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® formal semantics
e but:

® can become hard to read
e solutions:
® abstraction/refinement

® coloured & object Petri nets

Petri nets patterns/components
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® “Nets-within-nets” paradigm

® Petri nets as tokens (token nets) of a
Petri net (system net)

® reference and value semantics
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Each of the object nets can act
individually and independently.

One net instance is consumed and
two new net instances are produced
by the system net transition.
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There is only one object net, such
that any change of its marking is
reflected in both system net places.

One reference to an object net is
consumed and two references to the
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® graphical editor
® simulator
® analysis frontend

® free download: www.renew.de

] XTL

® model checking (CTL)
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Settlers of Catan (software development)
Workflow (business process modelling)
Flexible Manufacturing

Security Protocols

Philosophers (academic)

2. Tools & Modelling




execution

game
board

user
Interaction

XX

1
XXX

XXX

DIXIXIXIXIX]

- SO0
00X

Pant

v
A

T T T e e YovEy T e

Reference Net Works hop

el SIS

|Salertinn Tral

Datei Optionen

Bl b o

Mulan Viewer

rmanual

@ i

Edit Layout Attributes Net Simulation Vindows Plugins Help ngvonAgenten [namewbName] |8y eospes infomatic.unitar 4|

B SNSRI EE N

-] .':5 Bank#3 @rzespofi info

o wissensbasis[11

ledgeBase: wissensbasisI114]

‘fagentidentifier

[} spielleitung_rund

y wissensbasis[i7

e lert? pe6.infomnatik.uni-ha

burg.de

InsW

—

| Strasse bauen

| 1Halz, 1 Lehm

| Siediung baen

| 1 Halz, 1 Lehm, 1 Wolle, 1 Getreide

| Stadt hauen

| 3Erz, 2 Getreide

| Bauphase heenden

| Ihr Konta hat sich geaendert!

ung et agent-identifier
| gent-identifier
HandelsphaseAktiv false
[l |

Anzahl |

Strassenbaukarten
Ritterkarten
gpunkikarten
Funkte 13

Eingehende Nachrichten -

Siedlung gebaut.
hr Konto hat sich geaendert!
hr Konto hat sich geaendert!

hr Konto hat sich geaendert!
\hr Konto hat sich geaendert! ( m

“|f_annehmen_Bank

o

|| ukarteausspislen | [

i FESources

|Ihr Konto hat sich geaendert!
\Ihr Konto hat sich geaendert!
E\Aﬂﬂms‘lerplanems@rmspcﬁ hat Stadt gebau
|Bauphase hat begonnen!

'Handelspt hat b 1

\Ihr Konto hat sich geaendert!
|Es wurde gine 5 gewuerfelt.
|Bauphase hat begonnen!

I hat b

|Es wurde eine 6 gevaerfelt.
|Bauphase hat hegonnen!
|Handelspt hat b !
\Es wurds aine 6 gewuerfelt.

| Bauphase hat begonnen!
‘Handelspt hat b !
|Ihr Konto hat sich geaendert!
|Es wurde eine 9 gewuerfeit,
EBauphase hat begonnen!
‘Handelspt hat b !
\Ihr Konto hat sich geaendert!
'Es wurde eine 4 gewuerfelt.

| Bauphase hat begonnen!
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Modular Composition

Spielzug an Spiel Spielzug beendet
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Producer

:access(wb)

@——I:l—wb-’OWissen
—0O

:start()
- O

import de.renew.agent.repr.acl.*;

import java.util.*;

import de.uni_hamburg.informatik.tgi.siedler.insel.*;

import de.uni_hamburg.informatik.tgi.siedler.util.*;

import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;

import de.renew.simulator.NetInstance;

NetInstance wb;

AclMessage p, p2,nachricht,ack ;
Agentldentifier ald;

Insel insel;

Transaktion e;

boolean cond;
Object o;
Object[] os;
String s;
Vector v;
inty;

lterator it;

@ d—p—per2
—O

@ ——rer2
O

@+ ——Operr2
—®

action p2=Sl0Creator.createActionRequest(
ald,
"content")

action p2=Sl0Creator.createActionRequest(
ald,
"content")
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Consumer

:start()

@ p—+(Pert2
:access(wb)

J Qe

import de.renew.agent.repr.acl.”;

import java.util.*;

import de.uni_hamburg.informatik.tgi.siedler.insel.*;

import de.uni_hamburg.informatik.tgi.siedler.util.*;

import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;

import de.renew.simulator.NetInstance;

NetInstance wb;

AclMessage p, p2,nachricht,ack ;
Agentldentifier ald;

Insel insel;

Transaktion e;

boolean cond;
Object o;
Object[] os;
String s;
Vector v;
inty;

Iterator it;

:out(p2)

4ction p2=Sl0Creator.createActionRequest(
ald,
"content”)

action p2=Sl0Creator.createActionRequest(
ald,
"content")

action p2=SI0Creator.createActionRequest(
ald,
"content")

action p2=Sl0Creator.createActionRequest(
ald,
"content")
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® Renew supports structural
| awnalysis

® modelling export to PEP

® ecxecution/animation

® |ack of analysis tools for OPNs

® verification/validation

® model checking
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obj trans(task( ),print,[]) -->

p2 =-=> X,
p3 <=+= X,
p5S <=+= X.
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remove a token from place p2
® add a token to p3

® add a token to p5

no synchronisation is required
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obj trans(sn,t,Ref) -->
pl =-=> TokenNet,
{token trans(

gl <=+= TokenNetAfterFire.

t’y

TokenNet,
TokenNetAfterFire,
Ref )},

® token trans:synchronisation with TokenNet
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start (

[ob]j(sn, [bind(pl,[ref(low),ref(low),b,b,c]),

bind(p2,[b]),

bind(p3,[c1)1),
obj(low, [bind(gl,[1,1]),

bind(g2,[1)1)

1).

® 1 = black token
® b, c = coloured tokens

® ref (xxx) = reference to net xxx
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® Faithfulness of the translation

® Every firing sequence in the OPN is
executable in its translation

® and vice versa

® Extensibility to value semantics
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® Value semantics usually relies on some
notion of unification for join transitions

® TJools exist that allow efficient model
checking

® ProXTL / ProB

® can handle: clear arcs, flexible arcs, etc.

® integrate reference and value semantics
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ProXTL / ProB

®Oe ProXTL 1.1.0: [flow_tribunal.P] : (c) Michael Leuschel

/* ['Examples/ColourtbjectNets/flow_tribunal']. =/

:= ensure loaded('object_interpreter.P'). /* for Sicstus */
:~ [ 'Examples/ColourCbjectNets/object interpreter.P']. /* for XSB */

top_level net(flow).
start([ NET ]) :=- new net(flow,NET).

place(task(_),FN,[]})

H .
PN = pl ; PN = p2 ; PN = p3 ; PN = p4 ; PN = p5 ; PN = p6 ; BN = p7 ; C,o&\?. \pLV\Ao\o'
r r

EFN = p8 PN = p9 PN = pl0 ; PN = pll ; PN = pl2.

place(flow,£1,[1]). e &‘

place(flow,FN,[]) = ¢ 3
PN = £2 ; PN = £3 ; PN = £4 ; PN = £5 ; PN = £6 ; BN = £7 ; WCoALh
PN = f8 ; PN = £9.

obj_trans(task(_T),new,[]) =-> o% O?N

Pl <=4= 1,
{print(new(task(_T))),nl}.
obj_trans(task(_),record,[]) =-->

pl === X, p2 <=¢= X,

obj_trans(task(_),print,[]) =-->
p2 =-=> ¥, p3 <=+4= X, p5 <=+= X,
StateProperties | EnabledOperations | History
card(flow,f4,1) — |printer official2 (complete)
card(flow,f5,1) \secretary{verify) printer
card(flow,f6,1) officialz (complete) official1 (rec)
card(flow,f7,1) put_together official1 (ex)
card{flow,f8,0) prosecutor(decide(summon)) put_together
card(flow,f9,0) prosecutor(decide(charge)) official2 (complete)
f1({}) prosecutor(decide(suspend)) lsecretary{verify)
f2{{}) BACKTRACK official1 (rec)
f3({ref(task(t)),ref(task(t2))}) secretary(verify)
f4{{ref(task{t3))}) printer
- printer
official1 (rec) —
. official 1 (rec)
a ‘\ 1 Etart_xtl_syste: %LTLV\S
1 trawnsitions

9 s%—.od;e. \ \r\Ls’cor\i

propevtiies

' start_xtl_system

>

}m

officiall (rec) officiall (rec)

officiall(rec) / officiall (rec)

secretary(verify) official2(complete)

official2(complete) official2(complete)

officiall(rec) | printer \  official2(complete) put_together

officiali(rec) [ officiall(ex) \ ~printer official2(complete)

@ B

€ HIDIIED) G ) G
printer /" printer
P& @, &®) ) )
—— ——
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® Dual Flow Nets [Varea, 2002]

® separation of data flow from control flow

® two kinds of transitions:

® transitions (control) I

® hulls (data)

® tokens: (control part;data part)
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® [ranslation:

® control part --» system net

® data part --» object net

® triggering of hulls --> synchronisation
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aNARA Reference Net Workshop

File Edit Layout Attributes Net Simulation Windows Help
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® Software development with OPNs
® suitable for large groups
(tested with 25—40 developers)
® rapid prototyping
® analysis (sub-class HORNETY)

visualisation helps communicate problems
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You can hide all concurrency some of the time,
and you can hide some concurrency all of the time,
but you can’t hide all concurrency all the time.

Luca Cardelli, 2003

%M /W atlention!
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