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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.)
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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!
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Starting point: Event data

et
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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 1 2,666 cases
6250 | confirm payment Jack 2018/02/13 17:03:26.000 MOTOROLA Moto G 199,00 € 4 NL-7942GT-2 e ea
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 EI >

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
6253 | prepare delivery 2018/02/13 15:01:33.000 { |
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
6245 | make delivery 2018/02/13 15:14:04.000 % +
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 u u
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
6204 | prepare delivery 2018/02/13 16:31:28.000
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 B
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
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prepare delivery
make delivery
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Performance and Compliance
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Reality

Print and Send Purchase Order (Paper)

Receive Order Confirmation

Record Invoice Receipt

© Wil van der Aalst (use only with permission & acknowledgements)
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so simple
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Create Purchase Order Item

254

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

Receive Order Confirmation

245

304

133

Vendor creates Invoice

AV,
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Reality is not so simple

[—r—

It is common tc flnd thousands of
different variants for simple core
processes like P2P and O2C!

[——

Caused by nand-offs, rework, duplication,
ineffective communication, etc.

:
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Process mining helps organizations to address
these prOblemS (to actually realize the economies of scale promised)
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Dun Order Confir®iation
18d 02:42:02:333

Send Purchase Order Update
10d 10:00:59:695

%o 132
- Reveal performance and conformance
° ) issues and suggest actions.
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Event log

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

* An event log can be seen as a collection of

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

events.
Q@vEn
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Event data may come from ...

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

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



et

An example log =
=
student name course name exam date mark
Peter Jones Business Information systems 16-1-2014 8
Sandy Scott Business Information systems 16-1-2014 5
Bridget White Business Information systems 16-1-2014 9
John Anderson Business Information systems 16-1-2014 8
Sandy Scott BPM Systems 17-1-2014 7
Bridget White BPM Systems 17-1-2014 8
Sandy Scott Process Mining 20-1-2014 5
Bridget White Process Mining 20-1-2014 9
John Anderson Process Mining 20-1-2014 8

case id [_act/i>ity name ] timestamp other data

i “ > Chair of Process
> g and Data Science

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



et

Another event log: order handling 2
%
order activity timestamp user product quantity
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 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 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 iPhone5S 2

r data

S Chair of Process
and Data Science

[_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

[_Qse id ] [ activity name ] [ timestamp resource

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

age
45
61
24
45
45
24
45
61
61

1

faaa
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cost
70.00
40.00
40.00
40.00
200.00

2300.00

0.00

140.00
140.00

other data
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Minimal requirements in terms of a CSV file

ALISHANNN
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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 quantity

9901 register order 22-1-2014@09.15 Sara Jones iPhone5S 1
9902 register order 22-1-2014@09.18 Sara Jones iPhone5S 2
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Extensions

ALISHANNN
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- Transactional information on activity instances:

An event can represent

a start, complete, ]

suspend, resume, ] oo ——

abort, etc. p
- 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. P}

1 ™ Chair of Process
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XES (eXtensible Event Stream)

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

- The format is 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 ot e oy oo & rontedhements Extensible Event Stream



et

Simplistic view on event data 2
%
order activity timestamp user product quantity
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 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 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 iPhone5S 2

r data

S Chair of Process
and Data Science
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A more refined view 2
%
| |
1 | * 1 e * .
process 5 case I event timestamp
I I
1 | 1 4L y
a | d f g i - resource
* : * : * /
activity 1 z I * .actlwty 1 : attribute ——2—{ costs
. instance .
I I
k
model : instance : event
level | level | level trans-
| | action

BvE,
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Transactional model for activities

ALISHANNN
NIHIYYHLNM

\

suspend

schedule ( assign reassign

N

manualskip

resume
/

abort_activity

autosKi
P abort_case

withdraw

unsuccessful
termination

successful
termination

BvE,
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Atomic activities =
2]
T ( reassign suspend
schedule i
k start resume
\ ] <
toski
S 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

ALISHANNN
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\

suspend

schedule ( assign reassign
Yy —
e L

k resume
\ | < 7 /

manualskip/  complete abort_activity
autoski
P withdraw abort_case
successful unsuccessful
termination termination
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onverting Event Data to XES

- Easy with tools like ProM, Disco, etc.!

b ProM UTopia

lascias
oo anza..

jascias
Jorect

Import CSV file, then apply
“Convert CSV to XES” plug-in.

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

canca

Acity

# Resouco | @ star Tmestamp,
ke 200601101 00:00:00.000
20060108 00:00:00.000
200601/1000.00:00.000

it aditonal evewer
etreview X

ecde
s dcitona eviewsr
getravowx

e addtonal
etrevie 20060

20080408 01

it aditonal evewer
fime-out X

ecde

s adcitona eviewsr
ime-outx

20080221 00:00:00.000
20080301 00:00:00.000
200907115 01:00:00.000
200907117 01.00:00.000
200703015.00.00:00.000

007103119 000000.000
20070321 00:00:00.000
20070322 000000000
20070322 00.00:00000
20080202.00.00.00.000

008102102 000000.000
200802005 00:00:00.000
200808711 01:00:00.000
2008108114 01:00:00.000
200808121 01.00.00.000
2009008 00.00:00.000

il encoding: [ urr-3 s

D Conmplsts Timestamp
2006001106 00:00:00.000
200600108 00:0000.000

2006002119 00:0000.000

20060223 00:0000.000

2006008721 01:00:00.
2006007720 01:0000.000

0000

2008102005 00:000
2008008/12 01:0000.000
2008008716 01:0000 000

010000000
2009003113 00:00.00.000

Uss quates. [

Name: [ Actvity

svswer B Resul

Jetansiton | X, rsects

© Readytostartmport
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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 der aket
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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} s | FONTHAACHEN
A 11 S Brrtiticnd UNIVERSITY
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“process management by modeling”

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

<1999

\ 4
L N

Process mining

_ Predictive analytics
Process discovery

Conformance checking

“process management by mining” @I
e Ta s ot



commercial tools

ICPM 2019 First PM conference
) first process mining book 30+ process mining companies
PPosa Wnig Wi emch 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 foken-based conformance checking founding Fluxicon, ProcessGold, ... Coursera process mining MOOC

= e e e e e e e e e e e e e e e e e e e e e

1997 1% 199 2000 2001 20 2008 2004 2005 2006 a0 208 20 2010 1 b 13 4 215 06 a7 08 9 2020

adoption
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Open-Source Process Mining Software

(far from complete)
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MiMo e /
2001-2002 o ’ .
Semeo _-’ RapidProM
————————————————— - Il (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 TTEs~ Apromore
s~ \‘\ (2015*-now)
InWolvE )id \
(2000-2004) / \
/ \
. R4 AN bupaR >
e = . \\ (2016-now)
T convergence dlvergence oo
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Many process mining tools are available

Vendor Tool ‘Websile Acad. ProcessMining Introduction Overview ~ Publications Courses Event Data Software Links
ver
Abbyy ABBYY Timeline www . abbyy.com No
Appian (Lana Labs) |LANA Process Mining lanalabs.com No
Apromore Apromore Enterprise Edition |apromore.org Yes
bupaR bupaR bupar.net Yes
businessOptix DbusinessOptix businessoptix.com Yes
Celonis Celonis EMS celonis.com Yes
Datricks Datricks datricks.com Yes
DCR DCR Portal www .dcrsolutions.net Yes Process Mining
Deloitte Process X-ray processxray.deloitte.com|No
EverFlow EverFlow everflow.ai No
Fluxicon Disco fluxicon.com Yes
FortressIQ FortressIQ fortressiq.com No
Fraunhofer FIT PM4Py pmidpy.fit.fraunhofer.de |Yes
Hyland Onbase www . hyland. com No = { = =
IBM imyInvenio)  |myInvenio my-invenio.com No e ) - L=l " e = J g~ ’ y 3 3 .
Integris ! E;plnra Process integris.it No - = > ; 2 " ABBYY' ¢ cpromore PArazlssSMmmg @
Kofax Kofax Insight waw . kofax.com No . f { - : AgBVYTimaine Apromore AR Process Bohfatab
livejourney livejourney www . live journey.com No g +f Sl SRR " it
Logpickr Logpickr Process Explorer 360 |www . logpickr. com No e N/ B . . Gpen sours
Mavim Mavim www .mavim.co No "N avaiaie ol pvatable avaiotle
Mf:hm:erk GmbH M.PM. mp.\:nfp%'oc‘essmiriinq. com No . = .
Mindzie mindzie mindzie.com Yes
Minit (Microsoft)  |Minit wew .minit.io Yes . =4 . celohis 1) datricks
Nintex UK 1td Nintex www.nintex.com No E
Onig /A www .oniq.com No ] = T e e bt
PAFnow (Celonis) |PAFnow pafnow.com No
Process. process.science WwWw .process.science No = = =l foimisiania
ProcessDiamond  |ProcessDiamond processdiamond.com Yes o s 7 o c
ProcessM PmBI processm.com Yes 5
Puzzle Data ProDiscovery www .puzzledata.com No n ]
QPR Software | QPR ProcessAnalyzer pp— No WWW p ro C e S S m I n I n g O rg Qoisc0c § Qe
SAP (Signavio) SAP Signavie www .signavio. com Yes . .
Skan Al Skan wew . skan.ai No e S || s
Software AG Aris aris-process-mining.com |Yes
Soroco Scout Platform soroce.com No Opansaurca
StereoLogic StereoLogic Process Mining  |www.stereclogic.com No Jre—
TUfke ProM www .promtocls.org Yes =
TUfe RapidProM www . rapidprom.org Yes - . -
Ul Path Ul Path Process Mining www .uipath.com Yes
Ultimate Suite UltimateSuite TM/RPA www.ultimatesuite.com No | "o
Upflux Upflux upflux.net No J |
|Worksoft ‘Worksolt www .worksoft. com No v

i “ g Chair of Process
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Celonis was the first to focus on
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continuous process mining

€« & > O

e 150k of 150k
cases selected

- Foom F @ m = Zoom + Most common variant v | Graph~ | 3 o
[e]
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P o i C
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Insert Date Appealto Prefecture - complete e Median Throughput time v o 37

198 pays T

i > @ fdgpenaly - complete. Process start — Process end - cormpleve i am undsirad st
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y o= ¥ 50,000
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et Eri
; 40,000 o Pretecure - compiets
30,000
20000
10,000
0 -

Process explorer

From data scientists to process managers and from insights to actions.
Chair of Process
and Data Science
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Example: some of Celonis’s customers

Financial Services

Life Sciences &

Technology & Insurance Chemicals Consumer & Retail
Quolconm £ servicenow B e B pondelpasel]  SLGroup 48 crorrr The Ceail Company - |OREAL
Uber wcﬁ:i\ny. Ilclltslélf.;. I°5] WELLS 3 esoenis  Aascrse y, xovarmis i(m, fofmronafohmon @

ING  rmrco  pER o
INRAM! NOKIA  splunk> NHEXION  nswazeneci® ) faies #ellrggs MARS CAMPARI
PostFinance's R i
& v @ (o O KmbortyClarkc | e
w .Dul. HomeEquity Bank =
@’ 7__:%-/ reckﬂ:{t@
Telecommunications
Manufacturing & Media Energy & Utilities Oil & Gas
IEMEN lex’ il
SIEMENS molex 3M Q vodafone  VIACOMCBS D sutkraft  Wianenenae ExtconMobil  Schumberger &5
ARBUS )  Whidgeol A g\ @ | @ c
COMCAST "I *= " ene ENERA REWAG cenovus b ndeavor
Honeywell ABB  *Simex - (BEWAG  cenovus Dﬂ a y A
B soscr Taoinicr [ 9. Feauans W grgy @ @ Ch
> - B, peprot
[ B ZEISE LeckuEED MARTIR . NESTE =
o R s @ Telia i SaskPower eon

Wil van der Aalst

Thousands of large organizations are using Celonis (approx. 50% of Fortune 500) and
in some of these there are thousands of active users (e.g., Siemens, BMW, etc.)

Qv
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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!

The core process mining techniques and tools do not use techniques
from machine learning, artificial intelligence, data mining, etc.

neural network

The model needs to be visible and understandable by stakeholders.

Process owners are not going to label training examples.

QL

1 ™ Chair of Process
> g and Data Science
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However, ...
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PM can be used to generate ML problems
11015 (0':?;?2‘;%';;?;@ 11015
o 11015 1101S @%@ 1015 20 1015 o
° 9

1651

11015

11015
12666 - 12666 12666 12666
12666 12666 12666 2 > >
s 6 12666
© . O tases 1651 o1
2 el

11015 11015

Why is the bottleneck here?
What is causing it?

Why are payments skipped?
Can we predict such delays?

What do these cases have in common?
Can we predict such deviations?

) -
JURC LI L EEETELEE “
o 12666 . (SIRGED 12666 R () S *
send invoice
12629 make delivery 11015
11015 11015

confirm payment
11015
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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

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) |

. )

process variants sorted in frequency —_— : "d
LA T

Chair of Process
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Let’s make the following assumption

a5
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991128,99125!{884424,88433

confil 2019-1.
faile ry 2013-1.

€5

660797} {Junxiong Gao}

Kindle,iPhone X,Fire Sticl ne S}
Echo Show 8,Kindle Pap, |Wle iPhone X,iPhone 8,Echo Sho
iPhone 8,Echo Plus,iPa@Air;

activity Btime orders packag: 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 2019-1: 991266} {+ {Marco Pegoraro} {MacBook Air} d 2200.0 1.25
create package 2019-1: 991265} {660798} {Seran Uysal} {Fire Stick 4K,iPad Pro,iPad Pro,iPad i @ 3506.97 12
send package 2019-12-J0 991265} {660793} {Seran Uysal {Fire Stick 4K,iPad Pro,iPad Pro,iPad Pro,Fire Stick, Ki S 3506.97 wu
9019-1- 991279} m h l n es 799.0 66
2019-1. :26:01 §991283} { Air,iPad} 2700.0 @33
2019-1: :32:43 §991251} {+ Toblas Brockhoff} {Fire Stick} 39.99 H
i 2019-1: :32:44 W991282} {+ {Lisa Mannel} {Echo,Echo Dot} 134.98 1.16
pICE 201‘3-1m33:28 991278} {t Junxiong Gao} {MacBook Pro} 2500.0 %7
place o 201‘3“48:33 9931284} Chri e Dobb IPhone X, Fire Stick, MacBook &F, 4222.98 »
failedtelivery 2019-1: 204 991240,99116¢ 913,884876,884938, i Air,Echo Studio,Echo Studio,Kindle, i i,iPad Pro,iPad Pl 5982.95 2
picH - £015-1; 991278} { & ﬁ ne X} £99.0 gz
“ 2019-12 991258} {884938,834939,884940,884941,884342,834943} '0,Fire Stick,iPad mini,iPad Pro,iPad Pro,iPad Air} 3267.95 mmilalict
send e 2019-1 991247,99125: {884902,884922,884923,885004,885005,384901} {660 Mohammadreza Fani Sani} MacBook Air,iPad mini,iPad Pro,iPhone 11 Pro,iPad Pro,MacBook Pro} 8496.0 4.054
falleuw 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 E12
991274} {885008,885009,885010,885011} i {Junxiong Gao} 1352.9 65
{

2145 7allmid)

i

i

{

kaJ {
payment reminder §2019-1 : 991169 { {Gyuggm Park} { 1608.99 1
pick item 2019 S5 5: 35 991201 aﬁ xexs {Echo Show 8} /e 129.99
pick item 2019 :00:38 §991251 {884912} @ 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
u ] ] ] u
event = activity + timestamp + objects + attributes
—
P D F
Chair of Process
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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"/>
</ >
< key="vmap"”>
< key="resource" wvalue="Alessandro"/>
< key="prepaid-amount”™ value="200.8"/>
</ >
<) >
< >
< key="id" value="e2"/>
< key="activity"” value="check_availability"/>

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

http: llocel-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?
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-\, Directly extracting one or more conventional event
logs (e.g. XES) realizing that there are may be
- convergence and divergence problems.

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

LEVEL

Extracting one object-centric event log and using
Hﬂ process mining techniques directly working on
LEVEL

object-centric event logs.
By

™ C

\
© Wil van der Aalst (use only with permission & acknowledgments hg g and Data Science



event log

(e.g. XES)

event log
(e.g. XES)

)

MEDIUM
LEVEL

object-centric
event log

ORACLE

A.Micmsoﬂ Dynarrics

dedicated

5 OCEL

STANDARD process mining

techniques

™ Chair of Process
> b and Data Science
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Object-Centric Process Mining

ALISHANNN
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automatically
discovered object-
centric Petri net

Each row corresponds to an event which
refers to one activity and any number of
objects of (possibly many) different types.

extract from

(G2}
8 data sources
& ¥

P
T Ty - e T
4501 place orcen 20191226 172718 991259) (494 £344955 B50958 584997 834955 [Fre Sk e Sharw ko s e ho S 8) < o am
13502 piek e, 2019.12.24 17:3355 o126 (amasse) e < s 050
3503 pick tem. 2192202750 /,/ I Fira Sick k] £ mm o
3504 picknem. 1932242758 = 0 {FireScich 4] <« mm o
object-centric event log 8 0 (b o K Machock oo i ¢ amim amwm
= SEAHoN 0 e © 1m0 050
o151 g aman2y ] © e o
0151 5 [ ] £ ssm oz
(BB4956 844957 BA0SE ABAISO BRASG0 AB961B0ASEZ] ) 5ehe Shaw € s swao
1224 1912:33991270) waass) 4 sd mini} < a0 o
51 20193228 20591 991221) (swem03) ] (1Pnene 5} < smom on
20151224 2046 T 1Pac irEchs DOLMacBack P1a 7ad A Sindie Pagerwhits Pad AliPac € 6399 4TI9OD
2019224 220821 851271 {sesa00 £a5001 Beso002 A85003] 0 € 11s3 eman
2019224 2303 70 88123 (wnanre) 1 e sk} . 0.0 am
201912 25 D0 00981272) kS04 555005 o « azm ast
fasisicsmarass  ams1225 nasomeran) a0 s | I £ azsam osr
35174 o 2019.12.26 0513.08 501244) o — I © auw e
¢ B a5} fiarsn) © seowsr  aossen

One of the 21887 events: -

 activity: package delivered

e time: 2019-12-24 20:46:47

* orders involved: {991119,991030,991209,991254,
991213,991206}

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

» packages involved: {660784}

» customers involved: {Kefang Ding}

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

* total price: € 6.829,99

* total weight: 4,719 KG

unugoby=1296
perf: median=10h mesn=1

erf. mecian=1 h mea=10h

0202 ‘0p-1 "dd ‘p-| "ou ‘G/| "|OA
‘aedljewoju] ejuswepun4 ‘s}aN

11}9d 213uan-309lqo Bulidanoasiqg

g 'V pue jsjey 19p UeA 'd'IN'M

package delivered
1296

AV,

e it P i il i e it '“PdChairomecess
> g and Data Science
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Make process mining repeatable and actionable

U Event logs provide views on reality.

U 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 ...).

U Results should be used on a
daily basis.

. U Not for one process, but for all
processes you would like to
improve.

O Share efforts and expertise.

0 Use comparative process
mining / benchmarking.
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Learn more?
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“PM Bible” prof.dr.ir. Wil van der Aalst
RWTH Aachen University
Wivan der Al W: vdaalst.com T:@wvdaalst

PrO CeSS Over 135.000

participants

Mlnlng

Action

coursera

Data Science > Data An: is

Process Mining: Data science in Action
% J ok J Jc 4.8 581ratings - 148 reviews

Second Edition

—
a5 ~ Fraunhofer

@ SP ri ngc r GoTolCourse Financial aid avallable
31,318 already enrolled! E. ] »g_ FIT
J |
. ¥ v
https://www.coursera.org/learn/process-mining i | Chair of Process
> b and Data Science
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TERM/

4 IEEE TASKFORCE ON PROCESS MINING

www.tf-pm.org
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