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About Wil

• AvH professor @RWTH

• Chair of the PADS group @ RWTH, 

before 30 years at TU/e.

• Chief scientist @ Celonis.

• Board of Governors Tilburg University 

& Scientific Advisor Fraunhofer FIT.

• “Godfather of Process Mining”

• Founder of conference series like BPM

and ICPM, and the IEEE TFPM.
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About PADS

• 30+ researchers (excluding HiWis).

• Leading group in process mining.

• Leading role in AI Center, Internet of 

Production, and around 15 projects.

• Courses in process and data science.
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Process Mining as the glue between 

data and processes

process 

mining

process 

science

data 

science

process 

discovery

conformance checking

operat ions research

workflow management

statistics

operat ions management

Artificial 

Intelligence (AI)

data mining

business intelligence

supervised learning

unsupervised learning

low-code automation

simulation

industrial engineering

planning and control

Business Process 

Management (BPM)

data  management

data warehousing

Machine 

Learning (ML)
Process 

ModelingProcess 

AnalysisTraditionally, not 

process-centric and 

a focus on specific 

tasks or decisions.

Traditionally, not 

data-driven and a 

focus on modeling 

(languages) and 

automation.
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Generic as a spreadsheet

You can do 

anything with 
numbers events
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Starting point: Event data

event

71,043 events

12,666 cases

7 activities

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

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

6265 confirm payment Lily 2018/02/13 16:55:55.000 SAMSUNG Galaxy S4 329,00 € 4 NL-9521GC-32

6250 confirm payment Jack 2018/02/13 17:03:26.000 MOTOROLA Moto G 199,00 € 4 NL-7942GT-2

6328 send invoice Lily 2018/02/13 17:30:16.000 APPLE iPhone 6s 64 GB 858,00 € 4 NL-9514BV-16

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

… … …. … … … … …
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Starting point: Event data
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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
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Let’s look at orders 6350, 6351, and 6352
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Let’s look at the whole event log again

place 
order

send 
invoice

pay
prepare 
delivery

make 
delivery

confirm 
payment8016 x

place 
order

send 
invoice

cancel 
order1651 x

place 
order

send 
invoice

pay
prepare 
delivery

confirm 
payment

make 
delivery2962 x

71,043 events

12,666 cases

7 activities

place 
order

pay
send 

invoice
prepare 
delivery

make 
delivery

confirm 
payment

place 
order

pay
send 

invoice
prepare 
delivery

confirm 
payment

make 
delivery

30 x

7 x
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Using the whole event log

No modeling

needed!
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Performance and Compliance

What happens?

Where are the bottlenecks?

Where do we deviate from the happy path?
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Reality is not so simple
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Reality is not so simple

It is common to find thousands of 

different variants for simple core 

processes like P2P and O2C! 

Caused by hand-offs, rework, duplication, 

ineffective communication, etc.
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Process mining helps organizations to address 

compliance and performance problems

Reveal performance and conformance 

issues and suggest actions.



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

High-Level Research Questions
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improvements
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actshow
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ML

+ +
event 

data

7: Action-Oriented 
Process Mining

6: Predictive Process 
Mining

4: Performance 
Analysis

3: Conformance 
Checking

2: Process
Discovery

5: Comparative 
Process Mining

1: Data Extraction 
and Transformation

8: Responsible 
Process Mining 9: Scalability of 

Process Mining
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Object-Centric 
Process Mining
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Max Verstappen, pit stop 1.86 seconds, Russian GP 2020 (note that Red Bull uses Celonis).

Highly concurrent - many objects
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Traditional process mining is like 

following one object, e.g., one tire.

Objects: 1 driver, 1 car, 4+4 tires, 

15+ pit crew members, 1 race, etc.

Remember: a classical event = case + activity + timestamp + … 
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Convergence problem: 

• Assume we have a high-level event 

“pitstop” involving 20+ objects. 

• Taking tires as a case perspective, 

each pitstop occurs 8 times.

Divergence problem: 

• Assume we consider low-level events like 

“remove tire (rt)” and “mount tire (mt)” 

and driver as a case notion.

• We may see … rt-rt-mt-rt-mt-rt-mt-mt …

• Causalities get lost. 



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

Object-Centric Process Mining (OCPM)

event = activity + timestamp + objects (of different types) + …
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Five Object Types (packages, items, orders, customers, and products)

OCPM (Alessandro Berti) is implemented in ProM and Web/Python, see www.ocpm.info 
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Three Object Types (packages, items, and orders)  
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Exploring variants using Ocπ (developed Jan Niklas Adams)
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Another example (handling applications)



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

Celonis Process Sphere
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Process discovery is not a solved problem!

• Challenges:
− Only example observations, typically covering a negligible fraction of possible 

process executions.

− No negative observations.

− Infrequent behavior.

• Dimensions:
− Concurrency and loops

− Skip activities

− Duplicate activities

− Long term-dependencies

− Multiple object types

− Etc.
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A bit of history
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Timeline of Process Mining

Inductive process 
mining

"Process Mining in 
Healthcare" book 

PADS @ 
RWTH

first process 
mining book

ProM 5.2

Process mining 
handbook 

40+ process mining  tools and 
acquisitions by IBM, SAP, MS, etc.

First PM market 
guide by Gartner 

ICPM 2019: First 
PM conference 

Alignment-based 
conformance checking

ProM 1.1

start of process mining 
reserach at TU/e

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Alpha mining 
algorithm

Heuristic mining 
algorithm

Token-based 
conformance checking

Decision 
mining

Organization 
mining

EMiT

Futura PI

IEEE Task Force on 
Process Mining

Fluxicon Celonis
Coursera process 

mining MOOC

"Process Mining: Data 
Science in Action" book 

Celonis becomes 
a Unicorn 

First process mining 
summer school 

ProM 6

Decomposed 
process mining
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Timeline of Process Mining
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Alpha mining 
algorithm

Heuristic mining 
algorithm

Token-based 
conformance checking

Decision 
mining

Organization 
mining

EMiT

Futura PI

IEEE Task Force on 
Process Mining

Fluxicon Celonis
Coursera process 

mining MOOC

"Process Mining: Data 
Science in Action" book 

Celonis becomes 
a Unicorn 

First process mining 
summer school 

ProM 6

Decomposed 
process mining

Focus on 

control-flow 

discovery

Adding perspectives 

and conformance 

checking

Dissemination: IEEE Task Force, 

books, courses, software,  etc.

Emergence of a 

new discipline 

(ICPM,PMSS, etc.)
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Timeline of Process Mining

Inductive process 
mining

"Process Mining in 
Healthcare" book 

PADS @ 
RWTH

first process 
mining book

ProM 5.2

Process mining 
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40+ process mining  tools and 
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conformance checking

ProM 1.1
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Alpha mining 
algorithm

Heuristic mining 
algorithm

Token-based 
conformance checking

Decision 
mining

Organization 
mining

EMiT

Futura PI

IEEE Task Force on 
Process Mining

Fluxicon Celonis
Coursera process 

mining MOOC

"Process Mining: Data 
Science in Action" book 

Celonis becomes 
a Unicorn 

First process mining 
summer school 

ProM 6

Decomposed 
process mining

From ad-hoc 

tools to ProM

Growing number of 

commercial tools

The large software vendors are trying to catch up, and today 

many see the symbiosis between mining and automation. 
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Many process mining tools are available

www.processmining.org

40+ tools 
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Adoption in industry



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

Process mining is used in all domains

• finance and insurance (Rabobank, Wells Fargo, Hypovereinsbank, Caixa General, 

ADAC, APG, Suncorp, VTB, etc.),

• logistics and transport (Uber, Deutsche Bahn, Lufthansa, Airbus, Schukat, 

Vanderlande, etc.),

• production (ABB, Siemens, BMW, Fiat, Bosch, AkzoNobel, Bayer, Neste, etc.),

• healthcare, biomedicine, and pharmacy (Uniklinik RWTH Aachen, Charite University 

Hospital, GE Healthcare, Philips, Medtronic, Pfizer, Bayer, AstraZeneca, etc.),

• telecom (Deutsche Telekom, Vodafone, A1 Telekom Austria, Telekom Italia, etc.),

• food and retail (Edeka, MediaMarkt, Globus, Zalando, AB InBev, etc.),

• energy (Uniper, Chevron, Shell, BP, E.ON, etc.), 

• IT services (Dell, Xerox, IBM, Nokia, ServiceNow, etc.), and 

• consultancy (Deloitte, Ernst & Young, KPMG, PwC, etc.)!

You can do 

anything with 
numbers events
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Example: some of Celonis’s customers

© Celonis

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.)
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For any process in the organization!
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My personal journey

Inductive process 
mining

"Process Mining in 
Healthcare" book 

PADS @ 
RWTH

first process 
mining book

ProM 5.2

Process mining 
handbook 

40+ process mining  tools and 
acquisitions by IBM, SAP, MS, etc.

First PM market 
guide by Gartner 

ICPM 2019: First 
PM conference 

Alignment-based 
conformance checking

ProM 1.1

start of process mining 
reserach at TU/e

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Alpha mining 
algorithm

Heuristic mining 
algorithm

Token-based 
conformance checking

Decision 
mining

Organization 
mining

EMiT

Futura PI

IEEE Task Force on 
Process Mining

Fluxicon Celonis
Coursera process 

mining MOOC

"Process Mining: Data 
Science in Action" book 

Celonis becomes 
a Unicorn 

First process mining 
summer school 

ProM 6

Decomposed 
process mining

1984 - 2017 2018 - …

Aachen 2022 - … 
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The Enabler for 
Evidence-Based 

Automation, AI and ML!
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discover
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replay
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ML, AI, Automation
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Machine Learning = 
Learning based on examples 

without being programmed.

Neural networks: First a failure 

now the dominating paradigm 

Focus on specific tasks 

(speech, images, etc.).
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How about managing and 

improving operational 

processes?

We need process 

models that are 

understandable!
We do not have labeled data, we have SAP, 

Salesforce, Oracle, Microsoft, Infor, etc. 

(holding thousands of tables)!

We are interested in improving 

end-to-end performance and 

compliance (not a single task)!
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• Identify situations (case, choice, stage, etc.)

• Extract features:

− one target feature

− one or more input features

• Build a model explaining the target feature in terms of 

the input features.

Link to ML
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How long will this case take?

Will this case deviate?

Will this case be rejected?

What is the next activity?

Will there be a bottleneck tomorrow?

Should I accept new cases?

Should I reallocate people?

Etc.

The enabler of AI/ML in a business context!
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Link to Automation
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Action-oriented process mining
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About Automation

• It is very naïve to replace existing software with 

something “fresh” (cf. # applications and # tables).

• Process mining helps to see the main problems and 

can trigger actions/workflows.

• Focus on the “pain points” and not on the whole to 

ensure a good ROI.

• Low-code automation (e.g., Make/Integromat) and 

Robotic Process Automation (RPA) help to interface 

with existing systems.
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Warning: Do 

not start here!

Start here!
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The Dream
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Towards a Digital Twin of an 

Organization (DTO)

reality

digital
model

Examples: business 

process modeling, 

discrete event simulation, 

etc.
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Towards a Digital Twin of an 

Organization (DTO)

reality

digital
model

reality

digital
shadow

Process mining is a key 

technology to create a 

digital shadow. 15 years 

ago we were already able 

to automatically create 

simulation models based 

on event data only!  
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Towards a Digital Twin of an 
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Process mining as the enabler of DTOs

reality

digital
twin
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Compare Autonomous Automation to 

Autonomous Driving …

Mercedes-Benz S-class and EQS: First level 3 internationally certified car on sale since May 2022.

Levels defined by the Society 

of Automotive Engineers (SAE) 

https://www.sae.org/
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Wil van der Aalst, Six Levels of Autonomous Process Execution 

Management (APEM), 2022, https://arxiv.org/abs/2204.11328

SAE levels for autonomousdriving Levels of autonomousprocessexecutionmanagement

Level 0 A human is driving, and features are limited to
breaking assistance, blind-spot warning, lane
departurewarning, etc.

There is no PEMS. All orchestration andmanagement are done by humans.
Features are limited todashboards, reporting, key performance indicators,
hard-coded workflows, and manually created simulations to conduct
what-if analysis.

Level 1 A human is driving, but the car provides steering
or brake/ acceleration support, e.g., lane centering
oradaptivecruisecontrol.

The PEMS is able to detect and quantify known and unknown performance
and compliance problems. Features include process discovery and
conformance checking. The PEMS may create alerts. However, humans
need to interpret the diagnostics and, if needed, select appropriate
actions.

Level 2 A human is driving, but the car provides steering
and brake/ acceleration support. The difference
with Level 1 is the combinationof systems.

The PEMS is able to detect and quantify known and unknown performance
and compliance problems. Moreover, the PEMS is able to recommend
actions in case of detected known performance and compliance problems
(execution gaps) and support the user in triggering corresponding actions.
Theseactionsmaybeautomated,but in-the-endahumandecides.

Level 3 Under selected circumstances, the car is driving.
However, the driver needs to be alert and ready to
takeover control at any time.

The PEMS automatically responds to performance and compliance
problems by taking appropriate actions. However, this is limited to a
subset of problems and humans need to be alert and ready to take over
control.

Level 4 Under selected circumstances, the car is driving. If
the conditions are not met, the vehicle stops. The
driver does not need to constantly monitor the
situation.

The PEMS automatically responds to performance and compliance
problems by taking appropriate actions. In principle, all management and
orchestration decisions are made by the PEMS. Humans do not need to
constantlymonitor the PEMS, but the systemmaydecide to call on the help
of humans in caseof divergingorunexpectedbehaviors.

Level 5 The car can drive itself under all circumstances
(comparable toahumandriver).

The PEMS functions fully autonomous also under diverging or unexpected
circumstances.
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Yet a log way to go …

1925: first “driverless” car by Houdina

Level 5 Autonomous Process Execution 

Management (APEM) will take a few years, 

but the lower levels are already in reach.

2022: Tesla is still at level 2

“Autonomous cars will definitely be a reality. A Tesla car 

next year will probably be 90 percent capable of 

autopilot. Like, so 90 percent of your miles can be on 

auto. For sure highway travel.” (Elon Musk, 2014)
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A Few Pointers 
and Conclusion
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Websites

• www.processmining.org

• www.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
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Online courses

• Coursera course 

“Process Mining: Data 

science in Action”
Register via coursera.org/learn/process-mining 

(152.345 participants since 2015). 

• Celonis/RWTH course 

“Process Mining: From 

Theory to Execution” 
Register via www.celonis.com/wils-process-

mining-class.

(edX is coming)
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Books (not intended to be complete)
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Conclusion

• Process mining as the 

enabler for ML/AI in 

business!

• Needs to be combined 

with automation to be 

most effective!

• Towards Autonomous 

Process Execution 

Management (APEM).


