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Process Mining: Why? e

physicists study matter and
Its motion through
spacetime,

chemists study the
composition, structure, and
properties of matter,

biologists study evolution,
organisms, cells, and
genes,

management science?
computer science?
social science?



http://upload.wikimedia.org/wikipedia/commons/8/81/ADN_animation.gif�

3 1?9101‘009?‘\06‘1‘?6?‘1‘6%1%

011011001111001011000100110110111011011007101001001 1710


http://images.google.nl/imgres?imgurl=http://ascii24.com/news/i/tech/article/2005/07/13/thumbnail/thumb320x247-images780217.jpg&imgrefurl=http://ascii24.com/news/i/tech/article/2005/07/13/656957-000.html%3Fgeta&h=247&w=319&sz=17&hl=nl&start=1&um=1&tbnid=WoV6tkfsMGxUsM:&tbnh=91&tbnw=118&prev=/images%3Fq%3Dasml%26svnum%3D10%26um%3D1%26hl%3Dnl%26rls%3DGGLJ,GGLJ:2006-38,GGLJ:nl%26sa%3DN�

Process Mining

1B FPPBTTOTH G

_.~01101100111100101100010011011011 IOI!D]IOOIOIOO\DOIIIO(‘&

.

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?"

Etc.
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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




Process mining: Linking events to models
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Process mining as a mirror ...




Where did we apply process mining?

 Municipalities (e.g., Alkmaar, Heusden, 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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Wet Maatschappelijke Ondersteuning (WMO)

Harderwijk

« WMO: supporting citizens of municipalities (illness,
handicaps, elderly, etc.).
« Examples:
e wheelchair, scootmobiel, ...
o adaptation of house (elevator), ...
 household help, ...
« Event log:
« CSV format (Pallas Athena/Futura Technology)
e« 876 process instances
e 5497 events
e January 2007- August 2008




Original log
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Proto_data_mining_test.mxml.gz

Proto_data_mining_test.mxml.gz

Dashboard Processes

Event classes

Event types

Originators

Mean

6

start analyzing this log

> 11:28:25 [M] Measured fuzzy conformance 1s 0.918942127 7606216




All elements

Model element Event type Occurrences (absolute) Occurrences (relative)
Toetsen en beslissen complete 910 16.554%
Rapportage & beschikking complete 872 15.863%
Verzending\dossiervorming complete 844 15.354%
Aanvraag registratie complete 842 15.317%
Slotfase complete 828 15.063%
Administratieve verwerking complete 616 11.206%
Wachten terugmelding zorgaanb. complete 515 9.369%
Retour complete 60 1.092%
Eigen onderzoek complete 6 0.109%

Onderzoek ClZz complete 4 0.073%
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Aanvraag registratie
(complete)
796

Discovered process

796

A
Rapportage & beschikking
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796
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799
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498
Wachten terugmelding zorgaanb.
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498 97

\

Wachten terugmelding zorgaanb.
complets

Aanvraag registratie Rapportage & beschikking
complets complete

Verzending\dessiervomming

complete

Toetsen en beslissen
complete

Slotfase
complets
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onversion - Petri net to Fuzzy Model

Fuzzy Model Toolkit

Transfarmer Editor

Aanvraag registratie
carmplete
1.000

Rapportage & beschiking
complets
1.000

Toetsen en beslissen
complete
1.000

‘Verzending\dossiervorming
complete
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Wachten terugmelding zorgaanh.
complete
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Administratieve venwertking
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1.000

Sloffase
camplete
1.000

3 [M] Fast transformer completed.
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| 16:55:54 [D] Processing data for huffered log reader completed.




Discovered WMO process
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Conformance check of discovered model
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Performance analysis
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Events sorted by duration
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> —,||,# relations

 Direct succession: x>y iff
for some case x is directly
followed by v.

« Causality: x>y iff x>y and
not y>x.

« Parallel: x|y iff x>y and
y=X

« Choice: x#y iff not x>y and
not y>x.

case 1 : task A
case 2 : task A
case 3 : task A
case 3 : task B
case 1 : task B
case 1 : task C
case 2 : task C
case 4 : task A
case 2 : task B
case 2 : task D
case 5 : task E
case 4 : task C
case 1 : task D
case 3 : task C
case 3 : task D
case 4 : task B
case 5 : task F
case 4 : task D

-

A>B
A>C
B>C
B>D
C>B
C>D
E>F

A—B
A—C
B—D
C—-D
E—>F

ABCD
ACBD
EF

B||C
C||B
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Basic Idea Used by O Algorithm (1)

L O L

(a) sequence pattern: a—b




Basic Idea Used by O Algorithm (2)

(b) XO it pattern:
(0) XOR-spitpefera—c, and b#c

a—b, a—c, and bfic




Basic ldea Used by O Algorithm (3)

Y

Y

n :
| N . (e) AND-join pattern:
' a— xd 3||b
a C
Prad

m A ‘ﬂ. plit pattern:

(d) AND-spi pay Ma—c, and bHC

a—b, a—c, and bl[c

/
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Example Revisited

A>B

A>C | |AB | | B#E

B>C A—C | | CHE g”g
B>D B—D I
C>B | |c—D

C>D

E>F Ss

OS D O S O e

start

end

P2 C p4
Result produced by O algorithm
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Overview of process discovery techniques

e Classical techniques (e.g., learning state machines and
the theory of regions): cannot handle concurrency
and/or do not generalize (i.e., if it did not happen, it
cannot happen).

« Algorithmic techniques
e Alpha miner
 Alpha+, Alpha++, Alpha#
 Heuristic miner
e Multi phase miner

« Genetic process mining

* Region-based process mining
o State-based regions
 Language based regions



http://www.sxc.hu/browse.phtml?f=download&id=45559�

Genetic Mining

(Ana Karla Alves de Medeiros et al.)

1. initial population

2. fitness test

ZAN

3. select best parents

7. new population

6. mutation

5. children
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Challenges

Dealing with semi-structured
processes

Balancing between overfitting
and underfitting

365!/(3653%%°) = 1.454955E-157 = 0

(1E79 is the estimated number of atoms in the universe)

Suitable notations/visualizations
(executable?, declarative?,
»zoomable”, “abstractable”,
etc.)

Data explosion (mining TB logs)



http://upload.wikimedia.org/wikipedia/commons/8/81/ADN_animation.gif�

Process Mining Software

N
*-“~-1:Utur\o &~ fluxicon =

rotess mielligence Pallas Athena

Futura Reflect BPM|one

OpenConnechy D2

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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Screenshot of ProM 5.0
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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 /'\ |
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Where innovation starts


http://www.tomtom.com/�

How can process mining help?

 Good maps”?

* Navigation by
PowerPoints?

e Traffic information?

« Where is the next fuel
station?

« Who is in charge?
« Seamless zoom?
« Customizable views?

. 11:26 100"
romTom * When will the
destination be
reached?

L0WLow - _
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Approach

predictio

WHen?2 ——teaeeee---

<,i‘> information
system

12-6-2009!

processes partial cas

nrnmrocc

[12910]  [610668]  [0.0,000]
c

annotated
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Input: partial trace and historic information

(ABCDCDCDE)? (‘14_6!2009;!
partial trace
ABCDCDCDE FAGHHHI
<

past unknown _L
future (¢

unknown
completion

_\‘ time

Alf2ia i
(12-6-2009)!

predicted
completion

time

annotated
transition
system



Example: WOZ process in Dutch Municipality

e : . 1882 objections
File Mining Analysis Conmversion Exports Window Help tl’l g g erl n g 11985
activities

h

 J b

oo a8 i) BB 2%
~

ab.mxml (3}

ab.mxml

Log info

Source

XMLFilter reprocessed

Source program
XMLFilter reprocessed
Start date

2005.03.01 12:52:48
Eriel date

2005-11.08 11:17:50
I'J:eszrlﬁlﬁ an
spiit log; part 1

Event classes Event classes per case

iEEw am
FTTET

Originators

¢ 5128 S5

start analyzing this log

> 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 J - r -
Voo = M == 22 D
Anahysis - 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 M 0days:0:0:0  240day

Average flow time is 107 days
(with a huge variation)

(1043)= (1043
(10423 (1042
10%

1=

Zoom (X)

Foom out

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




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

"F o a M

FSM based Performance Analysis

For partial
t r aC eS 5c|]-::i..|rn|-|]]ﬂ 2004
- E|EFr5-E'd EIQ'Q'EEEI
corresponding rmaiing 24772
to this state the
estimated time
until completion >

1 ey sojourn = 1.71438
I S 8 . 5 d ay - elapsed = 157887

remaining = 8.9553%




ts  Window Help

grapnview
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51727.3
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24,3539

3.23080

5.50001

103.264

082483

14.6016

406.304

8.80083

13.6616

1331.10

T.74203

12,2600

147880

317161

0.07740

1351.93

208513

8.61544

554336

34.0397

44 4393

521043

16.25393

22,0282

447,501

46 4377

551125

123275

36.6227

47,2459

133.769

2.67055

2.67055

25,7842

0.0

0.0

0.0

31.3298

371198

11350.0
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a
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H G
complete omplete
D L
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H G
complet complete
(L
MSE=213.204
Frequency=922
[l L I
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B0

G
complete
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E
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Some results

)

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”

(ct. 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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Collaborative Networks
and ProceSS Mlnlng? Collaborativel':letworks(CN)

| Collaborative Networked Organizations

CNO Breeding Environment

|

| | (CNO) :

- | ! Virtual “ Virtual Organization (VO) ! |
@ ] : | Laboratory (VL) || | 1]
/ | 1 : i Virtual Enterprise (VE) | | |
11 ] 11
11 A ] 1 ]

Professional

|| | N
|| Virtual : extendedi | ||
i iCommunity (PVC) —i Enterprise ﬁ E i
I | [ |
1 ||
! |
| [ |
1 ||
1 g
1 |

Integration

focus & Collaborative

Networks
Virtual Organization /
Virtual Enterprise .
[ ) -
\d Enterprise

Amle Systems

Inter
Enterprise

marinha-
anesh,

Intra
Enterprise

Lean Manufsciuring

MES
Auionomows Sysicms
Cell &

: Extended
Shop Moor 5

controller

=
-

90's Zu .
DECADE Zv

DISCIPLINES [ Coliaborative Networkall

| Enterprise Engineering |
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Technological Perspective:
Process mining and SOA

BPEL choreography
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'?' u ~ | W http://en.wikipedia.org/w/index.phptitle=Process_mining&action=history

v | +2 | X || wikipedia 2
@ Convert ~ [0 Select
[ = TU/e Bibliotheek ~ |Z| v 4%, = & Tidschriften ~ LB Zoeksystemen Q Naslagwerken + /2 Toegang thuis ~ @ Directnaar ~ Bij Neuws [10] = = [+
o [\V Revision history of Process mining - Wikipedia, t... lil % = EJ v = v | Page v () Tools v -

WIKIPEDIA
The Free Encyclopedia

navigation

= Main page

= Contents

= Fealured content

= Current events

= Random article

search

e

interaction

= About Wikipedia
= Community portal
= Recent changes
= Contact Wikipedia |||
= Donate to Wikipedia)
= Help

toolbox

= Whatlinks here
= Related changes
= EJ RSS EJ Atom
= Upload file

= Special pages

'i:? ﬁ'ﬁ I\V Revision history of Collaborative network - Wikip... l ‘

Find out more about navigating Wikipedia and finding information.
article edit this page

TryBeta & Log in/ create account ~
discussion history

=, o
NI N ¥/ hitp://en.wikipedia.org/w/index.php?title=Collaborative_network&action=histo

& Convert ~ [0 Select

[ = TU/e Bibliotheek ~

En LR N @ Tijdschriften ﬂ Zoeksystemen ¥ Q Naslagwerken ~ ,}f_‘\‘ Toegang thuis ~ g Direct naar ~ & Mieuws [10] = = | +

@ - EJ - r,é; + |:zF Page ~ @Tgolsv ”

Make a donation to Wikipedia and give the gift of knowledge!
article

TryBeta 2 Log in/ create account -

discussion edit this page history

Revision history of Collaborative network

From Wikipedia, the free encyclopedia
iew logs for this page

The Free Encyclopedia
navigation

Browse histary

m

From year (and earlier):

= Main page From month (and earlier): all
= Contents

= Featured content
= Current events

= Random article

T Tag filter:

For any version listed below, click on its date to view it. For more help, see Help:Page history and Help:Edit summary.
External tools: Revision history statistics & - Revision history search & - Page view statistics &@

search (cur) = difference from current version, (prev) = difference from preceding version, m = minor edit, — = section edit, «— = automatic edit summary

[ Compare selected revisions

(o] (Seaten]

interaction

= (cur) (prev) @ 22:39, 6 August 2009 98.173.48 39 (talk) (4,186 bytes) (—External links) (undo)

23:87, 10 July 2009 Cybernerd1999 (talk | contribs) m (4,178 bytes) (undo)

= fcur) (prev) @

About Wikipedia = (cur) (prev) © 22:42 10 July 2009 Cybernerd1999 (talk | contribs) (4,174 bytes) {(«—Created page with ‘A "Collaborative Nefwork", unlike an Enterprise social
Community portal software is a work-centric network that focuses on managing projects and solving issues within the co...)

Recent changes [
Contact Wikipedia
Donate to Wikipedia

Compare selected revisions ]
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Another Example: LinkedIn

'€ Inbox | LinkedIn - Windows |

u ~ |&] http:/fwwwlinkedin.com/mbox?displaylist= &t=inbox&trk=hb_side_inbox

MAIRS

inked 3]

linkedin

File Edit View Favorites Tools Help
& Convert ~ [*)Select
[d ~ TU/e gibliotheek ~ |z| + 4+ %, ~ G Tidschriften ~ EH Zoeksystemen ~ Q Naslagwerken ~ /2 Toegang thus = @ Directnaar = = | [+
- - — O i »
File Edit View Favorites Tools Help Foae Ig, Inbox | Linkedln ] } Mo B v @ v | Page v ) Tools v
Convert ~ [70 Select . -
@ LlnkEdﬁa Pecople |~ Jobs |~ Answers |~ Companies |~ Account & Settings | Help | Sign Out Language ~
Ld = TU/e Biblictheek ~ En > o %, v ) Tijdschriften
Explore People Search: Engineer at IBM - Internet - Senior Consultant Search Inbox -
T I (& Discussions | LinkedIn l ‘
’E.\ Home .
Compose Message | ~
- &8 Groups - .
Linked #» People ~ Jobs|~ Answers ~ Com Eatenst Al Inbosx (5) Archived
BPM Group
Wl BPM Guru
Explore People Search: Engineer at IBM - Internet - Senior Consultant Seeall» Received '~
& Profile =
Eait by Frofle adl Archive | Mark Read ‘ ‘ Mark Unread
View Wy Profile
’E} Home Recommendations [F] | From Subject Status Date - 1
aa - E Contacts * [7] Chantal de Graaf Chantal de Graaf invites you to join Dutch Business Process Intelligence 10/04/2009 1
iy Groups = == @ Inbox (5) + Network on Linkedin
_ _ Process Mining - : _
Bakkenist Alumni £} Applications [ Mitra Heravizadeh  Join my network on Linkedin Accepted 10/01/2009
BPM Group Owerview Discussions MNews Jo [ Dimka Join my network on Linkedn Accepted 9/30/2009
Karastoyanova
BPM Guru Y
5 I [[] Peep Kingas Join my network on LinkedIn Accepted 9/28/2009
et all » = . .
1 X DISC“SSIO“S- Recent ACt wil [7] Emilian Pascalau Invitation to connect on Linkedin Accepted 9/24/2009
h Profile e van der Aalst
. [7] Paul Hofmann Join my network on LinkedIn Accepted 9/22/2009
Edit My Profile ¥ Featured Discussion full professor at Eindhoven
) R University of Technology [ Wim Nuijten Join my network on Linkedin Accepted 9/15/2009
View M}" Profile - BPTrEI‘II:IS 2009 BUSInESS ‘What are you working on?
Recommendations 4 ﬁc?]&ﬂﬂlmc_ntthtaeg;_t}r FLEL” Harr|1l:.lnt [ Rania Khalaf Join my network on Linkedin Accepted 9/15/2009
Methodologist a rends Associa | — " .
E Contacts ¥ Follow | Add comment » our profii is 85% [ Michel Reniers Join my network on Linkedin Accepted 9/07/2009
lete [ Edit ]
T | e T TN IE TN IO TINR IO compits [Edt] ] Erik Nooijen Invitation to connect on LinkedIn Accepted 9/05/2009 m
Inbox (5) + ) )
B ¥ Featured Discussion ] Barbara Weber Join my network on Linkedin Accepted 9/04/2009
- o i -
é?é Applications PrUCE_SS Mlnlr_lg s_tarts wi [] Piotr Biernacki Join my network on Linkedin Accepted 8/26/2009
Know if organisations ar
- - [] Georg Singer Imitation to connect on Linkedin Accepted 8/24/2009
what are their experienc
Posted 5 months ago by George Va [] Genady Grabamik Join my network on Linkedin Accepted 8/20/2009
Winin
FDIID%NiI‘Ig Stop | 8 comments » [[] Marcello La Rosa  Marcello La Rosa invites you to join Business Process Management 8/12/2009
research group on LinkedIn
Wil [[] Marcello La Rosa  Marcello La Rosa invites you to join YAWL on Linkedin 8/12/2009
der Aal ProM 5.2 released :
van der Aalst Posted 1 month age by Christian W. | E \'il\t;,d;;;,M, vdn Join my netwaork on Linkedin Accepted T/23/2009
Follow | Move to Jobs | 4 comments
full professor at Eindhoven ] [ Gero Decker Jain my netwark on Linkedin Accepted 172212009
University of Technalogy [] Florian Rosenberg  Join my network on Linkedin Accepted Ti20/2009 i
. i i 7 —Bigid= = = .
http:/fwww.linkedin.com/groups?home=8.gid=1915049&trk=anet_ug_hm&goback="2:2Egdr_1254 @ Intemet | Protected Mode: On ®100% -
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Conclusion

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

* A new tool for analyzing collaborative
networks.

» Check out ProM with its 250+ plug-ins.
e Contribute: case studies, plug-ins, etc.
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cf. www.processmining.org
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Relevant WWW sites

= FO I\

http:// promimport.sourceforge.net
http://prom.sourceforge.net
http://www.workflowpatterns.com
http://www.workflowcourse.com

http://www.vdaalst.com

‘Not evet#t/zing that counts can be counted, and not
everything that can be counted counts” (ofin.btein. )

Laboratory for Quality Software

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

&

SULEr
* http://www.processmining.org \)’ 1KY

oo A

NJYO
TU/

N
7 Beta

Technische Universiteit
Eindhoven
University of Technology
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