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Some Movies ...

http://www.youtube.com/watch?v=mVvc6NUeoHo
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Positioning Process Mining

process model analysis

(simulation, verification, etc.)

process

mining
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data-oriented analysis

(data mining, machine learning, business intelligence)




On the different roles of
(process) models ...
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process model event log
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Play-Out (Classical use of models)
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Example Process Discovery

(Vestia, Dutch housing agency, 208 cases, 5987 events)

117315 110 Bepalen leegstandsogps

117315 120 Plannen eindinspecti
117315 13015 het opleveringsfor
117315 150 1s er sprake van ZAV 7
117315 170 Aanpassen plattegron|
117315 180 Aanpassen woningwa
117315 190 Actualiseren huurprijg
117315 200 Toewijzen woning/be
117315 210 Registreren voorl. huy
117315 220 Is contract getekend e
117315 240 Definitief maken Huu
117315 250 Aanpassen factureera
117315 260 After sales

117315 270 Archiveren nieuwe ve
117315 300 Is eindinspectie uitgey
117315 340 Zijn er nieuwe of niet
117315 400 Beoordelen/wijzigen |

117315 410 Is opleveringsformulig
117315 430 Aanmaken werkopdral
117315 440 Worden er bonussen/
117315 460 Opstellen eindnota

117315 470 Archiveren huuropzeg
115763 010 Registreren huuropze
119763 030 Vastleggen toekomstif
115763 050 Inplannen afspraak 1e
1195763 060 Aanmaken bevestigin
119763 070 Is 1e inspectie uitgevd
115763 100 Gereedmelden 1e ins
119763 110 Bepalen leegstandsod
115763 120 Plannen eindinSpectq

119763 130 Is het opleveringsfor
119763 150 Is er sprake van ZAV 7

16.05.2007 14:06:23
16.05.2007 143601
23.05.2007 09:41:40

3.05.2007 09:41:51

23.0 157118
23.05.2007 09:42:37

23.05.2007 09:48:23
23.05.2007 09:48:29
10.09.2007 16:24:36
11.09.2007 14:56:18
31.03.2008 16:17:12
05.09.2008 15:39:59
09.09.2008 16:51:24
.09.2008 07:52:08
07.06.2007 14:47:04
14:4T7:06
07.06.2007 18:51:16
07.06.2007 14:51>

11.06.2007 09:21:39
11.06.2007 09:21:49
BE.08.2007 16:18:26
09\0B8.2007 14:42:23
09.05.2007 11:19:14
09.05.2007 12:25:01
09.05.2087 11:59:52
09.05.200\12:31:57
16.05.2007 13;04:26

300 Is eindinspkctie uitgevoerd ?
(complete)

34

0,971
34

340 Zijn er nieuwe of nfet herstelde gebreken ?|
(complete)
34

0,068
34

400 Beoordelen/wijZigen leegstandsoort
(complete)
34

0,969
34

410 Is opleveringsformulier ondertekend ?
(complete)
34

0,964

16.05.2007 13:43:39
16.05.2007 13:43:¢3
16.05.2007 13:42:58
16.05.2007 13:34:49
16.05.2007 13:34:56

34

430 Aanmaken werkopdracht
0,929 (complete)
123 34




Example Process Discovery
(ASML, test process lithography systems, 154966 events)
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extended model
showing times,
frequencies, etc.
diagnostics
predictions
recommendations

[
[
[
event log process model \_
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Replay can detect problems

ACD

Problem!
token Ieftii'nd©<: B

o @ » T

start \(
p2 ‘

Problem!
A missing token

end
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Replay can extract timing information

L1 L)




Performance Analysis Using Replay
(WOZ objections Dutch municipality, 745 objections, 9583 event, f= 0.988)

={Process information:

Total number selected:

745 cases

NHumber fitting:
628 cases

Arrival rate:

2,85 cases per day

i | Throughput time (days)
Performang3vd 177,99 hsitions:
OF 12 Hertaneren min 3,78 4____!-—'
o e =4 Frequency: 44 ., 2599 |
stdev  [52,87
avg  Jrast25.|98,98
min
slow 2. [230,76 Waiting time:
max  Inorma.. 191,11 '
stdev - High
[ast 25.00% Change Export . Medium
Percentages Time-Metrics Bl Lo
Settings
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Models are like the glasses required to see
and understand event data!
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Alignments are essential!

\

g

¢

- conformance checking to diagnose deviations

* squeezing reality into the model to do model-based
analysis

alc | b|ld| T |>]| h
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process ' £5% & event log
” model

l

synchronous
move

move on move on log
model only only
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Example: BPI Challenge 2012

(Dutch financial institute, doi:10.4121/uuid:3926db30-f712-4394-aebc-7597607091f)

Loops of “W_Completeren aanvraag” and
“W_Nabellen offertes” are often performed

“O_DECLINED” and “W_Wijzigen
contractgegevens” are often skipped

_Wijzigen

,{{,tg ProM UlTopia

ontractgegevel
4/6739)

_DECLIMED+C
T81/8550)

(=] ) )

designed by ’ fluxicon

Many moves on log of
“O_CANCELLED”,
”"O_CREATED”,
”"O_SELECTED”,
“O_SENT” occurred
with the same
frequency value (i.e.
60) before parallel

|1_acTivaTEDH
(223410

#Traces | _reaisTeReD

(22a410)

_ACCEPTED#
224212)

']

o]

[4_APPROVED+
(22a410)

# (Freq)

19
481

Marking Move on Log #Traces

*TED+COMPLETE
MPLETE

[place_11] A_AC
A_PREACCEP

Many moves on log of

“W_Afhandelen

: B leads” (> 2200 times)
occurred in the end of

0 traces

Work of Arya Adriansyah (Replay project)
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Synchronous moves of
“Completeren aanvraag”

Move on log of “Completeren aanvraag”

If;g ProM UlTopia

—— ) (=] ) )
\\ / sty B Auxicon desirest by S fluxicon

Replay result - log BP| Challenge 2012 on net_15_10001 udited.tpn using A* Cost-based Fir'sss Express willl e R 7 (() ol & s R Pl il

i i LEGEND
ase id here> -Synchronous move (move log+model)
FLunobservable move {(move model only)
-Skipped event class (move model only)
-Inserted event class (move log only)

Log-model Alignments

Case id(s):

STATS FROM RELIABLE ALIGNMENTS
Raw Fitnace Mnet

#Cases replayed 13,087

Property S LS The average waiting time for the input place of
Waiting time 000ms 2978days 2.83days 3.30days 24,229

o /A
Synchronizationtime 0.00ms  0.00 ms 0.00 ms 0.00 ms 24,229 W_Nabe”en offertes+START IS Very Iong (283 days)
Sojourn time 0.00ms 29.78days 2.83 days 3.30days 24,229 com pa res tO the ave rage Waiting time Of other places

NET)

1 proM UlTopia

Prolyl O 2

desigres oy B fluxicon

SN N K N N

“O_ACCEPTED” has average sojourn time of 27.07 minutes,
while “A_REGISTERED”, ”A_ACTIVATED”, and
“A_APPROVED” have average sojourn time of 29.56 minutes

Property Min. Max. . Std. Dev Freq.
Throughput time 0.00 ms 0.00 ms 0.00 ms 0.00 ms 4

1K 247 the 1 14 vthe 4 RE v 1

1.55 hours 3.43 months 1.14 months 1.55 months 4
#Unigue cases ... 4

Activity “W_Wijzigen contractgegevens” is the
bottleneck, but it occured rarely (only 4 times)




Desire Lines in Big Data
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http://www.olifantenpaadjes.nl/wp-content/uploads/2011/06/Koen-Olsthoorn.jpg



http://www.olifantenpaadjes.nl/wp-content/uploads/2011/06/Peter-Huiskamp-Apeldoorn-a.jpg

Transistor count

Moore's Law

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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$ per megabyte

1,000.00

1981: Apple goes magnetic with its SMB hard drive, $3,500,

1983: lomega appears on the storage scene with its Bernoulli Box, the box itself
costing over $2,000 and each 10MB removable disk priced at $89.

1995: Seagate

introduces its 1GB
drive for $849. 2007: Hitachi
Introduces the first
terabyte drive, the
Deskstar 7K1000,
$399.
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A simple calculation

« Starting point 2010:
« Harddisk 1 Terabyte = 10?2 bytes
« Digital Universe 1.2 Zettabyte = 1.2*10! bytes (estimatein

IDC’s annual report, “The Digital Universe Decade — Are You Ready?” May 2010)

* Disk needs to grow 23016 =1.2* 10° = 1.2*10%1/ 101
times Its current size.

« Assuming D=1.56 this takes 30.16*1.56 = 47.05
years.

* Hence, in 2060 your laptop can contain all of
today's digital universe (internet, computer files,
transaction logs, movies, photos, music, books,

databases, etc.)!




From Data to Actionable Knowledge

Infor_mation

process model analysis

(simulation, verification, etc.)

process

mining
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data-oriented analysis

(data mining, machine learning, business intelligence)




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?"
H11019767PT70710176010 Etc.

. »01101 IOOIIl100101IOOOIOOIIOHOHIOIIOHOOIOIOOIOOIIIO(“S’\
W
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Process Mining

components
organizations

models
analyzes

(process)
model

world business
processes
people  machines

~.

supports/
controls
software
system i
I records
events, e.g.,
. messages,
specifies transactions,
configures etc.
implements Y
analyzes /\
 E———— \—/
discovery
conformance Iogs
enhancement \/




Starting point: event log

case id  eventid properties
timestamp activity resource cost
35654423 30-12-2010:11.02 register request Pete 50
1 35654424 31-12-2010:10.06  examine thoroughly Sue 400
35654425 05-01-2011:15.12 check ticket Mike 100
35654426 06-01-2011:11.18 decide Sara 200
35654427 07-01-2011:14.24 reject request Pete 200
35654483 30-12-2010:11.32 register request Mike 50
2 35654485 30-12-2010:12.12 check ticket bl il
35654487 30-12-2010:14.16 examine casually
35654488 05-01-2011:11.22 decide case 'Id. event id Prﬂl}erﬁes
35654489 08-01-2011:12.05  pay compensation
35654521 30-12-2010:14.32 register request i : e :
3 35654522 30-12-2010:15.06  examine casually tlmﬂf&tﬂlﬂp ac[“.r“}.r resource cost e
35654524 30-12-2010:16.34 check ticket
igggig}é ggg:ig} :?g}g . ‘l"iecide l 35654423 30-12-2010:11.02 register request Pete 50 ..
2 -01- 12, reinitiate reques .
35654527 06-01-2011:13.06 examine thoroughly 1 35654424 31-12-2010:10.06  examine thoroughly Sue 400 e
35654530 08-01-2011:11.43 check ticket A7 “ R H
35631930 08012011143 check tc 35654425 05-01-2011:15.12 check ticket Mike 100 ..
35654533 15-01-2011:10.45  pay compensation 35654426 06-01-2011:11.18 decide Sara 2 e
35654641 06-01-2011:15.02  register request 35654427 07-01-2011:14.24 reject request Pete 2 .
4 35654643 07-01-2011:12.06 check ticket h
35654644 08-01-2011:14.43  examine thoroughly i .
35654645 09-01-2011:12.02 decide 35654483 30-12-2010:11.32 register request Mike 50 e
o TN e e 2 35654485 30-12-2010:12.12 check ticket Mike 100 ..
35654711 06-01-2011:09.02 register request .
5 35654712 07-01-2011:10.16 exagmine casually 35654487 30-12-2010:14.16 exanmine CHEUH”}’ Pete 400 .
35654714 08-01-2011:11.22 check ticket . " ! . H . )
25654715 10.01201 11328 P 35654488 05-01-2011:11.22 decide , Sara 2 .
35654716 11-01-2011:16.18  reinitiate request 35654489 08-01-2011:12.05  pay compensation Ellen 2 .
35654718 14-01-2011:14.33 check ticket
35654719 16-01-2011:15.50 examine casually -
35654720 19-01-2011:11.18 decide Sara 200 ...
35654721 20-01-2011:12.48 reinitiate request Sara 200
35654722 21-01-2011:09.06 examine casually Sue 400
35654724 21-01-2011:11.34 check ticket Pete 100
35654725 23-01-2011:13.12 decide Sara 200
35654726 24-01-2011:14.56 reject request Mike 200
35654871 06-01-2011:15.02 register request Mike 50
6 35654873 06-01-2011:16.06  examine casually Ellen 400 XES, M X M L y SA' MXM L y CSV, etC .
35654874 07-01-2011:16.22 check ticket Mike 100
35654875 07-01-2011:16.52 decide Sara 200
35654877 16-01-2011:11.47  pay compensation Mike 200
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Simplified event log

case 1d

trace

a,b,d,e,h)
aad:C:€7g>

a,d,b,e,h)

a? C7d7 e7f7d7 C7 e?f) C7d7€7h>

aﬂcid)e)g>

(
(
ga,c,d,e,f,b,d,e,@
{
{

case id  eventid properties
timestamp activity resource

35654423 30-12-2010:11.02 register request Pete

1 35654424 31-12-2010:10.06  examine thoroughly Sue
35654425 05-01-2011:15.12 check ticket Mike
35654426 06-01-2011:11.18 decide Sara 1
35654427 07-01-2011:14.24 reject request Pete
35654483 30-12-2010:11.32 register request Mike 2

2 35654485 30-12-2010:12.12 check ticket Mike
35654487 30-12-2010:14.16 examine casually Pete 3
35654488 05-01-2011:11.22 decide Sara
35654489 08-01-2011:12.05  pay compensation Ellen 4
35654521 30-12-2010:14.32 register request Pete

3 35654522 30-12-2010:15.06 examine casually Mike 5
35654524 30-12-2010:16.34 check ticket Ellen
35654525 06-01-2011:09.18 decide Sara
35654526 06-01-2011:12.18 reinitiate request Sara 6
35654527 06-01-2011:13.06  examine thoroughly Sean
35654530 08-01-2011:11.43 check ticket Pete
35654531 09-01-2011:09.55 decide Sara tee
35654533 15-01-2011:10.45  pay compensation Ellen
35654641 06-01-2011:15.02 register request Pete 50

4 35654643 07-01-2011:12.06 check ticket Mike 100
35654644 08-01-2011:14.43  examine thoroughly Sean 400
35654645 09-01-2011:12.02 decide Sara 200
35654647 12-01-2011:15.44 reject request Ellen 200
35654711 06-01-2011:09.02 register request Ellen 50

5 35654712 07-01-2011:10.16  examine casually Mike 400
35654714 08-01-2011:11.22 check ticket Pete 100
35654715 10-01-2011:13.28 decide Sara 200
35654716 11-01-2011:16.18 reinitiate request Sara 200
35654718 14-01-2011:14.33 check ticket Ellen 100
35654719 16-01-2011:15.50 examine casually Mike 400
35654720 19-01-2011:11.18 decide Sara 200
35654721 20-01-2011:12.48 reinitiate request Sara 200
35654722 21-01-2011:09.06 examine casually Sue 400
35654724 21-01-2011:11.34 check ticket Pete 100
35654725 23-01-2011:13.12 decide Sara 200
35654726 24-01-2011:14.56 reject request Mike 200
35654871 06-01-2011:15.02 register request Mike 50

6 35654873 06-01-2011:16.06 examine casually Ellen 400
35654874 07-01-2011:16.22 check ticket Mike 100
35654875 07-01-2011:16.52 decide Sara 200
35654877 16-01-2011:11.47  pay compensation Mike 200

= register request,
= examine thoroughly,
examine casually,

= check ticket,

= decide,

f = reinitiate request,

g = pay compensation,
and h =reject request

D O O T Q
I
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Process
discovery

examine
thoroughly

pay
compensation

C

: a
start register
request

examine
casually

end

d

check ticket

reject
request

reinitiate

request




Conformance
checking

(@) a

start

register
request

trace

= WD 00 =] O Ln e W —

(a,b.d,e h)
(a,d,c,e,g)

{ﬂ,{‘,d,f,f,b,d,ﬁ',g}

(a,d,b,e. h)

(a,c,d,e.f.d,cef,c.d e h)

{ﬂ,f,d,&,g}
(a,b,e.g)
(a,b,d,e)

la,d,c,e.f.d,ce.f.b.d eh)

(a,c.d,e,f.b,d g) <:|

examine
thoroughly

C

examine
casually

d c4

check ticket

case7:eis

executed
without
being
enabled

reinitiate
request

case 8. g or
h is missing

tion

end

reject
request
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Extension: Adding perspectives to

model based on event log

The event log can be used to
discover roles in the organization
(e.g., groups of people with similar
work patterns). These roles can be
used to relate individuals and
activities.

Performance information (e.g., the
average time between two
subsequent activities) can be
extracted from the event log and
visualized on top of the model.

Role A: \ ([ Role E: Role M:

Assistant Expert Manager . .
® ® Decision rules (e.g., a decision tree
based on data known at the time a
Pete Sue particular choice was made) can be
® learned from the event log and used
Mike |n| Sean to annotated decisions.
—_
@
Ellen
___

pay
compﬁnsatlon

exemine
J civ lly

: a
start register
request

decide

d

check ticket

reject
request

@
M
|
reinitiate




We applied ProM in >100 organizations

* 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, Ricoh, Thales)

+ Media companies (e.g. Winkwaves)

PAGE 37




All supported by ...

md 001\

process mining workbench

* Open-source (L-GPL), cf. www.processmining.org
* Plug-in architecture

* Plug-ins cover the whole process mining spectrum and
also support classical forms of process analysis
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Petri nets

XOR-split XOR-join XOR-split

AND-split AND-join

examine
thoroughly

pay

c compensation

examine
casually

: a
start register
request

decide 5

end

d

check ticket

c4

reject
request

reinitiate
request

t | transition

AND-split
@ place

@ token
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Reachability graph

examine
casually

start register
request

reject
request

reinitiate

request transition

reinitiate pay .
compensation

examine
thoroughly

request

reject

register - examine
request g casuall g request
[start] q [c1,c2] 4 [c2,c3]
check decide
ticket examine
casually
[c1,c4] [c3,c4]

examine
thoroughly PAGE 41
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WF-nets and soundness

start end
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I

examine thoroughly

I
I
: OR-split
I

OR-join
. /\
register \/
request
®_, examine
casually
start decide
check
ticket
e _ _ — —
_ e
new
information

c3

' pay
| compensation
I

end

| reject
request

—

e
~
e

~
7
~

O
=

AND-split

XOR-split

OR-split

start

multiple
instance task

;:(K condition (like a place in a Petri net)

—> task (i.e., an atomic activity)

AND-join

XOR-join

OR-join

AW

=

end

composite

task

]




start

register
request

.
examine
thoroughly

| S —

.
examine

casually
| S —

)

check ticket

| N —

reinitiate

request

D—» task/activity
AND-split AND-join
gateway gateway
XOR-split XOR-join
gateway gateway
OR-split OR-join
gateway gateway
start end
event event

deferred choice pattern using the event-based XOR gateway

)

pay

compensation
| —
)
reject end

request
| —

PAGE 45
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Event-Driven Process Chains (EPCs)

( start )

\'V
register
request

4" '—» function

AND-split AND-join
connector  connector

XOR-split XOR-join
connector  connector

OR-split OR-join
connector  connector

start end
event event

—(_ —

intermediate event

T
i

r

examine
thoroughly

\.

e4 < e5 >—>[ pay ]—><end>
compensation

r

examine
casually

decide

check
ticket

\.

reject
< e6 > I reguest I < end>




Representational bias matters, but ...

...the visual representation is less relevant!

The representational bias determinates
the search space, but can be decoupled
from the visualization.
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Process discovery

components
organizations

models
analyzes

(process)

(13 ”
world business
processes
people  machines

model

~.

supports/
controls
software
system
"\ records
events, e.g.,
. messages,
specifies transactions,
configures etc.
implements Y
analyzes /\
discovery —
<<..---------..b» EE\/EBr]t
conformance Iogs
enhancement ~

PAGE 48




Process Discovery Techniques

(small selection)

_ distributed genetic mining
automata-based learning

language-based regions
heuristic mining

. . state-based regions
partial-order based mining J

genetic mining LTL mining
pattern-based mining

: neural networks
stochastic task graphs

fuzzy mining
mining block structures hidden Markov models

a algorithm multi-phase mining ¢, ntormal process graph

a# algorithm o
ILP mining

s algortim e
PAGE 49




Language identification in the limit
(Mark Gold 1967)

A language is learnable in
the limit if there exists a
perfect child that
generates only finitely
many hypotheses.

PAGE 50

Language identification in the limit by E Mark Gold, Information and Control, 10(5):447-474, 1967.




Learning is not easy ...

trace in event log

language = process model

PAGE 51




Why Is process discovery such a difficult

problem?

« There are no negative examples (i.e., alog shows
what has happened but does not show what could
not happen).

- Due to concurrency, loops, and choices the search
space has a complex structure and the log typically
contains only a fraction of all possible behaviors.

« There is no clear relation between the size of a model
and its behavior (i.e., a smaller model may generate
more or less behavior although classical analysis
and evaluation methods typically assume some
monotonicity property).
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Problem

event logs covers only a fraction
of all possible behavior

[ real process process ~—
is unknown discovery/
~ process \
discovery

real record
event Proccss

process data model

“unknown”

‘v examples”

- conformancr
[ only positive examples checki

‘
conformance —
checking

model needs to provide an abstraction:
Murphy's Law of Process Mining
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Challenge: four competing quality

criteria
“‘able to replay event log” “Occam’s razor”
fitness simplicity
process
discovery
generalization precision
“not overfitting the log” ‘not underfitting the log”
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Example: one log four models

examine
thoroughly

pay
examine

start register casually
request

request
reinitiate

. . . r_equest . .
N; : fitness = +, precision = +, generalization = +, simplicity = +

(@~ a]+(Oc O d O e O =)

start  register examine check decide reject  end
request casually ticket request

N, : fitness = -, precision = +, generalization = -, simplicity = +

“able to replay event log” “Occam’s razor”
examine check
- . . . thoroughly ticket
fitness simplicity
start  register I
request casually .
process qecite € | P e
discovery N3 : fitness = +, precision = -, generalization = +, simplicity = +
generalization precision et ket e
“not overfitting the log” “not underfitting the log” g exaine ek

request casually ticket

register check examine
request ticket casually

start register examine check decide
request casually ticket request

= = = (all 21 variants seen in the log)

register examine check
request thoroughly ticket

register check examine reject
request ticket thoroughly request

register examine check decide reject
request thoroughly ticket request

N, : fitness = +, precision = +, generalization = -, simplicity = -

trace

455
191
177
144

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg




trace

thoroughly

compensation

(0)—

check ticket

N, : fitness = +, precision = +, generalization = +, simplicity = +

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg
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# |trace

455|acdeh
191 |abdeg
177 |adceh
144 |abdeh
111|acdeg
adceg
adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg

w b~ 01 ©
0 N oM

w
w

@ {2 -OA OO OO

start  register examine check decide reject end
request casually ticket request

N, : fitness = -, precision = +, generalization = -, simplicity = +

=
NS

acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

R P P N N W 01 00 ©
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(0)—{a

examine
thoroughly

start

register
request

examine
casually

decide

check
ticket

reinitiate
request

pay
compensation

reject

request

end

Ns : fithess = +, precision = -, generalization = +, simplicity = +

trace

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg
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register check examine decide pay
request ticket casually compensation

register examine check decide pay

request casually ticket compensation
register check examine decide reject

request ticket casually request

register examine check decide reject
request casually ticket request

end

start

m = (all 21 variants seen in the log)

Q
¢

a b d

register examine check decide pay
request thoroughly ticket compensatign

:
:

register check examine decide reject
request ticket thoroughly request
register examine check decide reject
request thoroughly ticket request

N, : fitness = +, precision = +, generalization = -, simplicity = -

trace

455
191
177
144
111

P P W W h~ 01
R A W 0O N O DN

R P P N N W 01 00 ©

acdeh

abdeg

adceh

abdeh

acdeg

adceg

adbeh
acdefdbeh
adbeg
acdefbdeh
acdefbdeg
acdefdbeg
adcefcdeh
adcefdbeh
adcefbdeg
acdefbdefdbeg
adcefdbeg
adcefbdefbdeg
adcefdbefbdeh
adbefbdefdbeg
adcefdbefcdefdbeg

1391




Example of a process discovery technique:

Genetic Mining

kK

* Characteristics
* requires a lot of computing power, but can be distributed easily,
« can deal with noise, infrequent behavior, duplicate tasks, invisible tasks,
« allows for incremental improvement and combinations with other

approaches (heuristics post-optimization, etc.).



http://www.foxnews.com/story/0,2933,316375,00.html?sPage=fnc/scitech/evolution

Genetic process mining: Overview

create initial
/ ; population

¢
next generation
k_) compute
fitness g
elitism

mutation

termination
tournament children
crossover )
select best
individual

“dead” individuals
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Example: crossover

examine
thoroughly

examine
casually

start register
request

deeide

reject
request

check ticket

reinitiate
s request

examine
thoroughly

pay

examine
casually

register
request

deeide

reject
request

check ticket

reinitiate
request

examine
thoroughly

pay

examine
casually

start register
request

deeide
1]

reject
request

check ticket

reinitiate
request

examine
thoroughly

examine
casually

register
request

deeide
1]

reject
request

check ticket

reinitiate
,' request
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Example: mutation

remove place

b b
examine examine
thoroughly thoroughly
¢} 9
c pay c pay
compensation compensation
a - e a - e
examine examine
start register casually decide end start register casually decide end
request h request h
d - d -
reject reject
check ticket ; request check ticket f request
reinitiate added arc reinitiate
request request
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Process discovery algorithms

(small selection)

_ distributed genetic mining
automata-based learning

. . language-based regions
heuristic mining

genetic mining state-based regions

: LTL minin
stochastic task graphs J

neural networks
fuzzy mining

o hidden Markov models
mining block structures

a algorithm _ o conformal process graph
multi-phase mining _ .
partial-order based mining

ILP mining

s algortim e
PAGE 64

a# algorithm



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




> —,||,# relations

Direct succession: x>y Iff for
some case x is directly
followed by vy.

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.

Ly

= [(a,b,c,d>3, (a, c,b,d}z, (a,e,d)]

a>b
a>c
a>e
b>c
b>d
c>b
c>d
e>d

a—b

a—>»C
a—e

b—d
c—od
e—>d

abcd
achd
aed

bl|c
c||b

b#e
e#b
c#e
atd




Basic idea used by a Algorithm (1)

(a) sequence pattern: a—b




Basic idea used by a Algorithm (2)

\

Y

a_L
e
ok
S
b L~
e
h (c) XOR-join pattern:
: ~and a#b
C

split pattern:

(b) XOR-spipastyng—c, and b#c
a—b, a—c, and b#c

Y

Y




Basic idea used by a Algorithm (3)

Wplit pattern:

() AND-splitzpatte P a—c, and b||c

a—b, a—c,and b




Example Revisited

a>b
a>c
a>e
b>c
b>d
c>b
c>d
e>d

a—b

a—>»C
a—e€

b—d
c—d
e—d

start

bl|c || b#e
cl|b || e#b

cHe
a#d

Ly = [{a,b,c,d)’,(a,c,b,d)*, (a,e,d)]

a algorithm

d ()

end




Footprint of L,

Ll — [<anbacnd>3a <aacabad>2a <aa €,d>]

e Qi oN

start \( end
P2 C p4

a b C d e
a #Ll —L, — L, #Ll —7 L,
b —r, i Iz, —r, #
C —r Lo —Ln #L
d #1, L, I, #r, 1,
e I, #1, #1, —L, #r,




Footprint of L,

L, =[(a,b,c,d)’, (a,c,b,d)* (a,b.c.e.f,b,c,d)?, (a,b.c.e.f.c.b,d),
(a,c,b,e.f,b,c,d) 2,<a c,b,e.f,b,c,e.f,c,b,d)]

b

(&)—

start p5
c 4

LTt w=1 &i;é

LT t==lls
* 3% % | | #|x
Toa s || o#|e
* | *= T T %[>

S QAU S
#+ # # T T #|=




Simple patterns

S
a

el

() s

\

¥

(a) sequence pattern: a—b

P
b
“ S
a
- e
C
~a
(b) XOR-split pattern:
a—b, a—c, and b#c
P
b
a
A \©_> /
C
S

(d) AND-split pattern
a—b, a—c, and b||c

A

el

Y

Y

\

¥

b

(c) XOR-join pattern:
a—c, b—c, and a#b

Y

Y

\

¥

b

¥

(e) AND-join pattern:
a—c, b—c, and a||b




Algorithm

Let L be an event log over T. a(L) is defined as follows.

1.T, ={teT |3 _ teo}
2.T,={teT | 3, _ t=first(o)},
3.To={teT | 3, _ t=last(o)},

4.X ={(AB)| AcCT, AA#BABCT, AB#0A
VicaVbeg@—=> b A Vatazen @i 8 A Vo cp b,# b, },

5.Y, ={ (AB) € X_ | Viwpyex ASA ABCB'= (AB)=(A"B")},
P ={Ppg | (AB)eY, }Ui ok

7.F ={(aPpg) | (AB)eY rnaeA} U{(Ppugb) | (AB)e
Y, AbeB} U{(i,t) | teT} U{(to,) |te Ty} and

8. al) = (P, TF).

o))




The a—algorithm

Let L be an event log over T. Then, a(L) is defined as
follows:

1. T, ={teT | 3__,
Each activity in L corresponds to a transition in a(L).
2. T,={teT | 3__ t=first(o) }
Fix the set of start activities — that is, the first elements
of each trace: (t,, ..., t), ..., {t'y, ..., ')
3. Tog={teT | HGeLt:Iast(cs)}
Fix the set of end activities — that is, elements that
appear last at a trace : (t,, ..., t), ..., {t', ..., U)

t € o},




Intuition next steps: Find places

A:{a]_,az, am} B:{bl,bz, bn}
Step 4: Calculate pairs (A, B)
Step 5: Delete nonmaximal pairs (A, B)

Step 6: Determine places p, g, from pairs (A, B)




The a—algorithm (cont.)

4. X ={(AB)| AcT AA#aABcT, AB#g@
AV, _\V,_ga— Db
AN Va2 e a7 &
N Vpipe e B Dy 1

aeA

@ (1) o
) Find pairs (A, B) of sets of
[3) (2] activities such that every element
A H# # B acA and every element beB are

causally related (i.e., a - b), all
elements in A are independent
(a,#,a,), and all elements in B are
independent (b,# b,).




Places as footprints

aj an i bl bg bn
aq i i i - - o
> = = ko - - o
(m i — — —
by — +— — # # #
b — — — # # #
by, - - - w ko 7




The a—algorithm (cont.)

5. Y, ={(AB) € X_|
Ve ex, ASA ABcB'= (AB)=(A"B')}

Delete from set X, all pairs (A, B) that are not maximal!




The a—algorithm (cont.)

6. PL={ppug | (AB)e Y }u{io}
Determine the place set:
Each element (A, B) of Y|
is a place. To ensure the
workflow structure, add a
source place i, and a
target place o,




The a—algorithm (cont.)

7o Fe={@ppg) | (AB)eY nracAj}
U{(Ppgb) | (AB)eY AbeB}
o{(i,Y) | te T} u{(to) |[te Ty}
Determine the flow relation: Connect each place p, g)
with each element a of its set A of source transitions
and with each element of its set B of target transitions.
In addition, draw an arc from the source place i, to each
start transition t €T, and an arc from each end transition
t eT,to the sink place o, . T DONE

8. a(l)=(P. T, F) A !



a b c d e b
a L, Ly Ly Ly 7L /©< >®\
b L #1, Ly L, #, ®_' : i ¢ i ‘ _’O
C 1, Iz, #1, — L #1, s \( y .
d #, 1, 1, #1, 1 P2 ¢ P
e 1, #r #, —L, #1,

Xr, ={({a}.{b}).({a}.{c}).({a}.{e}).({a}.{D.e}).({a}.{c.e}).
({b}:4d}), ({erAd}), (e} Ad}). (1, e} {d}), ({c, e} {d})}

Yo, = {({a}.{b.e}), ({a} . {c,e}), ({b,e}. {d}), ({c,e} . {d})}




Another event log L,

L3 — [(a,b,c,d,e,f,b,d,C,e,g>,
<a,b,d,C,€,g>2,
<a:bacnd:e:f:bacnd:enf:b:dncneng>]

*+ % T =+ | #|o
* # | o= # T #H

U T S

e
#
#
N
N
#
%
s

# # T == ] #|x

b
N
#
P
—
#
N
#

o K SRS RN
* 3 3 F F T #|




Model for L,

# ] ®=T T = ]|>
o T = | o
T o= | %
TT =11 ##-
S T S
R T

e N T S~
* 3 o & %] |

L3 — [(a,b,c,d,e,f,b,d,c,e,g),
<Cl,b,d,€,€,g>2,
<Cl,b,C,d,€,f,b,C,d,€,f,b,d,C,€,g>]

C:}—>a b Pbhich Pctten e g——{:>
i Pa.f.(b}) \©—> d —»Q/ Pderif.ah oL

Pby.idy Pdden




e TR

Hrolvl 6 m | ﬁ ! £ fluxicon

Workspace & import..

] logs et al

Favorites

— File Narl L3.mxml
Selection E Event Log
Files of .
% just created
imported

Favorites

g 000
=D

Imported

=D

, ‘Export to disk




b s ESREER=

Jesigned "lluxicon

Events per case Log info

Start date
Wed Oct 27 22:31:19 CEST
2010

End date
Wed Oct 27 22:46:19 CEST
2010

Processes

L3 — |:<a11??cﬁd?€?f? Z??d? Cﬁeﬁg>?

<Cl,b,d3(f, eag>2a
(a,b,c,d, eafa ba Cadaeafa b,d,(f, eagﬂ

Originators




Py W s

L_Proli G, W = ©®

Actions

NG " dan NN NGNS NN ST AN 0 TSN GENG

it ®

Fﬂuxicon

Activity. ..

N NN, NN TN
A ’m@\./é/awm Actions Wm@\/é& L N

Output

Petrinet
Petri net

Marking
Marking




Petrinet from L3.mxml , mined with AlphaMiner

O L
[}

8

3

f+complete

c+complete

e+complete

b+complete

E+complete
1 }—'b

lg+complete :

\

— A : c+complete

f
e : C : N
@—> a b Po}.ich Pichten e g —»@
i Pa.f.b) \O_> d HQ/Y Perr.ap oL

Pebrian Pdrien




Another event log L,

Ly=[(a.c.d)® (b.c.d)? (a.c.e)*®. (b.c.e)?]

a d
Ogapesne
L b P(iabic) Piehaep n

eeeeeeeeeeeeeeeeeeee




Event log L.

LS — [<a?b?€?f>2? <a?b?eﬁcﬂd?bﬂf>3? <a?bﬂcﬂeﬂd?bﬂf>2?
(a,b,c,d,e,b,f)* (a,e,b,c,d,b,f)°]

a b C d e f
a # — # # — #
b — # — — —
C # — # — #
d # — — # #
¢ ~ | || || o o
f # — # # — #




T; ={a,b,c,d.e.f}
= {a}
=1/}
X ={({a},{b}),({a},{e}), {b}.{c}), ({0} 1 }), ({c}, {d}),
({d}.{b}), (e}, f 1), ({a,d}{D}), ({0} {c.f 1)}
Yo ={({a}.{e}),{c}.{d}), ({e}, {f}), ({a,d},{b}), ({b}{c.f})}
PL={P({a} {e}) P({e}(a}) (e} A1) P (fad} {0}) P (b} fe 1)+ 1L OLY
Fr.={(a,par4e1) (P{ayfe})€)s (P (er Lap))s (P(gey {ay)» D),
(&:P(ey i) (Pgergrn ) (@ P({aaygo1))s (ds P{a.ay.go}))
(Paay1o1):0)s D2y fe) ) Py fey) € (P} fer) )

(iL:a): (f OL)}
o(L) =(Pr.TL,FL)




Discovered model

d fe—( ] ¢

b

Pa,d.ib)

v

({c}.{d})

Pb}ic.m

O

e

4,@0L

N s

Pal{e})

Perim)

X1 =1Qa},1b}),(ay.e}), (10}, 1¢c)), (10} 1), (1er,1d}),
(1d}.{b}). (e} Af}), ({a,d}. 1by), (10}, {c.f })}
Vi =1(ag,1e}), (icp1d}), ({ep, 1), (1a.d}, 1by), (1by, 1c.f 1) ;



Petrinet from L5.mxml , mined with AlphaMiner

O L
[}

8

3

a+complete

e+complete
f+complete :

b+complete

c+complete

Pa.d}.{op

ROSE

Pdat.ten

O[5

Peraan

designed by "’ﬂllmon

d+complete

Ptoe.m f ——{ oo

Nos

Pderim




Limitation of a algorithm: implicit places

Lo = [(a,c,e,g)?, (a,e,c,g)>, (b,d.f,8)*, (b.f,d,g)"]

3

C

d

;

P1

P2

Implicit places

0O




Limitation of a algorithm: Loops of length 1

L7 = [{a,c)? {a,b,c)’, {a.b,b,c)?, (a,b,b,b,b,c)"]

a>b
b a>C a—>Db aHa
a—C
CH#C
b>b b—ocC

(@ —2 | ~(O—{= () = bl|b

ONnweenEe




Limitation of a algorithm: Loops of length 2

Ls = [{a,b.d)’ . (a,b,c.b.d)*, (a,b.c.b.c.b,d)]

a>b | la—b

c b>c
b—d
b>d

@—>a—>©—>b—>©—>d4>Q c>b bl|c

@a%hd@




Limitation of a algorithm: Nonlocal
dependencies

SQaysY T gy

Not discovered!

Ly = [{a,c,d)®, (b,c,d)**, (a,c,e)’®, (b,c,e)??]




Difficult constructs for a algorithm

7 ~

. /'O\uf/'
JoRmp: S

~




Rediscovering process models

simulate - discover
. event -
log
W

The rediscovery problem:
Is the discovered model N’
equivalent to the original model N?

discovered
process
model

N!

original process
model

N




Challenge: Finding the right
representational bias

@O0

start P end

There is no WF-net with unique visible labels
that exhibits this behavior.




Another example [Biles (a,b,c)*" (a,c)™

There i1s no WF-
net with unigque

a visible labels
that exhibits this
a |~ )l c |- ) behavior.




Challenge: noise and incompleteness

* To discover a suitable process model it is
assumed that the event log contains a
representative sample of behavior.

* Two related phenomena:

— Noise: the event log contains rare and
Infrequent behavior not representative for the
typical behavior of the process.

— Incompleteness: the event log contains too
few events to be able to discover some of the
underlying control-flow structures.




More on incompleteness

To illustrate the relevance of completeness, consider a process consisting of 10
activities that can be executed in parallel and a corresponding log that contains infor-
mation about 10,000 cases. The total number of possible interleavings in the model
with 10 concurrent activities is 10! = 3,628,800. Hence, it is impossible that each in-
terleaving is present in the log as there are fewer cases (10,000) than potential traces
(3,628,800). Even if there are 3,628,800 cases in the log, it is extremely unlikely that
all possible variations are present. To motivate this consider the following analogy.
In a group of 365 people it is very unlikely that everyone has a different birthdate.
The probability is 365!/365% ~ 1.454955 x 10~1°7 ~ 0, i.e., incredibly small. The
number of atoms in the universe is often estimated to be approximately 107 [129].

Process

Mining




Balance four forces

fitness

ability to explain
observed behavior

precision

avoiding
overfitting

avoiding
underfitting

generalization

Occam’s Razor

simplicity
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Challenge: Balancing
Between Underfitting and
Overfitting




Flower model

@-—+ start - end —+©




What is the best model?

ACD 99
ACE O
BCE 85
BCD O

A

e

D

5

g Wt



http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg

What is the best model?

NN E

5

ACD 99 B> )—E
ACE 88

BCE 85
BCD 78 A D \
c %} P



http://upload.wikimedia.org/wikipedia/commons/0/03/Green_check.svg

What is the best model?

ACD 99
ACE 2
BCE 85
BCD 3

A




a algorithm is just a starting point ...

_ distributed genetic mining
automata-based learning

language-based regions
heuristic mining

. . state-based regions
partial-order based mining J

genetic mining LTL mining
pattern-based mining

: neural networks
stochastic task graphs

fuzzy mining
mining block structures hidden Markov models

a algorithm multi-phase mining ¢, ntormal process graph

a# algorithm o
ILP mining

s algortim | e
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Conformance checking

world business

people  machines

components
organizations

models
analyzes

(process)
model

processes

~.

supports/
controls [
software
system |
I records
events, e.g.,
B messages,
specifies transactions,
configures etc.
implements |
analyzes m
— w
discovery
ﬁ event
conformance logs
enhancement \—/
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start

N>

start

N3

start

Ng

start

Four models, one log

register
request

a

register
request

a

register
request

examine
thoroughly

g
c p3 pay
e compensation
examine
casually decide pS end
h
p4 reject
request
f reinitiate
request
b pay
eahe compensation g
thoroughly
(o d € p4
examine  p2 check p3 decide end
casually ticket h
f reject request

reinitiate request

C
pl examine p3
casually

a

register
request

e—»@—»h—»@

decide p5 reject end
d request
p2 check p4
ticket
examine b d check
thoroughly ticket g
pay
compensation
examine c end
casually -
e f reinitiate o h
decide request rejec
request

frequency reference trace

455
191
177
144
i
82
56
47
38
55
14

— = = N W WL oo

O]
(0}
03
O4
O5
O¢6
07
O3
Oy
010
011
012
013
O14
Oi5
Oi6
017
018
019
020
021

a,c,d,e.h

adceh

)
)
)
abdeh)
.8)
»8)
)

(

(a,

(

(

(a,

(a,

(a,
(acdefdbeh)
(a,d,b,e.g)
(a,c,d,e.f,b,d,e,h)
(ave;d e f biden)
(a,c,d,e.f,d,b,e,g)
(a,d,c,e.f,c.d,e,h)
(a,d,c,e.f,d,b,e,h)
(ad,cief sb.de.g)
(a,c,d,e.f,b,d,e.f.d,b,e,g)
(a,d,c,e.f,d,b,e,g)
(a,d,c.e.f,b,d,e,f.b,d,e,g)
(a,d,c.e.f,d.b,e.f.b,d,eh)
(a,d,b,e.f,b,d.e.f,d,b,e,g)
(

a,d,c.e.f,d.b.ef,c.def,dbeg
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frequency reference trace

4355
191
177
144
111
82
56
47
38
33
14
11
9
8

a,c, d ef b,d.e,h)
a. dejejfjbgda€:g>
a. dejejfjdgb:eaécﬁ
a,d,c,e.f,c,d,e,h)
a, d C. ef d b e, h>



Replaying (1/7)

g, on Ny
p=0 p=1 b
c=0 | ¢=0
m=0 m=0
r=0 r=0 g
pl C p3
a e
start pS end
,_ h
p’ = p+1 02 d n
f
p = produced

C = consumed
m = missing < c
r = remaining S p
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Replaying (2/7)
g, on Ny

f p’ = p+2
c’ = c+1
p=3 b
c=1
m=0
r=0 g
pl C p3
Oz e
start p5 end
h
p2 d pa




Replaying (3/7)

c’ = c+1
p=4 b
c=2
m=0
r=0 g
pl C p3
O=E e
start p5 end
h
p2 d pa




Replaying (4/7) o) = (a,c,d,e,h)
g, on Ny

p=4
c=2
m=0
r=0 g
pl C p3
O e
start pS end
h
p2 p4
| —
: p’ = p+1
c’=c+1
p=5 b
c=3
m=0
r=0 g
pl C p3
O e
start pS end
h
p2 d 04




Replaying (5/7) o) = (a,c,d,e,h)
g, on Ny

p=5 b
c=3
m=0
r=0
pl C
: a
start end
h
p2 d
: p’ = p+1
c’=c+2
p=6 b
c=5
m=0
r=0 g
ONE :
start p5 end
h
p2 d 04




Replaying (6/7) o) = (a,c,d,e,h)
g, on Ny

p=6 b
c=5
m=0
r=0 g
pl C p3
Oz :
start pS end
p2 d pa
: p’ = p+1
c’ = c+1
p=7 b
c=6
m=0
r=0 g
pl C p3
Ofa :
start p5 end
h
p2 d 04




Replaying (7/7) o) = (a,c,d,e,h

p=7 p=7 b
c=6 N c=7
m=0 m=0
r=0 r=0 g
pl C p3
ORT :
start pS end ¢’=c+1
h
p2 d 04
f
m=20
r=0

no problems encountered _
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Replaying (1/7)

o; on N,

it I s b
m=0 m=0

r=0 r=0

start pl p2 end

p’'=p+1

p = produced

C = consumed

m = missing < c
r = remaining S p
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Replaying (2/7)
o;o0n N,

O ©°

=N

= 3
0T
© o

start pl
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Replaying (3/7)
o;o0n N,

start pl p2 p3 end
h
f p’ = p+1
c’=c+1

p:3 m, - m+1
c=2
m=1
r=0
(e
start pl end
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Replaying (4/7)

o; 0N N,

O T
I
N W

= 3
0T
o A

:

: end

start pl
p’ = p+1
c’ = c+1
p=4
c=3
m=1
r=0

: end
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Replaying (5/7)

o; 0N N,

O ©
w b

9 giu X
Q
(@) O
o
©
D

(@)

start pl p2 p3 end
h
f p’ = p+1
¢’ =c+1
p=5
c=4
m=1
r=0

start pl end
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Replaying (6/7)

o; 0N N,

(e Rue]

@ 3113
QD
@) (@)
o
¢
D

«Q

p4
start pl p2 p3 end
f

p’=p+i
p=6 c’=c+1
c=5
m=1
r=0

:

end

start pl
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Problems:
m =1:dwas forced to occur without being enabled
r =1:output of c was not used by d
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Computing fitness at trace level

p=6 o3 = (a,d,c,e,h)
c=6

m=1

r=1
()—|a

start pl end

fitness(o,N) = % (1 — @) + % (1 _ f)

1 1 1 1
1 N)==|1-= — | 1—=)=0.8333
st =5 (1-8) + 5 (1-1)




Computing fitness at the log level

|
fitness(LLN) == | 1
2 O'ELL(G) X CN.c

1 (

455 oy (a.c.d.e.h) ‘ N’ G
191 o> (a.b.d.e.g)

177 o3 (a.d.c.e.h)

144 oy (a.b.d.e.h)

111 Os (a,c.d.e.g)

82 6 (a.d.c.e.g)

56 o7 (a.d.b.e.h)

47 oy (a.c.d.e.f.d.b.e.h)

38 oy (a.d.b.e.g)

33 o (a.c.d.e.f.b.d.eh)

14 o {ac.de.f.b.d.e.g) b

11 o (a.c.d.e.f.d.b.eg)

9 o3 (ad.c.e.f.c.d.eh) g

8 o lad.c.e.f.d.b.eh)

5 o5 f{a.d.c.ef.b.d.e.g)

3 o6 (a,c.d.ef.b.d.ef.d.b.eg) @_' a Cc d _’O_' e p4

2 o7 (ad.c.e.f.d.b.eg) start 1 > 3

2 o {a.dcef.b,def,bdeg) p p p end
1 o9 (a.d.c.ef.d.b.ef.b.d.eh) h

1 oy (a.d.b.ef.b.d.e.f.d.b.e.g)

1 oy (a.d.c.e.f.d.b.e.f.c.d.ef.dbe.g) f
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frequency reference trace

455 oy (a,c,d,e,h)
191 o, (a.b.de.g)
E I | 177 o (ad,c,eh)
xample values L2 gt
111 os (a.c,de.g)
82 os (a.d,c.eg)
56 o7 (a.d.b,e.h)
47 oy (atdefdbeh)
38 oy (a.d,b,e,¢
examine 33 o (a.c.d.e, f I) d.e.h)
’ thoroughly . 9 14 o (a.c.def.bde.g)
51 - oy 11 o, (a.c.d.e.f.db.e.g)
C P compensation 9 o3 (ad.ce, f c.d.e.h)
@—' a examine e 8 oy {a.d,c.e.f,d,be.h)
start  register casually decide p5 end 5 o5 (a.d.c.e, f.b.d.e, 8)
request . h 3 o6 (a.c.d,e.f.b.de.f.db,e.g)
42 d i 2 o7 (a.d,c.e.f,db,e.g)
: p4 reject 2 oy (ad.c.e.f.b.de.f.b.d.e,g)
check ticket f request 1 oy (a.d.c,e.f.d.b,ef.b.deh)
reinitiate 1 oy (a.d.b.ef.b.def.d.b,eg)
request I 0y la.d.c.ef.db.ef.cdef.d.beg)
N2 b pay
oxaTe compensation 9
thoroughly
a c d —»Q—» e b
start  register pl examine  p2 check p3 decide end .
request casuall ticket
q y h fitness(Lyy1, Ny
f reject request

reinitiate request

N: c fitness(Lyy,1,No

pl examine p3

( : > casually ( ) h ( > .
start reg?ster degde p5 reject end fltness qull ’ N3

request request
q d q
p2 check p4 . L N
fitness(Lyy, Ny
N4 examine b d check
thoroughly ticket g
pay
compensation
a
start  register examine c end
request casually -
. e f reinitiate o h
decide request rejec PAGE 130
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Diagnostics (fitness(Lu,N3) = 0.8797)

problem
566 tokens were missing in
place p3 during replay,
because e happened
while this was not possible
according to the model

problem
430 tokens remain in place p1,
because c did not happen while
the model expected ¢ to happen

problem
10 tokens were missing in place p1 during
replay, because ¢ happened while this
was not possible according to the model

@

c (4

examine p3

( : > a casually e

start register

h (e

reject ¢nd

place p2 during replay, because
d happened while this was not
possible according to the model

607 tokens remain in place p5,
because h did not happen while
the model expected h to happen

reach place end
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request d request
check p4
ticket
problem problem \
146 tokens were missing in problem 461 of the 1391 @
cases did not




Challenges related to

conformance checking

- Not as simple as it seems!

* In case of duplicate tasks (two transition with the
same label) or silent tasks (t labeled transitions),
multiple paths need to be considered (state space
analysis, heuristics, or optimization).

* More general formulation of the problem with costs
associated to skipping/inserting particular tasks, see
ProM latest conformance checker (A* algorithm).

« Computing the most likely alignment is needed for
other types of process mining (time analysis,
measuring precision, social network analysis, etc.).
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How can process mining help?

Detect bottlenecks » Provide mirror

Detect deviations -+ Highlight important
Performance k’ problems
measurement . * Avoid ICT failures
Suggest improvements  ¢< Avoid management by
Decision support (e.g., . PowerPoint
recommendation and . - From “politics” to
prediction) “analytics”

A o







Example of a Lasagna process: WMO

process of a Dutch municipality

T —r
T —C
T
C—r

Size shows # of events 1 = Time sort (metrics): =
o

. : @ IComponent Type: Instance ID

[# of components: 528
ErE— o we iems | anes |
oo fimedfirst) _|4-1-09 1600
[ descending o .“.' ime(end) |28-2-10 16.00
o [ ] |ava spread [25,34659
T — Siens o = rinprea 0.
imax spread |220,0
(10%3)x (1073} \Component ID: 13983
o2 | -t10°2h . [ “iame | alues
10x. 10x . fime(first)  |4-1-09 16.00
1 x |Jime(end) [9-2-09 15.00

avg. interval |3,27273
min interval (0,0
max interval (29,0

iComponent ID: 14365
i# of dots: 10
itams values
limefirst) [4-1-09 16:00
ime(end) |1-3-09 16:00
lavg. interval |6,22222
min interval [0,0
max interval |36,0

zoom (X) zoom (Y)

Zoom out

Update

\Component 1D: 14329
f# of dots: 10
items values
time(first)  |4-1-09 16:00
time(end) |8-2-09 16:00
avg. interval |3,88889

min interval |0,0

max interval [32,0

iComponent ID: 13986
f# of dots: 10
items values

time(first) |5-1-09 16:00
ime(end) |11-1-00 16:00

avg. interval [0,66667 .
min interval (0,0 Al
| EN I [T

Each line corresponds to one of the 528 requests that were
handled in the period from 4-1-2009 until 28-2-2010. In total
there are 5498 events represented as dots. The mean time

needed to handled a case is approximately 25 days. et




WMO process

(Wet Maatschappelijke Ondersteuning)

« WMO refers to the social support act that came into
force in The Netherlands on January 1st, 2007.

- The aim of this act is to assist people with disabilities
and impairments. Under the act, local authorities are
required to give support to those who need it, e.qg.,
household help, providing wheelchairs and
scootmobiles, and adaptations to homes.

* There are different processes for the different kinds of
help. We focus on the process for handling requests
for household help.

- In a period of about one year, 528 requests for
household WMO support were received.

« These 528 requests generated 5498 events.
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C-net discovered using
heuristic miner (1/3)

races regist

40 Toetsen en besiissen

10 Proces registratie
(start)
530

0,991
530

10 Proces registratie
(complete)
530

0,998
530

20 Rapportage & beschikking
(start)
532

0,987
532

20 Rapportage & beschikking
(complete)
532

0,998
529

40 Toetsen en beslissen
(start)
573




h A

40 ToetseEn en)beslissen
. . start
C-net discovered using
heuristic miner (2/3)
39
Nw 27 Retour
W'W 0,909 0,909 (start) 0,975
gt 329 15 43 29

0,957
24

27 Retour
(complete)

40 Toetsen en beslissen

(complete) ) 0,929
573 16

0,998
528

o 50 Verzendingdossiervorming
_ (start)
528

0,998
528

50 Verzendingdossiervorming
(complete)
528

0,938
15




C-net discovered using

528

heuristic miner (3/3)

(complete)
oross aseme 528

0:991
330

10 Proces registratie
{complet

e 0,938
60 Administratieve verwerking

15
530
(start)
532
(start)

0957
532
20 Rapportage & beschikking 1 5
(complete)
532
0.998

529

. 0,998 0,938
TR 513 15

60 Administratieve verwerking

/ | 27 Retour | |
loses [0 | istar) | 0073
[sw s 43 |

ElN (complete)
. L
40 Te besli 27 Re
oopan e e L cm:rs,zs‘ 15
573 16 43

099
528

i 0938

15

90 Slotfase
(start)
528

7 0,998
/ s 528

90 Slotfase

= (complete)
Toompeny 528




(]
<
—
LU
]
<
o

LM remaining

mo} “Jtokens

-~

N’

n §

> i

O

| -

o |

O { _Jwas executed

= m \Ez_m not enabled

= N

o -

O . 2 missing

—

Q __——tokens

L

&

o

O 3]

- g

C :

m % __Jwas executed

O ; _——|while not enabled

c I

n.nw m 2 missing
@\\\\k tokens



—
<
—
LU
]
<
o

m \ 110 remaining
__——|tokens

\_Emm executed

,\\\\\\\_Ez_m not enabled

complete

40 Toersen &n beslssen

/ \\A missing
__——|tokens

23 missing

__——"|tokens

complete

~— | 27 Reftcur

was executed

s \W\\NE:_E not enabled

o - 4 missing and

~—23 remaining
tokens

A~
™
~
AN
~—"
)
)]
b
&
o
—
Q.
@)
=
'S
O
O
e
&
O
&
-
©
=
—
o
-
-
o
O

N3 |2 remaining|




Conformance check WMO process (3/3)

B0 Administratizve verwerking B0 Adminisratieve verwarking

slart _-(:)_-‘ camplete

- 51 Verzendingdoss arvorming — - 97 Slotlaee — B Slotfase -,
('. j complete K J/—/\K)_. starl i ; complete (. J

The fithess of the discovered
process is 0.99521667. Of the 528
cases, 496 cases fit perfectly
whereas for 32 cases there are
missing or remaining tokens.
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Pro [52)
Flo Mmng Analysis Comsersion EXports Wintow Help

"®Q® 0@ ©Po =X D

P
5] Anasia - Pertormance Anatyss win peun nt 2

o o

0 L

. Process information:

Total number seiected:

w__aie
)

Performance information of the selected transitions:

selectea:
Frequency: 436 cases Weling v |
.o Teansivon - 50 Vorzomngo..
| Tmembetiesniosys) |
= e Tmembenusen o .
i oo [ It o
e 419 — Transiton . 20 agportage 8 .. <]
Er—r i)
st 7550 [0 15 c

beschikking 20 Rapporage & beschikking
’ (::) ’ complete

27 Retour
complete

0.44

40 Toetsen en beslissen ﬂ ﬂ?

start 27 Retour

start

0.56

Waiting tirr 22
I High
[ Medium
Bl Low

Settings
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Prod [52)
Flo Mmnn Anaisis Comeersion EXports Winow Help

'mQk 0@ ®Bm =X 0

[ Analysis - Pertormance Analysis with Petri net 12)

o= e e Xl s

Pertormance intomaton of the setected wansitons:
[N— ‘ ‘

“Time n between ta2ys)
S 7

in. oo
max a0

o 321
Fast2500%__0.15 -

o o
. Process Information:

Total numer sesecte:

20 eases

Numer fiing:

g canen

-

21 camesperny

Throughputma (days) |
Ei

Transiton - 50 Vorzondingdo.. <
ani:
Transition - 20 Rapportage ... |

20 Rapportage & beschikking
complete

27 Retour
complete

0.44

40 Toetsen en beslissen

40 Toetsen en beslissen

\ ot 27 Retour 0.56 complete L
\ -
"
\ ”
-
\‘ -
‘—
\ ="
\ -
-
\ -
-

50 WVerzending\dossiervorming
start

Performance information of the selected transitions: -
Frequency: 496 cases
| Time in between (days) |

avg 224
min 0,0

max 41,0
stdev 3,28
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flow time of
approx. 25 days
with a standard
deviation of
approx. 28

" || Process information:

Process information:

Total number selected:
528 cases

Humber fitting:

4595 cazes

Arrival rate:

1,21 cazes per day

Throughput time (days)

avg 24 66
min 00

max 2200
stdey |27 86
fast25..(3 54
slow 2... 6027
norma... |17 42

Total number seiected:
8 cases
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Two additional Lasagnha processes

RWS
(“Rijkswaterstaat”)
process

WOZ (“Waardering
Onroerende Zaken”)
process
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\

% Rijkswaterstaat

- The Dutch national public works department, called
“Rijkswaterstaat” (RWS), has twelve provincial offices.
We analyzed the handling of invoices in one of these
offices.

* The office employs about 1,000 civil servants and is
primarily responsible for the construction and
maintenance of the road and water infrastructure in its
province.

- To perform its functions, the RWS office subcontracts
various parties such as road construction companies,
cleaning companies, and environmental bureaus. Also,
It purchases services and products to support its
construction, maintenance, and administrative

RWS Process




C-net discovered using heuristic miner

020 Contr. betstuk

{complete)
13473
1
13288
030 1e Vastlegging
14821
0821 1 0,084
14469[1421 185
050 Adm. akkoord
(complete) 1 0,94
18657 276
1 1 0,994 '\ 0,994 091 0,962
14437 2601 158 156 378 20
070 PV. 160 Wachten op VPL 210 Afvoeren betstuk
(complete) 1 (complete) (complete) >0.985
15887 5 158 1236 28
0,999
844
110 Afhandelen afw.
,991 0,991 (complete)
212 1714 1398
0,999 [0.999 1 0,627 J 0969 0,99 \ 0,99
1291 § 1516 11109 128 29 261 280
200 Wachten op C.F. 130 Aanpassen code
0,999 999 (complete) (complete) 0,997 0,733
151 919 128 1220 298 2148
0,999 0,99 0,999 0,999 ,999
587 99 940 1726 1180
180 Verificatie
(complete) 0,993 0,999
13541 161 959
0,995 0,995 1
751 176 13301
170 Parkeer 150 2e Vastlegging
(complete) 999 0,998 {complete)
2884 450 655 13301
0.999 0,999
239 110 1229
080 Contract akkoord 220 Afsluiten
(complete) 1 (complete)
3624 918 13472

0,94710,947
17 17

190 Wachten op PV.
(complete)

17
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Social network constructed based on
handovers of work

Each of the 271 nodes
corresponds to a civil
servant. Two civil
servants are
connected if one
executed an activity
causally following an
activity executed by the
other civil servant
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Social network consisting of civil servants that

executed more than 2000 activities in a 9 month period.

ORIG.103

The darker arcs
indicate the strongest
relationships in the
social network.
Nodes having the
same color belong to
the same clique.

ORIG.6

O ORIG:22
O ORIG.16

O ORIG.24 l
ORIG.7

@ ORIG.10

ORIG.13
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WOZ process

* Event log containing information about 745 objections
against the so-called WOZ (“Waardering Onroerende
Zaken”) valuation.

« Dutch municipalities need to estimate the value of
houses and apartments. The WOZ value is used as a
basis for determining the real-estate property tax.

* The higher the WOZ value, the more tax the owner needs
to pay. Therefore, there are many objections (i.e.,
appeals) of citizens that assert that the WOZ value is too
high.

- “WOZ process” discovered for another municipality (i.e.,
different from the one for which we analyzed the WMO

process).




Discovered process model

0204 Incompieat
compiate

ozp41 . OZ10 Haren .
el L p—
. OZ10 Horen . .
s ]
OZ15 Zell LtspIaak -
OZ02Z Voorbereioen OZDE Stop vorderng CZOE Stop vardering oz e p— start
= TR o TR R o TR [ e T
OZ03 Wachi Becord
™~ -
O] T
-\"'—\
] T

020 Administate OZz0 Administatie OZ24 Start vordering 0Zz4 Start vongering
start compiete start compiete

2 Uttsr. ’_'Q

CZ18 Ultspr. waont
complete

The log contains events related to 745 objections against the
so-called WOZ valuation. These 745 objections generated 9583
events. There are 13 activities. For 12 of these activities both

start and complete events are recorded. Hence, the WF-net has _
25 transitions.




Conformance checker:

(fitness Is 0.98876214)

4
o)2m
19 103 0715 ZsetI;:.ltitspraak 272
272
0Z15 Zelf uitspraak
103 complete 272
eoaordelen 390 +20 260
I’E-inplaed | - 9 260 . 475 0Z12 Etzr:taxeren 475 ’O 475 > OZ1CQO|I:|nepf|T;>;eren 475 ':;

N B OZDS\I’\I’ST::}BEGGFG 19 473

473

475 1 start
1
QZ16 Uitspraak
475 complete

1 0Z18 Uitspr. wacht 1 +2

475 complete -1

0Z16 Uitspraak
start —y—____ 475
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Performance analysis

OZ1E Uitsprak
complets

Waiting time:

B High %bottleneck detection: places are
[T Medium

Il Low

colored based on average durations

time required to
move from one
activity to another

Performance information of the selected transitions:

Frequency: 416 cases

Time in between (days) |

avg 20273
min 126,89
max 245 93
stdey 1974
fact 26 00% (177 2

information on
total flow time

| Throughput time (days)
avg 177,89
min 3,78

Arrival rate:

2,85 cases per day

max 251,9
stdev  |52,87
fast 25|98 98
slow 2...|230,76
norma... |191,11




Resource-activity matrix

(four groups discovered)

user ay ax az a4 as de ay dag dag dyp ap] di2 A3

user]l 0 0510 0 00O O O O O O O

user2 1 2 0 0 2 00 O O 38 0 69 0

user3 0 9 00 0 0O O O O O O O

userd 2 0 0 0 0 0O O O O O O O

user5 117 0 4 0 3 00 0 0 1 0 20 6 clque 1
user6 172 6 14 0 7 30 0 1 2 0 48 53
user7 1 41 8 14 275 8 8 865 55 180 0 128 5 clique 2 | e
user8 2 868 7 6 1050 0 79 266441 0 844 3 z
user9 90 0 2 0 1 20 0O 1 2 0 27 28
user10 0 O 089 0 00 0O O O O 0 1019 T
user11 336 1 3 1 4 20 0 0 1 0 18 23 ey
user 12 1 64513 21 419 3 0 3 217281 1 334 9 el
wser13 0 1 0 0O O 0O O O O O 0 O s

user14 0 0 0 0O 0 0O O O 1 O O O M

user1S 0 0 0 O O 0O 2 2 0 0 2 0 RS

wserl6 1 3 3 2 1 00 1 2 3 1 0 0

user17 0 4 0 0 0 00O O 0 O O 0 O

user18 9 0 0 0O O OO O O O O O O

user19 13 1. 0 0 1 00 O 0 O 0O 4 0

user20 0 0 021 0 0O O O O O O 258
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Example of a Spaghetti process amE

Spaghetti process describing the diagnosis and treatment of 2765
patients in a Dutch hospital. The process model was constructed
based on an event log containing 114,592 events. There are 619
different activities (taking event types into account) executed by 266

different individuals (doctors, nurses, etc.). _




Fragment

18 activities of the 619 activities (2.9%)

TN

0.941
23

NN

O_Bloedkweek 1

(schedule)
412

0.8

O_Kweek hifri lumen cath.
(schedule)
fi1

0,951
230

O_Bloedkweek 2
(schedule)

258
0,938 | 0,933 0,667 % 0,833 0,944
15 14 7 5 150

0.5 0,967 0,055
1 57 124
O_Kweel liescatheter art 0_Cito GRAM + sputumicweelk O_Bloedlweelk 3 0_Faeces lweek O_Bloedlweel 2 O_Kweek biftri lumen cath.
(schedule) (schedule) (schedule) (schedule) (complete) (complete)
1 a7 14 63 252 58
Ll
0_Cito GRAM + bronchuskweek
(schedule) 0, 0,975\ 0.5 0.5 0.5
a1 11 a0 3 | |
O_Bloedkweelk 1 QO_Faeces kweek O_Kweek fracheostoma O_Kweek liescatheter art C_Candida kolonisatie
0,973 0,962 (complete) (complete) (schedule) {complete) (starf)
50 25 403 60 1 1 1

N

0_Cito GRAM + bronchuslkweek 0_Keel kweek

0,938 (complete) (complete) 0,667 0.5
30 86 19 4 1
0_Cito GRAM + sputumkwe ek
{complete) 0,864
94 40
\ / N\




Another example

(event log of Dutch housing agency)

.2 ProM UlTopia (= e |

ol

des designed by

Dotted Chart

%5.10.200? L . 4. 21.6.2008

i ik i RiHi] 0 [1R1] 0 3 : (A1)
nsiancop |
T
T

Task ID v
Size shows # of events

First Event n

[ ] descending

E—

(1043)x (1043)x
(1042)x (1042)x
10x 10x

1x 1x

Time sort (metrics):

... - ‘l . |days

‘Component Type: Instance 1D
# of components: 416

- items values
o _sel lime(first) |29-12-06 8:52

. time(end) [12-9-03 8:17

avg spread |207,20807

o min spread |0,00542

max spread |594, 92365

o ‘Component ID: 44655
# of dots: 57
items values
- lime(first) |[29-12-06 §:52
L g lime(end) |28-1-08 14:04
avg. interval [14,11488

Lo min interval |0,00007

max interval [168,85093

zoom (X) zoom (Y)

Zgom out

e @ ‘Component ID: 49639

- [# of dots: 57
0 items values

time{first) |8-1-07 9:49

[ ¥ ) lime{end) |5-3-08 15.58

c avg. interval |15,08058
min interval |0,00005
max interval |216,97253

Component ID: 49666

# of dots: 55
items values

lime(first)  |8-1-07 10:08

- time(end) |4-4-08 919

avg. interval [16,73793

min interval |0,00005

max interval [201,98113

The event log contains 208
cases that generated 5987
events. There are 74
different activities.

L u - ‘Component ID: 55885
[ ] D H# of dots: 65
[ ] * @ 1 items values
. l .. time(first)y  [16-1-07 9:21
.: - lime(end) |6-12-07 16:35
» avg. interval 1201115
“ 8 . u c sl St min interval |0,0
o DK i [»]

[4]
[4]




010 Registreren huuropzegging
{complete)

050 Plannen afspfaak 1e inspectie 057 Plannen eindinspectie bedryfsrigar/berfpark/op|
(complete) (complete)
163 9

050 Inplannen afspraak 1e inspectie 030 Vastleggen loekomstige adres
(complete) (complete) D.833

33 208 0
E’

D60 Aanmaken bevestigingbrief / huuropzeggingform.

058 Aanmaken bevest briet huuropzegging(b/g/bso/p))
(complete)
1

{complete)

055 Plannen eindinspectie bedryfsr/garberfpark/op
{complete)
1

196
H
070 Is 1e inspettie uitgevoerd ?
(complete)
204

080 Versturen brief 'Niet thuis’ 120 Plannen eindinspectie
0944 ¥ 0,923 (complete) (complete)

12 192
0,938
20
080 Herplannen 1e inspectie 300 Is eindinspectié vitgevoerd ?
{complete) (complete)
12 34
110 Bepalen leegstandsoort

(complete) 0,971
192 34

100 Gereedmelden 1e insp. / Voorcalculatie maken
0,923 (complete)
12 192

[340 Zijn er nieuwe of niet herstelde gebreken 7|
iromnlotaey



Business process maps

WLA C ONOSCIV

A

| The first geographical maps date back
+ to the 7th Millennium BC. Since then
LU | cartographers have improved their
*, skills and techniques to create maps
e j thereby addressing problems such as
‘ E, clearly representing desired traits,
. eliminating irrelevant details, reducing
s, complexity, and improving
"% understandability.
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Business process movies

Fuzzy Model Animation

Hn‘wite reviewers

| ‘plete
il

[ —  p— [ [ .
a7 et review 2 o Jet review 3 a5 aet review 1 4 U out 1 4p e out 3 43 Tme aut 2
| complete | complete | complete | plete | complets | complete

— 0 og:

_ ~ollect reviews
| start

o
———

_ collect reviews
74

_decide
120

| complete
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Navigation

 Whereas a TomTom device is continuously showing
the expected arrival time, users of today’s
Information systems are often left clueless about
likely outcomes of the cases they are working on.

- Car navigation systems provide directions and
guidance without controlling the driver. The driver is
still in control, but, given a goal (e.g. to get from A to
B as fast as possible), the navigation system
recommends the next action to be taken.

* Operational support provides TomTom functionality
for business processes.
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Relating the process mining framework

to cartography and navigation

people

machines

business
processes

“world”

documents

organizations

information system(s)

provenance

event logs

current
data

historic
data

‘post
mortem”

%

navigation

explore
predict
recommend

NN

l vAluditing \cartography

detect

check
compare
promote

——>
>
>
>
e

discover
enhance

b

S diagnose

models

de jure models

T
o

control-flow

T
o

data/rules

/\
resources/
rganizatio

V4

de facto models

Ty
R

control-flow

Ty
o

data/rules

— T

resources/
rganizatio
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600+ plug-ins available covering the whole process
mining spectrum

-0\

process mining workbench

Download from: www.processmining.org




Commercial Alternatives

* Disco (Fluxicon)

* Perceptive Process Mining
(before Futura Reflect and BPM|one)

« ARIS Process Performance
Manager

* QPR ProcessAnalyzer

* Interstage Process Discovery
(Fujitsu)

* Discovery Analyst (StereoLOGIC)

 XMAnalyzer (XMPro)

/




The Sexiest Job of the
(thanks to Moore's La

e Harvard : 5 7 -
3¢ Business 7o
Review o
Microprocessor Transistor Counts 1971-2011 & Moore’s Law - P o

: Data Scientist: The Sexiest Job of the 21st Century 00 ‘
2,600,000,000 . : by Thomas H. Davenport and D.J. Patil ,

1,000,000,000
100,000,000 -

curve shows ransistor

10,000,000 4 count douiing every

two years e
e,

1,000,000 -

Transistor count

T T
1980 1990

Date of introduction

40,000

30,000

Capacity (GB)

(Exabytes) 20,000

L 1 L 1 L 1
1985.1 1990.1 1995.1 2000.1 2005.1 2010.1 2015.

Year

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: IDC's Digital Universe Study, sponsored by EMC, December 2012




Conclusion

* Process leave traces in event logs. So, if you are
Interested In processes, use them!

* Process mining: challenging and highly relevant.
* Process discovery challenge

— balancing between different objectives
— only example behavior

- Conformance checking challenge
— finding the most likely trace
— dealing with silent/duplicate steps

* Relation to Google Maps and TomTom
- Eldorado for exciting research!




Wil M. ! war der Aalst
Process Mining

Dliscovery, Conformance and Enhancement of Business Processes

More and more information about business precesses is rmcorded by information
systems in the form of so-called “event logs”, Diespite the omnipresence of such data,
most crganizations diagnose problems based an fiction rather than facts. Process
mining is an emerging discipline based an process model-driven approaches and data
mining. I not anly allews crganizaticns to fully benefit from the information stored
in their systems, but it can als ke used to check the conformance of processes, detect
bottlenecks, and predict execution problems.

Wil van der Aalst delivers the first beok an process mining. I aims to be self-contained
while covering the entire process mining spectrum from process discovery to opera-
tioral support. In Part I the authar provides the basics of business process modeling
and data mining necessary tounderstand the remainder of the book. Part 11 focuses an
process discovery as the most important process mining task: Part 111 moves beyond
dizcoorering the contrel flow of precesses and highlights conformance checking, and
oaganizaticnal and time perspectives. Part TV guides the reader in successfully apphying
process mining in practice, including an introduction to the widehrused open-source
tool ProM. Finally, Part V takes a step back, reflecting on the material presented and
the key open challenges.

Orverall, this book provides o comprehensive overview of the state of the art in process
mining It is intended for business process analysts, business consulants, process
managers, graduate students, and BPM ressanchers.

Features and Benefits:

+ First book an process mining, bridging the gap between business process
modeling and business intelligence.

+ Written by one of the most influential and most-cited computer scientists
and the best-known BPFM ressarcher.

+ Selfcomtained and comprehensive cverview fora broad audience in academia
and industry.

+ The reader can put process mining ioto practics imme distely due to the
applicakility of the techniques and the availability of the open-source process
mining scftware ProM.
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