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Many people and organizations contact me to apply process mining. They
all have data and processes. However, often the prerequisites of process
mining are unclear.

On the one hand, process mining is super generic and can be applied in any
domain, just like spreadsheets are used in any organization. Spreadsheets
can do anything with numbers. Process mining can do anything with events.

On the other hand, event data are not just any type of data and the notion of
process is very broad.

These slides aim to clarify this. You need to check:

1. Do my events have a case id, activity name, and timestamp?

2. Can | sketch the expected process model in terms of the activities in the
event log?

(The process will be very different, but you should have some expectations, otherwise it is pointless to talks about processes.)

Wl van der ’4 alst m!é martrmon: ‘ UNI\IEF({:EII%IY\I
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Did your read the
previous slide?

Please do if you want to work with us. If you cannot or do not want to
answer these questions, then do not ask for a meeting to collaborate!

?g\;!é and baa Science ‘ RwU“Nlll\l.’\eggll%\l
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Starting point: Event data

a5

ALISHANIND
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Case ID Activity Resource Timestamp product prod-price quantity address

6350 place order Aiden 2018/02/13 14:29:45.000 APPLE iPhone 6 16 GB 639,00 € 5 NL-7751DG-21 event
6283 pay Lily 2018/02/13 14:39:25.000 SAMSUNG Galaxy S6 32 GB 543.99 3 NL-7828AM-11a
6253 | prepare delivery Sophia 2018/02/13 15:01:33.000 APPLE iPhone 6 16 GB 639,00 € 3 NL-7887AC-13
6257 | prepare delivery Aiden 2018/02/13 15:03:43.000 SAMSUNG Galaxy S6 32 GB 543.99 1 NL-9521KJ-34
6185 | confirm payment Emily 2018/02/13 15:05:36.000 SAMSUNG Galaxy S4 329,00 € 1 NL-9521GC-32
6218 | confirm payment Emily 2018/02/13 15:08:11.000 APPLE iPhone 6s Plus 64 GB 969,00 € 2 NL-7948BX-10
6245 make delivery Michael 2018/02/13 15:14:04.000 APPLE iPhone 6 16 GB 639,00 € 3 NL-7905AX-38
6272 pay Emily 2018/02/13 15:20:36.000 APPLE iPhone 6 16 GB 639,00 € 1 NL-7821AC-3
6269 pay Charlotte 2018/02/13 15:25:21.000 SAMSUNG Galaxy S4 329,00 € 1 NL-7907EJ-42
6212 prepare delivery Sophia 2018/02/13 15:43:39.000 HUAWEI P8 Lite 234,00 € 1 NL-7905AX-38
6323 send invoice Alexander 2018/02/13 15:46:08.000 APPLE iPhone 6 16 GB 639,00 € 1 NL-7833HT-15
6246 | confirm payment Jack 2018/02/13 15:56:03.000 SAMSUNG Galaxy S4 329,00 € 3 NL-7833HT-15
6347 send invoice Jack 2018/02/13 15:57:42.000 SAMSUNG Galaxy S4 329,00 € 3 NL-7905AX-38
6351 place order Zoe 2018/02/13 16:17:37.000 APPLE iPhone 5s 16 GB 449,00 € 3 NL-9521GC-32
6204 | prepare delivery Sophia 2018/02/13 16:31:28.000 SAMSUNG Core Prime G361 135,00 € 1 NL-7828AM-11a
6204 | make delivery Kaylee 2018/02/13 16:51:54.000 | SAMSUNG Core Prime G361 135,00 € 1 NL-7828AM-11a 71,043 events
6265 | confirm payment Lily 2018/02/13 16:55:55.000 SAMSUNG Galaxy S4 329,00 € 4 NL-9521GC-32 12 , 666 cases
6250 | confirm payment Jack 2018/02/13 17:03:26.000 MOTOROLA Moto G 199,00 € 4 NL-7942GT-2 .
6328 send invoice Lily 2018/02/13 17:30:16.000 APPLE iPhone 6s 64 GB 858,00 € 4 NL-9514BV-16 7 activities
6352 place order Aiden 2018/02/13 17:53:22.000 APPLE iPhone 6 16 GB 639,00 € 2 NL-9514BV-16
6317 send invoice Jack 2018/02/13 18:45:30.000 APPLE iPhone 6s 64 GB 858,00 € 5 NL-7907EJ-42
6353 place order Sophia 2018/02/13 20:16:20.000 APPLE iPhone 5s 16 GB 449,00 € 4 NL-7751AR-19 El ,g_

J |
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Starting point: Event data

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6283 pay 2018/02/13 14:39:25.000 e
6253 | prepare delivery 2018/02/13 15:01:33.000 eve:ﬁi *HalaFy
6257 | prepare delivery 2018/02/13 15:03:43.000
6185 |confirm payment 2018/02/13 15:05:36.000
6218 |confirm payment 2018/02/13 15:08:11.000 Phone 6s 5B
6245 | make delivery 2018/02/13 15:14:04.000 C as_e ==
6272 pay 2018/02/13 15:20:36.000
6269 pay 2018/02/13 15:25:21.000
6212 | prepare delivery 2018/02/13 15:43:39.000 = =
6323 send invoice 2018/02/13 15:46:08.000
6246 |confirm payment 2018/02/13 15:56:03.000
6347 send invoice 2018/02/13 15:57:42.000
6351 place order 2018/02/13 16:17:37.000 2]
6204 | prepare delivery 2018/02/13 16:31:28.000 oy ™~
6204 make delivery 2018/02/13 16:51:54.000
6265 |confirm payment 2018/02/13 16:55:55.000
6250 |confirm payment 2018/02/13 17:03:26.000
6328 send invoice 2018/02/13 17:30:16.000
6352 place order 2018/02/13 17:53:22.000
6317 | send invoice 2018/02/13 18:45:30.000 ol
6353 place order 2018/02/13 20:16:20.000

© Wil van der Aalst (use only with permission & acknowledgements)
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Let’s look at orders 6350, 6351, and 6352

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6351 place order 2018/02/13 16:17:37.000
6352 place order 2018/02/13 17:53:22.000
6352 send invoice 2018/02/19 09:20:28.000
6351 send invoice 2018/02/19 16:08:07.000
6350 send invoice |2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6351 cancel order |2018/03/06 10:17:01.000
6350 |[prepare delivery| 2018/03/07 13:50:35.000
6350 make delivery | 2018/03/07 16:41:01.000
6350 [confirm payment| 2018/03/07 16:53:00.000
6352 |prepare delivery| 2018/03/07 17:05:59.000
6352 [confirm payment| 2018/03/07 17:59:55.000
6352 make delivery | 2018/03/08 09:54:36.000

© Wil van der Aalst (use only with permission & acknowledgements)
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Let’s look at orders 6350, 6351, and 6352

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6352 place order |2018/02/13 17:53:22.000
6352 send invoice | 2018/02/19 09:20:28.000
6350 send invoice | 2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6350 |prepare delivery| 2018/03/07 13:50:35.000
6350 make delivery | 2018/03/07 16:41:01.000
6350 |confirm payment| 2018/03/07 16:53:00.000
6352 |prepare delivery| 2018/03/07 17:05:59.000
6352 |confirm payment| 2018/03/07 17:59:55.000
6352 make delivery | 2018/03/08 09:54:36.000

© Wil van der Aalst (use only with permission & acknowledgements)
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Using the whole event log

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6352 place order |2018/02/13 17:53:22.000
6352 send invoice | 2018/02/19 09:20:28.000
6350 send invoice | 2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6350 |prepare delivery| 2018/03/07 13:50:35.000
6350 make delivery | 2018/03/07 16:41:01.000
6350 |confirm payment| 2018/03/07 16:53:00.000
6352 |prepare delivery| 2018/03/07 17:05:59.000
6352 |confirm payment| 2018/03/07 17:59:55.000
6352 make delivery | 2018/03/08 09:54:36.000

© Wil van der Aalst (use only with permission & acknowledgements)
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Using the whole event log

place order
send invoice
pay
prepare delivery
make delivery
confirm payment
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Performance and Compliance
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Reality Is not so simple
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Create Purchase Order Item

254

Send Purchase Order (eMail) Print and Send Purchase Order ( Send Purchase Order (eOrder)

Print and Send Purchase Order (Paper)

Receive Order Confirmation

245

Receive Order Confirmation

304

133

Vendor creates Invoice

Record Invoice Receipt
A
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Reality Is not so simple

1 [ ot ke \
] - -

It Is common to find thousands of
different variants for simple core
processes like P2P and O2C!

U Tr—

Caused by hand-offs, rework, duplication,
Ineffective communication, etc.
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Process mining helps organizations to address
th ese p o b I ems (to actually realize the economies of scale promised)
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5t

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 atrace/sequence of

events.
QL
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Event data may come from ...

ALISHANIND S E
NIHIYHLNM iﬁﬂ%

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

a comma-separated values (CSV) file or spreadsheet,
a transaction log (e.g., atrading system),

a business suite/ERP system (SAP, Oracle, etc.),

a message log (e.g., from IBM middleware),

an open API providing data from websites or social
media, ...

AV,

i PE Chair of Process
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An example log

student name
Peter Jones
Sandy Scott
Bridget White

John Anderson
Sandy Scott
Bridget White
Sandy Scott
Bridget White

John Anderson

case id

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

course name
Business Information systems
Business Information systems
Business Information systems
Business Information systems

BPM Systems

BPM Systems

Process Mining

Process Mining

Process Mining

r@ty p—

exam date
16-1-2014
16-1-2014
16-1-2014
16-1-2014
17-1-2014
17-1-2014
20-1-2014
20-1-2014
20-1-2014

timestamp

mark

(00]

0| © 01 0| ~N 0 O o
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Another event log: order handling =
=
order activity timestamp user product qguantity
number
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 iIPhone5S 1
9901 ship order 22-1-2014@10.11 Sue Fox iIPhone5S 1
9903 check stock 22-1-2014@10.34 Pete Scott IPhone4S 1
9901 handle payment 22-1-2014@10.41 Carol Hope IPhone5S 1
9902 check stock 22-1-2014@10.57 Pete Scott IPhone5S 2
9902 cancel order 22-1-2014@11.08 Carol Hope iIPhone5S 2

[_Qse id ] [activity name ] [ timest% resource

© Wil van der Aalst (use only with permission & acknowledgements)
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Another event log: patient treatment

patient
5781
5541
5833
5781
5781
5833
5781
5541
5541

activity
make X-ray
blood test
blood test
blood test
CT scan
surgery
handle payment
radiation therapy
radiation therapy

timestamp doctor
23-1-2014@10.30 Dr. Jones
23-1-2014@10.18 Dr. Scott
23-1-2014@10.27 Dr. Scott
23-1-2014@10.49 Dr. Scott
23-1-2014@11.10 Dr. Fox
23-1-2014@12.34 Dr. Scott
23-1-2014@12.41 Carol Hope
23-1-2014@13.57 Dr. Jones
23-1-2014@13.08 Dr. Jones

pd
case id ] [ activity name ] [ timestamp resource

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

age
45
61
24
45
45
24
45
61
61

T
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cost
70.00
40.00
40.00
40.00

1200.00
2300.00

0.00

140.00
140.00
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Minimal requirements in terms of a CSV file

ALISHANIND
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- Each row corresponds to an event.

 There are at least three columns:
« Case id (patient id, order number, claim number, ...)
« Activity name (approve, reject, request, send, ...)
 Timestamp (2015-08-18T06:36:40, ...)

 There may be many other (optional) columns:
resource, transaction type, age, costs, etc.

order number activity timestamp user product guantity

9901 register order 22-1-2014@09.15 Sara Jones iIPhone5S 1
9902 register order 22-1-2014@09.18 Sara Jones IPhone5S 2
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Extensions

ALISHANIND
NIHIYHLNM

« Transactional information on activity instances:

An event can represent

a start, complete, ]

suspend, resume, T A —

ab O rt y etC . P withdraw abort_case
« Case versus event attributes:

— case attributes do not change, e.g., the birth date or
gender of a patient,

— event attributes are related to a particular step in the
process. @vEh

1 ' Chair of Process
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XES (eXtensible Event Stream)

ALISHANIND
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- Adopted by the IEEE Task Force on Process Mining.

* The format Iis supported by tools such as ProM and
Disco (used in this course).

* Predecessors: MXML and SA-MXML.

* Conversion from other formats (CSV) is easy if the
right data are available.

« XML syntax and OpenXES library available.

. See www.xes-standard.org. )x E S

v o At s oy b permisson & scmostedzemens Extensible Event Stream
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Simplistic view on event data 2
=
order activity timestamp user product qguantity
number
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 iIPhone5S 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 payment 22-1-2014@10.41 Carol Hope IPhone5S 1
9902 check stock 22-1-2014@10.57 Pete Scott IPhone5S 2
9902 cancel order 22-1-2014@11.08 Carol Hope iIPhone5S 2

[_Qse id ] [activity name ] [ timest% resource

© Wil van der Aalst (use only with permission & acknowledgements)
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A more refined view

process

1

*

activity

ALISHANIND

model
level
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Transactional model for activities

\

suspend

schedule ( assign reassign

N

\ / .

manualskip

resume
7 J

abort_activity

complete

autoski
P abort_case

withdraw

unsuccessful
termination

successful
termination

Qe
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Atomic activities 2
2]
- : suspend
schedule assign reassign -
k start resume
\ ] DN
manualskip/  complete abort_activity
autoskip
withdraw abort_case
successful unsuccessful
termination termination

© Wil van der Aalst (use only with permission & acknowledgements)
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Activities that have a duration

ALISHANIND
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\

suspend

schedule( assign reassign art
O—"C start g0 X0

k resume
\ / ~ / /

manualskip/  complete abort_activity
autoskip
withdraw abort_case
successful unsuccessful
termination termination

Vo
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onverting Event Data to XES
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- Easy with tools like ProM, Disco, etc.!

=
e e e it Tanasam  Complaa Timestame__| @ (cas % x m 2 x -
omplete st by... Rest 20040106000000000 Sl 2
s ®  20040100000000000 Sl
0000000 20060110000000000 vl
20040113000000000  Srmul
ecide 200401220000
e agon 2123 000
ecide
|imvite adan. -
decise -t
v agn mul
20050208
[rspm——
ey
20050700010000000 Sl
20080814 010000000  3rmul
20081122 000000000
Sp— 20070306 000000

00000002
0 20071202 000000000
G0000003  200711202000000000

00 o 000

Import CSV file, then apply

“Convert CSV to XES” plug-in. - . |
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Now you should be able to check:
1. Do my events have indeed
a) acaseid,
b) activity name, and
c) timestamp?
2. Can | sketch the expected process model in terms of the activities in the
event log?

(The process will be very different, but you should have some expectations, otherwise it is pointless to talks about processes.)

Please bring fragments of event data and rough sketches of process
models to the meeting. This will help to quickly see whether process
mining will be feasible and beneficial.

The later slides provide some additional context.

Wil van den ket
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Do you want to discuss
a Joint project or seek
advice?

Please ensure that you followed the suggestions on the previous slide. If you cannot
or do not want to do this, then please do not contact us for free advice or support.
This may seem rude, but we are spending a lot of time interacting with people that
have lots of “data” and “processes” (everyone has), but do not have a clue what
process mining is (despite the abundance of information).
'EWE} e, | FONTHAACHEN
A 11 S Brtiticnd UNIVERSITY
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“process management by modeling”

Petri nets
Formal methods
Concurrency theory
BPM, WFM, etc.
Simulation

< 1999

w
-
ze

Process mining

_ Predictive analytics
Process discovery

Conformance checking

-l
“process management by mining” @5

i “ Pé Chair of Process
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commercial tools

ICPM 2019: First PM conference
» first process mining book 30+ process mining companies
process minfr:; ::orkboncn o . . 0 n
first process mining company (Futura P1) founding of Celonis Celonis becomes a Unicom
heuristic miner organization mining alignment-based conformance checking Market Guide for Process Mining by Gartner
Alpha miner decision mining IEEE Task Force on Process Mining "Process Mining: Data Science in Action” book

start of process mining research at TU/e token-based conformance checking founding Fluxicon, ProcessGold, ... Coursera process mining MOOC

e —

1997 19 199 2000 2001 0 2008 204 2005 2006 20 208 20 2010 11 0 203 04 215 06 a7 08 a9 2020

adoption
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Open-Source Process Mining Software

(far from complete)

ALISHANIND
NIHIYHLNM

MiMo M /
2001-2002 \~ U4 -
S~ _-’ RapidProM
————————————————— - Wl (2014-now)
EMIT
2002-2004 R /
/
ProM 1.1-5.2 (=286 piugins) ProM 6.X (>1500 plugins)
(2004-2010) (2010-now)
Y/ BN
mmmmmmT T It Ny N Apromore
e \\ (2015*-now)
InWolvE )id \
(2000-2004) / \
/ \
R4 AN bupaR >
---__---_ ___,’ . \\ (2016-now)
""" convergence divergence “s__
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Over 35 process mining vendors today

C‘is mpqthw (@) Disco M orR murut

wime, o O softwares wy @nvenio Paf
¢-apromore [ assYY Timeline () EVERFLOW logpiclir
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Yo sresoptix 2= explora  OnBase  #puzziepata mMavim

by Hyland change it
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Many of the larger organizations in Europe are
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using process Mining already e ejusta e beginingy
Deloitte. SIEMENS () BOSCH  AkzoNobel §,.”

KPMG © PHILIPS  sredosmait L'OREAL

v 2l © Lufthansa Mectron
A DD Uber
J- azalando |E FAIDED m@m’s

(0174 &

VANDERLANDE I' " N O S iSies
| d ”b ” U ELSEVIER
yoncebase | Deutsche Bank . vodafone E' g -

| 1 1 1]
" b and Data Science
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Celonis was the first to focus on
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continuous process mining
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From data scientists to process managers and from insights to actions.
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‘ Much more than

process discovery
’ and conformance

checking.

Always related to
performance and
compliance.
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Process mining is very different!
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The core process mining techniques and tools do not use techniques
from machine learning, artificial intelligence, data mining, etc.

neural network

A
00000000

The model needs to be visible and understandable by stakeholders.
Process owners are not going to label training examples.

Qe

1 ' Chair of Process
> b and Data Science
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However, ...
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PM can be used to generate ML problems
11015 @ 11015
, 11015 & 11015 @%@ 11015 S 1015 »
. ?

1651

11015

11015
12666 - 12666 12666 12666
12666 12666 12666 & > >
> & 12666
© . O tases 1651 o
2 el

11015 11015

Why is the bottleneck here?
What is causing it?
Can we predict such delays?

Why are payments skipped?
What do these cases have in common?

Can we predict such deviations?

send invoice
12629 5 11015 make deli_vely 11015
11015
confirm payment
11015

12666 _ @IECIIGEE 12666
O 12666




“enabling the poor rhan’s workflow
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How to pick your automation battles?
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The RPA connection

process mining is able to diagnose the full process spectrum
from high-frequent to low-frequent and from automated to manual
RPA shifts the boundary of |
cost-effective automation

I
I
I :
I
I
I

traditional
automation

frequency

low-frequent process
variants that cannot be
automated and still require
human involvement

candidates for RPA
(traditional automation
is not cost effective) |

. e

process variants sorted in frequency  — : "é
SA R

Chair of Process

© Wil van der Aalst (use only with permission & acknowledgements) and Data Science



mple as-poss:blé!—..bu; ﬁﬂﬁl{npler' 4

i
]

© Wil van der »? st (usg‘only with permission & acknowledgements) 2 & % 3 & OF ‘I
218



Let’s make the following assumption

a5
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activity Btime orders p 5 products price weight
pick item 2019-12-26 12:04:46 §991224} {+ {Wil van der Aalst} {iPhone 8} 529.0 0.21
reorder item 2019-12-26 12:37:26 §991271} {t {Mohammadreza Fani Sani} {Kindle Paperwhit, 129.0 0.495
place order 2019-12-26 12:44:23 §9931283} {+ {Luis Santos} {MacBook Air, |Pp 2700.0 1.733
pick item 2019-12.26814:01:16 §991266} {+ {Marco Pegoraro} {MacBook Air} d 2200.0 1.25
create package 2019-1: @ 01:16 §991265} {6507‘38 {Seran Uysal} {Fire Stick 4K,iPad Pro,iPad Pro,iPad i @ 3506.97 12
send package 2019-12-70 14:16: 991265} {660793} {Seran Uysa {Fire Stick 4K,iPad Pro,iPad Pro,iPad Pro,Fire Stick, Ki S 3506.97 %2
2019-1: 991279} m h I n @ﬁl} 799.0 0§66
2019-1. :26:01 §991283} { Air,iPad} 2700.0 ®33
2019-1: :32:43 §991251} {+ {Toblas Brockhoff} {Fire Stick} 39.99 I O.i
2019-1: 991282} {+ {Lisa Mannel} {Echo,Echo Dot} 134.98 1.16
pick tem 2019-1m: 991278} { {Junxmng Gaa} {MacBook Pro} 2500.0 3;
place o 2019-, ! 9931284} 3,885044} { IPhone X, Fire Stick, MacBook &Y, 4222.98 =
faile ivery 2019-12_26 15:04:53 §991240,99116! ‘313,8848?6,884‘338, 4 { {iPad Air,Echo Studio,Echo Studio,Kindle, il i,iPad Pro,iPad Pl 5982.95 2
pick iTEm— 2019-1: 991278} { { ne X} 599.0 sz
conﬁl—ler 2019-12 991258} {884938,834939,884940,884941,884942,834943} { 'o,Fire Stick,iPad mini,iPad Pro,iPad Pro,iPad Air} 3267.95 pmali®0
send gackge 2019-1 991247,99125: {884902,884922,884923,885004,885005,384901} {66079 {Mohammadreza Fani Sani} {MacBook Air,iPad mini,iPad Pro,iPhone 11 Pro,iPad Pro,MacBook Pro} 8496.0 4.054
faile ey 2019-12- 991265} {884975,884974,884978,884971,884970,884973} {660798} {Seran Uysal} {Fire Stick 4K,iPad Pro,iPad Pro,iPad Pro,Fire Stick,Kindle} 3506.97 12
confi ar 2019-1 991274} {885008,885009,885010,885011} {+ {Junxiong Gao} {Kindle,iPhone X,Fire Sticl ne 8} 1352.9
failemW' 2019-1. : '991128,99125! {384424,, mﬁ3kages&03} {660797} {Junxiong Gao} {Echo Show 8,Kindle PW&H’lWlE iPhone X,iPhone §,Echo Sho 2145.9?“
payment reminder §2019-1 54:44 W991169 {t {Gyuggm Park} {iPhone 8,Echo Plus,iPa@ail 1608.99 1
pick item 2019w Iepeens:55:38 §991201 aﬁ ke!s {Echo Show 8} /e 129.99
pick item 2019~ :00:38 §991251 {384912} @ r 1 {Fire Stick} 0 39.99 0.2
reorder item 2019-12-26 16:04:42 §991265 {884977} {Seran Uysal} {Fire Stick 4K} 89.99 0.28
payment reminder §2019-12-26 16:11:39 §991164} {884542, 884543, 884544, 884545,884546,884547} {Junxiong Gao} {Kindle Paperwhite,iPad Air,iPhone 11,MacBook Air,iPad mini, c 4087.99 3.011
pick item 2019-12-26 16:22:04 931241} {BB4882} {+ {Lisa Mannel} {iPhone 8} 529.0 0.21
create package 2019-12-26 16:22:04 §991263,99126. {384967,884964,884966} {660799} {Luis Santos} {iPad Air,iPhone 8,iPad} 1500.0 1.133

event = activity + timestamp + objects + attributes

Chair of Process
and Data Science

A Iy
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0 C E L Introduction Format Event Logs Tool Support Contact -

STANDARD

The purpose of the OCEL standard is to provide a general standard to interchange object-centric event data with
multiple case notions. We set the following goals for the standard:
* Interoperability: with the provision of the OCEL standard and JSON/XML serializations of OCEL we want to
support a widespread collection of languages and systems.
* Generalization: the standard supports the storage of events, objects, and their attributes. Furthermore, the
standard can be extended.
* Provision of a collection of examples: example logs, extracted from information systems supporting some
widespread business processes, are provided for the OCEL standard.
* Tool/Library Support: to support the implementation of OCEL in custom applications, tool/library support
shall be provided.

< key="id" value="el"/>

< key="activity"” value="place_order"/>

< key="timestamp" value="2020-87-09T08:20:01.527+01:080"/>
£ key="omap">

< key="object-id" value="i1"/>
< key="object-id" value="01"/>
< key="object-id"” value="i2"/>
<f >
< key="vmap"”>
< key="resource" wvalue="Alessandro"/>
< key="prepaid-amount™ value="200.8"/>
<f >
</ >
< >
< key="id" value="e2"/>
< key="activity"” value="check_availability"/>

key="timestamp"” value="2020-87-89T08:21:01.527+01:80"/>

http://ocel _standard. org/

Version 1.0. Copyright © 2021 Process and Data Science Group (PADS) of the RWTH Aachen University. All rights reserved.



0 C E L Introduction Format Event Logs Tool Support Contact -

STANDARD

Event
Chair of Process ) Identifier

and Data Science
. 1.1
<contain

PROCESS AND DATA SCIENCE GROUP ard. 0.

1.1
- Event <>————  Activity
<contains=> <relates>

RWTH AAcHEN UNIVERSITY

Timestamp

OCEL Standard

:
<contains= \ <contains= <relates=>
Object . Attribute 1__1

Aftribute  <>————
Authors: 0.7 i RETE

Anahita Farhang Ghahfarokhi e ‘“elates} ' Attribute
Gyunam Park " <contains> Type
Alessandro Berti - 1“1
Wil van der Aalst <containss, - Altribute

<relates>
Value <relales>

Object Object

January 8th, 2020 Identifier Type

Version 1.0. Copyright © 2021 Process and Data Science Group (PADS) of the RWTH Aachen University. All rights reserved.
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How to deal with this?

Directly extracting one or more conventional event
logs (e.g. XES) realizing that there are may be
convergence and divergence problems.

Y MILD
N, LEVEL #

)

MEDIUM
LEVEL

? |

Extracting one object-centric event log and creating
conventional event logs (e.g. XES) on demand.

))} Extracting one object-centric event log and using
. process mining techniques directly working on

o object-centric event logs. .
@VE
XA 1Y S i

© Wil van der Aalst (use only with perm ission & acknowledgments )



ORACLE
A.Mi ccccc ft Dynarmics

event log
(e.g. XES)

event log
(e.g. XES)

)

MEDIUM
LEVEL

object-centric

event log

2.0CEL

STANDARD

dedicated

process mining
techniques

A
AvVE
¥

i I
h g U
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Object-Centric Process Mining |4
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|
extract from Each row corresponds to an event which automatically
data sources refers to one activity and any number of discovered object-
objects of (possibly many) different types. centric Petri net
- — ~
C ew o
P o
¢ o anm
¢ ‘o o5
s o o)
¢ om
€ iies  sue
T o
-
o113 chncaprizn) (assoousasoos) 0 ¢
st on fscagsion) H e =
Bessat anaa phiate) [remsayoroe B o -
: : i ORI T i e oo & ames imess

A ; 3 -
|

One of the 21887 events: = ;
® activity: package delivered (;) .
o time: 2019-12-24 20:46:47 , — —_— e
o orders involved: {991119,991030,991209,991254, | g
991213,991206}

e items involved: {884386,884020,884749,884930,
884926,884925,884766,884927,884736}

» packages involved: {660784}

o customers involved: {Kefang Ding}

 products involved: {iPad Air,Echo Dot,MacBook
Pro,iPad Air,Kindle Paperwhite,iPad Air,iPad Pro,
iPad,iPhone 11 Pro}

o total price: € 6.829,99

» total weight: 4,719 KG

req. medisn=6 mearr=6 11
eve=1 obju7914

unge
pect: meduan
ert. mecion1h mesr=10h

< Z 0O
O =5
N
5?8
<
.U"CQ
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> o>
© o @
B30
2
o)
588
)
O
T oo
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o3 =
N Do
SRR
ogﬂ
-C =

=
-0
<
Q
>
Q.
@
=
>
L
n
—
Q
>
Qo
>
w
@
=
=2

package delivered

Vo
EvE
i “ Pé Chair of Process
> b and Data Science
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Make process mining repeatable and actionable

U Event logs provide views on reality.

0 Process mining is not a project, but
an ongoing activity.

O The return-on-investment is
typically low for one time
extractions (proof-of-
concepts are fine, but ...).

O Results should be used on a
daily basis.

O Not for one process, but for all
processes you would like to

improve.
ﬁ‘w O Share efforts and expertise.
ad)véce/ | - U Use comparative process

mining / benchmarking.
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L earn more”?
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“PM Bible” prof.dr.ir. Wil van der Aalst
RWTH Aachen University
Wil van der Aalst \W: vdaalst.com T:@WVdaa|St

PrO CeSS Over 135.000

participants

Mmlng

ceinAction

coursera

Browse > DataScience > DataAndgysis

Process Mining: Data science in Action
Yk %k K Jr 4.8 581ratings + 148 reviews

Second Edition

Go To Course

31,318 already enrolled! &
LS |
X v

https://www.coursera.org/learn/process-mining i g Chair of Process
» and Data Science

e ~ Fraunhofer

&) Springer
Z1 opringe FIT

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



T/

4 IEEE TASKFORCE ON PROCESS MINING

www.tf-pm.org

E;’;ﬁ!é and baa Science ’ Rwlll.l!llll\li\elgsl.ll%\l
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