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Half empty or half full? “U

http://aeon.co/ideas/which-is-more-fundamental-processes-or-things

Which is more fundamental;
processes or things?
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Processes are into dynamics Mmﬁm
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Thanks to Dr. Mieke Jans for offering her hand
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Relevance of business processes “U
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Dumas et al., 2018

= Business processes are everywhere

= Products and services are provided by activities
= Execution of activities requires coordination

= Success of this coordination influences costs, time, and quality of products and
services

= A noticeable definition:

= "a set of logically related tasks
performed to achieve a defined business outcome
for a particular customer or market”
[Davenport 1992]

Business Process
Management

Marlon Dumas
Marcello La Rosa
Jan Mendling
Hajo A.Reijers

Second Edition
@ Springer
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BPM lifecycle and positioning
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Process
identification

L o

l Process architecture

g N
Conformance and Process As-is process
performance insights discovery model
L r
Process
monitoring and Pro::es's
controlling analysis
Executable Insights on
process weaknesses and
model their impact

Process

implementation | To-be process

model

Process
redesign

9 PROCESS IMPLEMENTATION
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Marlon Dumas
Marcello La Rosa
Jan Mendling
Hajo A.Reijers

Second Edition
@ Springer

[_ EFVD

“ EQUIS nﬂg%% i‘:’;” : \

gggggggggg




Processes and division of labour “U
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Smith, 1776

To take an example, the trade of a pin-maker: But in the way in which this business is
now carried on, it is divided into a number of branches:

= One man draws out the wire;

= another straights it;

= a third cuts it;

= a fourth points it;

= a fifth grinds it at the top for receiving the head;
= to make the head requires three operations; 4
= to put it on is a peculiar business; :
= to whiten the pins is another;

= to put them into the paper;

and the important business of making a pin is,
in this manner, divided into about eighteen
distinct operations.
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Process models

Slide courtesy of Prof. Jan Mendling

Original

Model Level
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Abstraction

© Stiftung Deutsches Technikmuseum Berlin
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BPM lifecycle and positioning
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Process
identification
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l Process architecture

g N
Conformance and ?rocess As-is process
performance insights discovery model
L r
Process
monitoring and Pro::es's
controlling analysis
Executable Insights on
process weaknesses and
model their impact
Process

implementation | To-be process

model

Process
redesign
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Workflow “Um::i:nz?
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Point wire Grind wire

Dra‘{" out Straight wireH Cut wire H
wire
Make headHPut head on]_,[Whlte_n the Put pin in
pin paper
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IT Support
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IT Support
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Slide courtesy of Prof. Jan Mendling

Drsvvisl/’:ut HStraught w1reH Cut wire Point wire Grind wire
L(Make headHPut head on Whltgn e i s
pin paper
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The event log

WIRTSCHAFTS
UNIVERSITAT
WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

/—‘ Execution model

[Boarding pass check passed]

Proceed to security check

r

y
Security screening not pa 5599_| [In front of security check,
| Hand luggage on screening belt]

Pass security S:y Pass luggage screening

[Beyond security screening, [In front of security check,
Hand luggage on screening belt] Hand luggage after monitor]
h
Pass luggage screening Pass security screening

[Beyond security screening, Security screening not passed
Hand luggage after monitor]

Proceed to departure level

y

[Boarding pass check passed]
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The event log
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Security screening not pa ssegl

[Boarding pass check passed]

Proceed to secu I'it! check

[In front of security check,

’l Hand luggage on screening belt]

Pass security screening

P

Pass luggage screening

[Beyond security screening,
Hand luggage on screening belt]

PAGE 17

[In front of security check,
Hand luggage after monitor]

Pass luggage screening Pass security screening

[Beyond security screening,

Hand luggage after monitor]

Proceed to departure level

[Boarding pass check passed]

PROCESS MINING

Security screening not passed

-

= Case #1

Proceed to security check
Pass security screening
Security screening not passed
Pass security screening

Pass luggage screening
Proceed to departure level
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The event log
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= Case #1
[Boarding pass check passed] = Proceed to security check
= Pass security screening
Proceed to security check = Security screening not passed
= Pass security screening

Security screening not pa 5592[ [In front of security check, = Pass luggage screening
’l Hand luggage on screening belt]

= Proceed to departure level

Pass security screening Pass luggage screening
= Case #2
= Proceed to security check
[Beyond security screening, [In front of security check, = Pass security screening
Hand luggage on screening belt] Hand luggage after monitor] Pass | .
" u
Y ggage screening
Pass luggage screening Pass security screening

= Proceed to departure level

[Beyond security screening, Security screening not passed
Hand luggage after monitor]

Proceed to departure level

[Boarding pass check passed]

/ /
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The event log
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[Boarding pass check passed]

Proceed to SECLII'it! check

Security screening not pa 5599_[ [In front of security check,
’l Hand luggage on screening belt]

Pass security screening Pass luggage screening
[Beyond security screening, [In front of security check,
Hand luggage on screening belt] Hand luggage after monitor]
Pass luggage screening Pass security screening
[Beyond security screening, Security screening not passed

Hand luggage after monitor]

Proceed to departure level

[Boarding pass check passed]

-

= Case #1

Proceed to security check
Pass security screening
Security screening not passed
Pass security screening

Pass luggage screening
Proceed to departure level

= Case #2

Proceed to security check
Pass security screening
Pass luggage screening
Proceed to departure level

= Case #3

Proceed to security check
Pass luggage screening

Pass security screening
Security screening not passed
Pass security screening
Proceed to departure level

/
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BPM lifecycle and positioning
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Process
identification
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l Process architecture

g N
Conformance and F.’rocess As-is process
performance insights discovery model
L r
Process
monitoring and Pro::es‘s
controlling analysis
Executable Insights on
process weaknesses and
model their impact
Process

implementation | To-be process

model

Process
redesign
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The event log
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= Case #1

Proceed to security check
Pass security screening
Security screening not passed
Pass security screening

Pass luggage screening
Proceed to departure level

= Case #2

Proceed to security check
Pass security screening
Pass luggage screening
Proceed to departure level

= Case #3

Proceed to security check
Pass luggage screening

Pass security screening
Security screening not passed
Pass security screening
Proceed to departure level
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Process mining
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Process mining at large “Umi:‘&?
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van der Aalst, 2016

_ Execution
Business Process >

& Tracing

Event log

Wil van der Aalst

Process
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Process mining is not (only)
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a static analysis of data e

AND BUSINESS
http://getservice-project.eu/

ruck [latitude longitude activity datetime o108 F %,

2 | 1849 51.9468 4.03339 Start of Drive 01-05-2013T04:55:00Z 5 i ®
3 | 1849 51.0461 4.03387 Driving times state event 01-05-2013T04:56:00Z S i Elenis
4 1849 51.9461  4.03387 Driving times state event 01-05-2013T04:56:00Z 3 gathered
5 5708 51.9509  4.4427 Driving times driving violation 01-05-2013T04:56:00Z B 1et03F per day
6 | 5708 51.9517  4.4429 End of Drive 01-05-2013T04:57:00Z £ e
7 | 5708 51.9517  4.4429 Start of UN 01-05-2013T04:57:00Z = L Isoooo
g | 5708 51.9517  4.4429 Driving times state event 01-05-2013T05:00:00Z £ 7 30000
g | 7262 51.9491 4.44093 Basic record 01-05-2013T05:00:00Z L avork 0
10 | 7262 51.9501 4.44347 Navigation destination reached 01-05-2013T05:00:00Z w 3 %,
11 | 1849 51.9426  4.0355 Basic record 01-05-2013T05:01:00Z
12 | 7262 51.9514 4.44241 End of Drive 01-05-2013T05:01:00Z
13 | 7262 51.9514 4.44241 Contact OFF 01-05-2013T05:01:00Z o ] 2 s 8
14 | 7262 51.9514 4.44241 Start of UN 01-05-2013T05:01:00Z g ] g S g
15 | 7262 51.9514 4.44241 Contact ON 01-05-2013T05:01:00Z g g 5 g g
16 | 7207 51.8733 4.57282 Basic record 01-05-2013T05:02:00Z Day
17 | 7262 51.9514 4.44241 Cancellation of UN 01-05-2013T05:03:00Z
18 | 7262 51.9514 4.44241 Start of Drive 01-05-2013T05:03:00Z - 3 ==
19 | 7262 51.9516 4.44281 End of Drive 01-05-2013T05:03:00Z e E b
20 | 7262 51.9516 4.44281 Start of UN 01-05-2013T05:03:00Z < =7
21 | 7262 51.9516 4.44281 Contact OFF 01-05-2013T05:03:00Z o
22 | 7262 51.9516 4.44281 Contact ON 01-05-2013T05:03:00Z P e o1 e e
23 | 7262 51.9516 4.44283 Cancellation of UN 01-05-2013T05:04:00Z ] o e
24 | 7262 51.9516 4.44283 Start of Drive 01-05-2013T05:04:00Z - e e
25 | 5708 51.0517 4.44328 Driving times state event 01-05-2013T05:04:00Z ort) el S LATVIA
26 | 7262 51.9517 4.44293 End of Drive 01-05-2013T05:04:00Z 5 q rees
27 | 7262 51.9517 4.44293Start of UN 01-05-2013T05:04:00Z s NS Minsk
28 | 7262 51.9517 4.44293 Contact OFF 01-05-2013T05:04:00Z - LT e aprvarman EEEUE
29 | 7262 51.9517 4.44293 Contact ON 01-05-2013T05:04:00Z PorA NG £
30 | 7262 51.9517 4.44293 Contact OFF 01-05-2013T05:04:00Z 50- «
31 | 1848 51.9277 4.03795 Basic record 01-05-2013T05:06:00Z ‘ FUR ey
32 | 7262 51.0517 4.44293 Driving times state event 01-05-2013T05:06:00Z 8 pwBudaneat Kishi
33 | 7207 51.9269 4.53878 Basic record 01-05-2013T05:07:00Z i ROMAT A
34 | 1849 51.9319 4.100866 Start of speed limit violation 01-05-2013T05:09:00Z 4 Jucharsst
35 | 5708 51.9517 4.44328 Basic record 01-05-2013T09:09:00Z o S s,
36 | 1179 51.8874 4.56323 Basic record 01-05-2013T05:10:00Z : [Rome &2 SHCARIA
37 | 5708 51.9517 4.44328 Driving times state event 01-05-2013T05:10:00Z = i s an
38 | 5708 51.9518 4.44356 Driving times state event 01-05-2013T05:11:00Z 4059 GREECE
39 | 1849 51.035 4.15209End of speed limit violation 01-05-2013T05:12:00Z AOSE . | Athens .

‘ . ) 0
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Process mining is (imainly)

about dynamics

https://github.com/cdc08x/MINERful
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ruck [latitude longitude activity

datetime

2 1849 51.9468 4.03339 Start of Drive

3 1849 51.9461  4.03387 Driving times state event

4 1849 51.9461  4.03387 Driving times state event

5 5708 51.9509  4.4427 Driving times driving violation
6 5708 51.9517  4.4429End of Drive
7

8

9

5708 51.9517  4.4420 Start of UN

5708 51.9917  4.4420 Driving times state event
7262 51.9491 4.44093 Basic record

10 7262 51.9501 4.44347 Navigation destination reached
11 1849 51.9426  4.0355 Basic record

12 7262 51.9514 4.44241 End of Drive

13 7262 51.9514 4.44241 Contact OFF

14 7262 51.9514 4.44241 Start of UN

15 7262 51.9514 4.44241 Contact ON

16 7207 51.8733 4.57282 Basic record

17 7262 51.9514 4.44241 Cancellation of UN

18 7262 51.9514 4.44241 Start of Drive

19 7262 51.9516 4.44281 End of Drive

20 7262 51.9516 4.44281 Start of UN

21 7262 51.9516) 4.44281 Contact OFF

22 7262 51.9916 4.44281 Contact ON

23 7262 51.9516 4.44283 Cancellation of UN

24 7262 51.9516) 4.44283 Start of Drive

25 5708 51.9517 4.44328 Driving times state event
26 7262 51.9517 4.44293 End of Drive

27 7262 51.9517 4.44293 Start of UN

28 7262 51.9517 4.44293 Contact OFF

29 7262 51.9517 4.44293 Contact ON

30 7262 51.9917 4.44293 Contact OFF

31 1849 51.9277 4.03795 Basic record

32 7262 51.9517  4.44293 Driving times state event
33 7207 51.9269 4.53878 Basic record

34 1849 51.9319  4.10066 Start of speed limit violation
35 5708 51.9517 4.44328 Basic record

36 1179 51.8874 4.56323 Basic record

37 5708 51.9517  4.44328 Driving times state event
38 5708 51.9518 4.44356 Driving times state event
39 1849 51.935 4.15209 End of speed limit violation

SEITE 25 PROCESS MINING

01-05-2013T04:55:00Z
01-05-2013T04:56:00Z
01-05-2013T04:56:00Z
01-05-2013T04:56:00Z
01-05-2013T04:57:00Z
01-05-2013T04:57:00Z
01-05-2013T05:00:00Z
01-05-2013T05:00:00Z
01-05-2013T03:00:00Z
01-03-2013T03:01:00Z
01-05-2013T05:01:00Z
01-05-2013T03:01:00Z
01-05-2013T05:01:00Z
01-05-2013T05:01:002
01-05-2013T03:02:00Z
01-05-2013T05:03:00Z
01-05-2013T03:03:00Z
01-05-2013T03:03:00Z
01-05-2013T05:03:00Z
01-05-2013T053:03:00Z
01-03-2013T03:03:00Z
01-05-2013T05:04:00Z
01-05-2013T03:04:00Z
01-05-2013T05:04:00Z
01-05-2013T05:04:00Z2
01-05-2013T03:04:00Z
01-05-2013T05:04:00Z
01-05-2013T05:04:00Z
01-05-2013T03:04:00Z
01-05-2013T05:06:00Z
01-05-2013T05:06:00Z
01-03-2013T03:07:00Z
01-05-2013T05:09:00Z
01-05-2013T03:09:00Z
01-05-2013T05:10:00Z
01-05-2013T05:10:00Z
01-05-2013T03:11:00Z
01-05-2013T05:12:00Z

//Q

Undetermined (l

Al except:
Load
Drive Load
Undetermined

Al except
Load

Load
Unload

Al except Al except: Al except:
l Drive

Undetermined
Unload

Drive Undetermined  Undetermined

Undetermined

All except: Al except;
Load

Load Undetermined ~ Unload  Load  Drive

Load
Undetermined
Unload

Drive
Unload

Al except
Load Load Unload
Unload

All except:
Load Unload
Unload

All except:
Load Unload
Unload
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Play in, play out, replay “U
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+ Extended models
(frequency, time...)
Diagnostics and audits
Conformance measures
Predictions

Operational support

oty
Execution / Simulation Analytics
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Process mining techniques “Umi:#?f
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Dumas et al., 2018

Automated
discovery
Discovered
model
Performance Variant
- — — e
N mining 4 analysis I
Enhanced Event log I ‘////"
process ‘
model g Difference
Event log' diagnostics
Conformance T
checking

— o M MM H o
Input
model
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Automated process discove

http://www.promtools.org/

<log xes.version="1.0" xes.features="nested-attributes" openxes.version="1.0RC7">

'conceptiname" value="Klassifikation wv4.eosv"/>

<string "visitIP" value="178.114.0.0"/>
«string "concept:name" value="77095"/>
<string "risitorId" value="eBalcfaddal71544d"/>
<event>
<scring key="concept:instance" wvalue="1"/>
<string key="lifecycle:transition" walue="start"/>
<string ke 'concept:iname" value="outlink"/>
<date key="time:timestamp" value="2014-07-08T11:09:43.000+02:00"/>
</ewvent>
<event>

<3sctring key="siteSearchFeyword"/>
'country" walus="Osterreich"/>
"pageTitle"/>

returning"/>
"wisitDurationPretty" walu "2 Minuten 45s"/>

'customVariables"/>

'visitServerHour" values="8"/>

'providerName" value="unbekannt"/>

<sctring key="longitude" value="13.333000"/>

'searches" value="0"/>

"referrerTypeName" wvalu Direkte Zugriffe"/>

<actring key="visitorTypeIcon" value="plugins/Live/images/returningVisitor.gif"/>
<string ke 'pageld" value="184467"/>

<3scring key="serverTimePrettyFirstAction" value="11:12:17"/>
<string ke '‘providerUrl"/>

time:timestamp" value="2014-07-08T11:12:22,000+02:00"/>
<scring key="serverDate" wvalue="08.07.2014"/>

"generationTime"/>

'lastActionTimestamp" value="1404810901"/>

'referrerSearchEngineUrl" />

'visitLocalTime" value="11:12:04"/>

<string key="region"/>

'actions" value="3"/>

"lastActionDateTime" value="08.07.2014 09:15"/>
<scring key="continent" value="FEuropa"/>

'visitDuration" walue="165"/>
daysSincelastVisit" value="1"/>

<sctring key="pageIdAction" value="13130"/>

oity" />

'latitude" value="47,333000"/>

<string key="icon" wvalue="plugins/Morpheus/images/link.gif"/>
'serverDatePrettyFirstAction" wvalue="Dienstag, 8.
'referrerRKeyword" />

<int key="daysSinceFirstVisit" wvalue="1"/>

'serverTimePretty" wvalus="08.7.2014 11:12:22/11:15:01"/>
'regionCode" />

<scring key="visitCount" walue="2"/>

"referrerType" value="direct"/>

TnamntraRlan waliasinlnmine Mearfanntrr fimamas {Flame fab nnel /s

Juli 2014"/>
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Conformance checking

http://www.promtools.org/

Ditail

Log-Madel Alignmenis. Average Fiiness 0 STH3 1855, Precision 063855 Generalization 047261
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Value

0 500 its stats, or

16: Mursimg Parled-complaie

Coniri ey o Soive § whalstions of Constrainiy

Details of the Alignment for Trace 1000181554

LEGEND

o O 0O O

ani Shap (Mo

i Examinaii i 5.

17: Transuretheal Resection.complain | 18: Hitsbol

Contribuies o Sates 3 Walstions of Constrsny

E ‘ E
| Contrietes 0 Sohe:
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ECONOMICS
AND BUSINESS

From conformance checking to process “U

http://www.promtools.org/

g

~ 1]
M o M mEBRD

oy -

e S
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WIRTSCHAFTS

Process analytics e

ECONOMICS
AND BUSINESS

Slide courtesy of Matej Puchovsky

Variant 1

absolute case coverage 300
N 180
0 Erstellung 14% 3
6,17d 250
absolute event coverage
6,58m -
‘ o/ 1080
- 9% = )
° Fertigstellung filtered case coverage

6,79h ~ 180
14% = L
filtered event coverage
- 100
o/ 1080
Freigabe 9%
8,25h

@

2,49m

Versand 05.01.2015  05.03.2015 05.05.2015 05.07.2015 05.09.2015 05.11.2015 05.01.2016  05.03.2016
122w

)
o

5,14m

First variant timestamp Last variant timestamp Total duration Total active time Total waiting time
- 05.01.2015 11:34:00 17.03.2016 12:56:00 23y 8M Om 23y 5M 7d 14h 37m 2M 24d 53m
Angebotsentscheidung Kunde
o Minimum Mean Maximum
11,23h

Duration (cases) 51m 1M 17d 29m 10s 9M 13d 7h 17m
Uebernahme AV Active time (cases) 0 1M 16d 13h 52s 333ms 9M 13d 7h 17m

462d Utilization (cases) 0,00 % 99,44 % 100,00 %

Waiting time (cases) () 11h 28m 17s 666ms 2M 24d 48m

[_ EFVD
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Everyday challenges in a
process miner life

ECONOMICS
AND BUSINE

Data treatment

CCCCCCCCCC

rrrrrrrrrr



ERSITAT

Starting point for process mining: “U

WIEN VIENNA

UNIVERSITY OF
vent data
AND BUSINESS

Every row is an event (here: an exam attempt)
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

activity name
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Another event log:
order handling

WIRTSCHAFTS
UNIVERSITAT
WIEN VIENNA

UNIVERSITY OF
ECONOMICS
AND BUSINESS

order n. activity timestamp user product qty.
9901 register order 22-1-2014@09.15 Sara Jones iPhone5S 1
9902 register order 22-1-2014@09.18 Sara Jones iPhone5S 2
9903 register order 22-1-2014@09.27 Sara Jones iPhone4S 1
9901 check stock 22-1-2014@09.49 Pete Scott iPhone5S 1
9901 ship order 22-1-2014@10.11 Sue Fox iPhone5S 1
9903 check stock 22-1-2014@10.34 Pete Scott iPhone4S 1
9901 handle 22-1-2014@10.41 Carol Hope iPhone5S 1
payment
9902 check stock 22-1-2014@10.57 Pete Scott iPhone5S 2
9902 cancel order 22-1-2014@11.08 Carol Hope iPhone5S 2

PAGE 34
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Another event log: “Um:i:nz?

WIEN VIENNA

patient treatment
patient activity timestamp

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 put in plaster 23-1-2014@13.57 Dr. Jones 61 440.00
cast

5541 put in plaster 23-1-2014@13.08 Dr. Jones 61 440.00
cast

activity name
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https:/j/api.flightstats.com/flex/weather/rest/v1/json/all/LAX?codeType=fs
</weatherUrl>
</airport>
- <airport>
<fs>JFK</fs>
<iata>JFK</iata>
<icao>KJFK</icao>
<faa>[FK</faa>

<name>John F. Kennedy International Airport</name>
vent logs v. data at han e Vo
<city>New York</city>
<cityCode>NYC</cityCode>
<stateCode>NY</stateCode>
<postalCode>11430</postalCode>
<countryCode>US</countryCode>
: <countryName>United States</countryName>
<regionName>North America</regionName>
<timeZoneRegionName>America/New _York</timeZoneRegionName>
<weatherZone>NYZ178</weatherZone>
<localTime>2013-08-09T04:00:32.489</localTime>
<utcOffsetHours>-4.0</utcOffsetHours >
<latitude>40.642335</latitude>
<longitude>-73.78817</longitude>
<elevationFeet>13</elevationFeet>
<classification>1</classification>
<active>true</active>
- <delayIndexUrl>
https://api.fli com/flex/ i [restivijj airports/JFK?codeType=fs
</delayIndexUrl>
- <weatherUrl>
https://api.flightstats.com/flex/weather/rest/v1/json/all/[FK?codeType=fs
</weatherUrl>
</airport>
</airports>
</appendix>
- <flightTracks>
- <flightTrack>
<flightld>305231585</flightld>
<carrierFsCode>AA</carrierFsCode>
<flight Number>10</flight Number>
<callsign>AAL10</callsign>
<departureAirportFsCode>LAX</departureAirportFsCode>
<arrivalAirportFsCode>JFK</arrivalAirportFsCode>
- <departureDate>
<dateLocal>2013-08-07T21:30:00.000</dateLocal>
<dateUtc>2013-08-08T04:30:00.000Z </dateUtc>

</departureDate>
r 2 ¢ S i >B762</

+ ol it S L - s e e el D D DL e AL S il <bearing>229.53397527577076</bearing>
LoadingStart LoadingEnd Reference (Shipment) Remarks (Shipment) Department (Shipment.Booking) BookingNr (Shipment Booking) ShipmentNr (Shipment) ShipmentRouteNr <heading>228.69263064205163</heading>
25/03/2014 13:0020140321500062 100 100001065568 100001065568 100001065568 - <positions>

26/03/2014 10:00° 26/03/2014 11:0020140324500037 100 100001065576 100001065576 100001065576 - <position>

24/03/2014 15:00 24/03/2014 16:00AMST048022 100 100001079143 100001079143 100001079143

31/03/2014 07:30 31/03/2014 08:30 1135017 100 100001081155 100001081155 100001081155 o 73 TI0D0THEITI ek
31/03/2014 08:30 31/03/2014 09:30 1135018 100 100001081157 100001081157 100001081157 <lat>40.68000030517578</lat>
25/03/2014 10:00 25/03/2014 11:0012 drivers 100 100001081473 100001081473 100001081473 <speedMph>137</speedMph>
24/03/2014 10:18 24/03/2014 12:33/54296/DBFL 100 100001081875 100001081875 100001081875 <altitudeFt>800</altitudeFt>
24/03/2014 22:00 24/03/2014 23:00LS Wiesb-Garono 100 100001082337 100001082337 100001082337 <source>ASDI</source>

26/03/2014 21:00 26/03/2014 22:001S kaly 100 100001082342 100001082343 100001082343 <date>2013-08-08T00: 14:56.000Z</date>
26/03/2014 21:00 26/03/2014 22:001S kaly 100 100001082342 100001082344 100001082344 it

26/03/2014 21:00 26/03/2014 22:001S kaly 100 100001082342 100001082345 100001082345 Sposi

29/03/2014 09:00 29/03/2014 10:001S ktaly 100 100001082346 100001082347 100001082347 - <position>

29/03/2014 09:00 29/03/2014 10:001LS italy 100 100001082346 100001082348 100001082348 <lon>-73.60099604824219</lon>
29/03/2014 09:00 29/03/2014 10:001LS ltaly 100 100001082346 100001082349 100001082349 <1at>40.70000076293045</lat>
25/03/2014 10:00 25/03/2014 11:00/LX6406 100 100001082404 100001082405 100001082405 <speedMph>143</speedMph>
26/03/2014 03:00 26/03/2014 04:00/LX6407 CHECK 100 100001082404 100001082406 100001082406 <altitudeFt>1400</altitudeFt>
29/03/2014 18:00 29/03/2014 19:00 Driscol's/Sotr 100 100001082422 100001082422 100001082422 ey

29/03/2014 18:00 29/03/2014 19:00 Driscol's/Sotr 100 100001082423 100001082423 100001082423 ! 3 )
25/03/2014 17:00 25/03/2014 18:00 Gateway FRA 100 100001082424 100001082424 100001082424 <date>2013-08-08T09:13:56.000Z</date>
28/03/2014 17:00 28/03/2014 18:00 Gateway FRA 100 100001082425 100001082425 100001082425 </position>

24/03/2014 21:46 24/03/2014 22:46240314 KLB434 100 100001082615 100001082615 100001082615 - <position>

25/03/2014 07:00 25/03/2014 08:0084-1403-02353 1 100 100001082710 100001082710 100001082710 <lon>-73.60000604824210</lon>
25/03/2014 08:00 25/03/2014 09:0084-1403-02353 2 100 100001082716 100001082716 100001082716 lat>40.70000076293045</lat>
22/03/2014 13:16 22/03/2014 15:30210314 CK1113/A 100 100001082731 100001082732 100001082732 o S AETo s
24/0372014 10:59 24/03/2014 12:44 1135914 100 100001082869 100001082869 100001082869 peadip Yspeedp

24/03/2014 22:29 24/03/2014 23:29/240314 KLB818 100 100001082883 100001082883 100001082883 <altitudeFt>1500</altitudeFt>
24/03/2014 07:34 24/03/2014 08:00240314 KL8424 100 100001082884 100001082884 100001082884 <source>ASDI</source>

25/03/2014 08:15 25/03/2014 09:15LP 101247 100 100001082942 100001082943 100001082943 <date>2013-08-08T09:13:56.000Z </date>
26/03/2014 04:06 26/03/2014 05:06/LP 101247 100 100001082942 100001082945 100001082945 </position>

24/03/2014 09:16 24/03/2014 12:29 33793 100 100001082954 100001082954 100001082954 - position>

25/03/2014 10:00 25/03/2014 11:00 33817 100 100001082956 100001082956 100001082956 T TS
25/03/2014 11:00 25/03/2014 12:00 33819 100 100001082957 100001082957 100001082957 : 1

24/03/2014 13:05 24/03/2014 14:05D0000103322 100 100001083071 100001083071 100001083071 <lat>40.72000054223633</lat>
24/03/2014 14:59 24/03/2014 15:59 D0000103321 100 100001083072 100001083072 100001083072 <speedMph>163</speedMph>
24/03/2014 08:00 24/03/2014 11:45 1133477 100 100001083093 100001083093 100001083093 <altitudeFt>2000</altitudeFt>
24/03/2014 09:52 24/03/2014 10:02 1135867 100 100001083144 100001083147 100001083147 <source>ASDI</source>

24/03/2014 10:23 24/03/2014 11:30 1135867 100 100001083144 100001083148 100001083148 % .
24/03/2014 19:31 24/03/2014 20:31240314 KL8552 100 100001083149 100001083149 100001083149 SEMO 2013 U6 DB TOR:AZ:55.000Z o>

</position>



The ETL procedure “U

UNIVERSITAT

(preventing the GIGO effect)

AND BUSINESS

van der Aalst, 2016

. Extract, Transform,
6’00(\ and Load (ELT)
((e\ optional
o -—
data

Sem—

dat

(/);T/D wareia1 :use

source %
coarse-grained

scoping

=37
= Extract, Transform, and Load (ETL) = s, .

similar

1. Extract data from outside sources
2. Transform it to fit operational needs

unfiltered event logs process mining

3. Load it into target systems @ [ ] [ J [ }

filter
filtered event logs (process) models

fine-grained
scoping

//_ EFVD oy A o
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The ETL procedure “Umi?

WIEN VIENNA

(preventing the GIGO effect) e

van der Aalst, 2016

. Extract, Transf
?po(‘ and Load (ELT)
((e\ optional
Co
ala d
warehouse

% coarse-grained

scoping

= Extract, Transform, and Load (ETL) i m/’@im? -

1. Extract data from outside sources
2. Transform it to fit operational needs
3. Load it into target systems

EIT.a

unfiltered event logs process mmmg

dlscovery conformance} (enhancemen}

filter

]li

tiltered event Iogs (process) models

Timestamps

scoping

/(‘ S n S AMBA
PAGE 38 PROCESS MINING EQUIS | N AACSE S /AMBA




IEEE Standard 1849-2016 for “Um::nz?
eXtensible Event Stream (XES)

SSSSSSSSSSS

= http://www.xes-standard.org/

= Adopted by the IEEE Task Force on
Process Mining
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WIEN VIENNA
UNIVERSITY OF

Everyday challenges in a W;TJ‘;‘;?;;?

process miner life

Assessment of the outcome quality

L EFMD

“equs RN ascsn <GPAMBA
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An example event log “U

UNIVERSITY OF
ECONOMICS
AND BUSINESS

Receive application form a
Check application form b
completeness I = [
Return application form C

(a; b; e; f; g; h; k; l>70;
Receive amended form d (a, b, c, d, b, e,f, g, h, k, 1)50’
Register application form e (a,b,c,d,b,e,g,f, hk, 1)39,

: 10
Check availability f (al bl C; d: bl C; d: bl e; g; f; h;]; l) ’
60

Verify request g (a,b,e,g,f, hk,1)*°

(a; b; e; f; g; h;j; l>20;
Decide on application h 20

a’) bl el ) ) h} .I l

Send notification of . ( g f J )
rejection ] ]
Send notification of K
acceptance
Close application I @ /

[

Vs

[ o A Asioaios
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Flower model

SSSSSSSSSSS

eceive
application form

PAGE 42

PROCESS MINING

Close application

(@

L=

]

(a,b,e,f,g,h k,1)7°,
(a,b,c,d,b,e, f,g,h,k,1)°°,
(a,b,c,d,b,e, g, f, hk,1)3°,

(a,b,c,d,b,c,d,b,e,g,f,h,j,0°,

(a,b,e,g,f,h k,1)°°,

(a,b,e,f,g,hj,1)*°,

(a,b,e, g, f hj,1)*°

/
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Flower model

WIRTSCHAFTS
UNIVERSITAT

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Fitness: M

All traces can be replayed
Generalisation: M

More unforeseen traces can be replayed
too

Check
application form

Return
completeness

application form

Receive
amended form

Register
application form

L 1O
Recelve
application form

Close application

Check
availability

Verify

Decide Send
request

Send
on application notification

notification
of rejection of acceptance

Precision:

Basically any trace starting with a and
ending with [ can be replayed

PAGE 43 PROCESS MINING

(@ )

L=]
(a,b,e,f,g,h k,1)7°,
(a,b,c,d,b,e, f,g,h,k,1)°°,
(a,b,c,d,b,e, g, f, hk,1)3°,

(a,b,c,d,b,c,d,b,e,g,f,h,j,0°,

(a,b,e,g,f,h k,1)°°,

(a,b,e,f,g,hj,1)*°,

(a,b,e, g, f hj,1)*°
]

/
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Flower model

UNIVERSITAT
WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Underfitting

Check

application form Return Receive Register

application form

completeness application form amended form

10

Close application

Receive
application form

Check Verify Decide Send Send
availability request on application notification notification
of rejection of acceptance

Precision:

Basically any trace starting with a and
ending with [ can be replayed

Source: https://www.aliexpress.com/

PAGE 44 PROCESS MINING
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Enumerating model

AND BUSINESS

Overfitting

= N\ )
e
& * b
W /B
'L =
-~ = & ~— NN
g oot NN
Check Register P 3 N
eceive application form app\u:al\m Check Verify Decide Send natification 4 N
application form  completeness. availability request onapplication  of acceptance  Close application Ly = el y \
—'.—*.—'.—'.—'i O-11-0O )
# e Ah
application form  completencss  application form  amended form  completencss orm avallabiity request onapplication o acceplance.  Close application el
O ‘
v g
. 3 e b sans ot
application form  completeness availability an application of rejection Close application
Generalisation: X
:
..._rm & AR
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Finding the balance “Umi:a?f

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Check Check

application form Return Receive application form
completeness application form amendsd form completeness

Check
availability

Send notification
of rejection

Close application

Registar

application form application form application

on application
completeness form Verity Check Send notification  Close application
request availahility of acceptance
Check Return Receive
application form application form amendsd form L f— [
completeness

(a; b; e; f; .g; h; k; l)70;

(a) b; C; d; b; e; f} g; h; k; l>50)
Fitness: ¥
Plrecision: | {a,b,c,d,b,e, g.fhk, l>30'
Generalisation: M (a, b,c.d b,cdb,e, g, f, h,j, l>10,
(a; b; er .g; f; h; kr l)60;
(a; b; er f; .g; hrjr l)20,

: 1\20

Simplicity: <a’ b,e, g’f’ h’]’l)

]

,L VD < AR
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Most frequent trace(s) as model “Um%?

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

® 10101010 1O -0 10 1 -0

Receive Check

Register Check Verify Decide Send notification  Close application
application form  application form application availability request on application of acceptance
completeness form

L=]
(a,b,c,d,b,e, f,g,h,k,1)°°,
Simplicity: & (a,b,c,d,b,e,g,f, h k1),
(a,b,c,d,b,c,d,b,e, g, f, hj, 1Y,

(a,b,e, g, f, hk,1)°°,
(a,be,f,g,hj, 1),
OK, all the other the traces? {a,be,g.f,h], =0

]
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WIRTSCHAFTS

Most frequent trace(s) as model S

UNIVERSITY OF
ECONOMICS
AND BUSINESS

® 10101010 1O -0 10 1 -0

Receive Check Register Check Verify Decide Send notification  Close application
application form  application form application availability request on application of acceptance
completeness form

Simplicity: M

OK, all the rest?

[_ EFVD

_ PR
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A reasonable model

UNIVERSITAT
WIEN VIENNA
UNIVERSITY OF
ECONOMICS
AND BUSINESS
;

Fitness: M
Precision: M

Generalisation: M
Simplicity: &

Receive Return
amended form application form

Check Send notification
d ‘_0(7 c availability of rejection
I }—)' f —){ l J
@—» a b

e h

Receive Check Regist&r\AO_) g mecide k Close application
application form  application form application

on application
completeness form Verify

request

Send notification
of acceptance

,LEM P
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The objective

UNIVERSITAT
WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Slide courtesy of Matej Puchovsky

Before After

z ‘65 I
iy - o
(D) Presates - Bearbeiter cispatchen N SLA-Relevanz beurteilen b,
o p/ ) s J
leos w21
©-
Presales - Requirement Analyse |
A J/
574 1554
(-}

w a Presales - Solution Design )
e ‘ } 1513

B i s=r" =

\ =) L S @L’; y
= C o5 : © i
Versand
] @l

ELL)) Angevotsentscheidung xuna.

Lo P
! A
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Process mining

! | WI//- : '.1 f‘,r!‘! _gﬂlll

L O Rl
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WIRTSCHAFTS
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UNIVERSITY OF
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WIRTSCHAFTS
UNIVERSITAT

Process mining research institutes o

AND BUSINESS
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Process mining at WU Vienna “Umm
https://wu.ac.at/infobiz

Enabling process mining on the blockchain
Enabling process mining on data lakes
Enabling process mining on software projects

Predictive analytics with process mining

Discovering business rules via process mining

Informing resource management with process mining
Explaining development and change with process mining
... and more

[ D .
-~ & A J
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https://wu.ac.at/infobiz

Process Mining

Dr. Claudio Di Ciccio
http://diciccio.net/

claudio.di.ciccio@wu.ac.at

wmgeed® © °

IN, NOV. 2018

WIRTSCHAFTS
UNIVERSITAT
WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Propelling BOM
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http://diciccio.net/
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