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High-level view of  process mining
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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?
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Event log

• A process creates cases or process 
instances/excecutions/traces

• A case consists out of events
• Each event belongs to a case (case id)

• Events are ordered (timestamp)

• Each event reflects the execution of a particular 
task in the process (activity label)

• Events and cases can contain attributes.
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Process models
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• Process mining has also been recognized as one of the most important 
trends in big data by the Financial Times*

• In the recent Global Process Mining Survey by Deloitte** it was found that
process mining is already used in 83% of the companies questioned on a 
global scale. Furthermore, 84% believes that process mining delivers value
with 87% of the non-adopters eager to take up activities in the future. 

• Gartner estimates that RPA is already a 2 billion+ dollar market*** 

• Fortune Business Insights reports that process mining software market 
size was valued at USD 1.13 billion, and is expected to grow to USD 27.72 
billion by 2030 ****

Industry adoption

* https://www.ft.com/content/402553f4-c4a4-11e7-b30e-a7c1c7c13aab
** https://www2.deloitte.com/de/de/pages/finance/articles/global-process-mining-survey-2021.html
*** https://www.gartner.com/en/newsroom/press-releases/2020-09-21-gartner-says-worldwide-robotic-process-automation-software-revenue-to-reach-nearly-2-billion-in-2021
**** https://www.fortunebusinessinsights.com/process-mining-software-market-104792
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Quite some consolidation activity in 2019-2023
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• Strengths
• Useful analysis and dashboarding tools

• Strong focus on (automated) data sourcing 

• Especially powerful on “known, standardized” processes (P2P, O2C, C2R)

• Weaknesses
• Expensive

• Open-source alternatives exist

• No silver bullet for data quality issues

• Simplistic process models (Directly-follows graphs*)

• Limited predictive/prescriptive capabilities

Commercial vendor tooling

* van der Aalst, W. (2019). A practitioner’s guide to process mining: limitations of the directly-follows graph. Procedia Computer Science, 164, 321-328.
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Moving beyond descriptive Process Mining

• Classical process mining
• Process Discovery & Conformance Checking

• Key challenges are not techniques, nor tooling

• Real challenges include
• Unlocking the data

• Data capture, integration, & quality

• Data governance (privacy, fairness, …)

• Added value & insights
• Addressing variability

• Organizational readiness for 
true process optimization

• Move away from indirect 
two-step approach
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Trend 1: Task mining

Trend 2: Object-Centric Process Mining

Trend 3: AI-driven Automated Optimization
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1. Task mining

• Data types
• user interaction data = desktop data
• keystrokes, mouse clicks and data entries that occur as part of completing a given operation

• Technology
• Optical character recognition (OCR)
• Natural language processing (NLP)
• ML/AI 
• IoT

• Part of process mining/process discovery
• Applied to user interaction data separately to identify operational inefficiencies
• Or, integrated into a broader process analytics exercise, identifying activities that are part of a 

more comprehensive business process (activity recognition)

• Closely linked to RPA

• Vendors with prominent task mining functionalities: Celonis, Apromore, UiPath  
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2. Object-Centric Process Mining

16
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traces

This is what we expect …

© Wil van der Aalst 
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This is what we find …

Understanding this is the key 
to process improvement!
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Actual processes are very different from what stakeholders think!

Happy path Expected paths Reality

19© Wil van der Aalst 
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Processes have more variability than 
expected, but is this all ?
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No!
→Concurrency
→ Intertwined objects

© Wil van der Aalst 
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Old news: Concurrency matters!
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3,308 cases

501 variants

both cover 60% of the cases

Activities not executed in a fixed order 
create loops leading to Spaghetti-like 
underfitting models. 

© Wil van der Aalst 
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There is more: We are actually dealing with 
Rainbow Spaghetti
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Example object types:

• Orders

• Items

• Packages

• Machines

• Employees

• Patients

• Customers

• Machines

• Containers

• Payments

• Vehicles

• Rooms

• Etc.

© Wil van der Aalst 
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Event log describing two object types: Orders 
and Items
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2,000 orders
7,914 items
17,648 events

2,000 cases (here orders)
1,033 variants

just a few 
example 
variants

© Wil van der Aalst 
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Event log describing just the orders
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2,000 orders
6,532 events

6 variants

© Wil van der Aalst 
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Event log describing two object types: Orders 
and Items
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7,914 items
19,030 events

2 variants
© Wil van der Aalst 
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Disentangling Spaghetti Bicolore (two objects) 
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1033 variants 6 variants 2 variants

© Wil van der Aalst 
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Why OCPM?

• Avoid repeatedly going back to your source systems

• See and understand the interactions between different object types

• Avoid distortions due to the single-case assumption
• circumventing convergence and divergence problems

• But this requires rethinking and redeveloping process mining techniques
• Data storage standard

• Process discovery

© Wil van der Aalst 27
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Object-Centric Event Data: OCEL 2.0

event type 

(activity)

1

*

event 

attribute

event 

attribute

value

event 

object

type

object

object 

attribute

object 

attribute

value

time

1

*

1

*

1

*
*1

1

*

1

*1

** *

has type has name has namehas type

has timestamp has timestamp

has objects

for event for object

qualifier qualifier

related
from to* *

1 * *1
has attrib. has attrib.

https://www.ocel-standard.org/
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Example OC-DFG

Contingency table allowing the user to select 
event types, object types, and their 
combinations.

© Wil van der Aalst 29
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Example OC-PN

oc
pm

.in
fo
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OC-BPMN in Celonis

© Wil van der Aalst 31
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Learn more about OCPM

• W. van der Aalst, Object-Centric Process Mining: Unraveling the Fabric of Real Processes. 
Mathematics 2023, 11, 2691. https://doi.org/10.3390/math11122691

• W. van der Aalst, Object-Centric Process Mining: The Next Frontier in Business Performance. 2023. 
Available online: celon.is/OCPM-Whitepaper

• Goossens, A., Verbruggen, C., Snoeck, M., De Smedt, J., & Vanthienen, J. (2023). Aligning Object-
Centric Event Logs with Data-Centric Conceptual Models. In International Conference on Business 
Process Modeling, Development and Support (pp. 44-59). Cham: Springer Nature Switzerland. 
https://link.springer.com/chapter/10.1007/978-3-031-34241-7_4

• Goossens, A., De Smedt, J., & Vanthienen, J. (2024). Extracting Process-Aware Decision Models
from Object-Centric Process Data. arXiv preprint arXiv:2401.14847. 
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3. AI-driven Process Optimization

33
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Process Mining 1.0 Capabilities

event log / 
stream

historical data

process maps & models

Enterprise systems, IoT
systems…

Process Mining

live feeds

enhanced models, 
dashboards, KPIs

conformance graphs,
dashboards, KPIs

comparative dashboards, 
diagnostic/root-cause reports

Automated 
process discovery

Performance 
analysis

Conformance 
analysis

Comparative 
analysis

34© Marlon Dumas
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(Descriptive) Process Mining

How do my processes look like? 
Where are the bottlenecks, wastes, 
compliance violations, positive & negative 
deviance?

Automated Process Discovery
Conformance Checking

Performance Mining
Comparative Variant Analysis

Process Mining is the beginning of a journey…

35© Marlon Dumas
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Predictive 
Process Management

Process Mining

How do my processes look like? 
Where are the bottlenecks, wastes, 
compliance violations, positive & negative 
deviance?

How will my process look like in future,
if I leave it as-is, or if I change it? 
What’s the impact of automation or change?

Predictive Process Monitoring
Data-Driven Process Simulation

Automated Process Discovery
Conformance Checking

Performance Mining
Comparative Variant Analysis

Next step: predict the future

36© Marlon Dumas
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Data-Driven Process Simulation

Model 
Discovery

Process Constraints /
Process ModelEnterprise System Change

Specification

Change 
Simulation 

Predicted Performance 
Profile

Simulation Model 
(Digital Process Twin)

https://github.com/AutomatedProcessImprovement/Simod

37© Marlon Dumas
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Predictive Process Monitoring

Predict Process 
Outcome

Predict Process 
Performance

Predict Future 
Events

Is this loan offer going to be 
rejected?

Will this claim take more than 
5 days to be handled?

How much longer will it take?

What activity is likely to be 
executed next? 

And after that?

38
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Pitfalls of predictive process optimization

Organizational Pitfalls

Lack of buy-in from operations 

Lack of trust in predictions

Prescriptions not linked with actions

Lack of processes to validate, monitor, and 
maintain prescriptive models

Technical Pitfalls

Insufficient data availability & quality

Lack of uncertainty modeling

Drifts and out-of-distribution 
predictions

Correlation ≠ Causation

39© Marlon Dumas
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Results achieved: Even though the prediction 
of the most likely customers to report 
incorrectly was reasonably accurate, the 
intervention did not have a preventive effect. 
No root cause was identified to explain why 
the intervention did not have the desired 
effect.

40© Marlon Dumas



SAI Webinar Process Mining – 29 februari 2024

Prescriptive 
Process Management

Predictive 
Process Management

Process Mining

How do my processes look like? 
Where are the bottlenecks, wastes, 
compliance violations, positive & negative 
deviance?

How will my process look like in future,
if I leave it as-is, or if I change it? 
What’s the impact of automation or change?

When should I intervene to optimize my KPIs? 
How can I improve the performance of my process?

Predictive Process Monitoring
Data-Driven Process Simulation

Automated Process Discovery
Conformance Checking

Performance Mining
Variant Analysis

Prescriptive Process Execution
AI-Assisted Process Improvement

Predicting is useful, preempting is better!

41© Marlon Dumas
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Prescriptive Process Execution

Event log
(completed traces)

Predictive model(s)

Ongoing case

P(   )

Prediction
Recommendation

Prescriptive 
System

+/- -

- +
Cost-reward 

history
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Where does GenAI fit in all this?

• Everywhere!

• GenAI brings context recognition: What types of processes, activities, KPIs are we talking 
about? 

• LLMs enable conversational process optimization across all layers of the pyramid

Descriptive Process Mining

• Where are the sources of waiting time?

• Where are the rework loops?

• Where are we over-processing?

• What are the sources of variance?

• Which cases require the most touches?

• Where are we violating our KPIs?

• Are we abiding to our business rules and 
policies?

• …

Predictive Process Optimization

• By how much would we reduce order-to-
delivery times is we:

• Shorten inter-batch cycles?

• Move resources to packaging?

• Automate verification steps?

• By how much would we reduce costs if we:

• Consolidate touchpoints?

• Reorder verification steps to reduce 
over-processing?

• Reduce rework rates?

• …

Assisted Process Optimization

• How can we slash KPI violation rates?

• What are the practices of the teams with 
highest performance?

• What should we change to reduce the 
number of touches?

• Which checks should we add to reduce 
compliance violations?

• How can we cut the cycle time at constant 
cost?

• How to allocate resources to optimize time 
at constant capacity?

• …

43© Marlon Dumas
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Conversational Process Optimization

Process 
Mining

GenAI

Enterprise 
System(s)

Optimizer

Digital Process 
Twin

queries
change 
options

Changes
& KPIs

Subject Matter 
Experts

Conversational UI

Domain Knowledge
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First steps in tooling

45
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Pitfalls of prescriptive process optimization

Organizational Pitfalls

Lack of buy-in from operations 

Lack of trust in suggestions / prescriptions

Prescription flooding / over-prescription

Prescriptions not linked with actions

Lack of processes to validate, monitor, and maintain 
prescriptive models

Technical Pitfalls

Insufficient data availability & quality

Neglecting inter-process dependencies

Lack of uncertainty modeling

Drifts and out-of-distribution predictions

Unreliable prescriptions

Lack of feedback loop

46© Marlon Dumas
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No amount of organizational 
and technical readiness will 

save you from the sin of using 
AI-driven improvement 

recommendations without 
validation and pilot testing or 

prescriptive models without A/B 
testing

4
7

© Marlon Dumas
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Augmented 
Process

Optimization

Prescriptive 
Process Optimization

Predictive 
Process Optimization

(Descriptive) Process Mining

How do my processes look like? 
Where are the bottlenecks, wastes, 
compliance violations, positive & negative 
deviance?

How will my process look like in future,
if I leave it as-is, or if I change it? 
What’s the impact of automation or change?

When should I intervene to optimize my KPIs? 
How can I improve the performance of my process?

When should I adapt to unforeseen changes & how? 

Predictive Process Monitoring
What-If Digital Process Twins

Automated Process Discovery
Conformance Checking

Performance Mining
Comparative Variant Analysis

Prescriptive Process Execution
Assisted Process Improvement

Adaptive Zero-Touch Processes
Proactive Process Optimization

AI-Driven Process Optimization

48© Marlon Dumas
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Proactive Process Optimization

Process 
Mining

GenAI

Enterprise 
System(s)

Optimizer

Digital Process 
Twin

queries
change 
options

Changes
& KPIs

Subject Matter 
Experts

Conversational UI

Domain Knowledge

performance 
changes

changes in KPI, rules, 
priorities

Adjustments
adaptations

questions

49© Marlon Dumas
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Climbing the AI-Driven Process Optimization Pyramid

• Lay the foundations, start climbing, keep climbing, don't hold off
• Getting data for process mining is often a challenge. But there are both 

short-term benefits (bottom of the pyramid) and long-term ones (top)

• Don't skip the layers 
• The lower layers of the pyramid provide a foundation to draw business value 

from the upper layers. 

• Align strategically and build governance incrementally
• Apply these capabilities first and foremost to processes that matter

• Adopt these capabilities incrementally, one process at a time

• Build success stories internally, ensure each layer of the pyramid yields 
value

50© Marlon Dumas
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Research at KU Leuven

• Industry collaborations with

• Research themes
• Seq2Seq LSTM and transformer models for predictive process monitoring

• Process model forecasting

• XAI in predictive process monitoring

• Intercase featurization for predictive process monitoring

• Timed interventions in prescriptive process monitoring

• Testbed development for prescriptive process monitoring

• IoT & process mining
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Interessante links

• ICPM conference 2024 (Copenhagen, 14-18 oktober)
• https://icpmconference.org/2024/

• BPM conference 2024 (Krakow, 1-6 September)
• https://bpm2024.agh.edu.pl/

• IEEE Taskforce on Process Mining
• https://www.tf-pm.org/

• Become a member!

52
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Bedankt!

Vragen?

53

Contact: jochen.deweerdt@kuleuven.be

mailto:jochen.deweerdt@kuleuven.be
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