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An occurrence net (B,E,K)
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An occurrence net (B,E,K)

acyclic
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An occurrence net (B,E,K)

acyclic
places unbranched
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An occurrence net (B,E K) of a Petri net (S,T,F)

acyclic
places unbranched
maps to the Petri net
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An occurrence net (B,E K) of a Petri net (S,T,F)

acyclic
places unbranched
maps to the Petri net
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An occurrence net (B,E K) of a Petri net (S,T,F)

acyclic
places unbranched
maps to the Petri net

minimal places map to tokens ._»@
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An occurrence net (B,E K) of a Petri net (S,T,F)

acyclic

places unbranched

maps to the Petri net

minimal places map to tokens

presets of transitions map to presets of transitions
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An occurrence net (B,E K) of a Petri net (S,T,F)

acyclic
places unbranched
maps to the Petri net

minimal places map to tokens ._»O

presets of transitions map to presets of transitions

postsets of transitions map to postsets of transitions O i
O-B-Q ~O
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Slide 11  Berlin, February 4, 2011 Lehrgebiet Softwaretechnik und Theorie der Programmierung
Prof. Dr. Jorg Desel



@ FernUniversitat in Hagen Fakultat fur Mathematik und Informatik

An occurrence net (B,E K) of a Petri net (S,T,F)

Lemma: paths map to paths
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An occurrence net (B,E K) of a Petri net (S,T,F)

Lemma: finite cuts
(max. sets of mutually concurrent places) _
map to reachable markings
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An occurrence net (B,E K) of a Petri net (S,T,F)

Lemma: finite cuts
(max. sets of mutually concurrent places) _
map to reachable markings

hed wem

Slide 14  Berlin, February 4, 2011 Lehrgebiet Softwaretechnik und Theorie der Programmierung
Prof. Dr. Jorg Desel



@ FernUniversitat in Hagen Fakultat fur Mathematik und Informatik

An occurrence net (B,E K) of a Petri net (S,T,F)

Lemma: finite cuts
(max. sets of mutually concurrent places) _
map to reachable markings
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An occurrence net (B,E K) of a Petri net (S,T,F)

Lemma: finite cuts
(max. sets of mutually concurrent places) _
map to reachable markings
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An occurrence net (B,E K) of a Petri net (S,T,F)

Lemma: finite cuts
(max. sets of mutually concurrent places) _
map to reachable markings
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An occurrence net (B,E,K)

Corollary: finite co-sets
(sets of mutually concurrent places)
map to

of a Petri net (S,T,F)

reachable sub-markings
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Theorem: each connected live and bounded Petri net is strongly connected
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Theorem: each connected live and bounded Petri net is strongly connected

not connected connected strongly connected
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Theorem: each connected live and bounded Petri net is strongly connected

live, not bounded

each transition can
always occur again

bounded, not live live and bounded

each place has a bound
(maximal number of tokens)
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Theorem: each connected live and bounded Petri net is strongly connected

Lemma: if a net is connected but not strongly connected then
for some arc (x,y ) there is no directed path from y to x

Corollary: if, in a connected net, for each arc (x,y )
there is a path from y to x, then the net is strongly connected
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Theorem: each connected live and bounded Petri net is strongly connected

Proof:  Consider a live and bounded connected net and an arbitrary arc (x,y).

We will show that there is a path from y to x.
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Theorem: each connected live and bounded Petri net is strongly connected

Proof: Consider a live and bounded connected net and an arbitrary arc (X,y).
Case 1. xis atransition andy is a place.
¥
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Theorem: each connected live and bounded Petri net is strongly connected

Proof: Consider a live and bounded connected net and an arbitrary arc (X,y).

Case 1. xis atransition andy is a place.
X—)

Let b be the bound of y (exists, because the net is bounded).
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Theorem: each connected live and bounded Petri net is strongly connected

Proof: Consider a live and bounded connected net and an arbitrary arc (X,y).
Case 1. xis atransition andy is a place.
.—».
Let b be the bound of y (exists, because the net is bounded). 0

Assume an occurrence net with b + 1 occurrences of the transition x.
(exists, because the net is live).

b+1
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Theorem: each connected live and bounded Petri net is strongly connected

Proof:
Case 1:

Consider a live and bounded connected net and an arbitrary arc (X,y).

X is a transition and y is a place.
Xy

Let b be the bound of y (exists, because the net is bounded).
Assume an occurrence net with b + 1 occurrences of the transition x.
(exists, because the net is live).

®
Since postsets of the occurrences of x are respected, ® be1
each occurrence of x has an occurrence of y in its postset. — ® 5
X
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Theorem: each connected live and bounded Petri net is strongly connected

Proof:
Case 1:

Consider a live and bounded connected net and an arbitrary arc (X,y).

X is a transition and y is a place.
Xy

Let b be the bound of y (exists, because the net is bounded).
Assume an occurrence net with b + 1 occurrences of the transition x.

(exists, because the net is live). 0
Since postsets of the occurrences of x are respected, ® be1
each occurrence of x has an occurrence of y in its postset. 0
X

Since places in occurrence nets are not branched,
all these occurrences of y are distinct.
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Theorem: each connected live and bounded Petri net is strongly connected

Proof:
Case 1:

Consider a live and bounded connected net and an arbitrary arc (X,y).

X is a transition and y is a place.
Xy

Let b be the bound of y (exists, because the net is bounded).
Assume an occurrence net with b + 1 occurrences of the transition x.

(exists, because the net is live). 0
Since postsets of the occurrences of x are respected, ® be1
each occurrence of x has an occurrence of y in its postset. - ® -
X

Since places in occurrence nets are not branched,
all these occurrences of y are distinct.

Since b is its bound, the place y never carries more than b tokens.
Hence no co-set contains all b+1 occurrences of .
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Theorem: each connected live and bounded Petri net is strongly connected

Proof:
Case 1:

Consider a live and bounded connected net and an arbitrary arc (X,y).

X is a transition and y is a place.
Xy

Let b be the bound of y (exists, because the net is bounded).
Assume an occurrence net with b + 1 occurrences of the transition Xx.

(exists, because the net is live). D€ -,
Since postsets of the occurrences of x are respected, ® | be1
each occurrence of x has an occurrence of y in its postset. K = O 5
X

Since places in occurrence nets are not branched,
all these occurrences of y are distinct.

Since b is its bound, the place y never carries more than b tokens.
Hence no co-set contains all b+1 occurrences of y.

So at least two of these occurrences are connected by a path.
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Theorem: each connected live and bounded Petri net is strongly connected

Proof: Consider a live and bounded connected net and an arbitrary arc (X,y).

Case 1. xis atransition andy is a place.
X—)

Let b be the bound of y (exists, because the net is bounded).
Assume an occurrence net with b + 1 occurrences of the transition Xx.

. . _ :
(exists, because the net is live). e
Since postsets of the occurrences of x are respected, ® | be1
each occurrence of x has an occurrence of y in its postset. K = O 5
X

Since places in occurrence nets are not branched,
all these occurrences of y are distinct.

Since b is its bound, the place y never carries more than b tokens.
Hence no co-set contains all b+1 occurrences of y.

So at least two of these occurrences are connected by a path.

Again since places in occurrence nets are not branched,
this path goes through an occurrence of x.

So there is a path from an occurrence of y to an occurrence of x.
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Theorem: each connected live and bounded Petri net is strongly connected

Proof: Consider a live and bounded connected net and an arbitrary arc (X,y). ,~,
/

Case 1. xis atransition andy is a place. ;

Let b be the bound of y (exists, because the net is bounded).
Assume an occurrence net with b + 1 occurrences of the transition x.

(exists, because the net is live). e
Since postsets of the occurrences of x are respected, ® | be1
each occurrence of x has an occurrence of y in its postset. K = O 5

Since places in occurrence nets are not branched,
all these occurrences of y are distinct.

Since b is its bound, the place y never carries more than b tokens.
Hence no co-set contains all b+1 occurrences of y.

So at least two of these occurrences are connected by a path.

Again since places in occurrence nets are not branched,
this path goes through an occurrence of x.

So there is a path from an occurrence of y to an occurrence of x.
Since paths are mapped to paths, there is a path from y to x.
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Theorem: each connected live and bounded Petri net is strongly connected

Proof: Consider a live and bounded connected net and an arbitrary arc (X,y). .~
it |

Case 2. xis aplace andy is a transition. m: :

Let b be the bound of x (exists, because the net is bounded).
Assume an occurrence net with b + 1 occurrences of the transition v.

-
-
-
-

. . B :
(exists, because the net is live). e ®
Since presets of the occurrences of y are respected, ® be1
each occurrence of y has an occurrence of x in its preset. - ® o
y

Since places in occurrence nets are not branched,
all these occurrences of x are distinct.

Since b is its bound, the place x never carries more than b tokens.
Hence no co-set contains all b+1 occurrences of x.

So at least two of these occurrences are connected by a path.

Again since places in occurrence nets are not branched,
this path goes through an occurrence of y.

So there is a path from an occurrence of y to an occurrence of x.
Since paths are mapped to paths, there is a path from y to x.
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PART II:

Process Model Synthesis
From Partial Orders
(VIPtool)
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PART II:

Process Model Synthesis
From Partial Orders
(VIPtool)

VIPtool was originally created in 1996 -1998

by my group and the group of Andreas Oberweils,
Institute AIFB, University of Karlsruhe
(Carl-Adam-Petri award !!)
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<5 3P
Petri Net JA\
Unfold to p Q‘A
Behaviour (BB O/ \O
process nets
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A
B
B A
Partially Ordered Runs

2/
Petri Net
Unfold to
Behaviour
process nets
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Initial Situation:

Knowledge about a process is distributed in several
peoples' mind in an informal environment

nowledge about
the process

QD \,
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single scenari

A

requirements|engineering

nowledge about
the process

Q s, & i
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partially ordered runs

a

formaljzation

single scenari

A

requirements|engineering

nowledge about
the process
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process model

a

synthesis

partially ordered runs

a

formaljzation

single scenari

A

requirements|engineering

nowledge about
the process
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o

2/
Petri Net

Synthesize
Net

B

A

Partially Ordered Runs
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Synthesize petrinet (TFS)
Synthesize petrinet (555)
log message

Z008.Jun.08 15:19:12 MESSAGE
Z008.Jun.08 15:18:12 MESSAGE
2008.Jun.08 15:18:12 MESSAGE

2008.7

VipTool session started. |

'C:'\Users

sion was load

Extension viptool rinet.Pet tExtension was

.LPOExtension was loaded.

asExtension was loaded
1t. graphl

m o

T o A B |
wmon

)

Mo e E R EE

thm. synthesis. lposss. extension.

1. posStprocessing extension.Po

pnetip

3
stprocessing. pnetipl xtension. PostProcessExtension was loaded.

C:'\Users'mgal®3

———= e b A B =
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VipTool - netl

File Extensions Draw Graph Petrinet

e

ey | ﬂl}a a o] OO w @ By o» 88 Lavour # Zoom

Exit

I 5y Workspace default

"@ insuranceExample

E{EB; nets

{7 runs
[=+{z= scenarios

== simplzExample
a

{7 occurrenceets

l{i Ipol.lpo
. l;.i lpo2.lpo

& lpo1 |

& lpoz

log message | Job Maritor

2008.Jun. 0%
2008.Jun.0%
2008. Jun.0%
Jun. 08
ns

Z008.Jun.0g

Jun, 0%
Jun.0g
Jun, 0%
Jun. 08

2008. Jun. 0%
2008. Jun. 0%
2008. Jun. 0%
2008.Jun.0%8

2008. Jun. 02

253817
15:18:12
15:18:12

MESSAGE
MESSAGE
MESSAGE
INFO

INFD

synthesis. 1

.verification.lpo

C:\Users'mgal®3" Vi

iterExtension was loa

ension was loaded.

gExtension was lo

cationExtension was

loaded.

3ion was loaded.

ension was load

erung
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VipTool - Workspace default

ile Extensions

T B Exit

I T4, Workspace default I & lpo1 |

& lpoz |

Iﬁ insuranceExample

Strg+5

Strg +W
New... Strg+N
Load... »

Unfolds P/T-Met to its runs

Unfaolds P/T-Met to its runs (reduced)
Unfalds P#T-Net to its processes
Delete implicit places

Delete all implicit places

Delete implicit places (LP)

log message

Z008.Jun.20 13:55:38 MESSAGE oy

2008, Jun. 20 MESSAGE bt

2008.Jun. 20 13:55:38 MESSAGE | VipTool session started. |

arching d: to

vipt

XTension viptod

initializ

2008. Jun. 20

.petrinetc.?P

'C:\Users’mgal®3\Desktop'V:
¥tension viptool.graph. GraphExt

saved at: C:

nsion was
triNetExtc

cess.ProcessExtension was loaded.

tension. GraphLayouterExtension was loade

131om. T Extension was loaded.

etproc.extension.UnfoldingExtension was loa

extension.VerificationExtension was 1

inclusion. extension. Ve ationExtension was lo

is.lposss.ex
stprocessing
ostprocessin

»

m

-|erung
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kl e Extensions Draw Graph LPO

: h &= M [ 0 ab at] [0 “a l«. f = W avour #f Zoom  Exit
I 5y Workspace default % Ipo1 | % Ipo2 |
"@ insuranceExample
= simpleExample
& neti.pnml l:‘
{ ] occurrenceNets B
& runz.lpa 5
[=+{z= scenarios
| Ipol.lpo
[@ net1 |
[L runi | [:_, runz |

log message

Z008. Jun.
Z008. Jun.
Z008. Jun.

Z008. Jun.

o
=
w
wn
wn
w
o

LB BDOBD
o

=]
=

w
e
w
w
o

0 13:55:38 MESSAGE
13:55:38 MESSAGE
MESSAGE

INFO 5

VipTool session started.

A
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VipTool - Workspace default

File Extensions

e

T B Exi

I T4, Workspace default I & lpo1 |

"@ insuranceExample
= simpleExample
2&

Save Strg+5
Close Strg+W
New... Strg+M
Load.. 4

Unfalds P/T-Met to its runs

Unfolds P/T-Met to its runs (reduced)
Unfolds P/T-Met to its processes
Delete implicit places

Delete all implicit places

Delete implicit places (LP)

log message

2008.Jun.20 13:55:38 MESSAGE

2Z008.Jun.20 13:55:38 MESSAGE |
Z008.Jun.20 13:55:38 MESSAGE

2008.Jun. 20 INFO

2008. Jun. 20

2008, Jun. 20
Z008. Jun. 20

2008. Jun. 20

2008. Jun. 20

3 have be

jtialized!

Users’mgal93'\Desktop \Vip

GraphExte

et.Petri sion was loaded

o.LPOExtension was
essExtension was

ssExtension was

£l save
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Workspace default

kl e Extensions

T B Ext

I 5y Workspace default & Ipot |

& lpoz |

"@ insuranceExample
== simplzExample
E-E nets
. net1.pnml
N ocrencene:| x
branchingProcess,
E process-1.pnml
process-2,pnml
E process-3.pnml
runs

[=+{z= scenarios

l;.I lpol.lpo

& lpoz.lpo @ nett

Ba process-1

Ba process-2

fa process-3 |

4 m | +

p1

p2

O

p2

log message |

| 2008.Jun.20 13:55:38 MESSAGE -------—------—-—-
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