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Netsas Tokens
“Nets within Nets” (ObjectPetriNets):
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Recursiorfor Petrinets
ling of comple, hierarchicakystems
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for object-orientedystems
for mobilesystems
for multi-agentsystems

Object-NetSystems- p.3/26



Object
Nets

Ref/Val
Concur
Decidability

Conclusio

Overview

ObjectPetriNets
ReferenceandValueSemantics
NestedConcurreng
DecidabiltyResults

Conclusio

Object-NetSystems- p.4/26



Formalism
Variantsof ObjectNets:
Object-Net SystemgONS):

Arbitrary nestedhierarcly,
differenttypesof net-tolens.

Object-NetSystems- p.5/26



Formalism

Variantsof ObjectNets:

Object-Net SystemgONS):
Arbitrary nestedhierarcly,
differenttypesof net-tolens.

Elementary O
Exacttwo leve
but differentty

sof hierarcly,

nesof net-tolens.

nject-Net SystemgEOS):

Object-NetSystems- p.5/26



Formalism
Variantsof ObjectNets:

Object-Net SystemgONS):
Arbitrary nestedhierarcly,
differenttypesof net-tolens.

Elementary Object-Net SystemgEOS):
Exacttwo levelsof hierarcly,
but differenttypesof net-tolens.

Unary Elementary Object-Net Systems
(UEQS):

Exacttwo levelsof hierarcly,

all net-tolensareof the samekind.
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Unary Elementary Object-Nets

An unary, elementarybject-netsystems atuple
0S= (N;N; )

ThesystemnetN = (P; T, pre post Mg) is aP/T-net.
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Unary Elementary Object-Nets

An unary, elementarybject-netsystems atuple

Object OS = (N ’ IQ’ )
Ref/Val Thesystemnet N = (P; T pre; pOSt M O) IS a P/T-net.
pecicatiy Theobject-netN = (P; T; pre post M) is aP/Tnet.
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An unary, elementarybject-netsystems atuple
0S= (N;N; )

ThesystemnetN = (P; T, pre post Mg) is aP/T-net.
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Unary Elementary Object-Nets

An unary, elementarybject-netsystems atuple
0S= (N;N; )

ThesystemnetN = (P; T, pre post Mg) is aP/T-net.
Theobject-netN = (P; T; pre post M) is aP/Tnet.
Nodesaredisjoint: (P [ T)\ (P[ T)=:.

T T isthesyndronisationrelation
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Net Tokens

How to de ne Net Tokens?

1. Net TokensasReferences
Assumesa globalnamespacq!
Easyto iImplement

sideeffects)

Closelyrelatedto programmindanguages

2. Net TokensasValues
Assumesadistributedspace
Easyto understand
Adequategor mobility
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Net TokensasReferences

Currentmarking: (si; 811+ 812)
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Net TokensasReferences

s2

s4

s12

:ch2()

—

-
© O
O :ch1() S15

I Duplicationof pointers

sS6

Currentmarking: (s, + Sz; 811+ $12)
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s12

L :ch2()
Synchronisation

Currentmarking:(ss + Ss; 813+ S14)

Object-NetSystems- p.9/26



Object
Nets

Ref/Val
Concur
Decidability

Conclusio

Net TokensasReferences

—

s12

:ch2()

Inneractionof thenettoken

Currentmarking:(s; + Ss; $15)
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Net TokensasValues

/ sl1 s13 \

:ch1() A 3315
s12 s14
o—m—O

on:ch2() s5

Currentmarking:s1[811 + $17]
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Decidability

Conclusio

Net TokensasValues

Distribution
of themarking

Currentmarking:s,[811] + S3[$12]
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Net TokensasValues
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sl1

sl12 S
O—m—O

[t11]

:ch1()

:ch2()

s13

0.

~

s15
@O
14

/

s3

on:chl()

O— =1

on:ch2()

s11 s1l3 \
)
:ch1() 3315
s12 s14
®

Synchronisation,
but noinneraction

Currentmarking:ss[811] + S5[512]
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ReferenceSemanticsREF
A refeencemarkingis apair(M; M) 2 MS(P) MS(P)
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Decidability

Conclusio

ReferenceSemanticsREF
A refeencemarkingis apair(M; M) 2 MS(P) MS(P)

ThetransitionsetT :=
contains‘pseudo’events:

(T

frg)l (Fg T)I
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Decidability

Conclusio

ReferenceSemanticsREF

A refelencemarkingis apair(M; M) 2 MS(P) MS(P)

ThetransitionsetT = (T fx)[ fg T)]

contains‘pseudo’events:
System-net: with prg( ) = pos{ ) = 0
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Decidability

Conclusio

ReferenceSemanticsREF
A refeencemarkingis apair(M; M) 2 MS(P) MS(P)

ThetransitionsetT = (T fAQ)[ (fg T)]
contains‘pseudo’events:
System-net: withpreg( ) = pos{ ) = 0
Object-net* with greg(”) = gos{™) = 0
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ReferenceSemanticsREF
A refeencemarkingis apair(M; M) 2 MS(P) MS(P)

ThetransitionsetT = (T fAQ)[ (fg T)]I
contains‘pseudo’events:

Sl System-net: with prg( ) = pos{ ) = 0

Zd.b”y Object-net* with greg(”) = gos{™) = 0
Firingrule.Forall ( ;) 2 T :

_ (M) A A
(M: M) N (MCM9 () M y M oA M lm M ©
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Value SemanticsVAL

A valuemarkingis a nestedmulti-set:
21 PiMp12 MS(P MS(P)).
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Value SemanticsVAL

A valuemarkingis a nestedmulti-set:
21 PiMp12 MS(P MS(P)).

Object

o ThetransitionsetT = (T  fA)[ (, T)[ contains:
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Value SemanticsVAL

A valuemarkingis a nestedmulti-set:
21 PiMp12 MS(P MS(P)).

ThetransitionsetT = (T fA)[ (p T)] contains:
System-net:p := f pjp2 Pgwith pre( p) = pos{ p) = p
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Value SemanticsVAL

A valuemarkingis a nestedmulti-set:
21 PiMp12 MS(P MS(P)).

ThetransitionsetT = (T fAg)[ (p

) I

contains:

System-net:p := f pjp2 Pgwith pre( p) = pos{ p) = p

Object-net:* with greg(”) = Gos(”™) = 0

Object-NetSystems- p.12/26



Object
Nets

Ref/Val
Concur
Decidability

Conclusio

Value SemanticsVAL

A valuemarkingis a nestedmulti-set:
21 PiMp12 MS(P - MS(P)).

ThetransitionsetT = (T fA)[ (p T)] contains:
System-net:p := f pjp2 Pgwith pre( p) = pos{ p) = p
Object-net* with reg(”) = gos{”) = 0

Firingrule.Forall ( ;) 2T :

( ;?)

M .
oS

M® () 9PRE;POST 2M,:M PRE

AMP%= M PRE + POST

A YPRE)=prg ) LY(POST) = pos( )
~ 2(PRE) pre")

~ 2(POST )= Z?(PRE) prg") + gos(")
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Multi-Le vel Firing (Ref)

Referencesemanticsignorethe nestingstructure:

sl sl'
GO a—C
s2 s2'
@O

Currentmarking:s; + $;
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Multi-Le vel Firing (Ref)

Referencesemanticsignorethe nestingstructure:

sl sl' sl sl
Nets t2 .
Ref/Val 2 s2' S2 $2'
©—z—_) O—2—®
Concur

Currentmarking:s; + &
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Multi-Le vel Firing (Ref)

Referencesemanticsignorethe nestingstructure:

2

sl sl'
G
s2 s2'
@210
tl
sl sl'
e
s2 s2'
@210

sl

sl

@©—

tl

-

Gz —®

s2'

Currentmarking:s; + $»
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Multi-Le vel Firing (Ref)

Referencesemanticsignorethe nestingstructure:

sl sl sl sl
@@ T
tl 2
2 2 s2 s2'
=10 O—21—@®
t1 tl
y
sl sl sl sl
2 o s2 s2'
w10 O—z1—+®

Currentmarking:s; + &

=) Concurreng of nestecactionsasa T -cut!
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Multi-Le vel Firing (Val)

ValuesemanticsFiring at differentnestinglevels:

sl sl'
T = QD

Currentmarking: s1[$;]
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Multi-Le vel Firing (Val)

ValuesemanticsFiring at differentnestinglevels:

sl sl'
T = QD

t2

sl sl'
(=@ -

Currentmarking: s,[49]
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Multi-Le vel Firing (Val)

ValuesemanticsFiring at differentnestinglevels:

sl sl'
T = QD

t2

tl

sl sl'
- o

sl sl'
| (Cea—@ -

Currentmarking: s;[$,]
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Multi-Le vel Firing (Val)

ValuesemanticsFiring at differentnestinglevels:

sl sl' sl sl'
Object s2 s2' t2 s2 s2'
i o me O (e =0 -

tl tl

Decidability

Conclusio

sl sl 5 sl s1'
2 24 t 5

Currentmarking: s9[49]

=) Concurreng asT-Cuts?
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Location vs. Concurrency

Referencesemantics:

ty A 1
(s1+ &) "V (0+ &) VP (0 + &)

i tyA
(s1+ &) P (s + 89 ) (0 + &)
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Location vs. Concurrency

Referencesemantics:
onec (s1+ &) MV (04 &) P (0+ &)
Ref/Val (;to) (t1:7)
s (s1+ %) T (s1+8)) 1 (s9+ &9
Valuesemantics:
) _ N ) _ SO[tz] ) _
sife] 1 s8] I s9[&Q
st a1 .
sis] P osay M sope0

In fact: two different ring sequences!
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Location vs. Concurrency

Referencesemantics:
(t1:9 (;t2)
(s1+ &) 1 (s)+ &) T (sP+ &)
(;t2) (t1;N
(s1+ %) T (s1+8)) 1 (s9+ &9
Valuesemantics:
tlr\]

S1 [tIZ]

S ) I = [

SIS S

S1[$2.

S1[$2.

In fact: two different ring sequences!

=) Differentconcurreng semanticgor reference
andvaluesemantics.
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The Family of Petri Nets

Self-Modifying Nets, TM ’
Object | Reset-Nets ’
o | TransferNets ’
- PN
2 readhability
2 boundedness %
2 coverability "

& %
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Power of ldentites

Theorem [Kummer2000]
All object-orientedextensionof Petri netscan
simulateTuring madines.
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Power of ldentites

Theorem [Kummer2000]
All object-orientedextensionof Petri netscan
simulateTuring madines.

Proof: An in nite countablesetof objectidentitesis
assumedTheonly operationonidentitesis thetest
for equality

Then,identitiescanbe usedto simulate2-counter
machines.They areusedto “tag” eachteston zerothe
countemrmachineperforms.
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SomeResults(UEOS) 1/3
For eachUEOSOS de ne the P/T net:

fuse(0S) = (P [ P);T ;prd ;post;(Mg+ M)

pre ( ;M)
post( ;%)

pre( ) + pre(”)
pos( ) + Bos(")
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SomeResults(UEOS) 1/3
For eachUEOSOS de ne the P/T net:

s fuse(OS) = (P [ P);T ;pre ;post; (Mo + Mo)

pre (%) = pre( ) + pre(”)

where

post( ;~) := pos( )+ Pos(")

Theorem TheP/T netfusg(OS) simulateghe
refelencesemantic®f OS directly:

(M) 0 (M) 0
M 1 M M I M
" os ' () " fuse(0s) '
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SomeResults(UEOS) 2/3

Theorem Thereadability problemfor UEOS(wrt.
valuesemanticsjs undecidable
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SomeResults(UEOS) 2/3

Theorem Thereadability problemfor UEOS(wrt.
valuesemanticsjs undecidable

Proof: Thereachabilityproblemis undecidabldor
Petrinetswith two transport/eset/inhibitorarcs

UEOScansimulatetransferarcsby usingthe object
netasa‘“container”.
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SomeResults(UEOS) 2/3

Theorem Thereadability problemfor UEOS(wrt.
valuesemanticsjs undecidable

Proof: Thereachabilityproblemis undecidabldor
Petrinetswith two transport/eset/inhibitorarcs

UEOScansimulatetransferarcsby usingthe object
netasa‘“container”.

=] (==

Object-NetSystems- p.21/26



SomeResults(UEOS) 2/3

Theorem Thereadability problemfor UEOS(wrt.
valuesemanticsjs undecidable

Proof: Thereachabilityproblemis undecidabldor
Petrinetswith two transport/eset/inhibitorarcs

UEOScansimulatetransferarcsby usingthe object
netasa‘“container”.
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SomeResults(UEOS) 3/3

Theorem Theboundednesgroblemfor UEOS(wirt.
valuesemanticsjs decidable
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SomeResults(UEOS) 3/3

Theorem Theboundednesgroblemfor UEOS(wirt.
valuesemanticsjs decidable

Proof:. For referencesemanicshis follows directly
from the simulationby fuse(OS).
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SomeResults(UEOS) 3/3

Theorem Theboundednesgroblemfor UEOS(wirt.
valuesemanticsjs decidable

Proof:. For referencesemanicshis follows directly
from the simulationby fuse(OS).
For valuesemanticghe Karp/Miller construction|.e.

mo! m i m® suchthatm < m°

canbeappliedto nestednultisets:
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SomeResults(UEOS) 3/3

Theorem Theboundednesgroblemfor UEOS(wirt.
valuesemanticsjs decidable

Proof:. For referencesemanicshis follows directly
from the simulationby fuse(OS).
For valuesemanticghe Karp/Miller construction|.e.

mo! m i m® suchthatm < m°

canbe %pplledto nestednultisets:

P o
Dene [, pi[Mi] 1 pPIM, iff aninjectionf
exists, suchthat

f(pIMi]) = pIIM{I impliesp; = pf andM; M
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SomeResults(ONS) 1/2

Theorem Eat ObjectNetSystenfwrt. refeence
semanticsgtanbesimulatedoy a P/T net.
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SomeResults(ONS) 1/2

Theorem Eat ObjectNetSystenfwrt. refeence
semanticsgtanbesimulatedoy a P/T net.

Proof. Theconstructiorfor elementarybjectnets
carriesover for thegeneralkase.
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SomeResults(ONS) 2/2

Theorem ObjectNet Systemsgwrt. valuesemantics)
cansimulateTuring madines.
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SomeResults(ONS) 2/2

Theorem ObjectNet Systemsgwrt. valuesemantics)
cansimulateTuring madines.

Proof: Usethe nestingdepthof the marking
(“nets-within-nets”)to encodea counter
Having the objectnetSUCwe de ne:

cod(0) = zero
cod(n+ 1) = SU({pos + cod(n)]

Thetestfor zero,incrementatioranddecrementation

canbesimulated.So,ONS cansimulate2-counter
machines.
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The Family of Petri Nets

PN, ONS(ref)

reahabllity

$

%
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The Family of Petri Nets

$
TransferNets,UEOS(val)
! $

&

PN, ONS(ref)

reahabllity

boundedness

%

%
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The Family of Petri Nets

$

R Reset-Nets
Ref/Val l $
. TransferNets,UEOS(val)
Decidability ' $
PN, ONS(ref)

| |

2 readhability

& boundedness %

coverablility %
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The Family of Petri Nets

Self-Modifying Nets,ONS (val), TM

$

Reset-Nets

&

$
TransferNets,UEOS(val)
! $

PN, ONS(ref)

reahabllity

boundedness

%

%

coverability

%

%
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Conclusion

ObjectNets: PetriNetsasTokens
Net TokensasReferences

Net TokensasValues

Locality vs. Concurreng
Decidability Results

Object-NetSystems- p.26/26



	Types of Petri Nets
	Nets as Tokens
	Overview
	Formalism
	Unary Elementary Object-Nets
	Overview

