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NetsasTokens
“Netswithin Nets” (ObjectPetriNets):

s s'

t
b

e
b'

� Recursionfor Petrinets
� Modellingof complex, hierarchicalsystems
� Model for object-orientedsystems
� Model for mobilesystems
� Model for multi-agentsystems
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Ref/Val

Concur

Decidability

Conclusio

Overview
� ObjectPetriNets
� ReferenceandValueSemantics
� NestedConcurrency
� DecidabiltyResults
� Conclusio
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Decidability
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Formalism
Variantsof ObjectNets:

� Object-Net Systems(ONS):
Arbitrary nestedhierarchy,
differenttypesof net-tokens.

� Elementary Object-Net Systems(EOS):
Exacttwo levelsof hierarchy,
but differenttypesof net-tokens.

� Unary Elementary Object-Net Systems
(UEOS):
Exacttwo levelsof hierarchy,
all net-tokensareof thesamekind.

Object-NetSystems– p.5/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

Formalism
Variantsof ObjectNets:

� Object-Net Systems(ONS):
Arbitrary nestedhierarchy,
differenttypesof net-tokens.

� Elementary Object-Net Systems(EOS):
Exacttwo levelsof hierarchy,
but differenttypesof net-tokens.

� Unary Elementary Object-Net Systems
(UEOS):
Exacttwo levelsof hierarchy,
all net-tokensareof thesamekind.

Object-NetSystems– p.5/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

Formalism
Variantsof ObjectNets:

� Object-Net Systems(ONS):
Arbitrary nestedhierarchy,
differenttypesof net-tokens.

� Elementary Object-Net Systems(EOS):
Exacttwo levelsof hierarchy,
but differenttypesof net-tokens.

� Unary Elementary Object-Net Systems
(UEOS):
Exacttwo levelsof hierarchy,
all net-tokensareof thesamekind.

Object-NetSystems– p.5/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

Unary Elementary Object-Nets
An unary, elementaryobject-netsystemis a tuple

OS = (N; N̂ ; � )

� Thesystemnet N = (P; T; pre; post; M 0) is aP/T-net.

� Theobject-net N̂ = (P̂ ; T̂ ; cpre; dpost; M̂ 0) is aP/T-net.

� Nodesaredisjoint: (P [ T) \ (P̂ [ T̂) = ; .

� � � T � T̂ is thesynchronisationrelation.
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Net Tokens
How to de�ne NetTokens?

1. NetTokensasReferences:
� Assumesaglobalnamespace(! sideeffects)
� Easyto implement
� Closelyrelatedto programminglanguages

2. NetTokensasValues:
� Assumesadistributedspace
� Easyto understand
� Adequatefor mobility
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Net TokensasReferences
s2 s4

t1

t2

t11
s13

:ch1()

on:ch1()s1

t3

s14

:ch2()
t12

s12

s11

s5s3

s6
t4

s15

on:ch2()

t13

Currentmarking:(s1; ŝ11 + ŝ12)
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Net TokensasReferences
s2 s4

t1

t2

t11
s13

:ch1()

on:ch1()s1

t3

:ch2()
t12

s12

s11

s5s3

s6
t4

s15

on:ch2()

t13
s14

! Duplicationof pointers

Currentmarking:(s2 + s3; ŝ11 + ŝ12)
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Net TokensasReferences
s2 s4

t1

t2

t11
s13

:ch1()

on:ch1()s1

t3

:ch2()
t12

s12

s11

s5s3

s6
t4

s15

on:ch2()

t13
s14

! Synchronisation

Currentmarking:(s4 + s5; ŝ13 + ŝ14)
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Net TokensasReferences
s2 s4

t1

t2

t11
s13

:ch1()

on:ch1()s1

t3

:ch2()
t12

s12

s11

s5s3

s6
t4

s15

on:ch2()

t13
s14

! Inneractionof thenettoken

Currentmarking:(s4 + s5; ŝ15)
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Net TokensasValues

s2

t1

t2

t11
s13

:ch1()

on:ch1()s1

t3

:ch2()
t12

s12

s11

s5s3

s6
t4

s15

on:ch2()

t13
s14

s4

Currentmarking:s1[ŝ11 + ŝ12]
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s2

t1

t2

t11
s13

:ch1()

on:ch1()s1

t3

:ch2()
t12

s12

s11

s5s3

s6
t4

s15

on:ch2()

t13
s14

s4

t11
s13

:ch1()

:ch2()
t12

s12

s11

s15
t13

s14

!
Distribution
of themarking

Currentmarking:s2[ŝ11] + s3[ŝ12]
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Net TokensasValues

s2

t1

t2

t11
s13

:ch1()

on:ch1()s1

t3

:ch2()
t12

s12

s11

s5s3

s6
t4

s15

on:ch2()

t13
s14

s4

t11
s13

:ch1()

:ch2()
t12

s12

s11

s15
t13

s14

!
Synchronisation,
but no inneraction

Currentmarking:s4[ŝ11] + s5[ŝ12]
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ReferenceSemanticsREF
� A referencemarkingis a pair (M ; M̂ ) 2 MS(P) � MS(P̂)

� ThetransitionsetT � :=
�

(T�� � f �̂ g) [ (f � g � T̂�� ) [ �
�

contains“pseudo”events:
� System-net:� with pre(� ) = post(� ) = 0
� Object-net:̂� with cpre(�̂ ) = dpost(�̂ ) = 0

� Firing rule. For all (� ; �̂ ) 2 T � :

(M ; M̂ )
(� ;�̂ )
� � !

OS
(M 0; M̂ 0) ( ) M ��!

N
M 0^ M̂ �̂�!

N̂
M̂ 0

Object-NetSystems– p.11/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

ReferenceSemanticsREF
� A referencemarkingis a pair (M ; M̂ ) 2 MS(P) � MS(P̂)

� ThetransitionsetT � :=
�

(T�� � f �̂ g) [ (f � g � T̂�� ) [ �
�

contains“pseudo”events:

� System-net:� with pre(� ) = post(� ) = 0
� Object-net:̂� with cpre(�̂ ) = dpost(�̂ ) = 0

� Firing rule. For all (� ; �̂ ) 2 T � :

(M ; M̂ )
(� ;�̂ )
� � !

OS
(M 0; M̂ 0) ( ) M ��!

N
M 0^ M̂ �̂�!

N̂
M̂ 0

Object-NetSystems– p.11/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

ReferenceSemanticsREF
� A referencemarkingis a pair (M ; M̂ ) 2 MS(P) � MS(P̂)

� ThetransitionsetT � :=
�

(T�� � f �̂ g) [ (f � g � T̂�� ) [ �
�

contains“pseudo”events:
� System-net:� with pre(� ) = post(� ) = 0

� Object-net:̂� with cpre(�̂ ) = dpost(�̂ ) = 0

� Firing rule. For all (� ; �̂ ) 2 T � :

(M ; M̂ )
(� ;�̂ )
� � !

OS
(M 0; M̂ 0) ( ) M ��!

N
M 0^ M̂ �̂�!

N̂
M̂ 0

Object-NetSystems– p.11/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

ReferenceSemanticsREF
� A referencemarkingis a pair (M ; M̂ ) 2 MS(P) � MS(P̂)

� ThetransitionsetT � :=
�

(T�� � f �̂ g) [ (f � g � T̂�� ) [ �
�

contains“pseudo”events:
� System-net:� with pre(� ) = post(� ) = 0
� Object-net:̂� with cpre(�̂ ) = dpost(�̂ ) = 0

� Firing rule. For all (� ; �̂ ) 2 T � :

(M ; M̂ )
(� ;�̂ )
� � !

OS
(M 0; M̂ 0) ( ) M ��!

N
M 0^ M̂ �̂�!

N̂
M̂ 0

Object-NetSystems– p.11/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

ReferenceSemanticsREF
� A referencemarkingis a pair (M ; M̂ ) 2 MS(P) � MS(P̂)

� ThetransitionsetT � :=
�

(T�� � f �̂ g) [ (f � g � T̂�� ) [ �
�

contains“pseudo”events:
� System-net:� with pre(� ) = post(� ) = 0
� Object-net:̂� with cpre(�̂ ) = dpost(�̂ ) = 0

� Firing rule. For all (� ; �̂ ) 2 T � :

(M ; M̂ )
(� ;�̂ )
� � !

OS
(M 0; M̂ 0) ( ) M ��!

N
M 0^ M̂ �̂�!

N̂
M̂ 0

Object-NetSystems– p.11/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

ValueSemanticsVAL
� A valuemarkingis a nestedmulti-set:

P
i 2 I pi [M̂ pi ] 2 MS(P � MS(P̂ )) .

� ThetransitionsetT � :=
�

(T�� � f �̂ g) [ (� P � T̂�� ) [ �
�

contains:

� System-net:� P := f � pjp 2 Pg with pre(� p) = post(� p) = p

� Object-net:̂� with cpre(�̂ ) = dpost(�̂ ) = 0

� Firing rule. For all (� ; �̂ ) 2 T � :

M
(� ;�̂ )
� � � !

OS
M 0 ( ) 9PRE ; POST 2 M v : M � PRE

^ M 0 = M � PRE + POST

^ � 1(PRE ) = pre(� ) ^ � 1(POST ) = post(� )

^ � 2(PRE ) � cpre(�̂ )

^ � 2(POST ) = � 2(PRE ) � cpre(�̂ ) + dpost(�̂ )
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Multi-Le vel Firing (Ref)
Referencesemantics:Ignorethenestingstructure:

s2 s2'
t2

s1 s1'
t1

Currentmarking:s1 + ŝ2
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Multi-Le vel Firing (Ref)
Referencesemantics:Ignorethenestingstructure:

s2 s2'
t2
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s2 s2'
t2
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Multi-Le vel Firing (Ref)
Referencesemantics:Ignorethenestingstructure:

s2 s2'
t2

s1 s1'
t1

s2 s2'
t2

t1

s1 s1'
t1

s2 s2'
t2

s1 s1'
t1

t2

Currentmarking:s0
1 + ŝ2
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Multi-Le vel Firing (Ref)
Referencesemantics:Ignorethenestingstructure:

s2 s2'
t2

t1

s1 s1'
t1

s2 s2'
t2

s1 s1'
t1

s2 s2'
t2

t1

s1 s1'
t1

s2 s2'
t2

s1 s1'
t1

t2

t2

Currentmarking:s1 + ŝ0
2

=) Concurrency of nestedactionsasaT-cut!
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Multi-Le vel Firing (Val)
Valuesemantics:Firing atdifferentnestinglevels:

s2 s2'
t2 t1

s1 s1'

Currentmarking:s1[ŝ2]
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Multi-Le vel Firing (Val)
Valuesemantics:Firing atdifferentnestinglevels:

t2 s2 s2'
t2 t1

s2 s2'
t2 t1

s1's1 s1' s1

Currentmarking:s1[ŝ0
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Multi-Le vel Firing (Val)
Valuesemantics:Firing atdifferentnestinglevels:

t1

s1

t1

t2 s2 s2'
t2 t1

s2 s2'
t2 t1

s2 s2'
t2

s1's1 s1' s1

s1'

Currentmarking:s0
1[ŝ2]

Object-NetSystems– p.15/26



Object
Nets

Ref/Val

Concur

Decidability

Conclusio

Multi-Le vel Firing (Val)
Valuesemantics:Firing atdifferentnestinglevels:

t1
s2 s2'

t2t1

t1

s1

t1

t2

t2 s2 s2'
t2 t1

s2 s2'
t2 t1

s2 s2'
t2

s1'

s1's1 s1' s1

s1s1'

Currentmarking:s0
1[ŝ

0
2]

=) Concurrency asT-Cuts?
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Location vs. Concurrency
� Referencesemantics:

(s1 + ŝ2)
(t1;�̂ )
�� �! (s0

1 + ŝ2)
(�;t 2)
�� �! (s0

1 + ŝ0
2)

(s1 + ŝ2)
(�;t 2)
�� �! (s1 + ŝ0

2)
(t1;�̂ )
�� �! (s0

1 + ŝ0
2)

� Valuesemantics:

s1[ŝ2]
t1[�̂ ]
� � ! s0

1[ŝ2]
� s0

1
[t2]

� � � ! s0
1[ŝ

0
2]

s1[ŝ2]
� s1 [t2]
� � � ! s1[ŝ0

2]
t1[�̂ ]
� � ! s0

1[ŝ
0
2]

In fact: two different�ring sequences!
=) Differentconcurrency semanticsfor reference

andvaluesemantics.
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s1[ŝ2]
t1[�̂ ]
� � ! s0

1[ŝ2]
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(�;t 2)
�� �! (s0

1 + ŝ0
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Power of Identites
Theorem[Kummer2000]
All object-orientedextensionsof Petri netscan
simulateTuring machines.

Proof: An in�nite countablesetof objectidentitesis
assumed.Theonly operationon identitesis thetest
for equality.
Then,identitiescanbeusedto simulate2-counter
machines.They areusedto “tag” eachtestonzerothe
countermachineperforms.
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SomeResults(UEOS)1/3
For eachUEOSOS de�ne theP/T net:

fuse(OS) =
�

(P [ P̂); T � ; pref ; postf ; (M0 + M̂0)
�

where
pref (� ; �̂ ) := pre(� ) + cpre(�̂ )

postf (� ; �̂ ) := post(� ) + dpost(�̂ )

TheoremTheP/Tnetfuse(OS) simulatesthe
referencesemanticsof OS directly:

M r
(� ;�̂ )
� � !

OS
M 0

r ( ) M r
(� ;�̂ )

� � � � � !
fuse(OS)

M 0
r
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SomeResults(UEOS)2/3
TheoremThereachability problemfor UEOS(wrt.
valuesemantics)is undecidable.

Proof: Thereachabilityproblemis undecidablefor
Petrinetswith two transport/reset/inhibitorarcs.
UEOScansimulatetransferarcsby usingtheobject
netasa “container”.
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SomeResults(UEOS)3/3
TheoremTheboundednessproblemfor UEOS(wrt.
valuesemantics)is decidable.

Proof: For referencesemanicsthis followsdirectly
from thesimulationby fuse(OS).
For valuesemanticstheKarp/Miller construction,i.e.

m0
��! m +�! m0; suchthatm < m0

canbeappliedto nestedmultisets:

De�ne
P n

i=1 pi [M̂ i ] �
P n0

j =1 p0
j [M̂

0
j ], if f aninjectionf

exists,suchthat

f (pi [M̂ i ]) = p0
j [M̂

0
j ] impliespi = p0

j andM̂ i � M̂ 0
i .
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SomeResults(ONS) 1/2
TheoremEach ObjectNetSystem(wrt. reference
semantics)canbesimulatedbya P/Tnet.

Proof: Theconstructionfor elementaryobjectnets
carriesover for thegeneralcase.
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SomeResults(ONS) 2/2
TheoremObjectNetSystems(wrt. valuesemantics)
cansimulateTuring machines.

Proof: Usethenestingdepthof themarking
(“nets-within-nets”)to encodeacounter.
Having theobjectnetSUCwede�ne:

cod(0) = zero
cod(n + 1) = SUC[pos + cod(n)]

Thetestfor zero,incrementationanddecrementation
canbesimulated.So,ONScansimulate2-counter
machines.
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