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Process Mining

Process discovery: "What is
really happening?"
Conformance checking: "Do
we do what was agreed
upon?"”

Performance analysis:
"Where are the bottlenecks?"

Process prediction: "Will this
case be late?"

Process improvement: "How
to redesign this process?"
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* Process discovery: "What is the real curriculum?”
» Conformance checking: "Do students meet the prerequisites?"
* Performance analysis: "Where are the bottlenecks?"
* Process prediction: "Will a student complete his studies (in time)?"
* Process improvement: "How to redesign the curriculum?”

> 21:41:20 [M] Measured fuzzy conformance is 0.49239378538041256




Today's information systems are really crappy

compared to a TomTom system!

 Good maps?

* Navigation by
PowerPoints?

» Traffic information?

* Where is the next fuel
station?

* Who is in charge?
- Seamless zoom?
11:26 100 "  Customizable views?

* When will the
destination be reached?
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Process Mining

A step towards TomTom functionality A
for business processes
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Where to start?
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Process mining: Linking events to models

supports/
controls

. software
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Discovery

supports/
“‘world” controls
business processes software
people  machines system 7

components

organizations records
specifies events, e.g.,
configures messages,
models implements transactions,
analyzes analyzes etc.
discove
process/ y event
system -« logs
§ P conformance
model
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ProM supports +40 types of model discovery!




Conformance
Checking

supports/ ‘
“world” controls ‘
business processes software
people  machines system &7
components
organizations records
specifies events, e.g.,
configures messages,
models implements transactions,
analyzes analyzes etc.
process/ discovery event
system lo
¢ P conformance gs
model
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Conformance Checking

« Compare process model and event log: highlight
deviations and measure conformance.

« Compare constraints/business rules and event logs:
check e.g. the 4-eyes principle.




Tool support




Screenshot of ProM 5.0

A praM [5.0]
File Mining Analysis Conversion Exports Window Help

F o\ ad =D0sE0

reviewslog_ _fewer_errors.xmi

reviewslog_with_fewer_errors.xml

S

Dashbo Processes 1

? Cases 100
Events 2297 Min 11

Event classes 20

E Event types 2

E Fuzzy Model An

Mean 22

Max

50

start analyzing this log

Re

Basic Performance Analysis

E Results - Alpha algorithm plugin on Raw reviewslog_with_fewer_errors.xml {unfitteredy

Settings

processing (task) n Meter Chart =

collect reviews

get review 2

get review 3

ProMRe

Aewingreviewslog_with_fewer_errors.xmi”, pitk. [l@c3d02e




Business Intelligence Tools?

« Business Objects (SAP)

« Cognos Business Intelligence (IBM)
* Oracle Business Intelligence

« Hyperion (Oracle)

 SAS Business Intelligence

* Microsoft Business Intelligence
 SAP Business Intelligence (SAP Bl)
« Jaspersoft (Open Source Business Intelligence)
* Pentaho BI Suite (Open Source)

» Dashboards, reports, scorecards, ...
e Slicing and dicing, data mining, ...



Process Mining Software

futur\o Pallas Athena

Futura Reflect BPM|one

O;'l j £ fluxicon ISRESE;)'

Business Process Excellence

Comprehend ARIS Process Performance Manager

FUﬁTSU THE POSSIBILITIES ARE INFINITE

Interstage Automated Business Process Discovery & Visualization

:l On ta S Business & Technology Optimization

Process Discovery Focus

Enterprise Visualization Suite
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Process Mining:
Applications
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Where did we apply process mining?

* Municipalities (e.g., Alkmaar, Heusden, Harderwijk, etc.)

« Government agencies (e.g., Rijkswaterstaat, Centraal
Justitieel Incasso Bureau, Justice department)

* Insurance related agencies (e.g., UWV)

« Banks (e.g., ING Bank)

* Hospitals (e.g., AMC hospital, Catharina hospital)
« Multinationals (e.g., DSM, Deloitte)

* High-tech system manufacturers and their customers
(e.g., Philips Healthcare, ASML, Thales)

* Media companies (e.g. Winkwaves)
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Example: WMO process of

a Dutch Municipality

A proM [5.0]
File Mining Analysis Conversion Exports Window Help

YO o M )

Comversion - Heuristic net to EP... n'f = E Results - Fuzzy Miner on Filtered Protos datamining W proces.mxmil.gz (Simple fil

144 cases

WMO =Wet Maa&ch%ppel Ondersteuring CREZLE 1326 events

)




Conformance check of discovered model

A proM [5.0]

File Mining Analysis Comersion Exports Window Help

TV N a8 1| o

Anahysis - Conformance Checker (4)

Log Traces

10702

Fithess | Precision | Structure |

12658

131349

10158
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114509
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complete
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11154

12326
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Model-related Measures
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O
O

Diagnostic Perspective Token Counter Failed Tasks Remaining Tasks Path Coverage Passed Edges

| Select Fitting | | Imvert Selection

Selected Instances in % 1 DDE | Update Results




Performance analysis

& prom [5.0]
File Mining Analysis Conversion Exports Window Help

f o W
| 2 L & == 2 O -
Analysis - Performance Analysis with Petri net (2) o B
Log Traces ; __ |
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Events sorted by duration

A proM [5.0]

File Mining Analysis Comersion Exports Window Help

= ey =1 MR

-
SE 22 O
] anatysis - Dotted Chart Analysis (2) 5550500
Dotted Chart | Settings

|Retative(Time)

Relative Time option:

(1043)=
(1042)=

{(1043)=
{1042)=
10

1=

Z0om (¥}

days:0:0:0 30days:0:0:060days:0:0:0490days:0:0:01 20days:0:0050days: 0:0:020days:0:0:1 Odays:0:0: R4 0days:

-
'_H.f::;:-. e ..

Time sort (metrics):

|SECDI‘IHS

IWComponent Owverall:
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WComponent 12205:
# of dots: 2
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Odays:0:0:0

lime first
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e 10 Voorbereidingsfase |

"Real™ animation

A prom [5.0] . .

File Mining Analysis Conversion Exports Window Help

v . [_?III “Woorbereidingsfase
r o 55 &1 M 4 28
' complete

[ A5 Waehten veklaring uity. WAP
25
' start

[ A5 Wachten veklaring uity. WAP

| complete

1[3 10 Uitvoeringsfase

15:08:42 [D] Processing data for buffered log reader completed.




And of course ...

A proM [5.0]
File Mining Analysis Comersion Exports Window Help

F o e = 88

Analysis - Basic Performance Analysis

Basic Performance Analysis

10 Ragistratiafase

porbereidingstase

40 Uitveerirgslase
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60 Administralieve afhandeing

1750

Time

250 . -
R e B =

Task
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uitv. WAP
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20 Inventarisatiefase

60 Administratieve
afhandeling I
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Reality # PowerPoint (or Visio)



Process spectrum

structured unstructured
(Lasagna) (Spaghetti)
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Process Mining: TomTom for

Business Processes A
I\ NRZ
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http://www.tomtom.com/

Reflection

11:26

1 DO krvh

Good maps?

Navigation by
PowerPoints?

Traffic information?

Where is the next fuel
station?

Who is in charge?
Seamless zoom?
Customizable views?

When will the
destination be
reached?
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F e = b, Ty oMl gt

A prom [5.0]
File Mining Analysis Conversion Exports Window Help

v — -
Fova a8
Results - Fuzzy Miner on Raw MiningBronbestand_Goed_Ontology.mxmi (unfilt Results - Fuzzy Miner on Raw MiningBronbestand_Goed_Ontology.mxml {unfiltered)

Fuzzy Model Toolkit Fuzzy Model Toolkit

Transfarmer Editor Unary i ics Animatic ner Editor Un

search...




& prom [5.0]

File Mining Analysis Conversion ExXports Window Help
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19:40:35 [] Processing data for buffered log reader completed.
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Approach

prediction

operational prediction

A E I _ > engine
pt;gzzse:ess partial case :

<;> information .
system

process
event discovery

log

annotated
transition
system
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Input: partial trace and historic information

/\
u
==

full traces

N
history

ABCDCDCDE FAGHHHI

partial trace

current state

<

> <

process
discovery

annotated
transition
system

past unknown L
future ( +

unknown

predict completion

time

predicted .
completion

time



event id properties
timestamp activity resource cost,
35654423 | 30-12-2008:11.10 A John 300
35654424 | 30-12-2008:15.21 B John 400
35654425 | 30-12-2008:15.35 C John 100
35654426 | 30-12-2008:15.55 D John 400
35655526 | 29-12-2008:16.15 A Ann 300
35655527 | 30-12-2005:16.05 C ! IUU oG “"‘"‘12 =
ssorsssn |siassoonozs| o | L[4 0B oG LD
0 | (AW O p26 D36
=
3 <A12?E22jD06>
=
4 <AlajBlgj 0223 D28>
18 22 26 32
5 | (A8, B2 26 D32
G <A19 EQS D59>
y y
20 25 36 44
7 | (A20, 025 p36 pidy




Building transition systems

A A

B B
A C
many

E abstractions
A J )

ABCD Al D are possible
AED | and supported
AED I
ABCD (a) transition system based on sets by Pro.M S
AED FSM miner
AED . S
“

C
A

(b) transition system based on sequences

<A,C,B,D>
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Annotated transition system based on

remaining time

AUU?BU‘D’ 012? Dlti)
A107014,B26, D‘36>
A12,E22,D56>

A15,B19,022,D28>
AlS,BQQ,CQEi,DSQ)
Alg,EQS,DEig)

A20,025,Bg6, D44>

=1 O U = W N =
P N

[12,9,10] [6,10,6,6,8] [0,0,0,0,0]

{A,B,C,D}

ABCD
ACBD
AED

ABCD )
ABCD
fyvo [18,26,44,13,

14,40,24]

[18,26,44,13,
14,40,24]




Predictive information

average: 7.2

average: 0

average: 10.33 st. dev.: 1.79 @ st. dev.: 0
st. dev.: 1.53 min: 6 ) min: 0
min: 9 @‘ max: 10
max: 12
predict: 10. predict: 0
average: 25.75 [12,9,10] ,10,6,6,8] [0,0,0,0,0]
st. dev.: 12.25
min: 13 & @ (ABC)
max: 44 18,26,44,13 . 1.
[ w2q o Predige 7.2
average: 25.75 A )
st.dev.:12.25 | [18,26.44,13,  predictt 25.75 [22,19]
min: 13 14,40,24]
max: 44 {AE} @
[34,31 [0,0]
average: 32.5 A B C D
st. dev.: 2.12
- O
min: %14 O average: 20.5 average: 0 ‘
max. st. dev.: 2.12 ) st.dev.: 0
min: 19 @ min: O @
max: 22 max: 0 PAGE 45




Example: WOZ process in Dutch Municipality

h

8,
b b i
R - L1 LY
. & prom [5.0]
. -
n:.r E Lha 0 E 0 0 0 E
| i r ] =] == >
¢ L Jiy - [
i
j ab.mxml
e - >
e P 1. g -
3 . ;. i b N
ﬁ - f" g - gt o ® Key data Events per case e
” o S
p* » 5 Source
™ Y " 4 Dashhoard XMLFilter reprocessed

Processes

Source program

XMLFilter reprocessed

Start date
2005-03-01 12:52:48
End date
2005-11-08 11:17:50

Description

split log; part 1

Event classes per case

P v {'
. E Event classes

Originators

start analyzing this log

v - - > 18:51:05 [D] Processing data for buffered log reader completed.



All 11985 events at a glance

A proM [5.0]

File Mining Analysis Comrersion Exports Window Help
A Ve ; oF =I=RL T
F oo = M EE 22 DO

Analysis - Dotted Chart Analysis (2)

Dotted Chart | Settings
Oclays:0:0:0 A0days:0:0:0 BOdays:0:0:0 S0days:0:0:0 120days:0:0:0 1a0days:0:0:0

180days:0:0:0 21 0days:0:0:0  240day

(1043)x= (1043
(1042)= (1042)=
10%

1= 1=

Zoom (X) Z00om (¥}

Foom out

18:54:30 [M] Fitered log in 0 milliseconds




Average flow time is 107 days

(with a huge variation)

A proM [5.0]
File Mining Analysis Comversion Exports Window Help

TE N =M =32 O

Anahysis - Basic Performance Anahysis (3)

Basic Performance Analysis

throughput {instance) = Bar Chart =

Averane

Sojourn Time

2D

Instance

> 18:57:15 [M] Filtered log in 0 milliseconds



& proM [5.0]
File Mining Analysis Conversion Exports Window Help

L J o~ o
F ' : nﬂ 7 B apsed - 424570
E & ‘ remaining = W

=]
plsie

elapsed = 535558 comp
remain nn-_mjy

N

m
sojourr = 1 T1436 sojourn = 534535 |
elapsed = 157,667 elapsed = 4T T1EE
remaring = 8.55833 remaining = £1.432¢

“ =

sojoum = 1 .7E810 sojoum = 11.0053
eapsed = 182.527 elapsed = 180.520 eapsed = 56,3732
remainieg = 537311 remaining - £.68663 remaining = 110022

sojourn = §.360904 D L
elaps=d = 80,8558 complete  |complets
remaining = 24 7732

=
=1d I}JFFI.'E[E

[
sgjourn = 1.71435
elapsed = 157887
remaining = 8.9553%




ts  Window Help

graphwview

=10l x|
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551125

123275
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267055
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371198
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H G
complete omplete
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complete | complete
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Frequency=922

[l L
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I
omplete
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complete
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\

Abstraction

MAE

RMSE

MAPE

Set abstraction based on all activities (cf. Fig-

ure 17(a))

41.648

47.513

1505.07

Set abstraction based on last activity (cf. Fig-

ure 17(b))

43.080

1818.49

Set abstraction based on last activity and addi-
tional information related to the occurrence of “I”

(cf. Figure 17(c))

17.129

900.07

Complete abstraction (cf. Figure 17(d))

63.391

7169.55

Simple heuristic: half of average total flow time
(53.57 days)

61.750

6188.04
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Conclusion
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Conclusion

* The abundance of event data enables a wide
variety of process mining technigues ranging
from process discovery to conformance
checking.

A reality check for people that are involved In
process modeling.

« TomTom functionality is already possible
today!

* Check out ProM with its 250+ plug-ins.
» Contribute: case studies, plug-ins, etc.
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Thanks! cf. www.processmining.org

* Wil van der Aalst « Mercy Amiyo « Jan Martijn van der Werf
* Peter van den Brand « Carmen Bratosin ¢ Martin van Wingerden
* Boudewijn van Dongen « Toon Calders - Jianhong Ye

* Christian Gunther - Jorge Cardoso * Huub de Beer

* Eric Verbeek -+ Ronald Crooy * Elena Casares

* Ana Karla Alves de Medeiros . Florian Gottschalk < Alina Chipaila

* Anne Rozinat - Monique Jansen-Vullers ° Walid Gaaloul

* Minseok Song « Peter Khisa Wakholi * Martijn van Giessel

* Ton Weijters « Nicolas Knaak « Shaifali Gupta

* Remco Dijkman « Sven Lambrechts « Thomas Hoffmann

* Gianluigi Greco « Joyce Nakatumba * Peter Hornix

* Antonella Guzzo - Mariska Netjes * René Kerstjens

* Kiristian Bisgaard Lassen « Mykola Pechenizkiy « Ralf Kramer

* Ronny Mans - Maja Pesic *  Wouter Kunst

« Jan Mendling - Hajo Reijers * Laura Maruster

* Vladimir Rubin « Stefanie Rinderle * Andriy Nikolov

* Kenny van Uden - Domenico Sacca  Adarsh Ramesh

* Irene Vanderfeesten + Helen Schonenberg * Jo Theunissen
 Barbara Weber « Marc Voorhoeve o




Relevant WWW S iteS Laboratory for Quality Software

http://www.senternovem.nl/innovatievouchers
MKB 2.500 — 7.500 euro

S,
H"-\.
'\-\.

o o
SULBF
« SIKS

md n0]\'

e http://www.processmining.org o/

http:// promimport.sourceforge.net (-"-W
o M

http://prom.sourceforge.net T

http://lwww.workflowpatterns.com

ﬁ@b /ﬁm

Technische Universiteit
Eindhoven
University of Technology

http://www.workflowcourse.com

http://www.vdaalst.com



http://www.nwo.nl/
http://www.stw.nl/
http://www.tue.nl/beta/
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