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Partial Orders Fit For Work

PART I:
A proof using partial orders

(occurrence nets)
work done in 1988 at GMD

PART Il
Process Model Verification, Validation and Synthesis

Based on Partial Orders
(VIPtool)
work done from 1996 until today
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PART I:
A proof using partial orders

(occurrence nets) \
work done in 1988 at GMD
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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

270
OFO—
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An occurrence net (B,E,K)

acyclic
places unbranched
maps to the Petri net

of a Petri net (S,T,F)

Slide 7

Paris, February 11, 2011

Lehrgebiet Softwaretechnik und Theorie der Programmierung
Prof. Dr. Jorg Desel



An occurrence net (B,E,K)

acyclic
places unbranched
maps to the Petri net

of a Petri net (S, T,F)
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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 ._»@
OB

Cm-@
O~ - ®-0-
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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
O -0
<_

Cim-@
Q- @
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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
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An occurrence net (B,E,K) of a Petri net (S, T,F)

Lemma: paths map to paths

|

m

"
Q-1 @
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An occurrence net (B,E,K)

Lemma: finite cuts

of a Petri net (S, T,F)

(max. sets of mutually concurrent places)

map to

@

o-c-

reachable markings

-
(O~

H-O

g

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

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

of a Petri net (S, T,F)

reachable markings

-
(O~

H-©

g

O

O
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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

®--0)
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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

O
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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

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

Corollary: finite co-sets
(sets of mutually concurrent places) _
map to 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
@@9 - @«@ 3}{}@
\@\ .
O g igh

ONENe -0 @

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

live, not bounded

each transition can
always occur again

=
3

e

-

7

bounded, not live live and bounded

each place has a bound
(maximal number of tokens)

S T

:
:

/
/

é\
.

-@—

-0 @O

T
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Theorem: each connected live and bounded Petri net is strongly connected

@:@ ¢~ @:@

oy

*@

—

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. n
)
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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. n
)

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. n
)

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).

b+1
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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. n
)

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). o
Since postsets of the occurrences of x are respected, o bl
each occurrence of x has an occurrence of y in its postset. B W 5
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. n
)

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). o
Since postsets of the occurrences of x are respected, o b+l
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.
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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. n
)

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). o

Since postsets of the occurrences of x are respected, O b+l
each occurrence of x has an occurrence of y in its postset.

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

Case 1: xis atransition andy is a place. n
)

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). o i

|
Since postsets of the occurrences of x are respected, ON bl
each occurrence of x has an occurrence of y in its postset.

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. n
)

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). P

Since postsets of the occurrences of x are respected, o
each occurrence of x has an occurrence of y in its postset.

b+1

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 .

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. .f .

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). P

1

. 1
Since postsets of the occurrences of x are respected, © b+l
each occurrence of x has an occurrence of y in its postset.

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). N
2 |

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

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

Since presets of the occurrences of y are respected, © b+l
each occurrence of y has an occurrence of x in its preset.

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 .

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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Further Theorems, using the same idea:
each live and bounded extended free-choice net is covered by T-components
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Further Theorems, using the same idea:
each live and bounded extended free-choice net is covered by T-components

(O

7

N \Q/
\C T
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Further Theorems, using the same idea:
each live and bounded extended free-choice net is covered by T-components
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Further Theorems, using the same idea:
each live and bounded extended free-choice net is covered by T-components
each T-invariant is realizable, i.e., corresponds to a cyclic process

AT
W
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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 Oberweis,
Institute AIFB, University of Karlsruhe
(Carl-Adam-Petri award !!)
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Simulation for Analysis
means generation of runs.

- sequential runs (occurrence seguences),
combined with graphical animation
= the usual approach

- non-sequential, causal runs (process nets)
= the VIP-approach
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Analysis

N
Petri Net
Unfold to
Behaviour
process nets
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A Coffee Machine with one Process

insert
warm coin
(—O ready inserted
brew dis- reject< counter
pense coin
cold accepted
counter counter
readyO—> insert accept»O—b pg:‘lsse insert »Q—baccept»@—b pgirfs-e +O ready
inserted accepted ready inserted acceptedj
warm O /O /'O warm
warm
cold brew brew cold
cold
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Efficiency
- every occurrence sequence Is represented
by an occurrence sequence of a process net

- every occurrence sequence of a process net
corresponds to an occurrence sequence of the model

- the number of process nets exceeds the number of
occurrence sequences significantly
(exponential in the degree of parallelism)
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Advantage 1: Efficiency

insert
warm coin
(—O ready inserted
brew dis- reject counter
pense coin [
cold accepted

The process net represents 21 different occurrence sequences

FO counter F’O counter

ready O—> insert accept»O—b pglnsse insert »Q—Vaccept»@—b pglrfs-e

®

ready

inserted accepted ready inserted acceptedj

isve

warm warm

efe

warm
cold brew brew cold
cold
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One common occurrence seguence

warm

(—O ready inserted
dis- counter
brew <
pense coin
cold accepted
Insert
counter counter
ready accept»O—b pglnsse insert »Q—baccept»@—b pgirfs-e +O ready
inserted accepted ready inserted acceptedj
warm @ /vO /vQ warm
warm
cold brew brew cold
cold
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One common occurrence seguence

insert
warm coin
(—’O ready inserted
brew dis- reject counter
pense coin [€
cold accepted
insert, accept
counter counter
ready O—> insert m pglnsse |nser1 %@V p:LSs-e +O ready
inserted accepted ready inserted acceptedj
warm @ /vO /vO warm
warm
cold brew brew cold
cold
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One common occurrence seguence

insert
warm coin
ready inserted
dis- reject counter
pense coin [€
accept
coin
cold accepted
Insert, accept, brew
counter counter
ready O—» insert %@» p:ins;e »O—» insert »O—»@»O—» ngss-e »O ready
inserted acceptedj ready inserted acceptedj
warm @ /O warm
cold brew cold
cold
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One common occurrence seguence

warm

O

brew

cold

inserted

Insert, accept, brew, dispense

warm ( @

O

cold Q—V brew

insert

coin

ready
reject counter
.|«
coin
accept
coin
accepted
counter

inserted

insert %@V

dis-
pense

®

brew

acceptedj

oo

ready

warm

cold
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One common occurrence seguence

insert
warm coin
ready inserted
®
v[
dis- reject< counter
pense coin
accept
coin
cold accepted
Insert, accept, brew, dispense, brew
counter counter
ready O—> insert %@V p:inss-e +@> insert %@V p:LSs-e +O ready
inserted accep ready inserted acceptedj
warm O /v@ warm
warm
cold Q—> brew cold
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One common occurrence seguence

warm

(—’O ready inserted
XY L
dis- counter
brew <
pense coin
accept
coin
cold accepted

insert, accept, brew, dispense, brew, insert

F»@ counter counter
. dis- dis-
r'eady O—> insert %@V pense accept+©—> pense

ready

®

inserted accep inserted acceptedj

warm warm

cold

oJo

cold brew brew
cold
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One common occurrence seguence

insert
warm coin
(—’O ready inserted
brew dis- reject counter
pense coin [€
cold accepted

insert, accept, brew, dispense, brew, insert, accept

F»@ counter F»@ counter
ready O—> insert %@V p:inss-e +C>—> insert m p:LSs-e
O inserted | accep dy rted acceptedj

®

ready

warm warm

oJo

warm
cold brew brew cold
cold
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One common occurrence seguence

insert
warm coin
(—’O ready inserted
brew reject< counter
coin

accept
coin

cold accepted

Insert, accept, brew, dispense, brew, insert, accept, dispense

F»@ counter F»@ counter
r'eady O—> insert %@V p:inss-e +C>—> insert % ready

inserted accep dy rted accepted
/v@ warm
warm

cold brew brew
cold

warm

cold

o
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One common occurrence seguence

insert
warm coin
(—’O ready inserted
brew dis- reject counter
pense coin <
accept
coin
cold accepted

Insert, accept, brew, dispense, brew, insert, accept, dispense

F»@ counter F»@ counter
ready O—> insert %@V pginss-e +C>—> insert %@ ngss-e +@ ready
inserted accep dy rted acceptedj
O Fors

warm

cold Q—> brew \G—v brew \@ cold
cold

warm
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Advantage 2: Expressiveness

components of models, token flow etc.
can easily be identified in process nets
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Advantage 2: Expressiveness

msert
c0|n

warm

o [@]e

accept
coin

rejec
com

brew

cold

Physics

counter counter

. dis- . dis-
insert accep pense insert accept pense

cold Q—> @ cold
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Advantage 3: Expressiveness (again)

causal relationships are explicitly represented
(which is not the case for occurrence seguences
of non-safe place/transition nets)
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Advantage 3: Expressiveness (again)

FO counter FO counter
inserted acceptedj ready inserted acceptedj
warm O /O warm

cold Q—> brew brew @ cold

a common occurrence sequence of both process nets:
Insert, accept, brew, dispense, brew, insert, accept, dispense

. dis- . dis-
insert accept] insert accept]
pense pense
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Validating Requirements

What type of requirements?
- linear-time properties that can be interpreted
on single process nets

Two examples:
- facts representing invariant properties
- goals representing “leads-to”-properties
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A Fact

insert
warm coin .
(—’O ready K} inserted
brew dis- reject< counter
cold pense coin
accept]
coin
2 I‘/accepted

Identify processes with a reachable marking
marking cold twice and marking accepted
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insert
warm coin _
(—’O ready inserted
brew dis- reject< counter
cold pense coin
accept
coin
2 I/iccepted

F’O counter counter

ready

e

inserted acceptedj ready inserted acceptedj

O

warm

cold brew brew
cold

warm warm

cold

oo
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A Fact

A co-set of appropriately marked places of the process...
. Is included in a cut
. which corresponds to a reachable marking of the process

. which corresponds to a reachable marking of the net.

F’O counter F»Q counter

ready Q—> insert %@—» p::se |nsert %@—» p::s-e @ ready

inserted accepted ready inserted acceptedj

wn ) e

warm

cold Q—> brew \G—v brew @ cold
cold

warm
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A Goal

insert
warm coin
(—’O ready K} inserted
brew dis- reject counter /

cold pense coin [
accept
coin
accepted

Identify processes such that:

N

If there is a token on inserted then eventually
there will be a token on accepted
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A Goal

insert

warm coin .
(—’O ready inserted
brew dis- reject< counter /
cold pense coin
accept
:/ coin
accepted Z

F’Q counter ﬁ@ counter
|

ready

e

inserted acceptedj ready inserted acceptedj‘

O

warm

cold brew brew
cold
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A Goal

accepted causally depends on inserted

. hence from each marking of the process
that marks the condition inserted
a marking will be reached that marks condition accepted.

So for this run, the place
accepted will eventually be marked after inserted.

F’Q counter ﬁ@ counter
|

. dis- dis-

ready insert accept] pense insert accept] pense

inserted accepted ready inserted acceptedj‘

wn O e

warm

cold brew brew
cold

ready

e

warm

cold

ele
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Stepwise Validation of Requirements

simulation

req. 1

filter

model 1 represents the
physical plant,
known szenarios etc.

req. 1

behavior
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Stepwise Validation of Requirements

), ()

implementation

simulation

req. 2

Y

filter

model 2 satisfies requirement 1
requirement 2 is validated

req. 2

behavior
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Stepwise Validation of Requirements

implementation

final

model . :
model n satisfies requirements 1, ... , n-1

final model satisfies requirements 1, ... , n

This approach only works in general
If all requirements restrict behavior
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¥IPtool Petri Net Editor - C:/Programme/¥ipDevel/Editor/M etz/coffee_target_net

V| p TO O | Eile Edit Check Help
0| DE|-H|& O[AE|'2| [ |F£|o] [X]&][& A?
- = insert ,..:.1
simulation '
g e n e rate S warm ready = counter
causal nets (=]
| =n=
|III
brew s reset
reject
1=r=
accept
cold n o - - inserted
A | =
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¥IPtool Petri Net Editor - C:/Programme/¥ipDevel/Editor/M etz/coffee_target_net

V| p TO O | File Edit Check Help
i ! jey k2

olol2@lelz] oo EE] & [£-] [=]|a

insert |¥_:,1
control of the
simulation ety P counter
# Processes: & Mo it © Lot to: |
brew
Process length: & Maolimit ¢ Limit to: |
External events:  [isabled & Enabled
cold * Query evaluatior ™ Disabled ¢ Enabled
\
N Cutoff events: (¢ [isabled  Enabled
1=h= ™
Termination: [ Query match [ Deadlock
User interaction: © Automatic ¢ Dialog
' |
|
Slide 69  Paris, February 11, 2011 B Di...| 21 Drucker | é:?s' Simulate @ Processes... ke Save @ Help A Close




VipTool

a generated and visualized run

Procesz 1 of C:/Programme/YipDevel/E ditor/H ets/coffee_target_net

File Edit MNavigate Business Help
O|D|M[& B [Be] H G| |F] (R A A2

10 [==1:1n p] wEMT)

rezel ==
Fotnzo FoSmue
Ireserl scepl Ireerl
readyi) cunent) counenm readyi) Irceried(1)
h Ireerl

=scceped

,@+ g @ ‘E::} rezel spzns:I@

1 Ed(1) ed(1) =1

4 3 = = 12 —>@ '
resel hrew

conkenh Ireered(1) accep ed =1} o counen1) conkenm e a
ZpEre brew

conkeniy

RO,

g

counien) ==L ]'=] wamigs)

et

Process: 1 of30 Conditions: IE Events: Iﬁ Termination: |External event Queries: | 10f37 Scale: |100% |




VipTool

analysis of runs

File Edit MNavigate Business Help
O D[] R (Do 15 LT S I P B N ey N h?
Tagel
brew brew
=od(T) wamiT) 10 [==1:1n p] AT

rezel =ccEp |
,®-, 3 e \(1;\! (' 20 14 73
Ireerl acepl
reawe] ; counler1) o nI q @ CEE
he accEp | Ireserl

InserEacn - m?ﬂ /@-’ l Ny e — Processes: —BEI
ﬂswh:w canet - ﬁ Events: =R

/ = \‘® % : Conditions: 360

m@m = VIPtool Enabled: [ 107
Query answers: a7

Time: [ 00:22.42

Process: 1 of30 Conditions: IE Events: Iﬁ Termination: E v’ I":":'Eml




Synthesis
means generation of nets from runs.

from
- seguential runs (occurrence sequences),
= well-known region theory

- non-sequential, partially ordered runs
= the VIP-approach
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B

A

Partially Ordered Runs

N
Petri Net
Unfold to
Behaviour
process nets
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Synthesize
Net

T

\2/‘
Petri Net

B

A

Partially Ordered Runs
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Initial Situation:

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

nowledge about
the process

o

Ly 0

) / U=

Sers b v \ /{Q nik und Theorie der Programmierung
15 ’

(— |
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single scenari

A

requirements|engineering

nowledge about
the process

N
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partially ordered runs

a

formaljzation

single scenariQs

A

requirements|engineering

nowledge about
the process

Q‘-p

S

(x >// o == [
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process model

syntk]esis

partially ordered runs

A

formaljzation

single scenariQs

A

requirements|engineering

nowledge about
the process

(‘-p
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Slide 79

Parkes

Receive Claim

Assign Claim Expert Register Claim

Check Damage Check Insurance

Send Refusal Letter

Complete Claim

Set Aside Reserves

partially ordered runs
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Parkes

Receive Claim

Assign Claim Expert Register Claim

Check Insurance

Send Refusal Letter

Complete Claim

Set Aside Reserves

partially ordered runs
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Parkes

Receive Claim

Assign Claim Expert Register Claim

Check Damage

Send Refusal Letter

Complete Claim

Set Aside Reserves

partially ordered runs
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Parkes

Assign Claim Expert

Check Damage

Send Acceptance Letter

Estimate Damage

Pay Damage

Receive Claim

Register Claim

Check Insurance

Complete Claim

Set Aside Reserves

partially ordered runs
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Assign Claim Expert

Check Damage

Send Acceptance Letter

Ask Additional Queries

Estimate Damage

Pay Damage

Receive Claim

Register Claim

Check Insurance

Complete Claim

Set Aside Reserves

Parkes

partially ordered runs
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Receive Claim

Assign Claim Expert Register Claim

Check Damage Check Insurance Set Aside Reserves

Send Acceptance Letter

Ask Additional Queries

Ask Additional Queries

Estimate Damage

Pay Damage

Complete Claim —

partially ordered runs
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'» VipTool - Workspace default

File Extensions

T

T Workspace default I & scenariol | & scenario2 | & scenario3 |
= insuranceExample D\ o J:L i J:‘\ -
E ::E:EZ:ZSZE:EEIECompIe. Regdive:Glajm I Receive Claim I Receive Claim I
{1 scenariosDamageR.eport Er/ \m
| Open Register Claim Assign Claim Expert  Register Claim Assign Claim Expert Register Claim
Delete
New... Strg +N 3 L
Load... » 1 3 3
& simpr Synthesize and test petrinet (555) B O s Check Insurance  Set Aside Reserves Check Damage Set Aside Reserves
Synthesize and test petrinet (TFE) / l’__L
Synthes!ze and.test petrinet (TFS) ;._t;uer i Leﬂ‘er/ Send Refusal Letter
Synthesize petrinet (TFE)
Synthesize petrinet (TFS) == | 5 |8
Synthesize petrinet (S55) Complete Claim - GampleteClaim - gamplete Glaim -
&) scenariod | & scenarios | [&] scenarios |
- J:L -
J:L ﬂ F Receive Clajim 1
Receive Clajm Receive Claim E(
Et EE Assign Glaim Expert  Register Claim
Assign Claim Expert Register Claim Assign Claim Expert Register Claim
m m Check Damage Check Insurance i aiid Raserves
Check Damage Check Insurance  Set Aside Reserves Check Damage Check Insurance  Set Aside Reserve: \I:f/
ff/ \D/ 3 Send Acceptance Letter =
Send Acceptance Letter Send Acceptance Letter l{:‘
lf:‘ lf:‘ Ask Additional Queries
Estimate Damage Ask Additional Queries lf:‘
l{l\ |§] Ak Additional Queries
Pay Damage Estimate Damage lf:‘
l{‘\ Estimate Damage
Complete Claim Pay Damage
T Fay Damage
Complete Claim o T
] T | b d 1] | ¢ 4| L] | 3 Complete Claim r
log message | -
|2008.Ju.n.09 16:07:00 MESSAGE — ;|eru ng
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. VipTool - log mw
File Extensions

Tt & Ext

iy Workspace default

&y damageRepart

L§ insuranceExample
+-{""| netsDamageRepart

=] &7 netsDamageR eportComples

{ | scenariosDamageR eport
{7 scenariosDamageR.eportCol
& simpleExample

4| [l | 3

{log message’| 1ob Monitor|

11

p7 Assign Claim Expert

| b
1

1 o

pE Receive Claim

pE Register Claim~]
1

p0 Set Aside Reserves p12

’ Check Damage
1

-
-

£

1
Send Refusal Letter
1 ‘ l .
. 1 . .

q Send Acceptance Letter Estimate Damage p3

1 Check Insurance

=]

P18 Ask Additional Queries

. 1 .

Pay Damage p2

Complete Claim

Z008.Jun.09 1£:07:00 MESSAGE

2008.Jun.0% 16:07:00 MESSAGE |

ana_T A0 _1£,N7.00 MESSLOT

VipTool session started. |
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'w VipTool - damageReport

File Extensions Draw Graph Petrinet

T hE ml}tﬁ? a ] (OO “w G % b BE 8 Layour HE Zoom

Exit

iy Workspace default

[ damageRepart |

= insuranceExample
{71 netsDamageRepart
—-{7=% netsDamageR eportComplex

R T

scenariosDamas Save Strg+5
{1 scenariosDama
2 [ Close Strg+W d
& simpleExample =
R Strg+N !
m Expert p1s Check Damage
Load... 3
1
Unfalds P/T-Met to its runs
Unfolds P/T-Met to its runs (reduced) b
=
Unfaolds P/T-Met to its processes 1
: i Send Refusal Letter
Delete implicit places 4
Delete all implicit places
Delete implicit places (LP) .
/
pé Register Claim~] ~‘
% N
b
[ O O —O
Send Acceptance Letter Estimate Damage p3 Fay Damage p2
|
2 1
(|
pl18  Ask Additional Queries
1
A4
'\_—l
1 1
p0 Set Aside Reserves piz Camplete Claim
4| 1 | » 4 n [

log message |

Z008.Jun.le 10:20:50 MESSAGE

2008.Jun.la 10:20:50 MESSAGE |

VipTool session started. |

2008.Jun.le 10:20:50 MESSAGE

-

-lerung

Prof. Dr. Jérg Desel



. VipTool - dama

File Extensions Qrw raph Petrinet

Tuhe B R
iy Workspace default

ab oG] O w @ l«.) ﬁﬁ Layout i Zoom

Exit

= insuranceExample

&y damageRepart |

{1 netsDamageRepart
=] &7 netsDamageR eportComples

{ | scenariosDamageR eport
{7 scenariosDamageR.eportCol
& simpleExample

Al 1 |

11

p7 Assign Claim Expert

p15
RN Yea
1

pi

1
pE Receive Claim

Set Aside Reserves

log message | Job Moritor

Z008.Jun.09 1£:07:00 MESSAGE

‘ 4
1 ‘ ﬂ
P Register Claim > 4
. 1 . 1. 1 . 1 . 1 .
q Send Acceptance Letter

Check Damage

.

Send Refusal Letter

Estimate Damage

. i
Check Insurance
. 1 .

P18 Ask Additional Queries

p3

Pay Damage p2

1

p1z

Complete Claim

2008.Jun.0% 16:07:00 MESSAGE |

ana_T A0 _1£,N7.00 MESSLOT

VipTool session started. |
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File Extensions Draw Graph LPO

:m@ ﬂl}(? ﬂabID\l«.‘Qﬁ‘{'g B layout #  Zoom  Exit

I 15, Warkspace default | ] lpot | & lpa2 |

Iﬁ insuranceExample
= simplzExample

{1 nets

{7 accurrenceMets
{1 runs

[=-{Z= scenarios

'l{i Ipo2.|po

log message

2008.Jun.0% 15:19:12 MESSAGE =
Z008.Jun.08 15:189:12 MESSAGE | VipTool session started. |
2008.Jun.0% 15:19:12 MESSAGE o
2008. Jun.09 directory

2008. Jun.08

xtension viptool. grapk
4 .petrinet.PetriNetExtension was loaded.

Jun. 0g

Jun. 0% ol.lpo.LP0Extension was loaded.

asExtension was load

Jun. 08

erExtension was
ded.

Lension.

aphlLa

un. 0g

Jun. 0% . Unf: ingExtension was 1

Jun. 09 Unfol gExtension was

Jun. 09 l.algorithm.verification. ford
ool.alg thm. v

00l.algorithm. synthesis. Iy

Jun. 08 erification.l

Jun. 0g

Jun. 0% ynthesis. extension. SynthesisExtension was loac

0STPL extension.PostProcessExtension was loaded.

tprocessing. pnetip

Ccessing.pnetl

was

extension.PostP

Jun. Qg C:'\Users'mgal®3
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VipTool - Workspace default

File Extensions

Exit

“hE

I 15, Warkspace default | & lpo2 |
"@ insuranceExample
= simplzExample
E Z:Ls.lrrenceNets E‘
{£7 runs A B
Open
Delete B A
: New... Strg+N
Load... 3
Synthesize and test petrinet (555)
Synthesize and test petrinet (TFE)
Synthesize and test petrinet (TFS)
Synthesize petrinet (TFE)
Synthesize petrinet (TFS)
Synthesize petrinet (S55)
log message

MESSAGE -
MESSAGE |
MESSAGE -

2008, Jun.0¢
2008.Jun.08
2008. Jun. 08

15:19:12
159012

VipTool session started.

2008. Jun.0%9 Searching directory extensions'
2008.Jun.09 Extension viptool.q

Z008. Jun. 08 Extension

2008. Jun. Extension ension was loaded.

2008.Jun.0 Extension viptool.pr ssExtension was loade

2008. Jun. Extension 1.al r.extension. Graphl e

2008. Jun. Extension Unf ngExtension was

oc.extension. UnfoldingExtension was

ificationExtension was

Extension

rd.extension loa

8. Jun. Extension .algorithm.wverification.

a
a

2008. Jun.
o vipt
0

ification. lpoinclusion. extens E: “ationExtension was

.SynthesisExtension was lo

viptool.al

0 Extension
is.lpotfb.extensi
0333, extension. SynthesisExtension was lo

hm. synth

Extension

=t

xtension

extension.PostProcessExtension was loaded.

ocessing.pnetlp

stpr

XTension viptoo
XT

cessExtension was loaded.

Ktension.

£N310n 1sCprocessing. pnetip

init

C:\Usersymgal®3

loaded.
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VipTool - ne

File Extensions Draw Graph Petrinet

T hE Ml}tﬁ? a ] (OO w G % » BE 8 Layvour HE Zoom

Exit

& lpoz |

I 15, Workspace default & lpo1 |

"@ insuranceExample
== simpleExample
B nets

o
{7 occurrenceMets A
{7 runs
[=+{z= scenarios
l{i lpol.lpo 5 A
'l{i Ipo2.lpo

log message | Jab Maritar

2008.Jun.0% 15:19:12 MESSAGE
2008.Jun.09 15:19:12 MESSAGE | VipTool session started. |
2008.Jun.0% 15:19:12
2008, Jun. 0%
2008.Jun.0% 1 2 0 raphExtension was loaded
Z008 NetExtension was
2008
2008

Z008. Jun. 08
2008. Jun. 0%
2008. Jun. 0%
2008. Jun. 09
2008. Jun. 0%

.synthesis.

03tprocessing. pnetly

) Stprocessing. pnetip

C:\Users'\mgaldg3

loaded.

Z00o8. 1ter.extension. G
2008 thm.unfolding. pnett. ext on.Unf
2008 l.algorithm.unfolding.pnetpr extension. Unfe
2008. Jun. 0% l.algorithm.verification. ford.extension.V
2008. Jun.09 viptool.algorithm.verification. lpoinclusion. extens
2008.Jun. 09 ptool.algorithm. synthesis. 1potfb. extension. Synth

0333, extension. SynthesisExtension was loal
xtension. PostProcessExtension was loaded.
extension. PostProcessExtension was lo d

Vortragiextensions'

rificationExtension was load

on. V cationExtension was loaded.

isExtension was loaded.
d.
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VipTool - Wo

File Extensions

Tt B Ext

[ lpoz |

I 5, Workspace default & Ipot |

"@ insuranceExample

Sawve Strg+5
Close Strg +W
New... Strg+M
Load... »

Unfolds P/T-MNet to its runs

Delete implicit places
Delete all implicit places

Delete implicit places (LP)

Unfolds P/T-Net to its runs (reduced)
Unfaolds P/T-Net to its processes

log message

Z008.Jun. 20 13:55:38 MESSAGE

2008.Jun.20 13:55:38 MESSAGE

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

zession started.

N N tnotn Nt ot tnotnotn ¢

in 1 tn & tn (n 1 oEn

i otn
tofn o otn

tnotn

. PostP

extensions'

ion was loade
ed.

isExtensi

StProcessk

»

m
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'w VipTool - runl
File Extensions Draw Graph LPO

:m@ ﬂl}d? ab at] O ™a l«.‘(@‘{g 4 M | avout # Zoom  Ext

I 5y Workspace default

"@ insuranceExample
== simpleExample
B nets
Lo net.prml
occurrenceMets

runl.lpo
& runz.lpo
- scenarios

l{i lpol.lpo
Ipo2.lpo

& lpo1 |

&) lpoz |

[@ net1 |

[L runi |

[L runz |

log message

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

Z0o8.d

MESSAGE
MESSAGE |

VipTool session started. |

MESSAGE

INFO Se

Users'mg

] »
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VipTool - Wo

File Extensions

T

I 15, Workspace deFault & lpot

& lpoz |

"@ insuranceExample
ll= simpleExample

M Sawve Strg+5 A
e o E Close Strg+W
& tpai — New... Strg+M o
3] Ipoz Load... 3
Unfaolds P/T-Met to its runs
Unfolds P/T-Net to its runs (reduced)
Unfolds P/T-Net to its processes
Delete implicit places
Delete all implicit places
Delete implicit places (LP)
log message

2008.Jun. 20 13:
Z008.Jun. 20 13:
Z008.Jun. 20 13:

ot

n fn tn fn En 0 n o dn

notn tn ot otn o tn o en tn

ot otnotn

55:38 MESSAGE R
55:38 MESSAGE | VipTool session started. |
55:38 MESSAGE =

¥ 'C:\Users’mgalf3\De

iptool'ex
.graph. GraphExtension was loaded.

et.PetrilletExtension was loaded.

pe

tension was loaded.

x

sExtension was 1

T.grap QUter

mthesisExtension was loa E
sExtension was loaded.
ssExtension was loa

tPr

tPre

xtension. Pos

1 n fn o oin oin

preferences.xml
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'u VipTool - Workspace default

File Extensions

Tt & Ext

& lpoz |

I 5y Workspace default

& Ipot |

"@ insuranceExample
== simpleExample
- nets
. netl.prml

currencehets

. process-1.pnml
Ba process-2.pnml
. process-3.pnml

+-{_] runs
E-{= scenarios

[ l;.I lpol.lpo
- l;.I lpo2.lpo

4 n

branchingProcess,

[@ netl

Q process-3 |

Ba process-2

O

p2

p2
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Synthesis Algorithm
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Prefixes and Sequentialization
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Partial Language: finite set of LPOs, closed under
prefixing and sequalization
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Partial Language: ... represented by
maximal LPOs with minimal order
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Synthese

given: searched:

A finite partial language L Petri net N with behaviour L
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event labels = transitions of the net
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how do we find the places ?
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how do we find the places ?
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token flow regions

addition of initial event (I) (generates initial marking)
and final events (E, F) (consume final marking)
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token flow regions

equally labelled events have equal input and output flow
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token flow regions

equally labelled events have equal input and output flow
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token flow regions

each token flow region generates a possible place

Slide 108 Paris, February 11, 2011 Lehrgebiet Softwaretechnik und Theorie der Programmierung
Prof. Dr. Jorg Desel



token flow regions
O+@Q-0-0-0-0-=
@-0-0 =
®-0 =
®-0-0 =
@+0+0-@ =
:> ®>0 G20 0O
@>0 =20 O
®>0 O©=20 O
®=>0 ®=>0 >

each token flow region is
an integral solution of an inequation system
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which possible places should we take?

0+@-0-0-0-0=0
@-0-0 0
®@-0 =0
@-0-0 0
O+0+0-@ =0
®z0 ©®=0 ©@=0
®z0 ®=0 @=0
®z0 0©=0 O:=0
®@=z0 ®=0 @=0
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which possible places should we take?

0+@-0-0-0-0=0
®-0-0 =0
@-0 =0
®-0-0@ =0
@+0+0-@ =0
@20 @20 O:20
®@=z0 G20 @=0
®@=0 @20 @=0
®@=z0 ®=0 @=0

solution space of the inequation system:
- pointed polyhedrical cone
- generated by a finite set of rays
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which possible places should we take?

® =

@9@@@
66

0]

o

o

:

00 @

o :

@ 0 .

@ =0 ;

® =0

@+ -@ 0

@=z0 ®=0 @:=0 2
®z0 ©=0 0O:=0

@20 @®=z20 @=0

this set of rays generates a finite set of places
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Complete Algorithm

for each label generate a transition

generate inequation system for possible places

calculate all rays of the solution space

for each plave, generate a place

If the synthesis problem has a solution,
then the synthesized net is a solution

If the synthesis problem has no solution,
then the synthesized net is a best upper approximation

Prof. [;r. Jorg Deseﬁ
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