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AI ?
I’m Prof. Gernot Marx and responsible for the Intensive 
Care Unit of Uniklinik RWTH Aachen. We have severe 
capacity problems and often a shortage of beds. 
How can we improve the situation?









AI
• Generative AI creates new content 

by learning patterns from large 
datasets and producing original 
outputs.

• Predictive AI aims to predict an 
outcome. It can be viewed as trying 
to learn an unknown function based 
on input-output examples.

• Prescriptive AI recommends actions 
or automates decision-making to 
achieve desired outcomes, often 
under specific goals and 
constraints.

There is more than ChatGPT



AI does not know 
anything about 
your processes

(unless you tell)













PMOC AI





Disclaimer



It all starts with event data

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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event =
case +
activity +
timestamp +
…



Actual processes are very different from what stakeholders think !

Happy path Expected paths Reality



80/20 rule

80% of cases 100% of cases

20% of variants

20% of inefficiencies

100% of variants

100% of inefficiencies

20% of compliance 
problems

100% of compliance
problems
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Simplified Event data

make 
delivery

place 
order

send 
invoice

prepare 
deliverypay confirm 

payment8016 x

place 
order

send 
invoice

cancel 
order1651 x

confirm 
payment

place 
order

send 
invoice

prepare 
deliverypay make 

delivery2962 x

make 
delivery

place 
order pay prepare 

delivery
send 

invoice
confirm 

payment30 x

confirm 
payment

place 
order pay prepare 

delivery
send 

invoice
make 

delivery7 x

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

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

6353 place order 2018/02/13 20:16:20.000

… … …
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Directly-Follows Graph 
(DFG)
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DFGs cannot capture 
concurrency

857 traces 
42.85% closeplace 

order
receive 
Invoice

receive 
goods

pay 
order

539 traces 
26.95% closeplace 

order
receive 
Invoice

receive 
goods

pay 
order

538 traces 
26.90% closeplace 

order
receive 
Invoice

receive 
goods

pay 
order

27 traces 
1.35% closeplace 

order
receive 
Invoice

receive 
goods

pay 
order

4 traces 
0.20% closeplace 

order
receive 
Invoice

receive 
goods

pay 
order

35 traces 
1.75% closeplace 

order
receive 
Invoice

receive 
goods

pay 
order

Directly-Follows 
Graph (DFG)
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But more advanced 
techniques can!

857 traces 
42.85% closeplace 

order
receive 
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goods
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26.95% closeplace 
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receive 
goods

pay 
order

538 traces 
26.90% closeplace 

order
receive 
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receive 
goods

pay 
order
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1.35% closeplace 
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receive 
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receive 
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pay 
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4 traces 
0.20% closeplace 

order
receive 
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receive 
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35 traces 
1.75% closeplace 

order
receive 
Invoice

receive 
goods

pay 
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Can be discovered by most process discovery including the 
alpha algorithm approaches, region-based techniques, etc.

place order receive invoice close

pay order

receive goods
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Making the problem a 
bit more challenging …

285 traces 
14.25%

251 traces 
12.55%

238 traces 
11.90%

216 traces 
10.80%

183 traces 
9.15%

236 traces 
11.80%

177 traces 
8.85%

103 traces 
5.15%

79 traces 
3.95%

72 traces 
3.60%

68 traces 
3.40%

78 traces 
3.90%

6 traces 
0.30%

3 traces 
0.15%

1 trace 
0.05%

4 traces 
0.20%

close

close

close

close

close

close

place order

place order

place order

place order

place order

place order

receive goods

pay order

receive goods

pay order

receive Invoice

receive Invoice

receive goods

close

close

close

close

close

close

place order

place order

place order

place order

place order

place order

receive goods

receive Invoice

pay order

receive goods

pay order

pay order

receive goods

receive Invoice

receive Invoice

receive goods

receive goods

pay order

close

close

close

close

place order

place order

place order

place order

pay order

pay order

receive goods

receive Invoice

receive Invoice

receive Invoice

receive goods

receive Invoice

receive goods

pay order

pay order

receive Invoice pay order

receive goods

The three middle activities are now optional …
Cannot see 
anything …
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Model discovered by the inductive mining technique 
first implemented in ProM and later added to Celonis.

place 
order close
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receive 
goods

receive 
invoice



High-level view of  process mining

Discover

Check

Predict

Process mining

Where are 
our execution 

gaps?

What are our performance 
and compliance problems?

How to create full 
transparency?

What is really 
going on?

What should we 
change?

What will 
happen next?

2

31

Act4

Extract0



A mature market with round 50 
process mining vendors

2025 Gartner Magic Quadrant for Process Mining Platforms
2025 Everest PEAK Matrix for Process Mining Platforms
2025 Forrester Wave for Process Intelligence Software





From a research 
project at TU/e to 
an established 
category of 
software tools …

Time 
prediction

First process 
mining book

ProM 6Process Design by 
Discovery project ProM 5.2Futura PI

Alignment-based 
conformance checkingProM 1.1Heuristic mining 

algorithm
Organization 

mining

Decision 
mining

Fuzzy 
mining

Alpha mining 
algorithm

EMiT
tool

IEEE Task Force 
on Process Mining

PM 
Manifesto

Start of process mining 
research at TU/e

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Token-based 
conformance checking

XES 
standard

PM-driven 
simulation Celonis

Object-Centric 
Process Mining

PI = OCPM+AI

First Celosphere 
2019 

Gartner PM 
Magic Quadrant 

"Process Mining in 
Healthcare" book 

PADS @ 
RWTH

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

Inductive process 
mining

First PM market 
guide by Gartner OCEL 2.0 

Process mining 
handbook 

First ICPM 
conference 2019 

"Process Mining: Data 
Science in Action" book 

Decomposed 
process mining

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Coursera process 
mining MOOC

Celonis becomes 
a Unicorn 

First process mining 
summer school 

2024 2025

Process 
copilots
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timestamp +
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items

orders
suppliers

invoices

machines

shipments

…



Image generated using DALL E3

Objects & Events Are Everywhere!



Image generated using DALL E3





Minimal Example: On Time In Full (OTIF) Score?



We cannot see the problems by looking at disconnected object types 
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Discovered Object-Centric Process Model
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Our Tools Support OCPM

Process Intelligence Graph (PIG)
Storing Object-Centric Event Data

Multi-Object 
Process Explorer

Checking Conformance and 
Analyzing Performance



No AI 
Without (OC)PM



Generating “Machine Learning Problems” for “Process Problems”

decision

bottleneck

deviation

ML-ready data

• What is causing the bottleneck?
• Which orders are deviating?
• When will this product be delivered?
• Will we meet our SLA tomorrow?



GenAI: Process Mining is like a “process calculator”



Process Mining Copilot: Lowering the Threshold To Use PM 



CALL TO ACTION



We need to become more efficient! 

Sources https://www.oecd.org/ and https://population.un.org/







Mind the gap!



CONCLUSION



Process mining is a
mature technology

Process mining 
enables AI at the 
process level

Bottlenecks: data 
management  and 
organizational change
(We are too busy to improve …)

WHEN
PROCESSES

WORK …  
HEALTHCARE

WORKS 
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