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If data is the new oil on which our society runs ...




spurious correlaions
violations -
. bogus conclusions



Green data science: separate the “pollution” from the actual purpose
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Two partS e responsible data science: our next big challenge

oprocess mining: creating value from data
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Part |

process mining: creating value from data
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Process Mining: On the interface
between process science and
A data science




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

s - I R <3 g e | eH e ] 1 @
3 copy - = @] Fill - _
e R ML ME S P Beacmns| § 0% o || S s | bt oo S g o 2 IR
Clipboard r} Font r} Alignment [F} Number [F} Styles Cells Editing
s13 - £ | ~
A B C D E [F G H 1 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 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 55 4792 8
7 iPhone bs Plus 2| €799.00 | € 1,598.00 iPhone 6s 2097 3 m iPad Air 2
8 |iPad Air2 2| €499.00 | £ 998.00 iPhone 65 Plus 5593 7 miPad mini 4
9 iPhone 6s 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 1
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 5s 6s 6s Plus
23 K
M4 4> M| sales ~¥3 o] i | » [
Beady | el m wo0ee (- [ ()



Spreadsheet: Static data
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4 iPhone 6s 2| €699.00 | € 1,398.00 |
4 |iPhone 6s Plus 1/ €799.00 | € 799.00 ™ =r s 1
4 iphone 5s 3| €599.00 | € 1,797.00 . .
q iPad mini 4 2| €399.00 | € 798.00 1 product guantity |price total g /ce
d |iPad Air 2 1/ €499.00 | €  499.00
A _iPhone bs Plus 2| € 799.00 | € 1,598.00 H . ad Air 2
8 iPadAr2 2| €499.00 | € -hggs.oo 2 IPthE ES 2 =E EQQDD E 1-"‘ BDD ad mini 4
9 |iPhone 6s Plus 1/ €799.00 | € 799.00 . -
iPhone 6s 1/ €£690.00 | £ 699.00 3 IPthE b5 PI 5 1| € 799.00 | £ Q.00 hone 5s L
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4 | iPhone 55 3| €5 iPad Air 2 4990 10
5 |iPad mini 4 2| € 399.00 iPad mini 4 1197 3
6 iPad Air 2 1| € 499.00 iPhone 5s 4792 8
7 |iPhone bs Plus 2| € 799.00 iPhone 6s 2097 3 u iPad Air 2
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2 | iPhone &

3 iPhone 6

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

7 iPhone bs Plus 2| €799.00 | € 1,598.00 iPhone 6s 2097 3 m iPad Air 2
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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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A B
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1 CaselD Activity
2 185783 010 Registreren huuropzegging e
3 185783 030 Vastleggen toekomstige adres "m“_?_
4 185783 050 Plannen afspraak leinspectie ____---som| faasa
5 185783 060 Aanmaken bege_s“gigingbr'ref'/‘ﬁu_u_rc;pzeggingform. somj !
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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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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



Deviations
Where?

Why?

/\




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.

GET BETTER AT GETTING WORK DONE

Software AG
Process Performance Manager

Discover, analyze and monitor:
the road to process improvement

: o i
ma;Onvenlo FUJITSU -

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



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
15.01.2015 13:54:59
14.01.2015 12:30:26
02.02.201514:10:36
29.01.2015 11:26:06
26.01.2015 14:16:02
20.01.2015 10:35:40

16 days, 23 hours

27 days, 19 hours
9 days, 19 hours
7 days, 17 hours

9 days, 4 hours
9 days, 9 hours
7 days, 21 hours
7 days, 21 hours
6 days, 20 hours

15 days, 20 hours
19 days, 19 hours
9 days, 5 hours
14 days, 7 hours
20 days, 22 hours
5 days, 23 hours
11 days, 17 hours
8 days, 15 hours
26 days, 19 hours
11 days, 15 hours
20 days, 3 hours
18 days, 5 hours

5 days, 22 hours
24 days, 22 hours
20 days, 17 hours
17 days, 19 hours
11 days. 12 hours

R I R T T R e A S e A

Version 1.8.1

7 days, 1 hour [

i s [ event_log_10000_cases Map | Statistics | Cases W p.v.d.aalst@tuenl DlSCO
: Statistics views Overview
Global statistics
|| gwg Activity
| ety clssas > B 62,763
p\oducl Active cases over time & 10.000
o Other attribute > Case variants
Activities g
) prod-price > Events per case
Other attribute Case duration Median case duration 13.9d
[ T
ot Mean case duration 149d
ad| L] -
[ ] B ISCO Start 05.01.2015 09:00:07
End 31122019 14:46:02
by Fluxicon.
Wariants (9)
Wariant | startzd Finished | Duration |
05.01.2015 09:00:07 26.01.2015 16:42:28 21 days, 7 hours [N A
05.01.2015 10:18:21 15.01201515:52:30 10 days, 5 hours [N .
05.01.2015 11:54:49 09.01.201518:38:58 4 days, 6 hours [l

[ 1
16 days, 1 hour [N

7 days, 1 hour N




Disco - New p
i E [evem_\ug_moog_casgs | Map | Statistics Cases @ p %ﬁ@uem Disco

————
Zoom: L™ 159% l@ search Detail

Disco

by Fluxicon.

Activities Paths

o o

place ardar

e

prapars delivery 100% 100%

instar

Mt Frequency

13.7 hrs

@ Perfarmance

28.1hrf 12 5 hrs

instant - B3d

make dalivery
mstant instant - 47d
instant - 31d
instant 37Ehrs

Add secon; metrics

19,6 hrs | confitm payment
i
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L3 Celonis Process

Artificial Logs Criginal / 5
Last save on 2016-03-04 at 15:38

celonis

s process mining

.| 1000 of 1000 r=a
100%) ases selected Lo

@ Process Start

1,000
@ 1,000

547

place order
1,000

send invoice

1,000
383 456
send reminder
293
489
333 123
/
pay cancel arder
877 b
Sl [* APPLE iPhone 616 GB @& SAMSUNG Galaxy 54 APPLE iPhone 65 64 GB APPLE iPhone 5516 GB €% MOTOROLA Mota G €% SAMSUNG Core Prime (
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1,000 |l Case Count
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celonis

process mining
N~

place or
1,000

ys

send inV
1,000 o

|

9/days

2 days ys 0Oday

send reminder
489

7d

1day a

Activilies 100% - #& + Connections 100% - #

®

1,000
,'/ I
/’/ 547
//
~

i send reminder
/ 489 \
/

|‘ 123

cancel order
24

123

877

635 242

oh make delivery
w7
24’2

Process End
1,000

Process Start
1,000

place order
1,000

send invoice
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Part Il

responsible data science: our next big challenge



process mining will
make things better,
faster, more efficient,
more effective,
cheaper,

1001011 i
10000011/-

0101100
1001011 48P, ;
0101111 | - With Great Power Comes Great Responsibility!!

1001011
0101100




1288

Resource
Madelyn
Lucas
Ella
Layla
Kaylee
Luke
Isabella
Aubrey
Caleb
Zoe
Harper
Abigail
Avery
Alexander
Chloe
Wichael
Wia
Sophia
Olivia
Jack
James
Jacob
Lily
Madison
Charlotte
Aiden
Emma
Emily

11015
Q)CID

Frequency

1,167
3,545
2,365
668
875
5517
422
2,203
2329
644
568
6,812
1,454
3,156
416
1,770
272
7142
1,256
8713
378
794
14,483
1
235
4919
2447
5348

cancel orde
AL 02:07:44:0

Relative frequency
145%
44%
293%
0.83%
1.09%
6.84 %
0.52%
273%
289%
0.8%
0.7%
8.45%
18%
392%
052 %
22%
0.34%
8.86 %
1.56 %
10.81%
047 %
0.99%
17.97 %
0.88 %
0.29%
6.1%
304%
6.63 %

1

Median duration
3 hours, 19 mins
2 hours, 35 mins
1 hour, 27 mins
52 ming, 20 secs
34 mins, 47 secs
27 mins, 19 secs
23 mins, 11 secs
26 mins, 13 secs
23 mins, 47 secs
15 ming, 34 secs
15 mins, 51 secs
15 mins, 25 secs
14 mins, 2 secs
13 mins, 21 secs
10 mins, 7 secs
10 mins, 30 secs
8 mins, 34 secs
7 mins, 45 secs
6 mins, 58 secs
7 mins, 25 secs
7 mins, 18 secs
6 mins, 11 secs
6 mins, 4 secs
Smins, 24 secs
4 mins, 34 secs
3mins, 53 secs
3mins, 6 secs
3mins, 23 secs

bottleneck

A Mean d
3 hours,
2 hours,
1 hour,
52 mins,
34 mins
28 mins
26 mins
26 mins
23 mins

luration
26 mins
55 mins
27 mins
20 secs
48 secs
52 secs
38 secs
14 secs
34 secs

18 mins, 4 secs

15 mins
15 mins

13 mins
10 mins
10 mins
9 mins,
8 mins,
7 mins,
7 mins,
7 mins,

7 mins,
6 mins,
5 mins,
4 mins,
4 mins,
3 mins,
3 mins,

49 secs
16 secs
14 mins
50 secs
30 secs
30 secs
46 secs
50 secs
54 secs
41 secs
35secs

2secs
16 secs
36 secs
48 secs
25 secs
30 secs
29 secs

Which
customers
pay late?




A 1651
pay
©

Which customers Why is this employee
don’t pay at all? deviating?




Responsible Data Science




Fairness: Data Science
without prejudice: How to.
avoid unfalr ccmcLusmns




Standard classification problem

scholarship
application

decision

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



Learn classifier using training data

Graduated: Yes
Duration: 8 years
Average grade: 6.4

Name: Peter
Age: 28

Gender: Male
Country: German
Hobbies: Soccer
Fav. food: Sauerkraut

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



Tend to reject older male German students

Name: Peter Graduated: Yes
. 28 Duration: 8 years
Gend e Average grade: 6.4
try: Ger

Hobbies: Soccer
Fav. food: Sauerkraut

&
i e
|
4
W
) a4

éi

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




Tend to reject “sauerkraut eating soccer

fans”

Name: Peter

Graduated: Yes
Duration: 8 years
Average grade: 6.4

confidential

Hobbies: Soccer
Fav. food: Sauerkraut

Older male German students

still do not stand a chance
to get a scholarship

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



Discrimination-aware classification

Graduated: Yes
Duration: 8 years
Average grade: 6.4

Name: Peter
Age: 28

Gender: Male
Country: German
Hobbies: Soccer
Fav. food: Sauerkraut

paradox: need to use
sensitive attributes
& e B8 &l

add fairness constraint(s)
to problem

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



Accuracy: Data Science
without guesswork: How .
to answer questions W|th_ aﬁ
guaranteedlevei of _:

acc,arac.y’? "

-.1_!__.p—




Spurious Correlations

40M Deaths 2,000

caused by
falls down
30 stairs 1,975
(u.s.)
20 1,950
10 1,995
iPhone
0 sales 1,900

2007 ‘08 ‘09 10
TU/e
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Spurious Correlations

Total revenue generated by arcades
correlates with

Computer science doctorates awarded in the US

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
$2 billion 2000 degrees

@]

3

$1.75 billion ©

qé 1500 degrees @

) »

a; Q

= $1.5bilion g

@ (o]

g =] L]
o

s Q

I 1000 degrees 8

$1.25 billion =)

L

L]

w

$1 billion 500 degrees
2000 2001 2002 2003 2004 2005 2008 2007 2008 2009

-8- Computer science doctorates- Arcade revenue

tylervigen.com

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



Curse of d ifhénsional Ity
<,
) e

: 1 ' Test enough hypotheses and
e one will be true by accident
—_— (Carlo Emilio Bonferroni)




Assumptions:

18 million peoplein NL
1800 hotels

100 guests per hotel per
night

(visit hotel every 100 days)

=

Algemene Inlichtingen-
en Veiligheidsdienst




Calendar Siainii

12 3
1 2[ 3
| 4 5 6 7 8 910
4 6 7 8 910

1112 13 14 15 16 17
11 12 13 14 15 16/ 17

18 19 20 21 20 23 24
18 19 20 21 22 23 24

. 25 26 27 2429)B0 31
25 26 27 28 29 30| 31 ’

UI

l_J D] 'W
o o

Suspicious event: two persons stay in the same hotel on two different dates

How many suspicious events

©Wil van der Aalst & TU/e (use only with permission & acknowledgements) I n a 1000 d ay p er I O d ’ T U/e



MERER 7 A oA
. imFl’robablllty of thls happenmg twice:
¢ (5.55 % 10 8)2 3.086 x 10~1°

*i

A bit of re a}sonm r

"""—--._-_

' The probablllty that two persons (p1 and p2)

visit the same hotel on a given day d is:

1 1 1 _
— X —X——=555x10"8
100 " 100 ~ 1800 |




Some more reasinﬂ _ - |

.
There are

hundreds of
thousands of
terrorists!

; 4 . 19 :
| l .=8 09 x 10 M.events

Hence, the expected number of suspicious
_events is equal to 8.09 x 101° x 3.086 x 107> =
E 249,750 events!

1000

- TR — e

There are ( , ) X (18 X2106) _




Confidentiality: Data
Science that ensures.
confudentlallty How to
answer questlons vvlthou% ;'
revealing




How to compute results with a I|
predefined “privacy budget”?

|
|
i

|' »
£
How to distribute analysis
such that nobody has the

% data?

: How to share
datain a safe
manner?




Transparency: Data

Science that pI‘OVIdeS =

transparency How to - i g=ap
clarify answers such that 2
they beceme lnmSpuI 219




How to present results such

How to make the “data science that people understand?

pipeline” transparent?

¥ ; Do analysis results indeed
“1 influence people as intended?

L Yo
How to reveal analysis choices and [y ™% #" o
risks related to the input data? el -

-

ol



Green Data Science
Using Big Data in an “Envir tally Friendly” M,

Wil M. P.van der Aalst
FEindhoven University of Technology, Depanmen of Mahemaics and Compwer Science,
PO Bax 51 3, NL-3600 MB Eindhoven, The Naheriands
wmp.v.d galsr @ e nl

Fairness, Accuracy,

Confidentiality, an

Transparency (FACT)
in Process Mining

Keywords:  Data Science, Big Data, Faimess, Confidentiality, Accuracy, Transpamncy. Process Mining

Ahstract: The widespread use of “Big Dats™ is heavily impacting organizations and individuals for which these data are

collecied Sophisticaied data science techniques aim to extract as much value from data as possible. Powerful

‘mixtures of Big Data and analytics are rapidly changing the way we do business, socialize, conduct research,

and povern society. Big Data is considerad as the “new oil” and data science aims to transform this into new

" insights, diagnostics. predictions, and awtomated decisions. However, the process of trans-

idata) into “mew energy” (analytics) may negatively impact citizens, patients, customers,

and employees. Systematic discrimination based on data, invasions of privacy, non-iranspament life-changing

decisions, and inaccurste conclusions illustrate that data science techniques may lead to new forms of “pollu-

tion”. We use the erm “Green Data Science” for technological solutions that enable individuals, organizations

and society to reap the benefits from the widespread availsbility of data while ensuring faimess, confiden-

tialsty, accuracy. and transparency. To illustrate the scientific challenges e lated to “Green Data Science”, we

focus on process mining as a concrek example. Recent breakthroughs in process mining resulted in powerful

techniques to discover the real processes, tn detect deviations. from normative process models, and to anatyze

hottlenecks and wase. Therefore, this paper poses the question: How to henefit from process mining while
aoiding “pollstions” m lated to unfaimess. indesired disclosures, inaccuracies. and non-transparency?

1 INTRODUCTION citizens, patients, customers, and employees amr con-
cemed abowt the wse of their data We live in an

In recent years, data science emerged as a new and cra characterized by unprecedented opportunitics o

important discipline. It can be viewed as an amal-
gamation of classical disciplines like statistics, data
mining. databases, and distributed systems. We use
the following definition: “Dara science is an inrer-
disciplinary field aiming 10 rurn dara inro real value.
Dara may be sirucnired or unsrrucured, big ar small,
staric or sreaming. Value may be provided in the form
of predicrions, models learned from dara, or any 1ype

sense, store, and analyze data mlated to human ac-
tivities in great detail and resolution. This introduces
new risks and intended or unintended abuse enabled
by powerful analysis technigues. Data may be sensi-
tive and personal, and should not be revealed or used
for proposes different from what was agreed upon.
Moreover, analysis technigues may discriminate mi-
norities even when attributes like gender and race are

af dara visualiz
includes dara ex|

i 7 (Green Data Science - Using Big Data in an “Environmentally Friendly” Manner.

compuring infra:
and learning. pry
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fairness

Data Science without
prejudice: How to avoid unfair
conclusions even if they are
true?

confidentiality

Data Science that ensures
confidentiality: How to answer
guestions without revealing
secrets?

accuracy

Data Science without
guesswork: How to answer
guestions with a guaranteed
level of accuracy?

transparency

Data Science that provides
transparency: How to clarify
answers such that they
become indisputable?

creating and
managing event data

The input data may be biased,
incomplete or incorrect such that the
analysis reconfirms prejudices. By
resampling or relabeling the data,
undesirable forms of discrimination
can be avoided. Note that both cases
and resources (used to execute
activities) may refer to individuals
having sensitive attributes such as
race, gender, age, etc.

process
discovery

The discovered model may abstract
from paths followed by certain under-
represented groups of cases.
Discrimination-aware process-
discovery algorithms can be used to
avoid this. For example, if cases are
handled differently based on gender,
we may want to ensure that both are
equally represented in the model.

conformance
checking

Conformance checking can be used
to “blame” individuals, groups, or
organizations for deviating from some
normative model. Discrimination-
aware conformance checking (e.g.,
alignments) needs to separate (1)
likelihood, (2) severity and (3) blame.
Deviations may need to be
interpreted differently for different
groups of cases and resources.

performance
analysis

Straightforward performance
measurements may be unfair for
certain classes of cases and
resources (e.g., not taking into
account the context). Discrimination-
aware performance analysis detects
unfairness and supports process
improvements taking into account
trade-offs between internal fairness
(worker’s perspective) and external
fairness (citizen/patient/customer’s
perspective).

operational
support

Process-related predictions,
recommendations and decisions may
discriminate (un)intentionally. This
problem can be tackled using
techniques from discrimination-aware
data mining.

Event data (e.g., XES files) may
reveal sensitive information.
Anonymization and de-identification
can be used to avoid disclosure. Note
that timestamps and paths may be
unique and a source for re-
identification (e.g., all paths are
unique).

The discovered model may reveal
sensitive information, especially with
respect to infrequent paths or small
event logs. Drilling-down from the
model may need to be blocked when
numbers get too small (cf. k-
anonymity).

Conformance checking shows
diagnostics for deviating cases and
resources. Access-control is
important and diagnostics need to be
aggregated to avoid revealing
compliance problems at the level of
individuals.

Performance analysis shows
bottlenecks and other problems.
Linking these problems to cases and
resources may disclose sensitive
information.

Process-related predictions,
recommendations and decisions may
disclose sensitive information, e.g.,
based on a rejection other properties
can be derived.

Event data (e.g., XES files) may have
all kinds of quality problems.
Attributes may be incorrect,
imprecise, or uncertain. For example,
timestamps may be too coarse (just
the date) or reflect the time of
recording rather than the time of the
event's occurrence.

Process discovery depends on many
parameters and characteristics of the
event log. Process models should
better show the confidence level of
the different parts. Moreover,
additional information needs to be
used better (domain knowledge,
uncertainty in event data, etc.).

Often multiple explanations are
possible to interpret non-
conformance. Just providing one
alignment based on a particular cost
function may be misleading. How
robust are the findings?

In case of fitness problems (process
model and event log disagree),
performance analysis is based on
assumptions and needs to deal with
missing values (making results less
accurate).

Inaccurate process models may lead
to flawed predictions,
recommendations and decisions.
Moreover, not communicating the
(un)certainty of predictions,
recommendations and decisions, may|
negatively impact processes.

Provenance of event data is key.
Ideally, process mining insights can
be related to the event data they are
based on. However, this may conflict
with confidentiality concerns.

Discovered process models depend
on the event data used as input and
the parameter settings and choice of
discovery algorithm. How to ensure
that the process model is interpreted
correctly? End-users need to
understand the relation between data
and model to trust analysis.

When modeled and observed
behavior disagree there may be
multiple explanations. How to ensure
that conformance diagnostics are
interpreted correctly?

When detecting performance
problems, it should be clear how
these were detected and what the
possible causes are. Animating event
logs on models helps to make
problems more transparent.

Predictions, recommendations and
decisions are based on process
models. If possible, these models
should be transparent. Moreover,
explanations should be added to
predictions, recommendations and
decisions (“We predict that this case
be late, because ...").
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