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Motivation:
Man-made models typically suck!

Parameter Complete | SAP Ref.
Parameter Sample Model
X0EPC errors 154 90
Unreduced EPCs 156 103
ProM error EPCs 115 73
EPCs with errors 215 126
EPCs in total 2003 604
Error ratio ( 10.7% ) ( 20.9%)
S~—— ~———

* Designers make errors (10.:
e Errors can be predicted (95.
* Process verification is mature, but models are not!

e Disconnect between ref. models and systems cf. SAP
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Good models are needed, yet ...
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Process mining: Linking events to models
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ProM

First serious release: ProM 1.1 (2005)
Paper: ProM 4.0

Current release: ProM 4.1 (157 plug-ins)
Nightly Builds (>185 plug-ins)

Version ProM 1.1 ProM 4.0
Mining plug-ins 6 27
Analysis plug-ins 7 35
Import plug-ins 4 16
Export plug-ins 9 28
Conversion plug-ins 3 22
Log filter plug-ins 0 14
Total number of plug-ins 29 142
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e Control-flow Discovery
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;j Ny, B — heuristics miner

— genetic miner

— multi-phase miner
— region-based miner
— fuzzy miner

e Social network miner
e Performance miner
e Decision point miner

>40 plug-ins support some form of model discovery!
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Heuristics miner

robust, dealing with noise, ...

LaQuSo
Laboratory for Guality Software
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File Mining Analysis Conversion Exports Window Help File Mining Analysis Conversion Exports Window Help

"WmQRE M TWQARE S

Conversion - Heuristic net to EPC

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Heuristics miner 5

incorning claim
(complete)
3512

& proM [4.1]

File Mining Analysis Conversion Exports Window Help

"mQRE =M

Conversion - Heuristic net to Petrinet :

| B etk 6 afesa wfcrmtn b st |s=-*r-m=nnm--_-|
[t

1
3

Status change to
S register claim complete | :

B chack if suficient informarion is available
o plefe chstermines likuslifood of dam

O fro=T =

5 check i sulicient infarmaion iS5 avalable
o plete

& proM [4.1] =loix]

File Mining Analysis Conversion Exports Window Help

"mQkRkE a8

=7 Conversion - Labeled WF net to YAWL model

[default]
advise claimant on reimbursemert
complete
Task
initiate payment close claim
- et - let
B check if sufficient information is ava(fgble B register claim coTr:;( N b co;:zk ®

complete true complete true complete ‘\h end
: : : [defa Task Task [ determine likelihood of clai true [0 complete
incoming clairr complete Task

complete true [1] Task 7
Task =] 5 check if sufficient information is avalfgble [defau 5 register laim -
complete complete
Task Task [default]

true [0]
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Genetic miner

dealing with noise, time-consuming, ...

LaQuSo
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 proM [4.1] - 0] x|

File Mining Analysis Conversion Exports Window Help o proM [4.1] Ol x|

File Mining Analysis Conversion Exports Window Help

"mQRE = M

"mQARE a8

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Genetic algorithm plugin

Settings for mining Filtered cpnToolsSimulationLog.mxmil using Gene

Population size hElD | Population i
e Possible Duplicates |v| Individual 0, fitness 0.98068908145235... | * incaming olaim
Individual 1, fitness 0.98018773337692...| | {complete)
Max number generations [1000 Individual 2, fitness 0.93018213168065...| |: £
Seed 1 Individual 3, fitness 0.98010646897177 *OR
Individual 4, fitness 0.93008789790968... | |©
Power value ! Individual 5, fitness 0.97953950576728... | |- A \?93 -
Elitism rate 0.02 Individual 6, fitness 0.97949332608838... i
] - - Individual 7, fitness 0.97342139663262..| |: ACH BACH
Fitness t!mE ExtraBehaviorPunishment | o | Individual 8, fitness 0.97902882274246... B check if sufficient information is available | 5 check if sufficient information is available
[] Show Advanced Fitness Parameters Individual 9, finess 0.97901433668930...| |- (compiete) R
Individual 10, fitness 0.9787614169501...| | Reh Ren
Use genetic operators Individual 11, fitness 0.9785506341884...| |
- Individual 12, fitness 0.9734594547198...| |: 3 o
Selection method type | Tournament 5 | Individual 13, fitness 0.8780242014563...| |: \5 ° /‘ ’
Crossover type T |v| Individual 14, fitness 0.9779380159460... | | - on o
Individual 15, fitness 0.9776391813048...| | - i i ;
= 08 | Individual 16, fitness 0.9770556016569...| | D gty N
Mutation type Enhanced | Individual 17, fitness 0.97669507657444 | | : 1925 1425
Individual 18, fitness 0.8751499333233.| |: XOR

Individual 21, fitness 0.9667094325380...
Individual 22, fitness 0.96555985685249...
Individual 23, fitness 0.9640457173704...

5 XOR
Mutation rate o2 | Individual 19, finess 0.9736221193581...| |-
Individual 20, fitness 0.9689060839081._| | - 1525 1425
XOR

determine likelihood of claim

Individual 24, fitness 0.9623202787780...| | . TR
Individual 25, fitness 0.9600941185612... | |- XOR
Individual 26, fitness 0.0466530842117...| |+
Individual 27, fitness 0.9225683557543... | |: 2461
Individual 28, fitness 0.9219650525070... | |-
Individual 29, fitness 0.9215625028305... | | XOR
Individual 30, fitness 0.9205037963208... | | ¢ Tesems olaim
Individual 31, fitness 0.9195543308515... | |+ 195 (complete) 367
Individual 32, filness 0.9181237488287... | |: i
Individual 33, fitness 0.9175673186094... | | X0R [ and [ xor

Individual 34, fitness 0.9172304445404...
Individual 35, fitness 0.9171042193486...
Individual 36, fitness 0.9086432137727...
Individual 37, fitness 0.90803405331344...
Individual 38, fitness 0.9080784754486..

1976 1975

XOR

initiate payment

— 489 (zomplete)
Individual 39, fitness 0.9064652001106... 1076
Individual 40, fitness 0.90645553240428... XOR

Individual 41, fitness 0.9058551346008...
Individual 42, fitness 0.90530894266583...
Individual 43, fitness 0.9024228757877...

XOR

advise claimant on reimbursemen

Individual 44, fitness 0.9023710884 326... {complete) 1976 485
Individual 45, fitness 0.9021761030638.. 1878

Individual 46, fitness 0.9021439771387... | | XOR

Individual 47 fitness 0.89010327666058...

Individual 48, fitness 0.8998150872721... XOR

Individual 49, fitness 0.8905122495031... close claim
Individual 50, fitness 0.88373023235649... 997 (zomplete)

e e e A e A e A e A A A A e e e A A e e e e e

Individual 1. fitness 0.8630247459438

Update graph Display splitijoin semantics

-
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Multi-phase miner

always a fitting model, over-generalize, ...

LaQuSo
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File Mining Analysis Conwversion Exports Window Help

=1g]x]

"mQKRE aM

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Multi-phase Macro Plugin ;i

status change to
advise claimant on reimbursement
complete

assess claim
complete

advise claimant on reimbursement
complete

status change to
initiate payment
complete

initiate payment
complete

status change to
close claim
complete

close claim
complete

Zoom: 218 %
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Region-based miner

fitting model, time-consuming, tends to overfit, ...
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File Mining Analysis Conversion Exports Window Help

"mQRE aM

Results - Settings for mining Previewed Whole of cpnToolsSimulationLog.mxmil using Transition System Generator

E register claim end

determine likelihood of claim

e INCremental
approach
N\ |

ncoming claim

E check if sufficient information is available

-3 using Petrify or

check if sufficient information is available

! select options...

[T Search for all minimal regions
[T Generate a minimal satured Petri net

[ Generate a Petri net with minimal regions only (no place merging)

I¥Find the best result (may override other options);

[T Generate a pure Petri net
[T Generate a Free-Choice net
[T Generate a different label for each excitation region

[T Generate an SM-decomposable net

This plug-in uses Petrify. Petrify is a tool by
Jordi Cortadella, Michael Kishinevsky, Alex Kondratyev,
Luciano Lavagno, Enric Pastor and Alexandre Yakoviey.

I LIEE

i
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File Mining Analysis Conversion Exports Window Help

"TmQAQRE = M

Conversion - Petrify
1

. =

| S check if suficet informaton is avakitle {7 S register clarm I_

®

| B ek 1 et mforman 5 v e

2 proM [4.1]
File Mining Analysis Conversion Exports Window Help

"mQAQRE =M 5

Conversion - Petrify :

1
3

= end._2

assess claim advise claimant on reimbursement -‘O end._3

end._4

initiate payment .O g close claim
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Fuzzy miner

robust, dealing with Spaghetti, tunable, ...

LaQuSo
Laboratory for Guality Software



File Mining Analysis Conwversion Exports Window Help

"mQKRE aM

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Fuzzy Miner

( Graph |/Unary metrics |/ Binary metrics |

incaming claim

complete
1,000
T 0,735
0,321 an
E check if sufficient infarmation is availab|e S check if sufficient information is available
complete complete
0,445 0467
0,823 773
720 0728
B register claim S register claim
complete complete
0,305 0.279
0623 SG4E
A1 0,538
determine likelihood of clain)
complete
0,525
1,000
0,763

assess claim
complete
0,356

0,081 0,448

d 0.151
na17 F75

0,017

advise claimant on reimbursemen
complete
0,209

0,183 0477
1,000 219

initiate payment
complete
0,288

0,188
0872

208 22
0243 883

close claim
complete
0347

0,582
0983

end
complete
1,000
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File Mining Analysis Conwversion Exports Window Help

"mQKRE aM

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Fuzzy Mine g

[r Graph rUnary metrics |/ Binary metrics |

incoming claim
complete
1,000

determine likelihood of claim
complete
0,525

0,081
0,917

0,183
1,000

end
complete
1,000
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File Mining Analysis Conwversion Exports Window Help

"mQKRE aM

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Fuzzy Miner 5

[r Graph rUnary metrics |/ Binary metrics |

incoming claim
complete
1,000

end
complete
1,000
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"mQKRE aM

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Fuzzy Miner 5

( Graph |/Unary metrics |/ Binary metrics |

incoming claim
complete
1,000

end
complete
1,000
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Social network miner

using references to people, groups, machines, ...



File Mining Analysis Conwversion Exports Window

Help

=1g]x]

'ﬁQK =N

) - - 4

Results - Settings for mining Filtered cpnToolsSimulationLog.mxml using Social network miner Analysis - Analyze Social Network 2 XM

; - i

: Call Centre ../Call Centre ..|Claims han..| customer I (] Show role nodes

i Call Centre...|0.0811741...|0.0 0.0808375.. (0.0 3 Layout [] Group Clusters

§§ g;al! Cer;]tre... gg 3.394990?... gg?;jfsgg gg [[] Show erg unit nodes = Weight rBetweenness

#Claims ha... [0, . A4712860... 0. .

Vertex size .

|customer  [0.0911741... [0.0945507... [0.0 0.0 i SIo o TE

threshold : 0

) 1

| Remove isolated nodes

Vertex degree ratio stretch  [Transforming |

Edge weight

Call Centre Agent Brishane

0,09

custamer 0,095 0,085

Call Centre Agent Sydney

0,081

0471

D

Claims handler

0,078

il

Zoom @

all Centre Agent Brishane

Call Centre Agent Sydney

customer

[«]

[v]
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Decision miner

using data in the log, ...

LaQuSo
Laboratory for Guality Software
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File Mining Analysis Conversion Exports Window Help

"mQRE aM

Analysis - Decision Point Analysis -

Decision points

Choice 1 "5[4,6]"

Choice 2"7[4.8]"

Choice 3 "7[4.9]"

Choice 4"3[4,7]"

Choice 5 "1 [2.4]"

Choice 6 "0[1 5]

Update results

l/MndeI rnttrihutes r Log r Algorithm r Decision Tree / Rules rE\raIuatiun rResuIt |

fl
E
=
B check if sulicient infomeation is availabig B rogistar claim
complots SctermminG |k ol ihood of claim
Incoming claim comiplate
complate . RN
& check if suficient |nfomafion is awailabld 5 reglster claim
complate complate
2 proM [4.1] 10l x|
File Mining Analysis Conversion Exports Window Help
v
W QR = M ProlV
Analysis - Decision Point Analysi

R fModeI rm‘trihutes Log | Algorithm rDecisinnTreerRules rEvaIuation rResuIt |
__Decision poinis |

Choice 1"5[4,6]" Tree View
Choice 2"7[4,3]"
Choice 3"7[4,9]"
Choice 4"3[4,7]"
Choice 5"1[2,4]"
Choice 6"0[1,5]"

= Brishane = Sydney

Update results

Zoom: 92 ¥

Highlight decision class |none | hd | [] Show attribute selection scope




TU/e technische universiteit eindhoven

Performance miner

using timestamps in log, ...

LaQuSo
Laboratory for Guality Software
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File Mining Analysis Conwversion Exports Window Help

"mQRE =M

Analysis - Performance Analysis with Petri net
i

B ek ¥ safickare. nderretin b vk
o

042
[ -8

& chwack: § sadfichnd. informdion b ivekihe
g

Process information:

Total number selected:

3512 cases

b Ott I e = Number fitting:

3312 cases

Arrival rate:
n e C kS |:| 0,12 cases per second

Throughput time (seconds)
avg 1111554

min 0,0
max 407040
|| |staev [2906,08
D fast25..[1378,19
|| |stowz...[23817,2
norma... 963287

throughput
time

-
flow time
Percentages Time-Metrics
= AT 1 I
Performance information of the selected transitions: - Selected:
Frequency: 2950 cases Waitinq time: € e‘f -e = = :
| Time in between (seconds) | I High Transition - incoming claim c... j
avg 1224887 [ Medium and:
min 53.0 Hl Low -
max 39706,0 Transition - determine likeliho... = |
stdev 8381,14
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Conformance Checking

supports/ ‘
“world” controls ‘
business processes software
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process/ event
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Challenging example: Test data from high-

tech system manufacturer (ASML)

 Information on testing process of high-tech
systems.

e Data:
— 24 comparable cases
— 1549606 events
— +/- 6450 events per case
— between 2820 and 16250 events per machine
— 720 different events (start/complete activities)
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Helicopter view

La@uSo

Laboratory for Quality Software
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itemns

Component Overall:
# of components: 24

values

timedfirst)

4-5-0511:25

lime(end)

17-5-06 0:48

avg spread

7538879,79167

min spread

43213420

max spread

14992617,0

items |

Component 1348:
# of dots: 2620

values

limedfirst)

19-2-0615:13

lime(end)

22-4-0615:18

avg. interval

2044,10538

min interval

2,0

max interval

432917,0

Component 1032:
[ ofdots: 3448

itermns

values

timedfirst)

6-12-05 11:56

lime{end)

27-3-08 23:37

avg. interval

2793,41456

min interval

2,0

max interval

851881,0

IComponent 0278:
# of dots: 3068

items |

values

limedfirst)

27-10-0518:11

-1-06 20:1
]
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Average time spent in job-steps (aggregated events)

[ Analysis - Basic Log Statistics /i i o
~ Global log statistics | Instance-wise statistics [

The following options allow you to specify the display settings for the basic statistics that have been calculated As soon as you press the button 'Apply Changes' the current settings
will be applied to both the global and instance-wise statistics view.

Display results as: !Gfapl‘lil:ﬂl Representation \ A Visualize: :Ati'tlmmtic Mean ‘ v/
) : v! Include this value in overview

Adjust properties: ‘Minimum l v | —

' . Time unit: Minutes ‘ w |

. [ Apply Changes

Arithmetic Mean of Activity Durations (in Minutes)
o 10 20 30 40 50 60 70 80 =lu} 100 110 120 130 140 150 180 170

]

ae
assembly

= P S - -

Activity

multipl

o

B EC e @ @O0

|

=

unmapped
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Mining just the complete events (# 360)...

\

i)
_,1_
7]
W T ”I e ~F ==t
v TP / I L . e
| A ._ — 7 )
e — ; - g : nATHEEN
P (1 . /
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Job step level

oe

E Results - Settings for mining Filtered obfuscated_wholeLog_jobStepLevel _onlyCompleteEvents _noUnmappedOrMulti

ue
(complete)
400

C

(complete) 24 (complete) |3
578 143
138 1100 60
X m
(complete) 148 (complete)
242 98 4
|

ples_RepetitionsRemoved.mxml using Heuristics... o° @

Zoonm: 137 %

v

s
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Conformance checker (reference model — job steps)

[Fl.anavmis - canformance Chacker 525500 s i i

# LogTraces|( Fitness | Precision | Structure |

0431

0278
0185
0466
0391

1722
1694
1256

¥ Model-related Measures

2 =
: 1 Fitness:;
037501124
%_ :ﬁ‘"" — B ] ..

o

1343
1581
1754
1662
1453

s | | it | e | s | it | |

+27 k‘
=137

# Tokens # Instances

1298
1876
1656
1089
1819
1343
1586
1164
1032
1794
1160

| fithess =
37.5%

nostic Perspective [v Token Counter || Failed Tasks | | Remaining Tasks |v|Path Coverage [v]Passed Edges

| selectfitting || invert Selection | Selected nstances % | 100 | Update Results
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Research challenge s\
-

Mining less structured processes: the
more unstructured, the more important it
IS to know what Is going on!
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More to learn from maps...

Clustering of coherent, less Removing isolated, less

significant stiuctures significant stiuctures

A -. Dl“lﬁb_nfu lHE.‘:‘
. 2N
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e

4&- 'H e

I
"t i 3n
:N::Ji AT & f,

(2] Fal% lan BV
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ProM’s Frequency abstraction miner applied to ASML log

ene Results - Settings for mining Filtered obfuscated_wholeLog.mxml.gz using Frequency abstraction miner

Threshold control
APPP | . =
start ] ¥! attenuate edges

1.000 __ merge sibling clusters

APPP
0243 complete
1.000

c.008 0014

0.061

Do&e ' [

Zoom: 138 %
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Conclusion

The existence of event data enables a
wide variety of process mining
techniques: discovery and conformance.

A reality_check for peoplg that are oo M
Involved in process modeling. system £

Interesting challenges for Petri net e }
re S e arC h e rS . verification arr?gl?/iless ) analyzes rans;[((::'lons,

>
ProM supports this (+185 plug-ins).
system

ProM also supports: ST
— model conversions (EPC, YAWL, BPEL, ...) B
— verification

— automatic generation of CPN models

supports/

“world”
business processes

pE)?éSS/ discovery
-t
conformance
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Relevant WWW sites

N|g htly BL"ldS .for the brave and the impatient

e http://www.processmining.org

 http://promimport.sourceforge.net

* http://prom.sourceforge.net

* http://www.workflowpatterns.com process mining
CETYEED .ongourtcols

o http://www.workflowcourse.com

e http://www.win.tue.nl/is/

..choose from more

o http://is.tm.tue.nl/staff/wvdaalst than 15 import fiter

plug-ins for all kinds of [

::;ge-p roducing systeme, | Persistent and

> ] WebSphere, FLOWer, s user-friendly
Staffware, PeopleSoft, configuration

, HW /ﬁ\ < d Eastman, Subversion, <
CVS, Apache, Adept, E achins 3o
N O L] B e t a SU-&r CPN Tools,... 2
e o 9 ...and many more! . | :

<o




