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ReferenceNets

ran e Reference nets (Kummer)

nets-within-nets / token refinement

et close to object-orientation (Petri nets and OO)
Simistr net instances

cuckt synchronous channels

synchronous channels as method calls
system net / object net
e RENEW(2004, ICATPN’04 / Version 2.0.1
released)

editor / simulator
multi-formalism support
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Bucket-Chain (C.A. Petri)

Nels, Time and Space
from: Theoretical Computer Science 153 (1936) 53-45

oty a L& &
== o I A ok

wabker

Thiz iz a znapshot of a fire-bucket chain, and & recording of movements over
Time. In the record, we see variakle speeds which we could measure.
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Bucket-Chalin

Distributed cooperation of firemen.

Each fireman has a bucket.

The first fireman can refill the bucket.

Each fireman can approach the fire (full bucket).

Two firemen at the same location can exchange
buckets.

Only the last fireman can extinguish the fire.
e Chain i1s modeled as system net.
e Firemen and buckets are modeled as object nets.
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Bucket-Chain

Reference
Nets

Bucket-

Bucket - two states: full or empty

Motivation

[ ] :isEmpty()

fill) empty()

-isFull()
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Fireman - four states: left/right with empty/full bucket
It Is In the nature of the fireman that he only
approaches the fire with a full bucket.

b: new Bucket

new() :bretreat()
Empty Left mpty Right
b be b
. :exch bf,b .
-refill() y excharge(bf,be) -extinguish()
SllY :exchange(be,bf) 4 /ST (S0
b of bf b
Full Left ~Full Right
/Cb/
:approachFire()
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Reference

Bucket-Chalin

sucke Three fireman In a bucket chain. The first can fill his
e DUCKet. The last can extinguish fire.

Hornets

f1: new Fireman() f2: new Fireman() f3: new Fireman()
Well-
formed

Nets 1 fretreat() 2 f:retreat() firetreat()
Simulating : f .
Hornets Refill DtoC D EXtingUiSh Fire
O
f f
(B;l[J]CI'(et- f:refill() . f:extinguish()
ain
f:approachFire() f:approachFire() f:approachFire()
fl f2 Ashes
ExchangeB ExchangeC

fl:exchange(be,bf) fl:exchange(be,bf)
f2:exchange(bf,be) f2:exchange(bf,be) FireExtinguished
iti
n
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Bucket-Chain

Reference
Nets

Bucket- fretreat() fretreat()
Chain

1
f:approachFire() f:approachFire()

ExchangeB
fl:exchange(be,bf)
f2:exchange(bf,be)
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Empty Left

:exchange(pe,bf)
Full Left

f:retreat()

f:approachFire()

‘retreat()

ExchangeB
fl:exchange(be,bf)
f2:exchange(bf,be)

mpty Right

:exchange(bf,be)

Full Right

:approachFire()

f:retreat()

‘retreat()

Empty Left mpty Right

:exchange(pe,bf)
Full Left

:exchange(bf,be)
Full Right

:approachFire()
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Bucket-Chain

Bucket- f:retreat() f:retreat()
Chain

Reference
Nets

Motivation

f:approachFire()
J ExchangeB \

/ f1:exchange(be,bf) \

¥ f2:exchange(bf,be) \J
retreat() ‘retreat()

Empty Left mpty Right Empty Left mpty Right
:exchange(pe, bf) :exchange(pf,be) -exchange(pe, bf) :exchange(pf,be)
Full Left Full Right Full Left Full Right

:approachFire() :approachFire()
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f:retreat() f:retreat()

f
CtoB C
— -
BtoC
f N\

/ f:approachFire() f:approachFire() \
J ExchangeB \
/ f1:exchange(be,bf) \
¥ f2:exchange(bf,be) v
‘retreat() ‘retreat()
Empty Left \%mpty Right Empty Left i/lj mpty Right
e
exch bf g
:exchange(pe, bf) :exchange(pf,be) ¢ ‘exchange(pe,bi) :exchange(pf,be)
Full Left Full Right [ Full Left Full Right
Y, \
:approachFire() , \ :approachFire()
N\
~ X
\_ }iptyl
full full
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f:retreat()

/  f:approachFire()
ExchangeB
fl:exchange(be,bf)
f2:exchange(bf,be)

f:retreat()

f
CtoB C
~N
f N\

f:approachFire() \
\

\

\ v
‘retreat() retreat()
Empty Left \%mpw Right Empty Leftlg/lj mpty Right

:exchange(pe,bf) :exchange(pf,be)

Full Left Full Right
:approachFire()
empty
full

:exchange(pe,bf)
Full Left

N

full

:exchange(pf,be)
Full Right

:approachFire()
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f:retreat() f:retreat()
f
CtoB C
~
1 f N\
/ f:approachFire() f:approachFire() \
J ExchangeB \
f1:exchange(be,bf) \
¥ f2:exchange(bf,be) v
‘retreat() retreat()
Empty Left ?np\ty Right Empty Left mpty Right
~
N
. N
-exchange(pe,bf) -exchange (bf,be) N :exchange(pe,bf) exchange(bf,be)
Full Left Full Right N Full Left Full Right
N — — 7 7
. - - \
:approachFire() P - N :approachFire()
¥ AN
_
\_ }iptyl
full full
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Bucket-Chain

“ Simulation of the Bucket-Chain in RENEW.
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Mot vation

e Modeling power of nets-within-nets.
e Reference nets are powerful I  Un-decidability.
e Hornets

Restricted reference net formalism
Interesting subclass of reference nets.

Expressive modeling power of
nets-within-nets

Simulation of Hornets through Well-formed
nets.
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Hornets

Let N be a finite set of net sorts. A higherorder
refelencenetsysten{HORNET) Is a tuple

0S5 = (ONN, d,fONg,fXNg, W, L, G, M())

o ONN ={(Pn,ZN,TN,Fn)}n2n isafamily of objectnets.
e Letd: P(OS) — N* beatypemappingof
o {On}n2on Isafamily of netidenti®ers.

o {Xy}non afamilyof identi®ervariables.
placesto tuplesof objectnets.

o W:F — MS(X)isthearcinscriptionwith W (f) € MS(Xg(¢))-

e [: FN(T x Z)— X isthechannelnscription.

e (G :T — Propistheguardpredicate.

e Moy : P — MS(O*)istheinitial markingwith Mo(p) € MS(Oq(p))-
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Well-formed Nets

Finite color-set

Color-set Is partitioned.
Reduced set of arc expressions.
Invariants are computable.

Symbolic reachability-graph can be constructed.

Can be transformed into P/T-nets.
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Well-formed Nets

A well-formed net Is a tuple

WN = (P, T, 80, (91, C, Cd, Mo)

where

= DS

P andT' are®nite setsof placesandtransitions.
do, 01 arethearcmappingswith 9o (t)(p), 01 (t)(p) : cd(t) — MS(cd(p))
C ={Cy,...,Cy} isthecoloursetof ®nite basic colour classes.

cd mapseachplacep to a Cartesiarproductof basiccolor classesandeachtransitiont to
asetof ®ring modes.

Mo : P — MS(|JC) with Mo (p) € MS(cd(p)) is theinitial marking.
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Simulating Hornets

Reference
Nets

Bucket-

Restricting Hornets

Motivation

e Finite number of synchronizations.

e No cyclic synchronizations.

wnes | @ All synchronizations relationships are ordered in
Cran a tree.
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Simulating Hornets

Reference
Nets

Bucket-

@ A HORNET OS given as in definition on slide 17 is
= well-formediff the following holds:

Hornets

Well- 1. Thenetstructureof (P, T, F'), whenconsideringherestrictionto Z C P, is agyclic, i.e.
ormed FN(ZxT)U(T x 7)) isanagclic relation.
Simulating 2. Thesynchronisationarerestrictedo tree-like structuresjet N Z| < 1 forallt € T.

Hornets

Bucket All variableson outgoingarcsarealreadyboundin theincomingarcs.

chain 4. Also all inscriptionsof transitionsconnectedy zero-safeplaceshave to bethe same:For
allt1,to € T'andall z € t1» N oty wehave W (t1,2) = W(z, t2).

5. Thevariabledor all inscriptionsof stableplacest W (s, t) andW (¢, s) areassumedo

be chosemairwisedisjoint.
UH

ifi

n
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Simulating Hornets

e Nets (templates) are merged.

e Places of the remain.

e lIdentities (colors) are provided for all created net
Simulating Instances.

onatn e Synchronous channels result in fused transitions.

Corresponding transitions are fused.
Multiple Down- links result in duplicated
transitions.

e Knowledge/ownership/containment of net
Instances are modeled through tuples.
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Merging the Fireman and the Bucket

retreat()

/lcommented
b: new Bucket

‘new() |:]
|:| iISEmpty()

empty

srefill( [] :extinguish()
this:fill() A0 |_/ tliemptyl) 3 this:empty()
\ X

:exchange(be,bf) exchange(bf,be)

bf

bf

sisFull

:approachFire()
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Merged net with predefined identity for the Bucket.

Identities

‘retreat()

empty| b

be

:exchange(be,bf) j :extinguish()
[\

bf

:approachFire()
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e Simulating Well-formed net of the Bucket-Chalin.

Identities

Identities

[b.1]

[o.

[o.,0]
BtoA

[be.f]

[be,f]

[be.f]

[be,f]
[be.f]

[be.f]
[bc.f]
Empty Left Empty Right
[bc,f1]
[be.i2)
fbe g
% >.< D)
[be,] FireExtinguished
[be.f2]
[be.f1]
Full Left Full Right
[be.f]
[be.f]
[be.f]
[be.f]
[be.f]
[be,f] AtoB
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Simulation of the Bucket-Chain as well-formed net In

RENEW.
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Discussion

Expressive and intuitive modeling.

Correspondence of nets and objects
(Bucket, Fireman, BC)

Simple nets of the Objects.

Verification of well-formed nets is possible.
Hornets as a restricted reference net formalism.
Simulation of Hornets by well-formed nets.
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Outlook

Automated construction of simulating net.
Verification of Hornets.
Verification through external products.

Introduction of a well-formed net formalism In
RENEW.

Introduction of verification methods in RENEW.

Examination of combinations of different
formalism?

Multi-formalisms.
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Thank you, for your attention!

lﬁ Universitdat Hamburg
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