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About this introduction lecture
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J What is process mining and
why is it relevant?
] Development of the field
] Overview of process mining
tasks and tools
] Core concepts: event data
e e and process model
v o  Tools: ProM & Celonis

When will this product be delivered?

Will we meet our targets tomorrow? E-I E—
J I
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9 Wil van der Aalst [ - vou
Alexander-von-Humboldt professor @ RWTH Aachen, Chief Scientist @ Celon...
2w ®

As a "process miner”, traveling and visiting other countries is interesting. One gets to
witness processes. Often, we do not witness a process until it goes wrong. Here is an
example: We had a wedding in Sussex over the weekend, flying to London Gatwick
and then traveling by rental car from there. We had booked the flights and the rental
car with easylet in one booking. This should be the convenient way, but we
experienced two "process problems”.

First, our easylet car reservation was cancelled without notifying us. | found out
when double-checking a few days before, although | had paid for the car. Nothing
was refunded, and no message was sent. The staff member who assisted us was very
friendly and helpful, and was able to recreate the reservation. It is unclear why this
has happened. We were lucky to find a phone number and be able to talk to a
person who could see that this was an error and who recreated our reservation (we
had already paid months ago and got a confirmation that all was OK). Based on the
person's response, it seemed to be a recurring problem. I'm sure that with a chatbot,
we would not have resolved this.

Second, our easylet flight to London Gatwick got delayed by one hour. This is not a
problem in itself. However, this derailed our car booking again! Although we booked
both the flight and the car via easylet and never entered a time ourselves, our car
reservation had expired. The staff at the rental office were very friendly and helpful
in resolving this issue. They called the easylet car rental helpdesk. However,

the easylet helpdesk insisted that it was my fault. | should have informed Easylet
that their own flight was delayed! This is an incredible rudeness. How can a company
that causes a delay and sends me multiple text messages that the flight is delayed,
blame me for not informing them? It was clear that this was another recurring
problem. Many flights get delayed, but easyJet subcontracts car rental to another
car rental agency under very strict conditions (a car should be picked up at a specific
time, otherwise the booking expires). The customer who booked flights and a car
with easylet is the victim and may need to pay twice or undergo a lengthy and
painful refund process.

The goal of booking both the flights and the rental car in a single transaction was to
avoid precisely the above. It is very clear that both problems are process-related. |
suspect that the first problem was a system-to-system error and that the second
problem was an organization-to-organization error,

In any case, #Easylet, you can do better!! Using #ProcessMining. you can identify
and address these issues yourself without losing customers.

You only realize that there is
process when things go wrong.
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Example case

(deliberately made unreadable)

One payment coffee break summer school €995

e Hisore uSimte Ml ] iune-Hwinris
i o - i
= == = = = ==c
= S —nd e o
e - g
oo S Zeitstempel Logtext " -
e T — Benutzer-ID Log-Ergebnis Workitem Benutzername = BTG
s 20220721141725 1 Zuriick zur Fachliche Prifung = -
= S = PY105196 000000000000 : - it
i 20220721214009 1 XI - Beleg gepriift. Level 001 -
- ) Cs619308 RELEASED 000047323520 3 - - -
20220803135655 1 XI - Document released. Level 001 o —— Do
QK647033 MORE 000047340243 5 = . - )
ot e e e 20220803135655 2 ---> |tem: 000000 0001 - — e
i " QK647033 MORE 000047340243 —— 2 - - -
20220803135659 1 XI - Document released. Level 002
WF-BATCH RELEASED 000048012887 2
20220803135703 1 X1 - PO approved. Level 001
WF-BATCH MORE 000048013000 4
20220803135707 1 Xl - PO approved. Level 002
WF-BATCH RELEASED 000048013029
20220804071646 1 XI - Beleg weitergeleitet. Empfanger: 6
QC303519 FORWARD 000048013071 = — -
20220804071646 2 - 2
QOC303519 FORWARD 000048013071 —
20220804073814 1 XI - Beleg weitergeleitet. Empfanger:
OB653475 FORWARD 000048036576 3
20220804073814 2 -—>
OB653475 FORWARD 000048036576 2
20220804084550 1 XI - Beleg weitergeleitet. Empfanger:
| TC561794 FORWARD 000048038428
| 20220804084551 1 -—> 4
TCEG1794 FORWARD 000048038428

20220804120437 1

XI - Beleg weitergeleitet. Empfanger:

16 persons from RWTH involved (on average 3 interactions per person, 6 weeks duration)
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Key Material (see also the end of this lecture)

Wil M. P. van der Aalst
Josep Carmona (Eds.)

* First two chapters of the Process Mining
HandbOOk (2022) Process Mining

https://doi.org/10.1007/978-3-031-08848-3 Handbook
— Process Mining: A 360 Degree Overview

— Foundations of Process Discovery

* The “Process Mining Bible” - Process Mining:
Data Science in Action, Springer 2016

h ttps :/ldoi.o rg/ 10.1007/978-3-662-49851-4 Object-Centric Process Mining: Unraveling the Fabric of

* Object-Centric Process Mining: Unraveling the e

Fabric of Real Processes, Mathematics 2023
https://doi.org/10.3390/math11122691

Wil van der Aalst

Process
Mining

@ Springer

Mibey

Wil M. P. van der Aalst 2

es
with a “three-di 1" view of their processes, showing how they interact with
cach other, and where the root causes of performance and compliance problems lie.

Y i
business Process Management; process science
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Timeline of Process Mining
First Celosphere Gartner PM
2019 Magic Quadrant
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Timeline of Process Mining
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Process mining is used in all domains
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Some of the Celonis customers
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in some of these there are thousands of active users (e.g., Siemens, BMW, etc.)
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Starting point: Event data

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

Case ID Activity Resource Timestamp product prod-price gquantity address
6350 place order Aiden 2018/02/13 14:29:45.000 APPLE iPhone 6 16 GB 639,00 € 5 NL-7751DG-21 eve nt
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
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 55 16 GB 449,00 € 4 NL-7751AR-19 EI »@_
J 1
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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 [ ]
6323 | send invoice 2018/02/13 15:46:08.000 m
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 o
6353 place order 2018/02/13 20:16:20.000

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

J |

@V

1A Ty

S

Chair of Process
and Data Science



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

Qv
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Let’s look at orders 6350, 6351, and 6352

Order 6350

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

E mg Chair of Process
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Let’s look at orders 6350, 6351, and 6352

Order 6350

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)

Order 6351

place send cancel
order invoice order

!

place send prepare make confirm
order invoice delivery delivery payment
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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)

Order 6350
place send prepare make confirm
order invoice delivery delivery payment
Order 6351

place send cancel
order invoice order

Order 6352
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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)

Order 6350

place send prepare make confirm
order invoice delivery delivery payment

Order 6351

place send cancel
order invoice order

Order 6352

place send prepare confirm make
order invoice delivery payment delivery
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Let’s look at the whole event log again

71,043 events
12,666 cases
7 activities

send prepare make confirm
8016 X invoice » delivery delivery payment
send cancel

send prepare confirm make
2962 X invoice delivery payment delivery

30 send prepare make N confirm
X invoice delivery delivery payment

ELE
delivery

confirm
payment

prepare
delivery

7 X place send
order invoice

T ,_Pé Chair of Process
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Using the whole event log

place send prepare make confirm
801 6 x payment
place send cancel
1651 x invoice order
place send prepare confirm ELG]
2962 X order invoice delivery payment delivery
30 place N send N prepare N make N confirm
X order invoice delivery delivery payment
7 place send prepare confirm make
X order invoice delivery payment delivery

No
modeling
needed!

11015

prepare delivery

1015 11015 A7 11015

send invoice
12666

place order
12666

cancel order 1651
1651

11015 - 11015

12666 12666 12666 12666
12666 . 12666 12666 & 1666 2O 5 1651 .

12666 cancel order 1651
R 1651 R hai8

11015 11015

cancel order

™ Chair of Process
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Performance and Compliance

make delivery

prepare delivery 11015 confirm payment |
o @ 11015 11015

cancel order
00 O 1651

send invoice

Y
0 0@ %)to0

2000 nlace order
e)”)l.) )) ) .I))H))y.)biri)
12600

DTS 001 5009
11015

What happens?

11015 - 11015
11015 11015 11015 11015
12666 11015 - ° % - S 101
12666 12666 s

1651

cancel order
7d 18:13:00:71

12666
12666 12666 12666 & > s
0 S 12666
. ) & 12666 1651 ot

3 2

11015 11015

Where are the bottlenecks?

37

CLS
11015 é“ 11015W 101s 11015

1651

pay
11015

confirm payment
11015

11015

12629 58

place order
12666

cancel order
1651

send invoice
12629

:_ ¥'a

© Wil van der Aalst (use only with permission & acknowledgements) kg O
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Reality is not so simple

Create Purc

Create Purchase Order Item

254

Send Purchase Order (eMail)

Send Purchase Order (eOrder)

Print and Send Purchase Order (Paper)

1,034

Receive Order Confirmation

Record Go

Vendor creates Invoice

Vendor creates Invoice

Record Invoice

Record Invoice Receipt

Record Goods Receipt

m Chair of Process
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Reality is not so simple

g—_

Sond Prrchass Order Lipdue | 40

It is common to fihd thousands of
different variants for simple core
processes like PZP and O2C!

Send Purchase Order 460

Caused by hand-offs, rework, duplication,

ineffective communication, etc.

i




Process mining helps organizations to address
compliance and performance problems

o 60 0 © 23;?20 o) 0 oo o0 @ o o 388

° 755 © ° 755

& o &

°) 5;:1%) 16
° o
0f 132

- () Reveal performance and conformance

° Crrm) issues and suggest actions.

m Chair of Process
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Six types of process mining

information
systems

extract &

process conformance
performance

agnostic

align
repia
2: Conformance 4: Comparative

Checking Process Mining
1: Process

Discovery A B 3: Performance

Analysis
explore select
filter show
clean

interpret
drill do

6: Action-Oriented
Process Mining

Ve s
Pilin3
¥

i “ > Chair of Process
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Object-Centric Event Data

event type |1 event
(activity) | hasatrib.] attribute

object
attribute

-
0 item out of stock
[£5)

1

has name has name

*

0 payment reminder

event
attribute

object
attribute

value value

has timestamp

(Y ) package delivered

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



Case-Centric Versus Object-Centric

event type |1 * event
(activity) [ nasatib.] attribute
1
has type has name
* *
«| event
event attribute
for event
value
E 3 E 3

has objects

object |1 *

has aftrib.

has type

%

object
attribute

has name

1

*

object
attribute

related

has timestamp

| qualifier l

qualifier

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

time

Object-Centric

value

*

event type |1 * event

(activity) | hasatrib.| attribute
has type has name
* *

x| event

event attribute
for event
value
£ 3 £ 3
has case

Just one

has timestamp

_ case
ObJeCt type attribute
called case 1

has name
%
1 % case
case - attribute
or case Value

1

No 020
relations

No arbitrary E20 relations

time

Case-Centric

PIFDF
e
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Case-Centric

event type |1 event
(activity) | hasatrip.] attribute

has name

event
attribute
value

for event

has case

has timestamp

time

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

case
attribute

1
has name
k

case
attribute
value

for case

. place order |
r'I 0K

/d
pay | (&as
‘. 7] 8.75K | ' ;
ézd ]@Ga

(@isa send invoice
[“'r:nc

| @3&

/ = \
‘ @ prepare delivery | send reminder | @sa)
(#) 8.75K (7] 5.06K | 5
\‘ \’} T
confnrm payment | | cancel order
(#B.75K

#1.25%

f@sn/azln

. make delivery
[#) 8.75K




Removing event and case attributes

event type
(activity)

has case

has timestamp

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

time

case

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

J |
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To start: Let’s keep it as simple as possible!

* For now we focus on control-flow and discovery and (a bit of)
conformance checking.
- Later other perspectives and types will follow!

- We start with introducing process models and event logs.
L T “*
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Running example

(yes, process mining is related to Italian food)




A BPMN model

add cheese
(ac)
buy ) . . .
. ; create base add tomato bake in oven eat pizza clean kitchen
ingredients
(o) (cb) (@t (bo) (ep) (ck)
start - end
)
add salami
(as)
J
start end
event event

[ a ] activity
parallel exclusive
(AND) choice (XOR)
gateway gateway

Qv
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Same process now as a Petri net

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at),
add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck).

Ox

bi

ac

O

cb

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

at

o

as

bo

O

o] O

ck

_@

Q place

transition
(often representing an activity)

d

—>» arlc

@ token

E@fg’-
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One execution of the Petri net (1/9)

/'QH
(-
\‘Qa

ac

as

O E-O-f5

AN N N N N N N N\
/ / / /

¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E;%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). {'m‘lr_{' Chair of Process
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One execution of the Petri net (2/9)

(>
O

acC

as

> N N N N N N\
) bi g / / /

¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato EJ’E—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). :{’m}_{'é

O-{o1@-B

Chair of Process
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One execution of the Petri net (3/9)

PO~
—(0)—
e

ac

as

o o o o o

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E—f@
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). t»“tfé

Q—» bi cb

Chair of Process
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One execution of the Petri net (4/9)

PO~
(O
e

ac

as

OO

N N N N\
/ /

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato Ef%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). -;m‘l-_f' Chair of Process
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One execution of the Petri net (5/9)

/@H
(-
\‘Qa

ac

as

p bi > cb ) at ) as AN

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E—f@
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). t»“tfé

OO

Chair of Process
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One execution of the Petri net (6/9)

TOH

p bi > cb ) at ) as ) ac SEEPANEA

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E—f@
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). t»“tfé

Chair of Process
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One execution of the Petri net (7/9)

TOH

p bi > cb ) at ) as ) ac ) bo A

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E—f@
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). t»“tfé

Chair of Process
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One execution of the Petri net (8/9)

Q—»bi

O

p bi > cb ) at ) as > ac ) bo ) ep &

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato &

© Wil van der Aalst (use only with permiss

cb

ion & acknowledgements)

at

as

bo

O

ep

oS

¥e

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck).
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One execution of the Petri net (9/9)

Q—»bi

aC

O

cb

O

at

as

bo

O

ep

O

ck

_,@

E@fg’-
? “r’é Chair of Process
> O and Data Science
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An accepting Petri net has an initial and

final markinc

ac

as

OO

Jor

i Process Mining
el Handbook

Definition 14 (Accepting Petri Net). An accepting Petri net is a triplet AN = (N,
Minity M finar) where N = (P,T., F\l) is a labeled Petri net, M,;,;; € B(P) is the
initial marking, and Mg, € B(P) is the final marking. Uasn < Uy is the set of
accepting Petri nets.

4 >.r'é Chair of Process
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An accepting Petri net defines a set of

traces

@O Ol OO

p bi > cb > at ) as > ac ) bo ) ep ) ck 4
p bi > cb > ac ) at > as ) bo ) ep ) ck g

3! = 3x2x1 = 6 possible traces P40}
N T T i s Fertd




A process tree

root node
sequence

- —(bi , cb,A(ac, at, as), bo, ep, ck)

parallel

activity D\

Four types of operators: — (sequential composition), x (exclusive
choice), A (parallel composition), and O (redo loop).

Chair of Process
and Data Science

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E f@
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;ﬂl"é
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The semantics of a process tree

Direct or in terms of
accepting Petri nets.

OFCINONE

i “ r’é Chair of Process
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Directly-Follows Graph (DFG)

» A one-to-one correspondence between activities and nodes (except for start and end). E'
« One can think of the “state” as the last activity executed, i.e., just one token. "g-'

i “ r’é Chair of Process
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One execution of the DFG (1/9)

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato Ef%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). -;m‘l-_f' Chair of Process
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One execution of the DFG (2/9)

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato Ef%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). -;m‘l-_f' Chair of Process
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One execution of the DFG (3/9)

1¢ '
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato Ef%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). -;m‘l-_f' Chair of Process
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One execution of the DFG (4/9)

/ \ /

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E 'rg—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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One execution of the DFG(5/9)

/ | /

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E 'rg—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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One execution of the DFG (6/9)

N\ N\
/

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E 'rg—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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One execution of the DFG (7/9)

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E 'rg—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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One execution of the DFG (8/9)

p bi > cb ) at ) as > ac ) bo ) ep &

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E 'rg—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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One execution of the DFG (9/9)

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E 'rg—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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One complete execution of the DFG

16
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E 'rg—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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The DFG allows for many more traces

p bi ) cb ) at ) as ) at ) as ) at ) bo ) ep ) ck 4
Qv

Infinitely many possible traces! A

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



Differences: (1) choice between salami and
mushroomes, (2) cheese can be added multiple
~_times, and (3) one can skip eating the pizza.




Alternative BPMN model

add cheese

(ac)
XOR XOR
split join

bake in oven clean kitchen
(bo) (ck)
end
eat pizza
(ep)

add tomato
(at)

. buy create base
ingredients
(bi) (cb)
start

add salami
(as)

add

XO
split

mushrooms

join

end

___ (am)

<::> start
event

O

event

Differences: (1) choice between salami and mushrooms, (2) cheese can be <‘|>g§?e“w[’§y®°“‘;‘:;6vé‘3R’
added multiple times, and (3) one can skip eating the pizza. E,;@-‘

! “ r’é Chair of Process
> O and Data Science
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Alternative BPMN model

(2)

buy
ingredients
start (bi)

create base
(cb)

(1)

( )
XOR XOR
join split

add cheese
(ac)
\_ y,
4
add tomato
(at)
AND \ AND
(Splll. -
add salami
(as)
g
4
XOR add XOR
split mushrooms join
L (am)

\_

s

bake in oven
(bo)

|

J

clean kitchen
(ck)
end

eat pizza
(ep)

Differences: (1) choice between salami and mushrooms, (2) cheese can be
added multiple times, and (3) one can skip eating the pizza.

© Wil van der Aalst (use only with permission & acknowledgements)
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How many traces?

buy
ingredients

(bi)

start

create base
(cb)

split

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

add cheese
(ac)

add tomato
(at)

add salami
(as)

add
mushrooms
(am)

join

bake in oven clean kitchen
(bo) (ck)
end

eat pizza
(ep)

E@fg’-
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Corresponding Petri net

silent activity (also
called t transition)

silent activity (also
called t transition)

OO

nve

am

Same differences: (1) choice between salami and mushrooms, (2) cheese can be added E'
multiple times, and (3) one can skip eating the pizza. ‘@

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) hg o and Data Science



Corresponding process tree

Four types of operators:

 — (sequential composition),
« X% (exclusive choice),

* A (parallel composition), and
« O (redo loop).

. |

Same differences. E ‘@

i > Chair of Process
‘*“‘-' é and Data Science
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The corresponding DFG

The goal was to add a choice between
salami and mushrooms, allow for

cheese to be added multiple times, and
to skip eating the pizza.

Like the previous DFG, also this DFG is
underfitting and allowing for more
traces than intended.

EvEn
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add ' “ f'é
G (&

salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). Chair of Process

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



What are differences in behavior?

,,@

Same behavior as the process
am tree and BPMN model

as

Chair of Process
and Data Science

PIFDF
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add
salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). 't,“(_,"

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



What are differences in behavior?

A
ac v
at _.Q_. bo 4&- k _>© > bi cb at bo ep ck N

S2

i

m -
(%} q
»

The DFG also allows for:

* Not adding cheese.

* Not adding tomato.

« Adding both salami and mushrooms.

« Adding tomato, salami, and mushrooms multiple times.

Chair of Process
and Data Science

BV
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add [
salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ';,“(f

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



Four types of basic process models

BPMN: The industry Process trees: Frequently
standard (here we just use used in process mining
a subset) because it is block structured

and sound by construction
Petri nets: The oldest

model for concurrent DFGs: Supported by all

processes and .the de process mining tools (simple,
facto standard in process but no concurrency)

mining research

PISDF
I J 1
. v

i r’E Chair of Process
© Wil van der Aalst (use only with perm ission & acknowledgements) hg O and Data Science



Simplified event data used in the remainder

case activity timestamp resource customer
pizza-56 buy ingredients (bz) 18:10 Stefano Valentina
pizza-57 buy ingredients (bi) 18:12 Stefano Giulia
pizza-57 create base (cbh) 18:16 Mario Giulia
pizza-56 create base (ch) 18:19 Mario Valentina
pizza-57 add tomato (at) 18:21 Mario Giulia
pizza-57 add cheese (ac) 18:27 Mario Giulia
pizza-56 add cheese (ac) 18:34 Mario Valentina
pizza-56 add tomato (at) 18:44 Mario Valentina
pizza-56 add salami (as) 18:45 Mario Valentina
pizza-56 bake in oven (bo) 18:48 Stefano Valentina
pizza-57 add salami (as) 18:50 Mario Giulia
pizza-56 eat pizza (ep) 19:10 Valentina Valentina
pizza-58 buy ingredients (bz) 19:17 Stefano Laura
pizza-57 bake in oven (bo) 19:23 Stefano Giulia
pizza-57 eat pizza (ep) 19:27 Giulia Giulia
pizza-57 clean kitchen (ck) 19:44 Mario Giulia
pizza-58 create base (cbh) 19:48 Mario Laura
pizza-58 add salami (as) 19:49 Mario Laura
pizza-58 add tomato (at) 19:55 Mario Laura
pizza_qﬁ rlaan litrhan @~ M-NY MMarin \f-:lentina
rizz- normal event log (events with case,
v activity, time, etc. attributes) o
pizza-58 clean kitchen (ck) ‘ 20:51 ‘ Mario ‘ Laura

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

case: pizza-56

p bi > cb ) ac ) at ) as ) bo > ep ) ck 4
case: pizza-57

p bi > cb ) as y at ) ac » bo > ep ) ck 4

simplified event log (cases are represented as
sequences of activities, ignoring all other attributes)

@V
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Many process mining tools are available

ProcessMining Introduction Qverview ¥ Publications Courses Event Data Software Links
u u u Interact_lon throu.gh. [ Data ingestion On premise
WWW.processmining.org & e @
| | | | . .
% : y —{ Interaction t!1rough ageneric ] Event data visualization Private cloud
. user interface
Process Mlmng E = T - Interaction through a 1 Eventdata querying and Multi-tenant cloud
= 5 customized user interface filtering
: o T B L e = . o o § g = = e et ; || Interaction through a || P di
‘process sc e RN R s
. - 2 = : ‘ '7 = . : ; = = an : 1 Process modeling
a nd dq ped I} = o 1 Continuous (real-time) m Extended scale
‘m‘ § ~s u Conformance checking
J TN ] Project-based (offline) 1 Enterprise scale
u Performance analysis
1 Hyperscale
. u Case-centric
S Interaction through ._ m Comparative analysis
Y] . L
§ ? programming or scripting (3) ] Object-centric
. u Decision mining
S High .
Q Interaction through a
y K . of (2) __| Transition systems / Markov |_| Resource and organizational
9 generic user intertace ._ models mining
I
O X || Directly-Follows Graphs - . . .
% Interaction through a (DFGs) Simulation-based analysis
) customized user interface (1) PeSr—
S - . || Dashboarding and process
o Low Petri nets / workflow nets monitoring
- .
Q Interaction through a Remortine and
Q : li rf u Process trees u eporting an
3 conversational interface documentation
L_| Business Process Modeling - Conversational process
hourly daily weekly monthly rarely Notation (BPMN) mining
. . | Action-oriented o
Continuous Project-based o O:,ei:i:g process El J I
(real-time) (offline) » :

. . , ; “ > Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) How Often is the same ana/ySIs repeatEd' hg O and Data Science



Two example tools used to

Illustrate the concepts

= e\

process mining workbench

Open source
academic
local installation
single user
for data/process experts

ce@mis

closed source
commercial
cloud based
multiple users
also for non-experts

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

Many more tools, e.g.,

rPM4r(

OOOOOOOOOOOOOOOOOOOOOO

bject-Centric
ocess Querying

Exploring object-centric process data made easy. ° e

-
AVE)
! “ r’é Chair of Process
> O and Data Science



Getting the software

| assume you have watched the videos!

* ProM: download from www.promtools.org. Please
install ProM 6.15 or ProM Lite 1.4. ProM requires
Java 8. If you encounter issues, you may use the
Docker setup described in the video

» Celonis: get access via: signup.celonis.com. See
academy.celonis.com for additional resources:

Building the Process Intelligence Workforce of Tomorrow

Classrooms use Celonis
i classroom and online courses, seminars, and workshops

“ é Chair of Process
> O and Data Science



Example of an open-source tool: ProM

* For a long time, the de facto standard tool for
process mining. Created to avoid reinventing the
wheel In science.

* ProM 1.1, released in 2004, had 29 plug-ins.
* ProM 6.15 has over 1500 plug-ins.

* Different flavors: ProM, ProM Lite, Nightly Builds,
RapidProM.

* GNU Public License (GPL) for core and Lesser GNU
Public License (L-GPL) for most of the plug-ins. P40}

J |

i “ r’é Chair of Process
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ProM
XES Event Log

Select all Deselect all

285 traces

15.36% of the log initial examination Jfcheckup (HEERCHH final examination
260 traces

14.01% of the log initial examination /fcheckup [REERCESR CT scan (RiLEREEEILED
139 traces
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Sort by Count (Descending)

113 traces
G.09% of the log

T2 traces
3.88% of the log

T2 traces

3.88% of the log initial examination

initial examination

1.5G% of the log

28 traces
1.51% of the log

27 traces
1.45% of the log

)
)
)
)
)

initial Examinati=n>)CT s=in> lab >=heckup> final examination

Events per Trace
First Event
Last Event

initial Examinati:n>>nhe::kup ‘adminiﬂer mEHiEiHE))EhEEkHF) lab >GT s:ir|> final examination

2015-01-05T09:00:07Z
2015-12-14T710:49:082

lor by Event

y by Event Name
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explore, select,
lter event data
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- O X
) designed by fluxicon
e 0
- . []
X Axis Attribute E o1 | Inspector @&
E: time:timestamp

Y Axis Attribute

T: concept:name

Trace Sorting

Sort on time:startTime of trace.

(Color Attribute

C: Event Name
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Attribute Statistics
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M checkup
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L% pro UlTopia

__Pron|

Petrinet

lab tests

CT scan

initial examination

X-ray

checkup

Dozens of process
discovery techniques

final examination

order medicine

administer medicine




L% proM UlTopia

PraoM

Inductive visual Miner

Animation on top of
discovered models

18565
d 7 g
1856 1856 2268 @
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0.8
conceptname
pre-mining filters

default miner (IMf)
edit model
paths
trace colouring
highlighting filters
traces
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export log
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= designed tn fi n
__pProw . o

Inductive visual Miner

activities: paths:

Bottleneck analysis | I

929

§27

administer medicina 827 827 C:arder medicine ) y
0

0d21:16:30:779 ) d 19:53:12:655 ) | re—

} edit model
J Show paths and sojourn times
]. 8 5 6 . ) trace colouring
highlighting filters
traces

data analysis
export log
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Inductive visual Miner

Conformance
checking

T 1205 1295 ;
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Classifier conceptname
pre-mining filters
default miner (IMf)
edit model
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trace colouring
highlighting filters
traces
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export log
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£ trace view - visual Miner

100

1000

1001

1002

1003

1004

1005

1008

1007

05-01-2015 09:00:07 05-01-2015 10:47:51 06-01-2015 12:54:17 07-01-2015 14:00:43 12.01.2015 17:46:24

xamination F-ray lab tests final examination

complete complete complete complete complete complete complete
only in model anly in model
06-01-2015 10:08:51 07-01-2015 10:14:15 07-01-2015 14:33:48 09-01-2015 12:40:18 09-01-2015 12:50:14
xamination lab tests final examination ‘ O n I O I I I I a n Ce
complete complete complete complete complete complete complete
only in model only in model
21-01-2015 02:41:54 21-01-2015 13:48:07 22-01-2015 11:30:17 26-01-2015 20:24:22 28-01-2015 11:57:06 n
xamination lab tests CT scan final examination h k I n
complete complete complete complete complete complete complete
only in model only in model
13-07-2015 10:18:33 14-07-2015 11:41:31 16-07-2015 12:11:45 17-07-2015 17:55:18 23-07-2015 14:23:47
xamination 1 0 CT scan lab tests final examination
complete complete complete complete complete complete complete
only in model anly in model

13-07-2015 11:55:13 16-07-2015 11:13:51 16-07-2015 16:55:06 20-07-2015 12:19:16 21-07-2015 12:20:53 21-07-2015 13:51:40 21-07-2015 17:28:45 23-07-2015 13:41:26

xamination lab tests order medicine administer medicine final examination
complete complete complete complete complete complete complete complete
only in log
13-07-2015 14:08:34 1407-2015 14:14:43 16-07-2015 16:59:03 23-07-2015 16:24:19 27-07-2015 12:54:58
xamination CT scan final examination
complete complete complete complete complete complete complete
only in model only in model
13-07-2015 15:35:15 15-07-2015 08:45:50 20-07-2015 09:24:40 20-07-2015 18:37:43 23-07-2015 16:14:26
xamination lab tests CT scan final examination
complete complets complete complete complete complete complets
only in model only in model
13-07-2015 17:28:37 16-07-2015 16:00:54 17-07-2015 09:18:31 17-07-2015 11:40:30 20-07-2015 16:32:15
xamination lab tests final examination
complete complets complete complete complete complete complets
only in model only in model

13-07-2015 10:16:21 17-07-2015 10:54:50 20-07-2015 14:44:54 20-07-2015 18:01 21-07-2015 14:57:20 21-07-2015 18:45:20 22-07-2015 11:50:20 22-07-2015 14:50:36 23-07-2015 17:50:30 24-07-2015 11:37:3§ 27-07-20156 15:26:54 28-07-2015 11:32:16 28-07-2015 16:31:37 30-07-2015 11:07:40

aminaen -_-

complete complets complete complete complete complete complete complets complete complete complete complets complete complete
only in log only in log only in log only in log only in log only in log anly in log

lab tests order medicine administer medicine xamination

13-07-2015 22:08:57 14-07-2015 11:07:34 15.07-2015 12:14:37 15.07-2015 14:54.37 15.07-2015 18:00:25 18-07-2015 10:11:53 18-07-2015 11:42:12 22.07-2015 10:18:40

xamination order medicine administer medicine G final examination

complete complete complete complete complete complete complete complete
only in log

14-07-2015 07:42:54 16-07-2015 11:66:26 17-07-2015 153467 17-07-2015 17:51:45 17-07-2015 19:17:08 20-07-2015 08:35:27 20-07-2015 11:33:44 20-07-2015 15:34:11  21-07-201%5 19:22 23-07-2015 20:32:33 28-07-2015 11:35:51

xamination lab tests order medicine administer medicine CT scan final examination
complete complete complete complete complete complete complete complete complete complete complete
only in log only in log only in log only in log
14-07-2015 10:20:18 15-07-2015 15:40:33 17-07-2015 12:31:16 22-07-2015 15:35:58 24-07-2015 14:28:58
T W, T, T T
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ProM Lite 1.3 ProM 6.11 ProM 6 nightly build RapidProM ProM 5.2 Documentation Free online courses

Windows ProM Tools

Proi Lite 1.3 with 64-bit JRES

ProM Lite 1.3 with 32-bit JRES Processes are an integral part of today's world, driving services and internal functionalities in businesses, governmental bodies, and
ProM Lite 1.3 without JRES organizations around the globe. While there are plenty of systems available for supporting the execution of such processes, the
current practices for monitoring and analyzing this execution in the organizational reality still leaves a lot to be desired. Process

PIOM .71 Wi B4-bit JRES Mining is able to fill that gap, providing revolutionary means for the analysis and monitoring of real-life processes.

Froi &.11 with 32-bit JRES
PromM &.11 without JRES
RapidFroi

Process Mining research is concerned with the extraction of knowledge about a (business) process from its process

execution logs. Process Mining strives to gain insight into various perspectives, such as the process (or control flow) perspective,

the performance, data, and organizational perspective (The processmining.org web site has more in-depth information and scientific
ProM 5.2 publications available).

Other platforms
ProM Lite 1.3
[hese were just 5 of 1500 plu
RapidProi J p g
PromM 5.2

Licenses

ProM is an extensible framework that supports a wide variety of process mining technigues in the form of plug-ins. It is platform
ort practical

Ins, just try some more yourself.

ProM 6 framework license

ProM 6 package licenses
Documents

Example log files

ProM 6 getting started e =
ProM & tutorial




Example of a commercial tool: Celonis

* Most successful commercial process mining tool.
« Celonis was founded in 2011 by Alex, Basti, and Martin.
« Characteristics:

© Wil van der Aalst (use only with

The first process mining tool aiming at non data-scientists (using
dashboards, cloud, apps, adapters).

Highly scalable (SaolaDB in-memory database).
Process Query Language (PQL) is at the core.

The first to support action-oriented process mining (Integromat/Make
connects to 1000+ systems).

Fully object-centric

Qv
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File Uploads
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Table Name Type

pizza-log Flat File [Global] 6/28/286, 5:17 PM 1

Load a CSV (or XES)

Data Connection Date File Count

Status
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Action

activity

take order

11/4/2025 14:21

create base
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add tomato

11/4/2025 14:34

add salami

11/4/2025 14:34
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Process

Step 4/4: Select sorting column (optional) | Skip step
Click on the column that contains the sorting information for each activity. Sorting information is used the determine the order of activities which have the exact same timestamp. Not all source systems provide sorting information.

Tables

[123] cASE

ACTIVITY

TIME

_CELONIS_CHANG...

1 add cheese Nov 4, 2025, 3:35:01 ... Jun 28, 2026, 5:17:19 ...
1 add salami Nov 4, 2025, 3:34:36 ... Jun 28, 2026, 5:17:19 ...
1 add tomato Nov 4, 2025, 3:34.02 ... Jun 28, 2026, 5:17:19 ...
1 bake in oven Nov 4, 2025, 3:36:41 ... Jun 28, 2026, 5:17:19 ...
1 C i N SARIT Jun 28, 2026, 5:17:19 ...
@ Activity name | © Timestamp o
1 N “ Jun 28, 2026, 5117119 ...
1 eat pizza Nov 4, 2025, 3:40:08 ... Jun 28, 2026, 5:17:19 ...
1 take order Nov 4, 2025, 3:21:34 ... Jun 28, 2026, 5:17:19 ...
2 add cheese Nov 4, 2025, 8:19:41 PM Jun 28, 2026, 5:17:19 ...
2 add mushrooms Nov 4, 2025, 8:19:37 P... Jun 28, 2026, 5:17:19 ...
2 add tomato Nov 4, 2025, 8:19:12 PM Jun 28, 2026, 5:17:19 ...
2 bake in oven Nov 4, 2025, 8:21:10 PM Jun 28, 2026, 5:17:19 ...
2 clean kitchen Nov 4, 2025, 8:25:48 ... Jun 28, 2026, 5:17:19 ...
2 create base Nov 4, 2025, 8:18:06 ... Jun 28, 2026, 5:17:19 ...
Back
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Create a new space in Studio

Create space

A space helps you organise packages in a meaningful way, for the right audience.

Space lcon  Space Name

‘ Bolzano-Pizza

Suggested Data Models Optional (D)

B Bolzano-Pizza X W

Y ESCPErSPECHVECCUSIONI S W YOjECECEnmG T UG M SITPIE T Ga Y

[] perspective_custom_Pers... Q (_Object-centric ) Erin-1

[ test:perspective_custom._... 0 Erin-1

[] test:perspective_custom_... Q (_Object-centric ) ExampleCrderOCPM

Bolzano-Pizza (V] Bolzano-Pizza

—
(] testperspective_cust Name: Bolzano-Pizza AirportOQCPM

Parent Data Pool: Bolzano-Pizza

[] test:perspective_cust( Data model status: Loaded Timothy Smith
Type: Case-centric

(] Academic Template - Goo... €  (Cesecentric) Demo Processes
[ Academic Template - Logi.. €3 Demo Processes

[J Academic Template - Old ... € (Casecentric) Demo Processes
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Create package X

Using packages is the most effective way to organize your work in meaningful ways. Use
packages to maintain, build, and deploy your assets.

Package name

Default

Description Optional

Initial content ®

fm 1%

Automation Empty package

Data Model
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~ Advanced Settings
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Drag and drop components
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E 0.0391days 0 days 0 days 0 days
4 Frequency
[ ]
0
1K
=il 500
0
— T
-0 0 1
[Ime analysis
y [0 ]to[z Hdays V]
1.28K of 1.28K... - —
b 100% are sele... Cancel Apply filter [ {= Legend H Bl a 30% v @
4




e Celonis | Happy BPMM | Default X

wt L

€« =2 C [ 23 academic-workspace-wvdaalst.eu-2.celonis.doud/package-manager/ui/studio/ui/spaces/594b80c8-4e96-40ad-8b0c-ded2d75fced5/packages/87dc2 8ed-62a6-45dc-8523-8e309660f604/nodes /Sh5ebffe-f601-44b5-... & ¥y e & 8 @ £ | &@

@ Studio > @ Bolzano-Pizza > Default v 7 | 81 = O & | GCreateversion Deploy

Search Q| = | Happy BEMN  Model Miner Q ® (oIl Cancel
. | { o RN
oae Pam Widget (2)  Knowledge
¢ Custom process variants
% ® New asset Select variants to build your model. You can use the Pizzalog Activity
search criteria to find the relevant variants.
&, Happy BPMN
@o BPMN a Selected variants Clear all take order
ET.' Default View # Count [© Coverage Avg TPT Tl #Steps
o0 Boloopo D Y v #2 63 0.61% 55minutes 8
create base
S | t v #5 57 0.55% Thours 8
e e C v  #7 49 0.47% Thours 8
- v #9 47 0.45%  60minutes 8
Va rI a n tS ~ #10 45 0.43% 49 minutes 8 add tomato [add salami ‘ add cheese ‘
v #N 43 0.41%  55minutes 8
|
I - . ]
W I t Additional variants
= [ Throughput time v] [ Event flow v] -
— bake in oven
S a I a m I [ Event log attribute v] [ Include event (1) v] | ©
# Count 2} Coverage Avg TPT }t #Ster
eat pizza
a n d + #14 31 0.30% 26 minutes 7
+ #15 29 0.28%  35minutes 7
+ #17 26 0.25% Thours 9
ea e l I + #22 19 0.18% 17 minutes 7
] '
+ #21 19 018%  30minutes 7 [ i= Legend H B Zoomtoft | @ 40% v @
e HOD 19 N7 AQ rminntaes 0O




‘ Celonis | Happy BPMM | Default X

€« =2 C [ 23 academic-workspace-wvdaalst.eu-2.celonis.doud/package-manager/ui/studio/ui/spaces/594b80c8-4e96-40ad-8b0c-ded2d75fced5/packages/87dc2 8ed-62a6-45dc-8523-8e309660f604/nodes /Sh5ebffe-f601-44b5-... & ¥y e & g @ &} | &@

@ Studio > @ Bolzano-Pizza > Default v 7 | 81 = O & | eCreateversion Deploy

[ Search Q | ¥ | Happy BPMN Edit Mode Qa @ | & O X
ooo
ooo
oae m Pam Widget (2) Knowledge
Explore deviations . .
@J 3} P [ Target Model ] ET Preset filters
® New asset Deviations Conformance rate Select the data you want to compare
Biyalon Activit P~ . to the target model.
izzalog Ac - 79% §
&, Happy BPMN = g Y
[P. BPMN Variants Deviations (4) O Pizzalog Activity + Add a filter
3 Default View © Search Q ] @G ¥ @ | akeraer Data & Coverage Info
ofy Bolzano-Pizza KM [onea B Pizzalog Activity 100%
Missing event @ ‘ > ® (ereats baze
® add salami e
640 (50.08%) Pizzalog Activity | +4 minutes TPT —
[ s tomato | O ["add satami | ["ada cheese
Unexpected event ? L L= i
B add mushrooms -
E 640 (50.08%) Pizzalog Activity | +4 minutes TPT I
. e bekeinowen ‘
] Occurred too often >
» B add cheese o |
aif (@) cateiexa
389 (30.44%) Pizzalog Activity | +4 minutes TPT ‘ ’
-0 -
= 7
C.) | qnankﬂchan
Missing event ? i

o i

Now frequent deviations

& o o

[:: Legend H@|a 0% v @




e Celonis | Happy BPMM | Default X

€« =2 C [ 23 academic-workspace-wvdaalst.eu-2.celonis.doud/package-manager/ui/studio/ui/spaces/594b80c8-4e96-40ad-8b0c-ded2d75fced5/packages/87dc2 8ed-62a6-45dc-8523-8e309660f604/nodes /Sh5ebffe-f601-44b5-... & ¥y e & 8 @ £ | &@

wt L

@ Studio > @ Bolzano-Pizza > Default v 7 | 81 = O & | GCreateversion Deploy

[Seafch Q | ¥ | Happy BPMN Edit Mode aQa @ | @ B X

]
¢« Mltss_mg event [ Target Model ] @Preset filters
eat pizza

Select the data you want to compare
to the target model.

ooo

oae Pam Widget (2)  Knowledge

% ® New asset

&, Happy BPMN - E] ‘ [ W Filter on this behavior
i=

@. BPMN Variants () Pizzalog Activity + Add afilter

E:| Default Vi Deviations (1) M Pizzalog Activity IF " _

ve Detault View © (@) takeorder Data & Coverage Info

of, Bolzano-Pizza KM [onea Event missing between bake in oven and clean @ Pizzalog Activity 1005
kitchen

C.) ,-cmala base ]

1178

B Missing event: eat pizza

371(100%) cases

=18 minutes TPT

- L -

| add tomato @ il:d salami | add cheese

1530

1578

g 8
. EE
M Zoom in on problem that not

C.) ,.claankﬂmen..,. i

1178

all pizzas are eaten.

& o 0O
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Process visualizations

=
M
= \ s

[
=

Variant Explorer

Process Explorer

o

Network Explorer

Case Explorer

Instance Explorer

Event Explorer

=]

Throughput Time ...

Performance Spec...

A
I R=
1

*u
=

Adherence Explorer

Time series charts

Grouped column

— ludna
Line Column

Column and line

Stacked column

Area

Stacked Area

Tables ~
=% =
5 ==2

==2
Table Condition list
.ﬁ?
Pivot table
Category charts ~
= —
Bar Pie
Treemap Stacked bar
= =
Grouped bar Bar and point

A small selection of the components you can drag and drop in

a view’s window to create your own “process apps”.

Distribution charts

Histogram

Boxplot

Advanced charts

- -

World map Sankey
|
"
Waterfall
Filter components
[ —
= =
Filter dropdown Date range
i —"]
= | I
Quick filters Search




© Celonis | View | Default | Bolzar X
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Studio > @ Bolzano-Pizza > Default v 7

[ Search

—o

m Pam Widget (2) View (2) |

® New asset
B:-.‘ View

@. Happy BPMN
IP. BPMM

Bﬂ Default View

DE-: Bolzano-Pizza KM

| 81 := O & | @Createversion Deploy

< View 0 & & @ ®
Case Conforms to BPMN Conforms to Happy BPMN PU_COUNT PU_MIN PU_MAX :
1 1 1 8 11/04/25, 2:21 PM 11/04/25, 2:48 PM
2 1 0 7 11/04/25, 7:07 PM 11/04/25, 7:25 PM
3 1 0 8 11/04/25, 9:01 PM 11/04/25, 9:35 PM
4 1 0 7 11/05/25, 1:30 PM 11/05/25, 1:41 PM
5 1 0 8 11/05/25, 6:35 PM 11/05/25, 7:50 PM
6 1 0 9 11/05/25, 8:58 PM 11/06/25, 12:08 AM
7 1 1 8 11/06/25, 2:03 PM 11/06/25, 2:24 PM
8 1 0 8 11/06/25, 6:05 PM 11/06/25, 6:29 PM
9 1 0 8 11/06/25, 7:21 PM 11/06/25, 7:48 PM
10 1 0 7 11/06/25, 8:54 PM 11/06/25, 10:06 PM
11 1 0 7 11/07/25, 1:16 PM 11/07/25, 1:31 PM
12 1 0 8 11/07/25, 2:37 PM 11/07/25, 4:05 PM
13 1 0 9 11/07/25, 6:37 PM 11/07/25, 6:58 PM
8 11/07/25, 8:08 PM 11/07/25, 8:36 PM
8 11/07/25, 9:12 PM 11/07/25, 9:30 PM
9 11/08/25, 12:14 PM 11/08/25, 12:39 PM
17 1 0 9 11/08/25, 12:56 PM 11/08/25, 2:11 PM
11/08/25, 2:16 PM 11/08/25, 2:27 PM




© Celonis | Throughput time | Def X
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@ Studio > @ Bolzano-Pizza > Default v 7 | 81 = O & | @Createversion Deploy

® | Throughputtime 0 @ e O |z

ooo
ooo

LI Throughput times

[ B Pizzalog Activity Default v ]
@ take order w | First v ]
o clean kitchen v | Last v ]

avg. med. min. max.
56.3 minutes 28.9 minutes 6.42 minutes 515 minutes

4+ Frequency

500

E 400

[ ]
) 300
Eﬁ 200
—
O 100
Q 0

52 108 122 136
@ Time =
€

a B [ 6 to| 516 ] [ minutes N




Video: Includes loading more realistic

data sets

Contents:

0:00 How 1o get access 10 the Celonis software

1:55 Brief overview of process mining tools

6:25 Overview of demo

9:40 Exploring object-centric event data in Studio

20:18 Loading the Pizza dataset from scratch using a CSV or XES file

23:30 Building your first analysis: process discovery, conformance checking, etc.

35:30 Loading another data set consisting of a case table and an event table

40:24 Analyzing order data: process discovery, conformance checking, creating tables for ML, etc.
51:24 Loading object-centric event data and creating an object-centric data model

1:10:16 Building a new object-centric analysis from scratch using the new object-centric data model
1:13:51 Creating an object-centric DFG

1:15:33 Discovering an object-centric BPMN

1:17:45 Conformance checking using a normative object-centric BPMN

1:19:40 Learn more?

As mentioned before, make sure to install ProM, get access to Celonis, and to download the datasets
https://www.vdaalst.com/courses/pmdata2026.zip. Watch the videos mentioned before: ProM

https://www.youtube.com/watch?v=rmpWqyHGRm4 and Celonis E' J’@
https://www.youtube.com/watch?v=zd7amuEC028 : “ pé Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) hg o and Data Science



dbject-Centric
rocess Querying

Exploring object-centric process data made easy.

Also check ou

| @ ocra (App) — a X

>

OCEL Info

11 Event Types
6 Object Types |

OCEL Counts
OCEL loaded
21008 Events .
)
10849 Objects Events (21,008) Objects (10,840)
® pick item 7650 & ® items 7,650
Extraction Blueprints =)
) ® confirm order 2,000 @ orders 2,000
OCEL Info
L 2 @ pay order 2,000 @ packages 1,128
Relationship Graph ] @ place order 2,000 @ products 20
R s @ item out of stock 1544 @ employees 18
@ reorder item 1,544 ® customers 15
OCPQ (Queries) i
@ create package 1128
OC-DECLARE o
B package delivered 1128
@ send package 1,128
Load another dataset
@ payment reminder 566 -
Update Click a type for its attributes
available 0.12.1
Current version: 0,12.0
Export OCEL: & JSON & XML & 5QLite
Download 0.12.1
W Unload Dataset _
|4 S E JE

. ;L' “, I'a Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) httpS .//OCpq .aa rkU e. GU/ g O and Data Science



@ ocra (app)

oCPQ

OCEL loaded
21088 Events
12848 Ohjects

Beta
Extraction Blueprints =]

OCEL Info B

Relationship Graph 5

OCPQ (Queries) g

OC-DECLARE 09

Load another dataset

v0.10.1

Local Backend

Backend online

New Constraint (1)

New Constraint (1)

o Descriptio
o
Object Variables + #7659
Q@ o1: orders
: items

Event Variables +
(3 el: place order
(%) e2: package delivered

Filters +
Reld Qol
Re2
Qol @

Labels +

Constraints + VAN

3.08%
E'lel%ﬂlez -0 - 4w 236

Query Info
1 Nodes, 0 Edges
3.08% o Violations
(236 of 7659)

v D+ :D'+

3% of the
items are
delivered
too late

o
=]

o E



o
Object Variables +

Q@ o1: orders
. items

Event Variables +
[3) el: place order
[3) e2: package delivered

#7659

Filters +
Reld Qol
Re2
Qol &

Labels +

Constraints +

el > Re2 -« - 4w
®

3.08%
236

e

0] —@—m————

; place order

:

|

1020

:

' 2

1

: e

package delivered

\\ _J

Y

< 4 weeks



@ ocra (app) - ] X

Output Bindings

Selected Query Query Info
7659 Bindings £ y-lext 1 Nodes, 0 Edges
236 Violations 3.08% o Violations

- (236 of 7659)
<7 weight of product folation
BHany

pol po3

¢7 price of order

0-990001  i-880001 Echo place_o-99000 1353.98

o
Object Variables + #7659 v O+ Dv P

o-990001 i-880002 Echo place 0-990001 deliver p-660001 1353.98 @ o 1 ‘0 rd ers 5
0-990001 i-880003 iPhone11Pro place 0-990001  deliver p-660001  1353.98 .
_ . . Items
0-990002  i-880004 MacBook Pro place_o-990002  deliver_p-660001 3083
0-000002 i-880005 Kindle Paperwhite  place 0-990002  deliver p-660001 3083 @ 03: Pro ducts 2
0-990002 i-880006 iPad mini place 0-990002 deliver p-660001 3083 E .
vent Variables +
0-990003 1-880007 Fire Stick place_o-990003  deliver p-660018 3599.09
_ _ _ (3 el: place order
0-990003 i-880008 iPhone 8 place 0-990003  deliver p-660003 3599.99
0-990003  -830009 iPad Pro place 0-090003  geliver p-660003  3599.99 G e2: pac ka ge delivered
0-990003 1-880010 iPhone X place_o-990003  deliver_p-660003  3590.00
0-990003 i-880011 Kindle Paperwhite place 0-990003 deliver p-660003 3599.99 FI Ite rs +
0-000003 i-880012  iPad Pro place 0-000003  deliver p-660003 359999 m el CD @ ol
0-990004 i-880013 Echo place 0-000004 deliver p-660002 224195 m e? CQ
0-990004 i-880014 Kindle Paperwhite place 0-990004 deliver p-660002 2241.95 ® 01 co
0-990004 i-880015 Echo Show 8 place_o-990004  deliver p-660002 2241.95 3 3
¢ Qo
o-090004 i-880016 Echo Show 8 place 0-090004 deliver p-660014 224195
0-990004 i-880017 iPhone 8 place 0-990004  deliver p-660002 224195 L
abels +
0-990004 i-880018 iPad Pro place_o-990004  deliver p-660014  2241.95 ) pr'lce of order ol.attr('price")
o-090004 i-880019  Fire Stick 4K place 0-990004 deliver p-660002 224195 0.28 ] ¢ weight of product o3.attr('weight")
0-990004 -880020 Echo Dot place 0-990004  deliver p-660002  2241.95 038 ] C t . t
- onstraints + N
0-990005 i-880021 MacBook Air place_o-990005  deliver_p-660001  3049.08 1.25 [_] v 3 08%
Rows per page 50 © Page 1 of 154 4 ? m e1 9 m e2 -co - 4w 236

o
7659 rows, one for each binding



& ocra (app)

Output Bindings

7659 Bindings
236 Violations

ol

0-990026
0-990031
0-990036
0-990047
0-990061
0-990061
0-990078
2-990085
0-990087
2-990094
0-990103
0-990109
o-990114
0-990114
0-990133
0-990153
0-990153
0-990160
0-990183
0-990190

0-990197

i-830114

1-880135

i-880157

i-880202

i-880261

1-820262

i-8303320

i-880361

i-820377

i-820408

i-580434

i-830469

i-820484

i-820482

i-880545

i-830626

i-830627

i-830662

i-880753

i-830786

i-830814

o3

iPad

Fire Stick 4K
iPad

Echo Show &
MacBook Air
MacBook Pro
iPhone X
iPad Air

Fire Stick
Echo Dot
iPad
MacBook Air
Echo Plus
Kindle
MacBook Air
Echo Show 8
iPad Pro
iPad mini
iPhone 11
iPad mini

MacBook Air

Rows per page

50

Bel

place_o-890026
place_o-990031
place_o-990036
place_o-990047
place_o-990061
place_o-990061
place_o-990078
place_o-990085
place_o-990087
place_o-990094
place_o-990103
place_o-290109
place_o-990114
place_o-990114
place_o-990133
place_o-990153
place_o-990153
place_o-990160
place_o-990183
place_o-290190

place_o-990197

[Be2

deliver_p-660065
deliver_p-660091
deliver_p-660074
deliver_p-660121
deliver_p-660108
deliver_p-660108
deliver_p-660120
deliver_p-660132
deliver_p-660165
deliver_p-660147
deliver_p-660136
deliver_p-660146
deliver_p-660149
deliver_p-660169
deliver_p-660152
deliver_p-660169
deliver_p-660185
deliver_p-660175
deliver_p-660196
deliver_p-660201

deliver_p-660240

&7 price of order

82093
71398
3488.99
8016.98
7482
7482
148298
5207.97
2380.97
1283.98
3797.98
2324.98
5374.96
5374.96
6630.95
2341.97
2341.97
80296
5769.98
2541.97

3479.97

<7 weight of product

0433
0.28
0483
0.98

1.25

0172
044
0.2
038
0483
1.25
1.28
0423
1.25
0.98

0433

0.166
0.28
1.25

Page 1of 5

Violation

3 viol.

Fel & Me2
Bel 2 Me2
Fel & [e2
Rel &> [e2
Fel &> Me2
Bel 5 Me2
Fel & [e2
Glel > Qe2
Mel &> Me2
Fel = Qe
Fel & [e2
Glel > Qe2
Mel &> Me2
Fel = Qe
Fel & [e2
Glel > Qe2
Mel &> Me2
Fel = Qe
Fel & [e2
Glel > Qe2

Mel &> Me2

i}

>

lery-lext

Selected Query Query Info

1 Nodes, 0 Edges
3.08% @ Violations
(236 of 7659)

®
Object Variables + #7659 v O+ Dv P

Q@ o1l: orders e
- items
@ 03: products 2

Event Variables +
(3 el: place order
(3 e2: package delivered

Filters +
Rel® Pol
Be2¢
Qol ¢

¢ Qo3

Labels +

&7 price of order ol.attr('price’)
&7 weight of product o3.attr( weight"')

Constraints + VAN
3.08%
Bel-> Re2 -o - 4w 236

236 rows, one for each binding corresponding to a violation



& ocra app)

OC-DECLARE Model
New Constraint (1) 7

+ Add @ Discover ¢ Evaluate || Clear | | »§ Layout & Export O ‘ || D e‘ : I q r e

aa o

OBJECT TYPES
OCEL loaded | customers | [ employees H items ]
21008 Events - — -
18840 Chjects | orders | | packages |[ products ]

= ACTIVITIES
11/11 shown ~

Extraction Blueprints

87

OCEL Info i et eeri
@:=ch @Dy @

Relationship Graph a8 oL 01 @1 Mo
Path Schemas s
0OCPQ (Queries) £ oo
OC-DECLARE o |

. canfirm arder j

F 2t ® semow

Load another dataset ® - 8
payment reminder
v0.12.1 A L XN ]

failed delivery
amom

Local Backend place order

create package
s@0 @

Backend online

item out of stock l.

L4
L ]



& ocra app)

OC-DECLARE Model
New Constraint (1) 7

+ Add | | & Discover Ii‘:-’ Evaluate : Clear | | =€ Layout | | & Export EF & Both =
4 ﬂ ¥ (5] send package — package delivered d s o
{}BJECT TYPES PR | pe—
gf;‘,lél;z:zd | customers customers ] employess - b s
18848 Chjects | orders || packages I srrpuisia t ;
Extraction Blueprints =] ACTIVITIES o—fH— o—ff— osff—
11/ shown ~
OCEL Info | " Srams s O —7-i o4 —
@:ch @y @
Relationship Graph a8 @ ®0. @1- #ho- EFcount |1 - | max =1
Path Schemas =1 arc Objects
.I. each packages x
OCPQ (Queries) F g all items x
any —
OC-DECLARE o3
each all any Simple 020
object type
Load another dataset
vi.12.1 0
send package package dellvered payment
Local Backend
Backend online
failed dellvery
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information
systems

extract ‘

process align conformance
models replay 4 performance apply
- anciclk diagnostics compare ”i\___

1: Process == 2: Conformance L N NN
3 L (rl Checking Ef‘

Discovery G 3
3: Performance h_,
Figlasa salach Analysis
filter Y _—
clean mterpret
N drill down

transform

Qv

i “ r’é Chair of Process
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Process models and event data provide the context to look at

processes and apply machine learning algorithms

'
- ¥ - SR
~ h_‘}?
-’ .
complex reality event data and process models machine learning
BvEh

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements) hg O and Data Science



Generating “Machine Learning Problems” for “Process

Problems”

o} PAM a o 7
H Sales Order
Target Model O 5
.o Alignment Explorer 9 ; . Filters
Explorer ) . ) . filters to select the data you want
" Explore variants that include the deviations we detect in relation to the Ty . ¥
N 5] mpare to the target model.
= target process model Create Sales Order Header
ss9
Mlignment Deviations occur in the following 5488 variants (showing 100 of + Add a filter —
Explorer 5483)
- Refine variants Data & Coverage Info 2
Tables I
@ Sales Order ~  Any deviation type ~  Anyeventtype v Delivery ltem 100% CASE PRODUCT ADDRESS first resource total throughput tim... | decision B
(-\ Gipken Gl lopam ™ Delivery item Sales Order 100% 1 SAMSUNG Galaxy J5  Munich Caleb 239 pay
2 APPLE iPhone 6s 64. Amsterdam Lucas 201 pay
Sales Order Item 100% 3 APPLE iPhone 55 16 New York Sophia 503 cancel order v
Objects f  Coverage Tl Avg TPT T4 4 MOTOROLAMOIOE .. New York Sophia 498 cancel order
5 SAMSUNG Core Pri. Aachen Isabelia 741 pay @
58K i 1.46% oms 6 SAMSUNG Galaxy S4 Munich Emma 406 pay s
a o o o 7 MOTOROLAMotoG  Amsterdam Lucas 59 pay
8 APPLE iPhone 6 16 .. Amsterdam Sophia 209 pay £
g . ‘ I
3.3K ! 0.82% 4d Send Sales Orde; Create Delivery ltem ec I s I o n 9 APPLE iPhone 55 16 Munich Aiden 2412 pay
155518 10 HUAWEI P8 Lite Amsterdam Speedy 415 pay
2.9K ! 0.73% 3d 11 MOTOROLAMoto G Munich Emma 508 pay
12 APPLE iPhone 5s 16. Aachen -lacoh 480 pav
2K i 0 49n/ Ad b 13 HUAWEI P8 Lite Munich RESOURCE ACTIVITY Activities count
.49%
14 SAMSUNG Core Pri. Munich Abigail make delivery 592
15 SAMSUNG Galaxy 84 Aachen Apigail send reminder 4347 ||
| g 1
17K 0.42% 20d Aiden place order 2,087 1
Aiden prepare delivery 1659 |
1.2K | 0.30% Md Alexander cancel order 120
Alexander confirm payment 397
DE== Alexander pay a7
. . Create Deliyg Alexander send invoice 557
Variant Detail pbipiesy Aubrey make delivery 1,584
Avery make delivery 769
. . Caleb cancel order 68
Event Sequence Deviations Time delta Caieb confim payment 244
° ° Calen pay 258
Caleb : rde 180
Create Sales Order Header 0 deVI q t I o n e place oreet
Caleb prepare delivery 130
Calen send invoice 327
Create Sales Order ltem oms
e . - bottleneck
Create Sales Order ltem oms
Create Sales Order ltem oms
2
Create Sales Order ltem oms
o Set Billing Block ! Violated exclusive gateway O ms
B 1= Legend ] & 40% v

@ ‘

i “ > Chair of Process
> O and Data Science
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Can be used to answer any process-related problem!

(if there is enough data)

Alignment Explorer Target Model (Q selesorder
1

ariants that include the doviations we datect n relation o the .
ess model, ]

Deviations occur in the ollowing 5488 variants (showing 100 of
5438)

@ SuesOer v Anydevistintype v Anyeventtype v

1
Objects & Coverage N AgTPT H
1
58K . 1.46% oms -
33 o082 a9 .. (8) SendSsiesOnder Confimtion
20k 073 3a
% 040% 49 3
17K 042 204
12¢ 030% na
Variant Detail
Event Sequence Deviatons Time celta
Create Sales Order Header o
Create Sales Order tem oms
Create Sales Order tem oms
Create Sales Order tem oms
Create Sales Order tem oms
»
Greate Sales Order tem oms
° Set Biling Block Vited excsive gatenay Oms.
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cAsE PRODUCT ADDRESS first resource total throughput ... decision o
1 SAMSUNG Galaxy J5  Munich Caleb 239 pay
2 APPLEiPhone6s64.. Amsterdam Lucas 201 pay
3 APPLE iPhone 55 16... New York Sophia 503 cancel order
4 MOTOROLAMOIOE ... New York Sophia 498 cancel order
5 SAMSUNG Core Pri.. Aachen Isabella 741 pay @
6 SAMSUNG Galaxy S4 Munich Emma 406 pay N
7 MOTOROLAMotoG  Amsterdam Lucas 598 pay
8 APPLEPhOne6 16... Amsterdam Sophia 209 pay
a 9 APPLE iPhone 55 16... Munich Aiden 412 pay
10 HUAWEI P8 Lite Amsterdam Speedy 415 pay
11 MOTOROLAMoto G Munich Emma 508 pay
12 APPLE iPhone 55 16... Aachen Jacoh 480 oav
13 HUAWEI P8 Lite Munich  RESOURCE AcTvITY Activities count
14 SAMSUNG Core Pri. Munich  apigail make delivery 592
15 SAMSUNG Galaxy S4 Aachen Abigail send reminder 4347 |
Aiden place order 2087 ||
Aiden prepare delivery 1659 ||
Alexander cancel order 120 0
Alexander confim payment 397
Alexander pay 417
Alexander send invoice 557
Audrey make delivery 1,584
Avery make elivery 769
Calen cancel order 68
Caled confim payment 244
Calen pay 258
Calen place order 180
Calen prepare delivery 130
Calen send invoice 327

What is causing the bottleneck?
Which orders are deviating?

When will this product be delivered?
Will we meet our SLA tomorrow?
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WWWw.processmining.org
WWwWWw.process-mining-summer-school.org
www.tf-pm.org

www.promtools.org
www.celonis.com/academic-signup
xes-standard.org

ocel-standard.org
www.pads.rwth-aachen.de
www.vdaalst.com Pl D¥
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Online courses

« Coursera course “Process
Mining: Data science in Action”

Register via coursera.org/learn/process-mining (>175.000 \/
participants since 2015). «

 Celonis/RWTH course “Process Fé
Mining: From Theory to
Execution”

Register via www.celonis.com/wils-process-mining-class.

« edX course “A Hands-on b ':' h 4
Introduction to Process Mining”

Register via RWTHx: www.edx.org/school/rwthx. murs era U / e

- edX course “Object Centric

[ L] LL) [ ] RHEINISCH-
Process Mining C IS RW'I'I.I
Register via RWTHx: www.edx.org/school/rwthx. RAGHEN *
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B O O ks (not intended to be complete)

SPRINGER BRIEFS IN
BUSINESS PROCESS MANAGEMENT

Wil M. P. van der Aalst

Modelin
Josep Carmona (Eds.) Ronny.S. Mans e g
L WilM . van der Aalst Business Processes
Wil M. P van der Aalst 3 Rob J.B. Vanwersch

Process Mining

y Pro cess J in Healthcare Wil van der Aalst and Christian Stahl

st (E)valuating Iaadl:ix loiting
. erational Healthcare
Wil van der Aalst Mi ning p

_ Processes

Process -

A Petri Net-Oriented Approach

Process Mining
Handbook

LNBIP 448

Andreas Solti
Matthias Weidlich O

Successful

Conformance el R
Second Edition i C h ec k| n g #:;.i:'::;'ii;'i;r:.ag

Principles, Use Cases and Outlook

L ] ‘
I > N Josep Carmona _ﬂ [S—
H Boudewijn van Dongen .
1 Erik-Jan van der Linden

Process Mining

@ Springer

@ Springer
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