraph:

(1; 0; 0)

?
(0; 1; 0)

Z
Z

Z
ZZ~

(0; 2; 0)
� � �

X X X X X X X X X X X X XXz

(0; n + 1; 0)
� � �
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Permutation in Transactions

t2 - hz2 - t4

t1 - hz1 - t3

� Herew = t1t2t3t4 is a transaction.

� Thetransitionst2 andt3 areconcurrent.So,the
permutationw0= t1t3t2t4 is enabled,but ...

� it is not a transaction,sincethepre�x t1t3 already
yieldsastablemarking.

=) Thesetof transactionsis not closedwith respect
to permutation.
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Pre�xes of Permutations
TheoremLet N beanetcomponentandlet
w = t1 � � � tn bea transaction:

M0
w�! Mn

Let w0= t� (1) � � � t � (n) beanenabledpermutationof w
thatis nota transaction.
Thenw0is astablesequenceandthereexistsapre�x
of w0, thatis a transaction.

=) Useprocessesof Petri netsinsteadof sequences
to de�ne transactions.
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CausalNetsand Cuts
A �nitely branchingPetrinetN = (B ; E; F ) is a causalnet iff
thetransitive closureF + is acyclic andfor all b2 B the
conditionj� bj � 1 andjb� j � 1 holds.

� Theorder< on (B [ E) is de�ned by < := F + .

� li := ( < [ < � 1 [ id A ) and co := ( �li [ id A )

� Let R � A � A beasymmetricandre�exive relation.The
setK � A is acliquewrt. R iff 8x; y 2 K : (x; y) 2 R.

� A maximalcliqueis calledakenandthesetof all kensof R
is denotedby KEN(R).

� A kenwith respectto li is oftencalleda line, while aken
with respectto co is calledacut.
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Processesof Petri Nets
Let N = (P; T; F; W; M 0) beaP/TnetandR = (B; E; l ) a
causalnet.Furthermorelet � = (� P : B ! P; � T : E ! T) bea
pairof mappings.Then(R; � ) is aprocessof N iff:

1. Preservationof the�o w relation:x l y =) � (x) F � (y).

2. Representationof theinitial markingM 0 by theminimal
elements� R of therunR: � P (� R) = M 0.

3. Compatibilityof � with thearc-weightfunction:

� P (� e) = @0(� T (e)) and � P (e� ) = @1(� T (e))

4. Representabilityof R asthelimit of �nite processes.
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SynchronisedEvents
Possiblecandidatesfor transactionsarethekens
X � E of eventsthataresynchronisedby 0-safe
placesz 2 Z .

� Rsy � E 2 relateseventsthatareconnectedby a
0-safeplace:

Rsy := l j(� � 1(T)� � � 1(Z )) � l j(� � 1(Z )� � � 1(T))

� Thesynchronisationrelationsy � E 2 is

sy := (Rsy [ R� 1
sy )�
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A Net Component
An examplenetcomponentN :

��

��
t

s1
- t1 -

��

��
t

s2

@
@

@R h
z

@
@

@R- t2 -
��

�� s3

For M0 = s1 + s2 wehavew = t1t2 astheonly
possibletransaction:

s1 + s2
t1�! z + s2 + s2

t2�! s2 + s3
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Closednessof Channels
A processshouldnotdescribeanun�nished
transactions.So,aprocessR of theunderlyingnet
netP(N ) hasto emptyall 0-safeplaces.

R

��

�� 7! s1

��

�� 7! s2

- e1

7! t1
-

��

�� 7! s2
H HHj h7! z

Here,R is aprocessof netP(N ), but z 2 R� :
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Autonomy of Kens
Note,thatX = f e1; e2g is a sy-kenfor bothprocesses.

R1

�


� �7! s1

�


� �7! s2

- e1

7! t1
-

�


�� 7! s2

H HHj
X X XXz

h7! z
- e2

7! t2
-

�


�� 7! s3

R2

�


� �7! s1
- e1

7! t1
-

�


� �7! s2

@
@@R h

7! z

@
@@R- e2

7! t2
-

�


�� 7! s3

For R1 thesequence� (e1) � � (e2) = t1 � t2 is a transaction,while
for R2 it is not,sincetheresources2 is not initally present.
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Processesof Components
De�nition Let N = (P; Z; T; @0; @1; M0) bea net
componentandlet (R; � ) aprocessof thenet
netP(N ).
Then(R; � ) is acomponentprocessof N , if the
following propertieshold:

1. Closednessof channels:
� (b) 2 Z =) (j� bj > 0 ^ jb� j > 0).

2. Autonomyof kens:
8X 2 KEN(sy) : (X � \ � X \ � � 1(S)) = ; .
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Kensof the sy-Relation
TheoremLet (R; � ) beacomponentprocess.Eachsy-kenX is
closedandautonomous:

� Theminimal (resp.maximal)elementsof akenX � E of
sy with respectto therelationRsy arestable:

� (� X n X � ); � (X � n � X ) � S

� All stabletokensrequiredby X , i.e. � X \ � � 1(S) are
presentinitially, while thepostsetof X will beproduced:

(� X \ � � 1(S)) = (� X n X � \ � � 1(S))

(X � \ � � 1(S)) = (X � n � X \ � � 1(S))
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Permutation of Kens
SEQco (X ) denotesthesetof theenabledpermutationsof a
sy-kenX .

TheoremLet X = f e1; : : : ; eng bea kenof sy. Eachenabled
permutatione� (1) � � � e� (n) 2 SEQco (X ) suchthat:

� X n X � = C0
e� (1)
� � ! : : :

e� ( n )
�� �! Cn = X � n � X

yieldsa transaction:

� (� X n X � ) = � (C0)
� (e� (1) )
� � � � ! : : :

� (e� ( n ) )
� � � � ! � (Cn) = � (X � n � X ):
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Abstract Process
Removing all 0-safeplacesb 2 � � 1(Z ) and
simultaneouslyfusingall transitionsof eachsy-ken
X leadsto theabstract processabst(R).

TheoremThefollowing structurepreservationholds:

R abst� � ! abst(R)

�

?
?
y

?
?
y abst(� )

N abst� � ! abst(N )
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Conclusion

� Zero-safenetcomponents
� Transactionsassequences
� Permutationof concurrenttransitions
� Processesof netcomponents
� Transactionsaskensof a process
� Permutationof concurrentevents
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