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Why do (larger) X

organizations \C

have software? . - "i
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It is always about
supporting or improving
business processes



Business process
problem or IT problem?







BPM efforts focus on models



* enormous investments in process models
 |large collections of "dead" process mode
* not taken seriously, unrelated to reall

Models should be.:
- descriptive,

- predictive, and/or
- prescriptive



Worst game ever.
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Motivation: Increasing awareness of the

value of (Big) Data

* "In God we trust. All others must bring data"
(Willlam Edwards Deming, statistician),

« "Data Is a precious thing and will last longer
than the systems themselves"” (Tim Berners-
Lee),

 "Statistics are like bikinis. What they reveal Is
suggestive, but what they conceal is vital"
(Aaron Levenstein, statistician),

» "Every 2 days we create as much information as
we did up to 2003" (Eric Schmidt, Google CEO,

August 4, 2010).




The Digital Universe: 50-fold Growth from the Beginning of
2010 to the End of 2020

40,000

In 10 years we will have 50
times as much data! (IDC) g
(Exabytes) 20,000
10,000

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

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



0
90%
OF THE WORLD'S DATA WAS
CREATED IN THE LAST

TWO YEARS
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AND HOW TO HANDLE IT: A 14-PAGE SPECIAL REPORT
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problems and
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process model analysis

(simulation, verification, optimization, gaming, etc.)

data-oriented analysis

(data mining, machine learning, business intelligence)

compliance-
oriented
questions,
problems and
solutions
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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

16.05.2007 14:06:23

110 Bepalen leegstandso
120 Plannen eindinspectig
130 Is het opleveringsforn
150 Is er sprake van ZAV 7
170 Aanpassen plattegron

117315
117315
117315
117315
117315
117315
117315
117315
117315
117315
117315
117315
117315

180 Aanpassen woningway
190 Actualiseren huurprijs
200 Toewijzen woning/be
210 Registreren voorl. hu
220 Is contract getekend ¢
240 Definitief maken Huu
250 Aanpassen factureeral
260 After sales
270 Archiveren nieuwe ve
117315 300 Is eindinspectie uitge
117315 340 Zijn er nieuwe of niet
117315 400 Beoordelen/wijzigen

117315 410 Is opleveringsformuli
117315 430 Aanmaken werkopdrg
117315 440 Worden er bonussen/|
117315 460 Opstellen eindnota
117315 470 Archiveren huuropzegd
1159763 010 Registreren huuropze
119763 030 Vastleggen toekomsti]
119763 050 Inplannen afspraak 14
119763 060 Aanmaken bevestiging
119763 070 Is 1e inspectie uitgewvd
119763 100 Gereedmelden 1e ins
119763 110 Bepalen leegstandsod
119763 120 Plannen eindinspectiq
119763 130 Is het opleveringsforn
119763 150 1s er sprake van ZAV 7

16.05.2007 14:36701
23.05.2607 09:41:40
3.05.2007 09:41:51

23.0 5718
23.05.2007 09:42:37

23.05.2007 09:48:23
23.05.2007 09:48:29
10.05.2007 16:24:36
11.05.2007 14:56:18
31.03.2008 16:17:12
09.09.2008 15:39:59
09.09.2008 16:51:24
.09.2008 07:52:08

07.06.2007 14:51>

11.06.2007 09:21:39
11.06.2007 09:21:49
0E8.08.2007 16:18:26
09\08.2007 14:42:23
09.05.2007 11:19:14
09.05.3007 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¢8
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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@ Verpleeq Afd. F5N © funcis contrum ko

@vermeegamelmgH NEC
Verpl.afd. GENO/GEZU CHI

Verpleegafdeling H7N/Z NEU

O Poli CHIURO A1-3

® ... cnvast poliklinieken
@® Verpleegafdeling F6Z
@ Verpl.afd. HSNO URO/Short St

@) Spacieel Lab Endo/Radio © \cdiscrs Microbiologie

O Kraamafd. H3Z EN H4Z

O Verpleegafdeling G5Z
O IC Volwassenen
Nucleaire Geneeskunde

O Apotheek Laboratorium

O Endoscopie

O Humane Retrovirologie
Operatiekamers

' Algemeen Lab Klinische Chemie

Polikliniek Verlosk-Gyn.

@ Vaa(lahora(onum

O Onderafd. Infzkt Tropen&AIDS: O Verkoever/High Care

OAnaeslh»’:smlogle
Obictete ®
Radiotherapie
OPollAnesthesm\que

2.

=
OSpec Lab. Hematologie

@ Lab. Exp. Immunologie

2707377 PAGE 32



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

start




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

-4Process information:

Total number selected:

745 cases
= | Number fitting:
628 cases

e
=

Arrival rate;

2,85 cases per day

| Throughput time {days)
Performand3+d 177,99 sitions: o
Trev— min 3,78 I i a—
L@ e =4 Frequency: 49,5 [2519 |
— |stdev 52,87
3_"_97 fast 25../98,98
min
. Mslow 2. (230,76 Waiting time:
max _ Inorma..|191,11 B High
stdev — 9
Change Export [ Medium
Percentages Time-Metrics B Low
Settings
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Disco Demo

VERV.CONSULT 411100
instant

TARIEF CONS. 419100
instant
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Models are like the glasses required to see
and understand event data!
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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 44

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 45




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

_ _ Inductive Miner (infrequent)
ETM genetic algorithm
o 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

e algortim e
PAGE 46

a# algorithm



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

@“ =290 @ |= - hello world.docx - Microsoft Word

Home Insert Page Layout References Mailings Review View (A 0

an activity that should fatemere - indent spading | i Bring Foward

age Color - | = 0 = 4 Send Backward
not happen happened | . .= .. —
— —, e 1 an activity was executed

by the wrong person

4 F 4k
&£
I
(=)
=]
=]
] —
_l[§l m
4

|y &1

Recent- breakth

possibleto-discover,-ananalyze,-and-iimprove-business:

based-on-event-data.- 4 an activity was ople,-m
' and-software-leafe-trail €xecuted too late vents-suck-as-

entering- EMT order-into-SAP,-checking-in-for-a-flights,-
| ' e- for- a- patient,- and- rejecting- a- building-

| || an activity that should —
happen did not happen "Mon- | two activities were corded- by-

Informazion- systems.- Over- t swapped 1as-been-a-

| spectacular-growt: of- dat%the- digizal-universe-and-
: the-physical-universe-has-becoming-more-and-more-aligned.f

H O o A

4 | i [ »
P.age:l of 1 | Words:95 | ¢ English (U.5) | 23 | |@Eﬁ B == 103% (=) [] (4]




Alignments are essential!

/\

g

s

- conformance checking to diagnose deviations

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

alc | b|ld| T |>]| h
tL [ t4 | t3 | th | t7 tl




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-75976070e91f)

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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“O_DECLINED” and “W_Wijzigen

Loops of “W_Completeren aanvraag” and contractgegevens” are often skipped

n offertes” are often performed
& AN s rras BRI
- d:esigl':s]hy’ﬂmn
= 00 = 0 ase = = 0 a
L ”Synchronous MOVes Of” Move on log of “Completeren aanvraag”
M Completeren danvraag
any moves o
”O_CANC L2 proM UlTopia N l = B [ |
"O_CRHl W A\ “ e g n
”O_SEL Replay result - log BP| Challenge 2012 on net_15_190.1_udited.tpn using A* Cost-based Fi.r'2ss Express wiltE T PR 7 (() ol & s (a ol ll. (28
“O_SENT” o

4
<type case id here= Goto Case ID » _Mch,,nous'}iﬂﬂmm log+model)
Lunobservable move (move model only)
-Skipped event class (move model only)
-Inserted event class (move log only)

with t

frequoncyva Log-model mig“nts ‘\-I

60) before [| N ——i ke

STATS FROM RELIABLE ALIGNMENTS

tion
ith value 1.00

Y

Move on log of “O_CANCELLED” and “A_CANCELLED” N\

Moves on model towards end of traces



Property LU O L LS The average waiting time for the input place of

Waiting time 0.00ms 29.78days 2.83days 3.30days 4,229 .

Synchronizationtime 0.00ms 0.00ms  0.00 ms 0.00 ms ,229 ”W_Nabe”en offertes+START” is ve ry Iong (283 dayS)
sojourn time 0.00ms 29.7Bdays 2.83days 3.30 days 4, Compares to the average Waltlng tlme Of Other places
= | B ]
Prol ® seiatr SV Cutkican

¢ ® > (W R

1% ProM UlTopia

“O_ACCEPTED” has average sojourn time of 27.07 minutes,
while “A_REGISTERED”, ”A_ACTIVATED”, and Property
“A_APPROVED” have average sojourn time of 29.56 minutes Throughput time 0.00

4 ER

Activity “W_Wijzigen contractgegevens” is the
bottleneck, but it occured rarely (only 4 times)
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traffic jams are
S projected on map
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Demand TomTon
Do not settle for r
information syste
static process r
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How to get started?
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Collect data: Events are everywhere!

* Minimal requirement:
events referring to an

- — activity name and a

/ process instance.

- Good to have:
timestamps, resource

databases, ERP systems (SAP etc.), WFM/BPM Information : additional
logs, message logs, audit trails, etc. data elementS

- Challenges: scoping and
sometimes correlation.




Get at a process mining tool, e.g., ProM

- O\

process mining workbench

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

Download from: www.processmining.org




Commercial process mining tools

* Disco (Fluxicon)

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

* ARIS Process Performance Manager

* QPR ProcessAnalyzer

* Celonis Discovery

* Interstage Process Discovery (Fujitsu) &=

SSSSSSSSSSS

» Discovery Analyst (StereoLOGIC) — E%g - S

- XMAnalyzer (XMPro) — L
Example of a dedicated process mining > E
consulting firm: | :%-‘?j




Approach: Start simple

Stage 0: plan and justify

I Questions:

* What kind problems
would you like to
address (cost, time,

Stage 1: extract

I . .
dcove risk, compliance,
check
Stage 2: create control-flow model 1
cporr;rz:;;g B and connect event Ic\IJ\:;] S e rV I C e y et C . ) ?

- Related to discovery,
conformance,
) enhancement?

, * Iterative process: can
nevene | be “curiosity driven”

curr event lo rocess moae
detect L Stage 4: operational support 4 support ]
predict

s _

redesign

enhance -
q Stage 3: create integrated process

model

l interpret
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process model analysis

(simulation, verification, etc.)

process

mining

data-oriented analysis

(data mining, machine learning, business intelligence)

suolInjos pue swajqoud

‘suonsanb
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WAL M, P. van der Aalst

Process
Mining

2] Springer

Introduction to Process Mining: Turning (Big) D...

wﬂ' ¥ D' T L

“world"  *

frue

http://www.youtube.com/watch?v=7o0at7MatU_U http://pais.hse.ru/



