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Digital twins

A modern time machine improving
operational processes

prof.dr.ir. Wil van der Aalst
www.vdaalst.com @wvdaalst | www.pads.rwth-aachen.de | www.celonis.com
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What is Process Mining? @

Check

(03) Act

Where are
our execution

gaps?

What are our performance
and compliance problems?

Process mining

How to create full What should we
transparency? change?

What is really What will
going on? happen next?

Discover @ Predict
@ Extract <€




Brief history of Process Mining
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Improve performance and compliance of any operational
process in your organization — Performance and Compliance

Inventory Turnover
Material/Labor Availability
Out-of-Stock Rate

% Managed Spend
Spend/Revenue

Supplier Metrics

Lead Times

Warranty Costs

R&D Productivity
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Order Cycle Time
Conversion Rate
Automation
Customer Satisfaction
Resolution Times

# Replies per Request

Resolution Rates

Working Capital
Operating Cash Flow
AP/AR Turnover

Days sales outstanding
Employee Satisfaction
Resolution Time
Multi-Hop Incidents

Compliance



As generic as spreadsheets
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As generic as spreadsheets
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Do anything with intimisers events




Digital Model
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Digital Model



Digital Model, Digital Shadow

Digital Shad



Digital Model, Digital Shadow, Digital Twin

Automated in both
directions
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The first digital shadows of operational processes @
are a reality thanks to process mining
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Recent developments in object-centric process mining will
help to create more realistic digital shadows (2D to 3D).




... but Digital Twins require Hybrid Intelligence

Human Intelligence
People and experiences

Flexible

Creative

Emphatic ]
Instinctive Hybrid
Commonsensical intelligence

Fast
Efficient
Cheap
Scalable
Consistent

Machine Intelligence
Data and algorithms

are still a dream rather than a reality.

The Covid pandemic, war in Europe and supply chain
disruptions show that fully autonomous digital twins




Compare to autonomous driving

Y=

INTERNATIONAL«

What does the
humanin the
driver’'s seat
have to do?

What do these
features do?

Example
features

Level

00

Level

01

Level

02

You are driving whenever these driver support features are engaged -
Even if your feet are off the pedals and you are not steering

You must constantly supervise these support features; you must steer,
brake or accelerate as needed to maintain safety

Level Level Level

03 04 05

You are not driving when these automated driving features are engaged -
Even it you are seated in “the driver’s seat”

When the feature
requests, you must
drive

These automated driving features will
not require you to take over driving

These are driver support features These are automated driving features

These features are
limited to providing
warnings and
momentary
assistance

+ Automatic
emergency braking

* Blind spot warning

* Lane departure
warning

These features provide
steering OR brake/
acceleration support
to the drive

* Lane centering OR

» Adaptive cruise
control

These features provide
steering AND brake/
acceleration support
to the drive

* Lane centering AND

+ Adaptive cruise
control at the same
time

This feature can drive
the vehicle under all
conditions

These features can drive the vehicle under limited
conditions and will not operate unless all required
conditions are met

 Local driverless taxi

- Pedals/steering
wheel may or may
not be installed

Traffic jam chauffeur Same as Level 04, but
feature can drive
everywhere in all

conditions



Compare to autonomous driving

INTERNATIONAL .

What does the
human in the
driver's seat
have todo?

What do these
features do?

Example
features

Level

(0]0)

Level

01

Level

02

Level

03

Level

04

Level

05

You are driving whenever these driver support features are engaged -
Even if your feet are off the pedals and you are not steering.

You are not driving when these automated driving features are engaged —
Evenit you are seated in “the driver's seat”

You must constantly supervise these support features; you must steer,
brake or accelerate as needed to maintain safety

These are driver support features

When the feature
requests, you must
drive

These are automated driving features

These automated driving features will
not require you to take over driving

These features are
limited to providing
warnings and
momentary
assistance

These features provide
steering OR brake/
acceleration support
to the drive

These features provide
steering AND brake/
acceleration support
to the drive

These features can drive the vehicle under limited
conditions and will not operate unless all required

conditions are met

This feature can drive
the vehicle under all
conditions

« Automatic
emergency braking

« Blind spot warning

+ Lane departure
warning

« Lane centering OR

« Adaptive cruise
control

« Lane centering AND

+ Adaptive cruise
control at the same
time

Traffic jam chauffeur

« Local driverless taxi
Pedals/steering
wheel may or may
not be installed

Levels defined by the Society of Automotive Engineers (SAE)

https://www.sae.org/

Same as Level 04, but
feature can drive
everywherein all
conditions

Mercedes-Benz S-class and EQS: First level 3
internationally certified car on sale since May 2022.
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Compare to autonomous driving
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What do these
features do?
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You are driving whenever these driver support features are engaged -
Even if your feet are off the pedals and you are not steering.

You are not driving when these automated driving features are engaged —
Evenit you are seated in “the driver's seat”

You must constantly supervise these support features; you must steer,
brake or accelerate as needed to maintain safety

These are driver support features

When the feature
requests, you must
drive

These are automated driving features

These automated driving features will
not require you to take over driving

These features are
limited to providing
warnings and
momentary
assistance

These features provide
steering OR brake/
acceleration support
to the drive

These features provide
steering AND brake/
acceleration support
to the drive

These features can drive the vehicle under limited
conditions and will not operate unless all required

conditions are met

This feature can drive
the vehicle under all
conditions

« Automatic
emergency braking

« Blind spot warning

+ Lane departure
warning

« Lane centering OR

« Adaptive cruise
control

« Lane centering AND

« Adaptive cruise
control at the same
time

Traffic jam chauffeur

« Local driverless taxi
Pedals/steering
wheel may or may
not be installed

Levels defined by the Society of Automotive Engineers (SAE)
https://www.sae.org/

Same as Level 04, but
feature can drive
everywherein all
conditions

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

Process automation and management will show a similar gradual development.
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Conclusion

Process Mining: From

P
L] N o ee
Theory to Execution
» 0°e¢ e
e®e o
Professor Wil van der Aalst pioneered the field of process mining in the 1990s, describing it § e © e

as the missing link between data science and real-life processes. Enter an entirely new:
academic discipline, which has since become the industry standard for better business
process execution. Learn about the science behind the technology and its real-life
applications, including the way it's being used today by a large number of Fortune 500
companies, during this self-paced, virtual course.

Watch the trailer I

Visit www.processmining.org, www.celonis.com, www.vdaalst.com, read
the “process mining bible”, and take one of the courses “Process Mining:
From Theory to Execution” and “Process Mining: Data Science in Action”.

Process mining

Generic (anything with events)
Increasingly adopted

Excellent tool support

Used to create digital shadows

Towards digital twins

* Object-oriented process mining plays a key role
 Hybrid Intelligence rather than full autonomy

- Will be a gradual development (like self-driving cars)

Do not wait, start today with the basics!


http://www.processmining.org/
http://www.celonis.com/
http://www.vdaalst.com/

