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A few words about Wil van der Aalst

With Anja Karliczek, German Minister of Education and Research 
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About Wil

• Approx. 22 PhDs and postdocs (next to me).
• 3 support staff and approx. 4 affiliated researchers)
• Tools: ProM, PM4Py, Stand-alone (e.g.,Cortado), 

Knime, RapidMiner, Celonis.

discovery object-centric
conf./comp. stoch./uncert.
pred./sim. aggr./abstr.

act./plan./cha. fairn./conf.

discovering models from event 
data

conformance checking and 
comparative process mining

forward looking: prediction and 
simulation

action-oriented process mining, 
planning, automated changes

object-centric process mining, 
multi-event logs, etc.
stochastic process models, dealing 
with uncertainty in data
multi-level process mining, 
abstraction, aggregation, LPMs, etc.
responsible data science, including 
fairness, causality, confidentiality
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RWTH Center for Artificial Intelligence
www.ai.rwth-aachen.de

• 75+ groups distributed over:
• AI Methods
• AI Enabling Technologies
• Domain Specific AI
• Ethical, Legal, Societal, and Economic Aspects

• Activities: 
• Larger consortium projects (e.g., NHR4CES)
• Participation in networks (e.g., Claire)
• Organization of events (e.g., KI Woche)
• Several colloquium series
• Developing teaching material
• Industry collaboration

+45 additional groups
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Internet of Production (IoP)

Cluster of Excellence (€50 mil.)
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Machine Learning = 
Learning based on examples 
without being programmed.

Supervised and 
Unsupervised

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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Process mining 
in 10 minutes
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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

… … …. … … … … …



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

Starting point: Event data
Case ID Activity Resource Timestamp product prod-price quantity address
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… … …. … … … … …

event =
case + 
activity + 
timestamp +
…
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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
Case ID Activity Timestamp
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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.
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discover

align
replay
enrich

apply
compare

information 
systems

extract

process 
models

explore select
filter
clean

conformance
performance 
diagnostics

predictions
improvements

transform

actshow
model
adapt

show
interpret

drill down

ML

+ +
event 
data
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Adoption of PM
in Industry
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research

commercial tools

adoption
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Over 35 process mining vendors today 
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Example: Celonis, Germany’s first Decacorn

A Decacorn is a startup company valued at over $10 billion
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Example Process Mining Software: Celonis

• Germany’s youngest most promising IT 
company (valued > 11 billion $).

• Successfully adopted many ideas from 
research a decade earlier.

• Combining analytics with actions.
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DFG discovery
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Performance analysis
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Replaying history
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Selecting 
variants

Selecting 
slow/fast cases

Selecting 
activities
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Conformance checking

Inductive mining
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If we don’t discover at least $10 million in trapped 
capacity, we’ll donate $100,000 to a good cause.
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Many of the larger organizations in Europe are 
using process mining already (and we are just at the beginning!)
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Example: Process Mining @ Siemens

• > 6000 active Celonis users 
(P2P, O2C, etc.)

• Millions of savings by reducing 
rework, process unification, etc.

• Improved reliability and 
responsiveness.

• At an amazing scale, e.g., Order 
to Cash (O2C) process with 
>30M cases, >300M events, and 
>900K variants.



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

Process Mining Offers Many Scientific 
Challenges (that also matter in the real world) 

discover
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replay
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explore select
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conformance
performance 
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actshow
interpret
drill down
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1
2

3

Finding, extracting, and transforming event data is still 
taking up to 80% of the time.
Most techniques focus on a single case notion (i.e., a single 
process), whereas problems may be caused by interacting or 
competing processes.
Process discovery is not a solved problem despite powerful 
techniques like inductive mining. Concurrency is hard to 
discover from event data that provide only a sample.
There is a need to better integrate mining and modeling 
(e.g., user-guided discovery).
Conformance checking is time-consuming and diagnostics 
tend to be non-deterministic.
There is a need for techniques recommending process 
changes (i.e., moving beyond diagnostics).
Machine Learning (ML) techniques tend to perform poorly 
because essential aspects are missed (e.g., system load). 
Process mining results need to trigger automated actions 
(e.g., start a corrective workflow).

1
2
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The dream
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Recording and analyzing data about 
operational processes is not new  

Frederick 
Winslow 
Taylor

F.W. Taylor. The Principles of Scientific Management. 
Harper and Bothers Publishers, New York, 1919.
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Towards a Digital Twin of an 
Organization (DTO)

reality

digital
model

Examples: business 
process modeling, 
discrete event 
simulation, etc.



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

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 
Organization (DTO)

reality

digital
model

reality

digital
shadow

reality

digital
twin
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Towards a Digital Twin of an 
Organization (DTO)

reality

digital
twin

Traditional process mining techniques 
and tools can create a digital shadow 
from event data.

To create a digital twin, process 
mining techniques need to be more 
forward looking. This includes:
• Operational support, including 

predictions and recommendations.
• Action-oriented process mining, 

triggering corrective workflows
(Also see the Celonis Execution 
Management System.)
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Conclusion
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For more information:

prof.dr.ir. Wil van der Aalst
RWTH Aachen University

W: vdaalst.com T:@wvdaalst
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Learn more?

“PM Bible”
Process Mining: Data Science in Action

Learn
more?

Over 140.000 
participants
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