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Learning from the software itself

code/ behavior

structure

©Wil van der Aalst & TU /e (use only wi ith perm ission & acknowledgements ) I U/e



Operations statistics pr[uac\/’

optimi- manage- algorithms security,
zation ment & Iaw.&
ethics

behavioral
/social
science

% business
machine data models &
learning ‘ science marketing

visualization
& visual
analytics

research

data
mining

process
mining

stochastics

process
science

business
process
management

formal methods

& concurrency

theory process
automation

process
mining

business predictive distributed

&
rocess
workflow 'p analytics systems
improve- databases
manage-
ment
ment

TU/e

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)



process mining as the missing link statistics | rivacy,

algorithms security,
law &

ethics i
data behavioral
mining  __\__ /s_ocTal
/ science

—“+— .
. | busTness
machine data models &
g y science arketing

operations

optimi- manage- P
zation ment & _ -~ - visualization
research/ _- process & visual
0 . - Af g analytics

= - mining

stochastics <

distributed
systems

[

databases

process

C_ science
\

formal methods ~
& concurrency
theory

. process

management

process
automation
&

rocess
workflow _p
improve-
manage-
ment
ment

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U/e



Spreadotieets for events



Spreadsheet: Killer App for early computers

c11 <L > TOTAL ]
« VisiCalc (killer
app for Apple I,

Oct. 1979)

« Lotus 1-2-3 (killer
app for IBM PC
1983)

« Microsoft Excel

(1985) X E
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Spreadsheet: Static data

m F5 coggm oo = == [S==t] . £ [ 4% ]
3 copy - = ] Fill - _
" Sromarana B P LB 0L E 2 SRR Bl Pttt Rl PPEEER - Al
Clipboard F] Font F] Alignment (F] Number ] Styles Cells Editing
$13 v (- & | v
A B C D E E G H ] K L M N (0] p
1 product quantity |price total price
2 iPhone 6s 2| €699.00 | € 1,398.00
3 iPhone 6s Plus 1| €799.00 | €  799.00 product | - | Sum of total price Sum of quantity sales (itemS)
4 | iPhone 55 3| €599.00 | € 1,797.00 iPad Air 2 4990 10
5 iPad mini 4 2| €399.00 | €  798.00 iPad mini 4 1197 3
6 iPad Air2 1| €499.00 | €  499.00 iPhone 5s 4792 8
7 iPhone 6s Plus 2| €799.00 | € 1,598.00 iPhone 6s 2097 3 m iPad Air 2
8 iPad Air 2 2| €499.00 | € 998.00 iPhone 65 Plus 5593 7 miPad mini 4
9 | iPhone 65 Plus 1| € 799.00 | £ 799.00 Grand Total 18669 31 = iPhone 5s
iPhone 65 1| €699.00 | € 699.00 ) L
iPhone 6s Plus 2| € 799.00 | € 1,598.00 sales miPhone 6s
iPhone 5s 2| €599.00 | € 1,198.00 miPhone 6s Plus
iPad mini 4 1| € 399.00 | € 399.00
iPad Air 2 3| €490.00 | £ 1,497.00 6000
iPhone 5s 3| €599.00 | € 1,797.00 5000
iPhone 6s Plus 1|€799.00 | €  799.00 4000
iPad Air 2 4| €£499.00 | € 1,996.00 3000 H Sum of total price
18 total 31 € 18,669.00 2000 m Sum of quantity
19 1000
20 |average price € 602.23 0+ T T T T T
21 iPad Air  iPad  iPhone iPhone iPhone
22 2 mini 4 55 6s 65 Plus
23 2
M 4 » M| sales 7 IKH I | v 1]
ready | gl @ 100% (-—— [ () .



Spreadsheet: Static data

- Ra Copy - p—— p— P j : j _,_ j [ [— :..s gl L = (=] [ IE il - Fu 9u
| Paste o Format Painter B 7 U~ .| & - A - EE = EE EHMergemCenterr | $ - % o+ %8 5% Fi?.nmd;;?nnga\v Fc_)r;nglaetfs St;:ls\ i Insver‘t Delvete rFormat AArahres Sor‘t&f SF;T:Ct&'
I Clipboard ] Font ] Alignment 7 X ] Styles Cells .
513 | fact derived v
L = = E F ac H 1 K A 0 p
¥ product quantity |price total price ’—J ,_J
4 iPhone 6s 2| €699.00 | € 1,398.00 ‘ ‘
4 iPhone 6s Plus 1| €799.00 | €  799.00 cala.
4 iPhone 5s 3| €599.00 | £ 1,797.00 . .
{ \ipad minia 2essmle ssooll |1 product quantity |price total a
d |iPad Air 2 1| €499.00 | €  499.00
A iPhone 6s Plus 2| €799.00 | £ 1,598.00 H ad Air 2
8 iPad Air2 2| €499.00 | €  998.00 2 IPthE ES 2 E EQQDD E 1! EDD ad mini 4
9 |iPhone 6s Plus 1| €799.00 | €  799.00 .
iPhone 6s 1| €699.00 | € 699.00 3 iPhone 65 PlUs 1| € 799.00 | € Q.00 hone 3s L
iPhone 6s Plus 2| €799.00 | € 1,598.00 . hone 6s
2 csoaon| ¢ 1100 |4 JiPhone 55 3| €599.00 | € 1,797.00 | froreee
iPad mini 4 1| €399.00 | €  399.00
iPad Air 2 3| €499.00 | £ 1,497.00 H L
ot e 50000 | ¢ 179700 5 iPad mini 4 2| € 399.00 | £ J98.00
iPhone 6s Plus 1| €799.00 | €  799.00 . .
iPad Air 2 4| €499.00 | € 1,996.00 ] Ipﬂd Aar 2 1| € 499.00 | € 499 00
18 total 31 € 18,669.00 .
19 | 7 iPhone 65 Plus 2| €799.00 | € 1,598.00
20 |average price € 602.23
;; = ‘.H * 2-. n:i‘.ni4 55 Gs 65 Plus = St rﬂ et t—na
-
|?2< » ¥ | sales ¥ IKH I | v 1]

ready | gl @ 100% (-—— [ () .



Spreadsheet: Static data
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Clipboard F] Font F] Alignment (F] Number (7] Styles Cells Editing
513 ME A -
A B E G H J K L M N (0] p
1 product quantity |pric t O t al
2 iPhone bs 2| € 64
3 iPhone 6s Plus 1| £ 7¢ Val u e product |~ |Sum of total price Sum of quantity sales (itemS)
4 iPhone 5s 3| £ 59h_ iPad Air 2 4990 10
5 iPad mini 4 2| €399.00 | € 79 iPad mini 4 1197 3
6 iPad Air2 1| €499.00 | € 49 iPhone 5s 4792 8
7 iPhone 6s Plus 2| €799.00 | £ 1,59 iPhone 6s 2097 3 m iPad Air 2
8 |} : 0.00 | € 99 iPhone 65 Plus 5593 7 miPad mini 4
9 3 l Items foole 7 Grand Total 18669 31 m iPhone 5s
10 9.00 | € 69 . =
S O I d 0.00 | € 15 sales m iPhone 6s
9.00 | € 11 m iPhone 65 Plus
iPad mini 4 € 399.00 | €
iPad Air 2 €£49000 | € 14 6000
iPhone 5s €599.00 | € 1, 5000
iPhone 6s Plus 1| €799.00 | € 4000
iPad Air 2 4| €£499.00 | £ 1, 3000 H Sum of total price
18 total 31 € 18,669.00 2000 m Sum of quantity T H H
o 000 distribution
20 |average price € 602.23 0+ T T T T T
21 iPad Air  iPad  iPhone iPhone iPhone
ii ave r ag e 2 mini 4 5s 6s 6s Plus |
4 4 » M| sales ¥ I« i | v 1]
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Spreadsheet: Static data
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2 | iPhone &
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4 iPhone 5s 3| €599.00 | € 1,797.00 iPad Air 2 4990 10

5 |iPad mini 4 2| €399.00 | € 798.00 iPad mini 4 1197 3

6 |iPad Air2 1/ €499.00 | €  499.00 iPhone 5s 4792 8
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8 |iPad Air2 2| €499.00 | £ 998.00 iPhone 65 Plus 5593 7 miPad mini 4

9 iPhone 65 Plus 1| € 799.00 | € 799.00 Grand Total 18669 31 = iPhone 5s
iPhone 6s 1/ €699.00 | €  699.00 )
iPhone 6s Plus 2| €799.00 | € 1,598.00 sales miPhone 6s
iPhone 5s 2| €599.00 | € 1,198.00 u iPhone 6s Plus
iPad mini 4 1/ €399.00 | € 399.00
iPad Air 2 3| €490.00 | £ 1,497.00 6000 +
iPhone 5s 3| €599.00 | £ 1,797.00 5000 1
iPhone 6s Plus 1|€799.00 | €  799.00 4000 +
iPad Air 2 4| €£499.00 | € 1,996.00 3000 B 5um of total price

18 total 31 € 18,669.00 2000 - m Sum of quantity

19 1000 -

20 |average price € 602.23 0 T T T T T

21 iPad Air  iPad  iPhone iPhone iPhone

29 2 mini 4 S5 65 65 Plus

23 E

M4 4> M| sales ~¥3 o] i | » [

Beady | el m wo0ee (- [ ()



[T=R- RN - R, N TS S

Process Mining: Spreadsheet for behavior

A
Case ID
185783
185783
185783
185783
185783
185783
185783
185783

18578
185783
1QC70D

B C D
Activity Resource Complete Timestamp
010 Registreren huuropzegging somebody 2007/09/11 13:21:27.000
030 Vastleggen toekomstlge adres somebody 2007/09/11 13:26:29.000

somebody
. somebody
somebody
somebody

somebody
pectie uitgevoerd ? somebody
/09/24 10:56:06.000

2007/09/24 10156:10.000

440 Zijn er nieuwe of niet herstelde gebreken ? somebod

450 Krijet de huurder tijd om te herstellen ? somebody

500 Beoordelen/wijzige somebody 2007/09/24 10:
110 Bepalen leegstandsoo somebody 2007/09/24 10:5
510 Is opleveringsformulier \@dertekend ? somebody 2007/09/24 10:5!

30 Is het opleveringsformuli® dertekend ?

2007/09/24 10:59
2007/09/24 11:01)
2007/09/24 11:37]
2007/09/24 11:37:
2007/09/24 11:40:0
2007/09/24 11:47:4
2007/09/24 12:10:58

somebody
10 Aanmaken 1e in gebreke s somebody
D Is er sprake van ZAV ? somebody
Aanpassen woningwaardering somebody
armoniseren huurprijs somebody
palen kandidaat huurder somebody

somebod

case activity

identifier

2007/12/11 16:26:14.000
cnmahade 2007/127/17 11-19-41 000

300 Wuagen status WMS {deflnltlef geaccepteerd}
CaN Nnctallan eaindnmta

somebody

* Input: events (“things that
have happened”)

* Mandatory per event:
— case identifier
— activity name
timestamp/date
¢ Optional

TU/e



Process Mining: Spreadsheet for behavior

A B T D E F G H I J K L M N L
1 Case ID Activity Resource Complete Timestamp
2 185783 010 Registreren huuropzegging somebody 2007/03/11.13:21:27.000
3 185783 030 Vastleggen toekomstige adres somebody 2007 . are
4 185783 050 Plannen afspraak 1e inspectie somebody 2007 activities
5 185783 060 Aanmaken bevestigingbrief / huuropzeggingfo somebody 2007,
6 (185783 070 Is 1le inspectie uitgevoerd ? somebody 2007
7 185783 100 Gereedmelden 1e insp. / Voorcalculatie maker somebody 2007 B 010Registreren huuropzegging
8 185783 120 Plannen eindinspectie somebody 2007 B 020Vastleggen datum van overliden
9 185783 400 Is eindinspectie uitgevoerd ? somebody 2007 R 030 Vastlegeen tockomstige adres
10 185783 4407Zijn er nieuwe of niet herstelde gebreken ?  somebody 2007 - i
11 185783 450 Krijgt de huurder tijd om te herstellen ? somebody 2007 “ W 040Vastleggen toekomstig adres medehuurder
12 185783 500 Beoordelen/wijzigen leegstandsoort somebody 2007, Series "Total” Point "010 Registreren huuropzegqging” | mgsoinplannen afsprazk 1e inspectie
13 185783 110Bepalen leegstandsoort somebody 2007 Value: 208 (3%) H050Plannen afspraak 1e inspectie
14 185783 5101s opleveringsformulier ondertekend ? somebody 2007 055 Plannen eindinspectie bedryisr/zar/ber/park/op
15 185783 1301s het opleveringsformulier ondertekend ? somebody 2007
16 185783 140 Aanmaken 1e in gebreke stelling somebody 2007 W 057 Plannen eindinspectie bedryfsr/gar/ber/park/op
17 185783 1501s er sprake van ZAV ? somebody 2007 M 058 Aanmaken bevest.brief huuropzegginglb/g/bso/p)
18 185783 180 Aanpassen woningwaardering somebody 2007 060 Aanmaken bevestigingbrief / huuropzeggingform.
19 185783 190 Harmoniseren huurprijs somebody 2007 . .
20 185783 205 Bepalen kandidaat huurder somebody 2007 F065 Aznmaken bevest brief huuropze gging(b/g/bso/p)
21 185783 170 Aanpassen plattegrond somebody 2007, W0701s 1e inspectie uitgevoerd ?
22 185783 520 Aanmaken 2e in gebreke stelling somebody 2007 W 075 Bepalen leegstandssoort bedr/gar/berg/parkfop
23 185783 530 Aanmaken werkopdracht somebody 2007 B 080 Versturen brief "Niet thuis"
24 /185783 540 Worden er bonussen/ kosten toegekend ? somebody 2007
25 185783 550 Vastleggen bonussen / kosten somebody 2007 " 090 Herplannen le inspectie
26 185783 240 Registreren voorl. huurovereenkomst +afdrukk somebody 2007 W 100 Gereedmelden 1e insp. / Voorcalculatie maken
27 185783 260 Is contract getekend en geld ontvangen ? somebody 2007, W 110Bepalen leegstandsoort
28 185783 aadidisisan MR e et aaasar ntoerd) somebody 2007, . i

} W 120Plannen eindinspectie

29 185783 somebody 2007
30 |185733 2 O 8 C aS e S somebady 2007 B 1301s het opleveringsformulier ondertekend
31 185783 somebody 2003 W 140 Aznmaken le in gebreke stelling
32 185783 somebody 2003 2
33 155753 5987 even tS zomebory) 2008 l150|sersprake van Zay ?
34 185783 . e somebody 2003 = 160 Registreren ZAV
35 | 246926 7 4 aC t | V | t | eS somebaody 2007 ® 170 Aanpassen plattegrond
36 246926 somebody 2007
37 246926 050 Plannen afspraak le inspectie somebody 2007

32 246926 060 Aanmaken bevestiginebrief [ huuropzeeginefa somebody 2007/12/07 12:31:57.000 200 Toewiizen woning/bedr.ruimte/ear/bere/park/ops a5



Process Mining: Spreadsheet for behavior
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2 185783 010 Registreren huuropzegging e
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4 185783 050 Plannen afspraak leinspectie ____---som| faasa
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Process Mining: Spreadsheet for behavior

process discovery

A B C D

1 CaselD Activity Resource Complete Timestamp

2 185783 010 Registreren huuropzegging somebody 2007/09/11 13:21:27.000
3 185783 030 Vastleggen toekomstige adres somebody 2007/09/11 13:26:29.000
4 185783 050 Plannen afspraak 1e inspectie somebody 2007/09/11 13:29:34.000
5 185783 060 Aanmaken bevestigingbrief / huuropzeggingform. somebody 2007/09/11 13:41:3

6 185783 0701s 14 zevoerd ? somebody 2007/09/24 08:39:3

7 185783 100, 2. / Voorcalculatie maken  somebody 2007/09/24 08:41:2

8 185783 1 somebody 2007/09/24 08:51:01

9 185783 4 d? somebody 2007/09/24 10:55:5

10 185783 modeling J:elde gebreken ? somebody 2007/09/24 10:56:0

11 185783 4 e herstellen ? somebody 2007/09/24 10:56:1

12 185783 50
13 185783 1108
14 185783 510 Is opre PPmulier ondertekend ?

15 185783 130 Is het opleveringsformulier ondertekend ?
16 (185783 140 Aanmaken 1e in gebreke stelling

17 185783 150 Is er sprake van ZAV ?

18 (185783 180 Aanpassen woningwaardering

19 185783 190 Harmoniseren huurprijs

20185783205 Bapalan kandid

thuurder

somebody 2007/09/24 10:57:0.
somebody 2007/09/24 10:57:4
somebody 2007/09/24 10:58.:08"

32

Lo

32

2
20

somebody 2007/09/24 10:58:19.000
somebody 2007/09/24 11:01:58.000
somebody 2007/09/24 11:37:33.000
somebody 2007/09/24 11:37:44.000
somebody 2007/09/24 11:40:01.000

il

—

somehadi, 2007/00/24 11.A7-A2 000,

27 185783 260 Is contract getekend en geld ontvangen ?
28 185783 300 Wijzigen status WMS (definitief geaccepteerd)
20 195722 AN Nnctallean eindnmta

s

somebody 2007/12/10 10:44:06.000
somebody 2007/12/11 16:26:14.000
crmeaehady 2007125172 11-19-41 00D




Process Mining: Spreadsheet for behavior

A B C D

1 CaselD Activity Resource Complete Timestamp 1

2 185783 010 Registreren huuropzegging somebody 2007/09/11 13:21:27.000 p ro C eS S d I S C O V e ry
3 - b fp—

4 - T = — - =m =

5 _ — R —_— = —

6 L=l =~ = == - NO
1 = ppii——— = — modeling
9 185783 400 Is eindinspectie uitgevoerd ? somebody 2007/09/24 10:55:56.
1

1

1

1 — G

! -

16 [185783 140 Aanmaken 1e in gebreke stelling somebody 2007/09/24 11:01:58]

171185783 150 1sersorake van 7AW 2 omebod 37

1

1 30 Vastleggen toekomstige adre

5 208

2 P10 Registreren huuropzegging

2 08

2

5 70 Is 1e inspectie uitgevoerd .

5 192

2 = .

27 185783 260 Is contract getekend en geld ontvangen ? somebody 2007/12/10 10:44:06.000

28 |185783 300 Wijzigen status WMS (definitief geaccepteerd) somebody 2007/12/11 16:26:14.000
20 195722 AN Nnctallean eindnmta crmehady 2007/12/12 11-19-41 000
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Process Mining: Spreadsheet for behavior

A B C D
Case ID Activity Resource Complete Timestamp 1
185783 010 Registreren huuropzegging somebody 2007/09/11 13:21:27.000 C O n fo r m an C e C h eC kl n g
185783 030 Vastleggen toekomstige adres somebody 2007/09/11 13:26:29.000
185783 050 Plannen afspraak 1e inspectie somebody 2007/09/11 13:29:34.000
185783 060 Aanmaken bevestigingbrief / huuropzeggingform. somebody 2007/09/11 13:41:36.000
185783 070 Is 1e inspectie vitgevoerd ? somebody 2007/09/24 08:39:32.000
185783 100 Gereedmelden 1e insp. / Voorcalculatie maken somebody 2007/09/24 08:41:26.000 .
185783 120 Plannen eindinspectie somebody 2007/09/24 08:51:00.000 d IScover ed or
185783 400 Is eindinspectie uitgevoerd ? somebody 2007/09/24 10:55:56.000
185783 440 Zijn er nieuwe of niet herstelde gebreken ? somebody 2007/09/24 10:56:06.000 h an d - m ad e
185783 450 Krijgt de huurder tijd om te herstellen ? somebody 2007/09/24 10:56:10.000
185783 500 Beoordelen/wijzigen leegstandsoort somebody 2007/09/24 10:57:02.000
185783 110 Bepalen leegstandsoort somebody 2007/09/24 10:57:42.000
185783 510 Is opleveringsformulier ondertekend ? somebody 2007/09/24 10:58:08.000
185783 130 Is het opleveringsformulier ondertekend ? somebody 2007/09/24 10:58:19.000
Db

[

185783 260 Is contract getekend en geld ontvangen ?
185783 300 Wijzigen status WMS (definitief geaccepteerd)
12722 can MNnctaellan aindnata

somebody
somebody

crnmebhmdy

2007/12/10 10:44:06.000
2007/12/11 16:26:14.000
07 13/19 11-19-41 000




Process Mining: Spreadsheet for behavior

A B C D
Case ID Activity Resource Complete Timestamp 1
185783 010 Registreren huuropzegging somebody 2007/09/11 13:21:27.000 C O n fo r m an C e C h eC kl n g
185783 030 Vastleggen toekomstige adres somebody 2007/09/11 13:26:29.000
185783 050 Plannen afspraak 1e inspectie somebody 2007/09/11 13:29:34.000

(=R I - TE R S ]

[y
=]

Inspector

=
W N[

Info

- -‘ fitness of
= 93.5%

28 |185783 300 Wijzigen status WMS (definitief geaccepteerd) somebody 2007/12/11 16:26:14.000
20 195722 AN Nnctallean eindnmta crmeaehady 2007125172 11-19-41 00D

27 185783 260 Is contract getekend en geld ontvangen ? somebody 2007/12/10 10:44:06.000 T U/



Process Mining: Spreadsheet for behavior

A B C D
Case ID Activity Resource Complete Timestamp 1
185783 010 Registreren huuropzegging somebody 2007/09/11 13:21:27.000 C O n fo r m an C e C h eC kl n g
185783 030 Vastleggen toek el

185783 050 Plannen afspraakl [ inspector ®E
185783 060 Aanmaken beves
185783 070 Is 1e inspectie uit
185783 100 Gereedmelden 14| ||[ESye iy
185783 120 Plannen eindinsp T a—— "Ii s eindinspectie uitgevoerd ? v
185783 400 Is eindinspectie u

Property
185783 440 Zijn er nieuwe of
11 185783 450 Krijgt de huurder
12 185783 500 Beoordelen/wijzil
13 185783 110 Bepalen leegstan
14 185783 510 Is opleveringsfor
15 185783 130 Is het opleverings
16 (185783 140 Aanmaken lein g

17 (185783 150 Is er sprake van Z o Dl 158“0?
18 185783 180 Aanpassen wonir = ST IR . e ectie . -

final inspection is
skipped 40 times

Slwic N o wvisiwNik

19 185783 190 Harmoniseren hu
20 185783 205 Bepalen kandidas
21 185783 170 Aanpassen platte
22 |185783 520 Aanmaken 2e in g
23 185783 530 Aanmaken werko
24 185783 540 Worden er bonus|
25 185783 550 Vastleggen bonus
26 185783 240 Registreren voorl
27 185783 260 Is contract getekeTT eI EETd ONtvangen ¢ SOMEDoay . 20077 12/ 10 10 557006.000
28 |185783 300 Wijzigen status WMS (definitief geaccepteerd) somebody 2007/12/11 16:26:14.000
20 195722 AN Nnctallean eindnmta crmehady 2007/12/12 11-19-41 000
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010 Registreren huuropzegging

[ury
(%]
~J

030 Vastleggen toekomstige adres

[ RREE:

move on model
(something should have
happened, but did not)

[ury
(%]
~J

050 Plannen afspraak 1e insp

[ury
(%]
~J

w

060 Aanmaken bevestigingbrief / huuropzeg

[ury
(%]
~J

w

070 Is 1e inspec

[ury
(%,
~J

w

100 Gereedmelden 1e insp. / Voorcalculatié

[ury
w
~J

w

120 Plannen eindinspe

[ury
w
~J

w

400 Is eindinspectie uitgevoerd ?

[ary
(%3]
~J

440 Zijn er nieuwe of niet herstelde gebreken
450 Krijet de huurder tijd om te he
500 Beoordelen/wijzigen leegstandsoort

R 080 ® R MM B %

[ury
(%3]

= w | g
NHDLDCO‘-.IO‘\U"J‘—\'.UI\JI—‘
~J

=
w

=
w
[
o

110 Bepalen leegstandsoort Is Alignment Reliable?

=
w

510 Is opleveringsformulier ondertekend ?

=
w

130 Is het opleverinr

Process Mining: Spreadsheet for behavior

conformance checking
P

Alignment
16 everts

Alignment
16 everts

[y
w

140 Aanmaken 1e il
150 Is er sprake var

[ury
w

move on log
(something happened that
should not happen)

[ury
w

180 Aanpassen wor

[ury
(¥}

190 Harmoniseren |
205 Bepalen kandid
170 Aanpassen plat
520 Aanmaken 2e i

[ury
(¥}

[ury
w

[ury
(%]

Alignment
18 everts

[ury
(%]

530 Aanmaken werkop.. - -..-
540 Worden er bonussen/ ko

[ury
(%]

en toegekend ?

[ury
(%]

[ury
(%]

en voorl. huurovereenkomst +afdrukken s

[ury
(%,

260 Is contract getekend en geld ontvangen ?
300 Wijzigen status WMS (definitief geaccepteerd)

Is Alignment Reliable?
Trace Fitness

[ury

X 00 0O 0O CO CO 00 0O CO 0O CO 0O 0O 0O 0O 0O 0O 00 0O 0O CO CO CO CO CO CO 0O

Alignmer
18 everts




Process Mining: Spreadsheet for behavior

A B C D

Resource Complete Timestamp

opzegging somebody 2007/09/11 13:21:27.000
stige adres somebody 2007/09/11 13:26:29.000

performance analysis

needed!

Filter

Element
¥ Global

=il i = = = S R R R I F Y P e

[
)

18

months

i

- inspectie somebody 2007/09/11 13:29:34.000
modeling 2 =

average
flowtime is
1.92 months

bottleneck

26 |185783 240 Registreren voorl. huurovereenkomst +afdrukken somebody 2007/11,/28 12:34:23.000
27 185783 260 Is contract getekend en geld ontvangen ? somebody 2007/12/10 10:44:06.000
28 |185783 300 Wijzigen status WMS (definitief geaccepteerd) somebody 2007/12/11 16:26:14.000
20 195722 AN Nnctallean eindnmta crmehady 2007/12/12 11-19-41 000

TU/e
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o

10
11

Process Mining: Spreadsheet for behavior

A
Case ID
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
1QC70D

Activity

010 Registreren huuropzegging
030 Vastleggen toekomstige adres
050P & o .

C D
Resource Complete Timestamp

somebody 200
somebody 200

L oo

waiting time of

060 A
070 Ig
100 G
120 P
400 Ig
4407
450 K
500 B
110 B

T30 Vasieggen
toskomstige

performance analysis

15.74 days

T80 Aanmaren
bevestigingbrief/

510 Ig

130 Ig
140 A
150 I
180 A
190 H
205 B
170 A
520 A
530 A
540 W
550 V|
240 R
260 Ig
300 W

NO
modeling
needed!

(5.69 days)

uitg
(15.74 days)

Inspector

Legend
View

¥ Element 513

Sojourn time

CEaN Nnctallan eindnmta

cnmehndy 2007/12/12 11-19-41 00

TU/e



Process Mining: Spreadsheet for behavior

A
Case ID
185783
185783
185783

Activity

010 Registreren huuropzegging
030 Vastleggen toekomstige adres
050 Plannen afspraak 1e inspectie

(i D
Resource Complete Timestamp
somebody 2007/09/11 13:21:27.000
somebody 2007/09/11 13:26:29.000
somebody 2007/09/11 13:29:34.000

animating reality

s W N

185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
185783
1QC70D

¢l-3 ¢l

500 Beoordelen/wijzigen leegstandsoort

110 Bepalen leegstandsoort

510 Is opleveringsformulier ondertekend ?
130 Is het opleveringsformulier ondertekend ?

140 Aanmaken 1e in gebreke stelling
150 Is er sprake van ZAV ?

180 Aanpassen woningwaardering
190 Harmoniseren huurprijs

205 Bepalen kandidaat huurder

170 Aanpassen plattegrond

520 Aanmaken 2e in gebreke stelling
530 Aanmaken werkopdracht

540 Worden er bonussen/ kosten toegekend ?

550 Vastleggen bonussen / kosten

4

somebody 2007/09/24 10:57:02.000
somebody 2007/09/24 10:57:42.000
somebody 2007/09/24 10:58:08.000
somebody 2007/09/24 10:58:19.000
somebody 2007/09/24 11:01:58.000
somebody 2007/09/24 11:37:33.000
somebody 2007/09/24 11:37:44.000
somebody 2007/09/24 11:40:01.000
somebody 2007/09/24 11:47:42.000
somebody 2007/09/24 12:10:58.000
somebody 2007/10/30 11:45:53.000
somebody 2007/10/30 11:46:09.000
somebody 2007/10/30 11:46:36.000
somebody 2007/10/30 11:53:00.000

240 Registreren voorl. huurovereenkomst +afdrukken somebody 2007/11/28 12:34:23.000

260 Is contract getekend en geld ontvangen ?
300 Wijzigen status WMS (definitief geaccepteerd)

CaN Nnctallan eaindnmta

somebody 2007/12/10 10:44:06.000
somebody 2007/12/11 16:26:14.000
crmehady 2007/12/12 11-19-41 000

NO

modeling
needed!

real cases

TU/e



Process Mining: Spreadsheet for behavior

A B C D
1 CaselD Activity Resource Cop H H H
2 185783 010 Registreren huuropzegging somebody an I m atl n g real Ity
3 185783 030 Vastleggen toekomstige adres somebody 16 C aS eS ar e
4 185783 050 Plannen afspraak 1e inspectie somebody .
5 185783 060 Aanmaken bevestigingbrief / huuropzeggingform. somebody q U eU el n g
6 185783 070 Is 1le inspectie uitgevoerd ? somebody
7 185783 100 Gereedmelden 1e insp. / Voorcalculatie maken somebody 2007/09/24 08:41:26.000
8 185783 120 Plannen eindinspectie somebody 2007/09/24 08:51:00.000
9 185783 400 Is eindinspectie uitgevoerd ? somebody 2007/09/24 10:55:56.000
10

=
W N[

Iyl 0 Is 1einspectis uitgevoerd 1 9%

QD0 O

26

20 185722

40 Registreren voorl.
27 185783 260 Is contract getekend en geld ontvangen ?
28 185783 300 Wijzigen status WMS (definitief geaccepteerd)

CaN Nnctallan eaindnmta

B0 Is het opleveringsformuli.er ondertekend

192

120 Plannen =indinspectie
NS/ (J

o 082

a

a0 oddboo
0192

en somebody 2007711/ s 1.2:54:.25.000
somebody 2007/12/10 10:44:06.000
somebody 2007/12/11 16:26:14.000
crmeaehady 2007125172 11-19-41 00D

TU/e
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Getting the "right" data ...

“world”

people  machines
components
organizations

models
analyzes

(process)
model

business
processes

~.

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)

supports/
controls

specifies
configures

implements
analyzes

software
system

discovery

A A

_

conformance

- I
enhancement

records
events, e.g.,
messages,
transactions,
etc.

TU/e



Event log

 We assume the existence of an event log where
each event refers to a case, an activity, and a
point in time.

« An event log can be seen as a collection of
cases.

- A case can be seen as a trace/sequence of
events.

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



Event data may come from ...

 adatabase system (e.g., patient data in a hospital),

« acomma-separated \ Focus BSR and or spreadsheet,
- atransaction log (e.g ;‘fg;’gftgt?g;"f this lam),

* a business suite/ERP N (SAF, Oracle, etc.),

« amessage log (e.qg., fr IBM middleware),

» software developmen/ tools (e.g., repository mining),
e instrumented software (see Maikel’s part),

* etc
L ]
©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e




An example log

student name course name exam date mark
Peter Jones Business Information systems 16-1-2014 8
Sandy Scott Business Information systems 16-1-2014 5
Bridget White Business Information systems 16-1-2014 9

John Anderson Business Information systems 16-1-2014 8
Sandy Scott BPM Systems 17-1-2014 7
Bridget White BPM Systems 17-1-2014 8
Sandy Scott Process Mining 20-1-2014 5
Bridget White Process Mining 20-1-2014 9

John Anderson Process Mining 20-1-2014 8

case id [_acﬁ;ty name } timestamp other data

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) /e




Another event log: order handling

order
number

9901
9902
9903
9901
9901
9903
9901
9902
9902

activity timestamp

register order 22-1-2014@09.15
register order 22-1-2014@09.18
register order 22-1-2014@09.27
check stock 22-1-2014@09.49
ship order 22-1-2014@10.11
check stock 22-1-2014@10.34
handle payment 22-1-2014@10.41
check stock 22-1-2014@10.57
cancel order 22-1-2014@11.08

case id ] [ activity name ] [ timestamp resource

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)

user

Sara Jones
Sara Jones
Sara Jones
Pete Scott
Sue Fox
Pete Scott
Carol Hope
Pete Scott
Carol Hope

product

iPhone5S
IPhone5S
iIPhone4S
IPhone5S
iIPhone5S
IPhone4S
iIPhone5S
IPhone5S
IPhone5S

guantity

N N R R R R RN R

other data

e



Another event log: patient treatment

patient activity timestamp doctor age cost
5781 make X-ray 23-1-2014@10.30 Dr. Jones 45 70.00
5541 blood test 23-1-2014@10.18 Dr. Scott 61 40.00
5833 blood test 23-1-2014@10.27 Dr. Scott 24 40.00
5781 blood test 23-1-2014@10.49 Dr. Scott 45 40.00
5781 CT scan 23-1-2014@11.10 Dr. Fox 45 1200.00
5833 surgery 23-1-2014@12.34 Dr. Scott 24 2300.00
5781 handle payment 23-1-2014@12.41 Carol Hope 45 0.00
5541 radiation therapy 23-1-2014@13.57 Dr. Jones 61 140.00
5541 radiation therapy 23-1-2014@13.08 Dr. Jones 61 140.00

[_Qse id ] [ activity name ] [ timestamp resource other data

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e




Selecting the "right" representation...

WOI'|d business

processes
people  machines
components

organizations

models
alyz

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)

supports/

controls

software
system

specifies

configures

implements
analyzes

e
discovery
- s
conformance

records
events, e.g.,
messages,
transactions,
etc.

- I
enhancement

TU/e



Just control-flow

(represented as a Petri net)

« Case starts with a and

ends with g or h. b
examine

« Activity d is concurrent thoroughly

with b or c. @ - c3 [

.. . a - e

» Activity e has to wait & e s, (g —

until (d and b) or (d and request

d c4 reject

c) have completed.

 There are three
possible decisions: f,
g, or h.

check ticket request

reinitiate
request

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



Petri nets: semantics & terminology

XOR-split XOR-join XOR-split

t | transition

@ place

@ token

AND-split

: a
start register
request

examine AND-join

thoroughly

pay
compensation

c

examine
casually decide ¢5

end

d

reject
request

reinitiate
request

XOR-join

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



Example run of the model

exafhine
thoroughly

pay
compensation

start register
request

examine
casually

decide €5

c4 reject

request

check ticket

reinitiate
request

Only one of infinitely many possible firing sequences! nd]
©Wil van der Aalst & TU/e (use only with permission & acknowledgements) T U /e




Additional perspectives

/ Role A: \ [ Role E: ) Role M:
Assistant Expert Manager
@ ®
Pete 'n‘ Sue '"‘ Sara
®
Mike '"‘ Sean
Ellen

—

pay
compensation

O=E

exemine

start  register J civlly
request | yea
d reject
check ticket request

reinitiate
request

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)

control-flow
data-flow
time
resources
COSts

risks

TU/e



Possible control-flow notations

« BPMN (Business Process Model and Notation) diagrams
« UML activity diagrams

< State charts

* Petri net variants

* Causal nets (C-nets)

- Transition systems/ BN\[el¥z 11012k
* (Hidden) Markov che h . .I: d d I
R ©  Ssearch space: finding a mode
+ Fuzzy models that captures reality well
. del . . .

siiiesedl - \isualization: what do end-

users need to see?

« Declare models

Ist & TU/e (use only with permission & ackno|



A example of a

dcscovery algornctlm



Process trees (to ensure soundness)

sequential
compostion
exclusive
choice
parallel
composition
‘ h ’ redo
reinitiate pay reject loop
request compensation  request
normal
activity

silent
activity T

register
request

examine examine
thoroughly casually

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



Process trees (semantics)

silent
) (& oo ()
start end

normal
activity @ |:> @ > a =O
start end

sequential

compostion
:> @—»a—o—»b_o—....——»z—o
‘ a ‘ ‘ b ‘ start end

exclusive

choice

| ) a b z

‘a"b’[ZJ start end

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



Process trees (semantics)

compestion . ,ﬂ?\\y S ®§b$@
IO R ®%

©Wil van der Aalst & TU /e (use only w ith perm ission & acknowledgements ) I U/e



Split event logs based on activity labels

abdef
acdef
adbef
adcef
abdeg
acdeg
adbeg
adceg

©Wil van der Aalst & TU /e (use only w ith perm ission & acknowledgements ) I U/e




Split {a,b,c,d,e,f,g,h} into {a,b,c,d} and {e,f,g}

using sequence decomposition

abdef
acdef
adbef
adcef
abdeg
acdeg
adbeg
adceg

©Wil van der Aalst & TU /e (use only w ith perm ission & acknowledgements ) I U/e




abdef
acdef
adbef

acdeg
adbeg
adceg

adcef
abdeg

abd
acd
adb
adc
abd
acd
adb
adc

@

ef
ef
ef
ef
€9
€9
€9
€9

TU/e



Split {a,b,c,d} into {a} and {b,c,d} using
sequence decomposition

©Wil van der Aalst & TU /e (use only w ith perm ission & acknowledgements ) I U/e



S

VDO OO DY OY OO YYD

<
]
=]
aQ
D)
=
>
Y]
o
&
)
—
C
S~
)
=
I
)
o
=R
<
g
=
>
kel
o)
=
3
@
@
o
S
Qo
)
o
o
5
[e]
=,
D)
Q.
oQ
o)
3
D)
>
=
L

bd
cd
db
dc
bd
cd
db
dc

S

ef
ef
ef
ef
€Jg
€Jg
€Jg
€J
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Split {e,f,g} into {e} and {f,g} using sequence

decomposition

a bd ef
a cd ef
a db ef
e @ dc @ ef
a bd eg
a cd eg
a db eg
a dc eg

©Wil van der Aalst & TU /e (use only wi ith perm ission & acknowledgements ) I U/e



VY DY Y OO OO QY
O Q
o O

@

@ ® ® ®D® Dd® D D D

>
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Split {f,g} into {f} and {g} using XOR

decomposition

DY DY YV O YV O D
O
O Q
o O
O
@ d ® D® D D D D
O
Qo — =

©Wil van der Aalst & TU /e (use only wi ith perm ission & acknowledgements ) I U/e



@ ®d® ®d® ®D® D D D D

 Q «Q «Q
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Split {b,c,d} into {b,c} and {d} using AND

decomposition

QDO DY YV Y DY DYDY
o Q
o O

@ ®d® ®d® ®D® D D D D

 Q «Q «Q

©Wil van der Aalst & TU /e (use only wi ith perm ission & acknowledgements ) I U/e



o OO O

Y G G G

O O 0 O

C
C
C
C

b

O Q0 O

@

a

C © @©

TU/e

s)

& acknowledgement
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Split {b,c} into {b} and {c} using XOR

decomposition

DO OO DYV OYOO® YV
O

O T O T O T O
>

0O 0000090
O

@ ® ®D®D® DD DD
O

Q Q ©Q© «Q

TU/e



@

DY OO DY OY OO YD

b

b

©Wil van der Aalst & TU/e (use only with permiss

)

ion & acknowledgements)
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@

@ ® ® ® D D

no further decomposition is possible




Process tree
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An example |Og (6 traces, 23 events)

3x abcd
2X acbd
1x aed

©Wil van der Aalst & TU /e (use only w ith perm ission & acknowledgements ) I U/e



How to split this event log?

3x abcd

2x achd
1x aed \ﬁ?D

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)



How to split this event log?

6X a

3x abcd
2x achd
1x aed

3X bc

1x e

2x cb ;

©Wil van der Aalst & TU/e (use only with permiss

ion & acknowledgements)

6x d




How to split this event log?

6X a

3x abcd
2x acbd
1x aed

3X bc
2x cb
1x e

©Wil van der Aalst & TU/e (use only with permiss

ion & acknowledgements)

6x d

1x e

3Xx bc
2Xx cb

TU/e



Final result

3x abcd
2X acbd

1x aed /(i >£>\
ox d
(:)_. d ()
6X a start - \<:< - }D/ end
C
3x bc Ixe
2X cb |
1x e
3x bc
2X cb

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



In ProM

3x abcd 1 oo 7 W E- I
2x acbhd

1x aed

6x a

3x bc
2x cb |
1x e

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)



Example IOg Wlth |OOpS (13 traces, 80 events)

3Xx abcd
4x acbd
2X abcefbcd
2X achefbcd
1x abcefchd

o U o o & i TU/e



How to split this event log?

3x abcd

4x achd
2x abcefbcd
2Xx acbefbcd

1x abcefcbd
1x acbefbcefchd

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



How to split this event log?

3x abcd
4x achd
2x abcefbcd
2x acbefbcd
1x abcefcbd 3x bc
1x acbefbcefcbd 13xa 4x cb
2x bcefbc
13x d 2X cbefbc
1x bcefcb
1x cbefbcefcbh

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



How to split this event log?

3x abcd
4x acbd
2x abcefbcd
2x acbefbcd
1x abcefcbd
1x acbefbcefcbd

3x bc
4x cb
2x bcefbc
2X cbefbc
1x bcefcb
1x cbefbcefcb

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)
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2E

3x abcd
4x achd
2x abcefbcd
2x acbefbcd
1x abcefcbd
1x acbefbcefcbd

3x bc
4x cb
2x bcefbc
2x cbefbc
1x bcefcb
1x cbefbcefch

20x b

20x c

X e

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)




In ProM

3x abcd B Prom ulTopi © 1 W e
4x achd
2x abcefbcd
2x acbefbcd
1x abcefcbd 3x bc
1x acbefbcefcbd 4x cb
2x bcefbc
2x cbefbc
1x bcefch
11x be 1x cbefbcefch
9x cb

Process tree of L-IM-L2-boek

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)
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Process Mining Software

= e\l

process mining workbench

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



1500+ plug-ins available covering the
whole process mining spectrum

»
- -

process mining workbench

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)



I perceptivesoftware
0 Disco

LIPR

Quality. Pracesses. Results.

ICARO

TECH

MAGNAVIEW

GET BETTER AT GETTING WORK DONE

Software AG
Process Performance Manager

Discover, analyze and monitor:
the road to process improvement

. O L o
mqenvenlo FUITSU = = [
©Wil van der Aalst & TU/e (use only with permission & acknowledgements) ﬁﬂ?e Transformation Company T U/e



Disco - New proj

05.01.201514:07:45
05.01.2015 15:33:38
05.01.201517:25:23
05.01.2015 19:08:53
05.01.2015 21:54:00
06.01.201507:25:113
06.01.2015 10:09:51
06.01.2015 11:37:49
06.01.201513:33:45
06.01.2015 15:25:38
06.01.201517:09:23
06.01.2015 18:36:53
06.01.2015 21:26:54
07.01.2015 04:42:36
07.01.201510:10:58
07.01.2015 11:40:04
07.01.201513:38:15
07.01.201515:34:37
07.01.201517:27:21
07.01.2015 19:12:50
07.01.2015 22:01:54
08.01.201507:12:36
08.01.2015 09:55:59
08.01.2015 12:10:05
08.01.201513:38:17
08.01.201515:34:42
08.01.201517:27:31
08.01.201519:13:09
08.01.2015 22:02:32

22.01.201513:18:30
12.01.2015 17:27:36
02.02.2015 12:31:09
15.01.2015 14:56:54
13.01.2015 15:49:53
15.01.2015 11:27:50
15.01.2015 19:15:18
14.01.2015 09:14:28
14.01.2015 11:30:05
13.01.2015 12:25:34
22.01.2015 18:59:10
22.01.2015 14:39:39
26.01.201517:16:02
16.01.201510:17:14
21.01.201517:31:29
28.01.2015 10:27:12
13.01.201513:22:15
19.01.2015 09:11:23
16.01.2015 09:09:25
03.02.2015 14:34:33
19.01.2015 13:15:02
28.01.201510:41:14
26.01.2015 15:52:42
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Interaction with industry

challenges
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and approaches
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What is specific for software?

’ instrumentation

software system
under study

gathering data
conversion '

instrumented system
in its natural habitat

event logs

raw event data

interpretation and
improvement

concept drift

compliance: does the system
do what it should do?

performance: where are the
real bottlenecks?

—
__
" 4

process mining

reliability: why and when
does the system fail?

usability: how is the system

prediction really used?

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)

TU/e



Opportunity: Control what is recorded

instrumentation

gathering data
conversion

software system
under study

instrumented system
in its natural habitat

event logs

interpretation and

improvement concept drift

compliance: does the system
do what it should do?
performance: where are the

2
reliability: why and when T i E IR

does the system fail?

usability: how is the system
really used?

prediction

process mining

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)

TU/e



Opportunity: Exploiting known structure

instrumentation

gathering data

instrumented system
in its natural habitat

conversion

software system
under study

S=——

concept drift

interpretation and
improvement

compliance: does the system
do what it should do?

performance: where are the

real bottlenecks?

reliability: why and when
does the system fail?

usability: how is the system

prediction really used?

Improvements: efficiency and quality

©Wil van der Aalst & TU/e (use only with permission & acknowledgements)

process mining

components
services
Interfaces

W.M.P. van der Aalst,

A. Kalenkova, V. Rubin, and

E. Verbeek. Process Discovery
Using Localized Events. In
Petri Nets 2015, volume 9115
of Lecture Notes in Computer
Science, pages 287-308.
Springer-Verlag, Berlin, 2015.

TU/e



Challenges

_instances?
« Granularity:
Coarse-grained or
fine-grained?

* Privacy issues

et * Linking back to

@ ~ development
©OWil van der Aalst & TU/e (use only with permission & acknowledgements) p r 0 C eS S eS T U /e

instrumentation - ° Scoplng and
@ correlation:
@ What are my process

raw event data

ccccc pt drift

compliance: does the system
do what it should do?
performance: where are the

2
reliability: why and when O B ot

does the system fail?

usability: how is the system




Big Software on the Run (BSR):
Understanding software in its natural habitat
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Process mining: Understanding

processes inside software
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X-ray your software
“In vivo”
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| Of course also applicable to
SCEIEL] oftware development processes'
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More information

* http://www.processmining.org/

* http://www.promtools.org/

* http:/www.promtools.org/doku.php?id=promlitell
PrOCESS * http://www.processmining.org/book/start

Mining * http://www.coursera.org/learn/process-mining/
————m——l\ * http://www.futurelearn.com/courses/process-mining
* http://vdaalst.com/

Wil van der Aalst

Second Edition

W.M.P. van der Aalst. Process Mining: Data Science in Action.
Springer-Verlag, Berlin, 2016. http://www.springer.com/978-3-662-49850-7

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I U /e



Process Mining
Data Science in Action
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