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Basic properties revisited ...

terminating

It has only finite occurrence sequences

deadlock-free

each reachable marking enables a transition

live

each reachable marking enables an occurrence sequence
containing all transitions

bounded

each place has an upper bound that holds for all
reachable markings

1-safe

1 1s a bound for each place s

reversible

mO is reachable from each reachable marking, I.e., the
Initial marking is a so-called home marking.




B=Bounded
L=Live
R= Reversible

Taken from Murata.
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Goal of reduction rules

* Let (N, M) and (N’, M') be the Petri nets before and
after. Then (N’, M") is live, safe, or bounded if and

only if (N, M) is live, safe, or bounded, respectively.

D

é BJ both are bounded and non-live
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Fusion of Series Places (FSP)
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Fusion of Series Transitions (FST)
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Fusion of Parallel Places (FPP)




Fusion of Parallel Transitions (FPT)




Elimination of Self-loop Places (ESP)
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Elimination of Self-loop Transitions (EST)
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Fusion of Series Transitions (FST)
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More Information

e Supported by tools like ProM and Woflan.

* G. Berthelot. Checking properties of nets using transformation. In
Advances in Petri Nets 1985, pages 19-40, London, UK, 1986.
Springer-Verlag.

* G. Berthelot. Transformations and Decompositions of Nets. In W,
Brauer, W. Reisig, and G. Rozenberg, editors, Petri Nets: Central
Models and Their Properties, Advances in Petri Nets, Proceedings of
an Advanced Course, Part 1, volume 254 of Lecture Notes in
Computer Science, pages 359-376, Bad Honnef, September 1986.
Springer-Verlag.

« J. Desel and J. Esparza. Free Choice Petri Nets, volume 40 of
Cambridge Tracts in Theoretical Computer Science. Cambridge
University Press, Cambridge, United Kingdom, 1995.

« M.T. Wynn, HM.W. Verbeek, W.M.P. van der Aalst, A.H.M. ter
Hofstede and D. Edmond, Reduction Rules for Reset Workflow Nets,
BPM Technical Report, BPM-06-25, BPMcenter.org, 2006.
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Subclasses of Petri nets
(taken from Murata's paper)

PNs




Input and output nodes

ot = {plip, t) € F} = the set of input places of

te = | plit, p) € F} = the set of output places of

*p = {t|it, p) € F} = the set of input transitions of p
p* = {t/{p, B € F} = the set of output transitions of p.

Input Clutpul
places places
af g of ¢
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tranzitions transitiong
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State machine

1) A state machine (5M) is an ordinary Petri net such that
each transition t has exactly one input place and exactly one
output place, i.e.,

|ot| = |t®| =1 forallteT.
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Marked graph

2) A marked graph (MG)is an ordinary Petri net such that
each place p has exactly one input transition and exactly
one output transition, i.e.,

*p| = |p*| =1 forallpeP.
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SM, MG

(b)

MG, SM
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Free-choice net

3) A free-choice net (FC) is an ordinary Petri net such that
every arc from a place is either a unique outgoing arc or a
unique incoming arc to a transition, i.e.,

forall p e P, |p*| = 1or *(p*) = {p}; equivalently,
forall py, p e P, py* N pye #+= & == |pye| = | pye|
= 1.
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Extended-free-choice net

4) An extended free-choice net (EFC) is an ordinary Petri
net such that

p*p* + & =>p*=pforall p, p,eP.




Transformation

EFC FC
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Asymmetric choice net

5) Anasymmetric choice net (AC) (also known as a simple
net) is an ordinary Petri net such that

Pi* N py® # [ =2 p® © p* or py* 2 p,*
for all py, p; € P.

AC, EFC

4|
i b
PN, AC
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Which class?
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Which class and which properties?

FC, live, bounded, safe, reversible

Give a live, bounded, safe, and non-reversible initial marking.
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Obvious properties for state machines

Theorem 4: A state machine (N, My is live iff N is strongly
connected and M, has at least one token. []

Theorem 5: A state machine (N, M,) is safe iff My has at
most one token. A live state machine (N, My) is safe iff M,
has exactly one token. L

: . PAGE 39



Marked graphs

Theorem 6: For a marked graph, the token count in a
directed circuit is invariant under any firing, i.e., M(C) =
My(C) for each directed circuit C and for any M in R{My),
where M(C) denotes the total number of tokens on C. []

P v

——( — L

Theorem 7: A marked graph (G, M) is live iff M, places at
least one token on each directed circuit in C.
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Free-choice nets

Theorem 12: A iree-choice net (N, My 15 live Jif every

—-

siphon in N contains a marked trap. ]

Not live since the siphon {pl,p2,p4}
contains no (marked) traps.

Recall that for any Petri net: If every proper siphon of a system
Includes an initially marked trap, then the system is deadlock free.
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(Extended) free-choice nets

* Liveness and boundedness can be decided in polynomial
time!!!!

* Uses (outside scope):
Theorem 9 Rank Theorem
An EFC-net is well-formed if and enly if
(1) it has a positive S-invariani,
(2) it has a positive T-invariant,
(3) the number of ils clusters exceeds the rank of ils incidence matriz by one.

Theorem 26
The follownng problems are polynomially decidable:
(1) Given an EFC-net N, lo decide if i i5 well-formed.
(2) Given @ marking M of N, to decide if it is live and bounded.
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Conclusion

FCs

;
o

PNs [ACs {EFCs
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Role of models

“world”
business proces:

people  machines
components
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Event logs are a reflection of reality

“world”
business processes

people  machines
components

supports/
controls

software
system {7
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~
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events, e.g.,
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Examples:
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Process mining: Linking events to models
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Discovery
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File Mining Analysis Conversion Exports Window Help File Mining Analysis Conversion Exports Window Help
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File Mining Analysis Conversion Exports Window Help
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File Mining Analysis Conversion Exports Window Help
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Conformance
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File Mining Analysis Conversion Exports Window Help
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ProM

WWW.processmining.org

ProM supports all of the techniques mentioned In
book and on slides!

Pluggable architecture.

Major differences between ProM 5.2 (and earlier) and
ProM 6.

1\

process mining workbench
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Screenshot of ProM 5.2

Analysis - Trace Clustering (4)
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Screenshot of ProM 6

@ ProM UlTopia
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(based on handover of work)
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ProM 6: a miner
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ProM 6: Social network analyzer

(.) designed by " fluxicon

Social Network (HoW)

Layout

KKLayout

Ranking

boee <]

Mouse Mode

|TRANSFDRMING |v|

Edges removed for clust

I~}
[ L

View options

[ ] shape by degree

[ ] size by ranking

[ ] stretch by degree ratio

[] show vertex names

[ ] show edge weight values
show edge

[] stroke highlight on selection

) Group Clusters
) Hyperbolic View




(see book and website)

Example plug-ins in ProM 6

plug-in

description

Alpha miner

Heuristic miner

Genetic miner

Fuzzy miner

Transition system miner

Transition system to Petri net

Declare miner
ILP miner

Simple log filter
Dotted chart analysis
Trace alignment

Guide tree miner
Social network miner

LTL checker
Fitness
ETConformance

Replay log on flexible model

PomPom

Transition system analyzer

discovers a Petri net using the @-algorithm, see Section 5.2
discovers a C-net using heuristic mining, see Section 6.2
discovers a C-net using genetic mining, see Section 6.3
discovers a fuzzy model using fuzzy mining, see Sec-
tion 13.1.3 and [72]

discovers a transition system based on a state representa-
tion function and a log, see Section 6.4.1

uses state-based regions to create a Petri net based on a
transition system, see Section 6.4.2

discovers a Declare model, see Section 7.3

discovers a Petri net using language-based regions, see
Section 6.4.3

filtering a log by answering simple questions, see
Fig. 12.6(b)

creates a dotted chart showing all events at a glance, see
Section 8.2

similar to dotted chart, but now events are aligned based on
their context rather than time [37]

clusters cases in a tree based on similarities [36]

creates a social network based on a selected criterion, see
Fig. 10.6

checks a property expressed in terms of LTL [6]

computes fitness of Petri net based on event log

checks conformance by counting “escaping edges™ from
the state space of the log to the state space of the model
[100]

conformance checker based on A* algorithm [25]; can also
be applied to Petri nets, C-nets and YAWL models
automatically abstracts from infrequently visited parts of
a Petri net, see also Section 13.1.3 showing the same idea
using fuzzy models

creates a model to predict the remaining flow time, see Sec-
tion 9.4 and [17, 21]

PAGE 68




Some process

mining tools

product name

organization

ARIS Process Performance Manager
Enterprise Visualization Suite

Disco

Genet/Petrify

Interstage BPME

OKT Process Mining suite

Process Discovery Focus
ProcessAnalyzer

ProM

Rbminer/Dbminer
Reflect|one
Reflect

ServiceMosaic

Software AG
(www.softwareag.com)
Businesscape
(www.businesscape.no)
Fluxicon

(www.fluxicon.com)
Universitat Politecnica de Catalunya
(www.lsi.upc.edu)

Fujitsu

(www.fujitsu.com)

Exeura s.r.l.

(www ., exeura.com)

Tontas (Verint Systems)
(www.lontas.com)

QPR

(Www.gpr.com)

process mining group (managed by the
AIS group at TU/e)
(www.processmining.orq)
Universitat Politecnica de Catalunya
(www.lsi.upc.edu)

Pallas Athena
(www.pallas—athena.com)
Futura Process Intelligence
(www.futuratech.nl)
University of New South Wales
(soc.cse.unsw.edu.au)
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Futura Reflect (process view)

(also embedded in BPM|one)

Futura Reflect™

Process Intelligence

@ Home Ly About @ Help @' Logout == BB
Reflect Demo, Futura

i
§AF
W

Appeal Process «
® switch - gl 7 ¥
Actions

:g& Overview

'“}” Mine

/r Explore

ﬁ,‘g‘? Animate
G Charting
Objects

=8 Models (8)

@ Animations (3)

&P MFP - Discard 99% (#12)
& Process animation

& Social network animation

| Impert animation |

& Charts (8)
ﬂ Dashboards (0)

Animate
E Save in repository g Download

Process model - 90%

Number of cases
Granted buiding permit
Rejectsd buiding parmit [
Human resources |
Tre cutting permit
Damiition parmit

Townhall egistiation |
Job rating
Farking pisce

Gonstruction
Schoolbus.
Miscellanzous ]
Traffic reguiations ]
Miscellanecus subsidies |
Monument permit .
Liquor permit |
Cultural subsidies |
Sports subsidies |
Parking permit |
Towed car |

Otner [

Average throughput time
Granted buiking permit [
Rejected buikiing permit [
Human resouces |

Tiee cutting permit

Demoiition parmit

Townnal registiaton |

Job rating
Parking place

‘Construction
Schoolbus.
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Traffic reguistions |
Miscellansous subsidies |
Monument permit -
Liquer pemit |
Cultural subsidias. |
Sparts subsidies |
Farking permit |
Towsd car |
Cther |

®®

46d 13:12
116d 12:00

od 0:00

13d 000
20d 0:00

234d 000

2d 0:00
0d 0:00

0d 0:00

Parameters

Duration: | 9o

Chart: | Case type
~ | Advanced Settings

v | Lo

[}

| Generate Animation |
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Futura Reflect

(social network)

Fu tu ra ReflectTM % Home (D) about @ Hep [B Logout = R

e Process Intelligence Reflect Demo, Futura

Appeal Process <«|  Animate (=]
'S Switch = + f x E Save in repository & Download
Actions Social network - 100% Parameters »
G .
é& Overview Number of cases Duration: go
e Granted buiking permit | 1 .
/° Minc Rejected buikding permit 3 Chart: Case type |v | P
e Human resources ] b « Advanced Settings
/; Explore Tree cutting permit 2
Demaiition permit
f\‘g‘? Animate Townhall registration |
Job rating
s Charting Farking place = i
- Gonstruction | ] 2
Objects Sohoolbus 1
Misoellaneous 1 1
=5 Models (8) Traffic rquistons | 1
=8 Alljob rating appeals Miscelaneous subsidies |
- . Monument parmit ] 2
=5 All tree cutting permits Liquer permit |
=8 Process model - 39% Cultural subsidies |
Sports subsidies |
=8 Process model - 80% Parking pesmit 1 1
=0 Process model - 100% Towsd car |
Other ] 3
=8 Socil network - 50%
| =5 Socil network - 75% Average throughput time
=8 Socil network - 100% Granted buikding permit [ 35d 2247
Rejected bubding permit [ T7d 16:00
Human resources | 4d 0:00
Tree cutting permit od 0:00
Demolition permit
Townhal registration. |
Job rating
Parking place 1 13d 0:00
] 20d 0:00
Construction | 0d 1200
Schoolbus 234d 0:00
Misosllaneous. | 2d 0:00
Traffic reguiations | od 0:00
Miscelansous subsidies |
Monument permit [ 81d 0:00
Liquor permit |
Guitural subsidies |
| Import model | Sports subsidies |
Fariing parmit | od 0:00
&P Animations (3) Click to go to Towsd car |
] 28d 6:00

& Charts (8) 07.04-2008 12:00 Othes

,;5] Dashboards (0) @ @ - 25-11-2007 06:00 6 | Generate Animation |

PAGE 71




Loading and converting event logs

« XESame, Nitro, ProMimport

Activity at this time.
0 column is used Timestamp matches all rows.

& Column 1 | I Activity Column 3
103562 010 Reqgistreren huuropzeagging 10.04 2007
103562 030 Vastleggen toekomstige adres 10.04 2007 12:
103562 050 Inplannen afspraak 1e inspectie 10.04 2007
103562 060 Aanmaken bevestigingbrief / huuropzeggingform.

103562 070 |5 1e inspectie uitgevoerd ?

103562 100 Gereedmelden 1e insp. / Voorcalculatie maken

103562 110 Bepalen leegstandsoort

103562 120 Plannen eindinspectie

103562 130 Is het opleveringsformulier ondertekend ? 09.11.

103562 150 Is er sprake van ZAV 7 09.11.2007 11:55.54
103562 170 Aanpassen plattegrond 09.11.2007 12:
103562 180 Aanpassen woningwaardering 09.11.2007 11:5
103562 190 Actualiseren huurprijs Qe 2007 ;
103562 200 Toewijzen woning/bedr.ruimte/gar/berg/parkiops 09.11.2007 11
103562 210 Reqistreren voorl. huurovereenkomst +afdrukken

103562 220 |s contract getekend en geld ontvangen ?

103562 240 Definitief maken Huurovereenkomst

103562 250 Aanpassen factureerafspraak

Q Ready to start conversion.

Technische Universiteit
University of Technolog




More information on Process Mining

Process Mining: Discovery, Conformance
and Enhancement of Business Processes
by W.M.P. van der Aalst, Springer Verlag,
2011 (ISBN 978-3-642-19344-6).

Wil ML F van der Raist

| Process
Mining

¢ WWW.processmining.org
 www.processmining.org/book/ (slides supporting book)

* http://www.processmining.org/event_logs _and _models used in_book
(event logs and models)
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Conclusion

Technische Universiteit
Eindhoven
University of Technology

Where innovation starts




After this lecture you should be able to:

« Apply the boundedness and liveness preserving reduction rules to
a concrete marked net.

 Know the following subclasses: state machine (SM), marked graph
(MG), free-choice (FC), extended free-choice (EFC), asymmetric
choice (AC).

« Construct a Petri net that has a set of desirable properties

(terminating, deadlock-free, live, bounded, safe, and/or reversible)
and that is of a particular subclass (SM, MG, FC, EFC, or AC).

 Know the various properties given for particular subclasses, e.g.:
— liveness in marked graphs (Theorem 7)
— liveness in free-choice nets (Theorem 12)
— (SM and MG covers for free choice nets (Theorems 13 and 14))
* Give an overview of process mining.
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