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Bill Detwiler
Beyond Editor

FROM THE EDITOR

“Innovation requires
pushing beyond our
current understanding.”

Bring passionately curious people
together around a common
objective and amazing things can
happen. Celonis Labs is that type
of group-a collective of innovators,
researchers and concept designers
that think differently about how the
world should work. Their common
goal is exploring novel concepts and
technologies in pursuit of process
excellence.

Why? Because, processes are the
fabric of our world. From putting
food on our tables and clothes on
our backs to letting us travel around
the world and down the street,
processes make everything happen.
They’re also our greatest lever

for value and our fastest lever for
change. As Alexander Rinke, Celonis
Co-CEO and Co-Founder, said
during his Celonis World Tour 2023
keynote, “The world is a much better
place with better processes in it.”

Beyond, the Celonis Labs journal,

is our chance to share the projects
and research the team is working
on. It's a collection of thoughts,
analysis and prototype descriptions
from leading experts in process
mining and business performance.

In our inaugural issue published
in 2022, we explored concepts like
business collaboration networks,
zero-trust sharing and business
domain translation. In this Beyond
edition, we're taking things to

1. We continue our exploration

of collaborative networks and
expand our discussions into areas
like generative Al [ LLM, process-
centric IT platforms, software

that empowers collaborative
action and object-centric process
mining. We're pleased to include
special guest contributors Kyriakos
Triantafyllidis with the World
Economic Forum; Massimo Pezzini,
a veteran IT industry analyst

and research fellow; Eugene Wu,
associate professor at Columbia
University; and Dimitris Kiritsis
(Kyritsis), former Professor of ICT
for Sustainable Manufacturing at
EPFL Lausanne, Senior Advisor at
University of Oslo. There's also a
section with abstracts from the
latest research and Master Thesis
papers on process mining. Now
that's cutting edge.

Celonis Labs


https://www.celonis.com/pdf/celonis-labs-journal/
https://www.celonis.com/pdf/celonis-labs-journal/
https://www.celonis.com/careers/jobs/celonis-labs/
https://www.celonis.com/world-tour/2023/recordings/

ENTERING

THE AGE OF

THE AUGMENTED
ENTERPRISE

Last year, we embarked on a remarkable
journey by releasing the first edition of
Beyond, the Celonis Labs Journal. Our goal

b was to showcase how the concepts and
prototypes being developed at Celonis Labs
Eugenio Cassiano could shape the future of Celonis, process
SVP Strategy & Innovation . . .
at Celonis mining as a technology and business

performance as a whole.

In our last edition, we gave readers But we aren't sitting still. A lot has

a window into several of our latest happened since we published
initiatives and innovations, such as the inaugural edition of Beyond.
revealing how organizations can We made process mining more
achieve transparency across value accessible by opening up our
chains and how they can leverage platform with the launch of the
unstructured data to enable context  Celonis Intelligence API. We became
awareness. We wanted to push the first technology vendor to fully
the boundaries beyond our current embrace object-centric process
knowledge. And we did. mining (OCPM) with the release

Celonis Labs 6 Beyond
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of Process Sphere™. Prof. Wil van

der Aalst, Chief Scientist at Celonis,
contributed an article to this year’s
edition about OCPM and the benefits
of combining it with cutting-edge
technologies like generative Al and
large language models (LLMs).

The excitement and enthusiasm of
that first Beyond continues, as we
challenge our internal, and for the
first time external, contributors to
think beyond their day-to-day jobs
and explore the possibilities of what's
next.

One key area we explore in

this edition is the rise of the
augmented enterprise. In the last
few years, Celonis began to lay the
groundwork for how organizations
become self-sustaining and
business context aware. By bringing
humans and Al together, we can

create an assisted human-Al
partnership that enhances business
performance. A key enabler for

this augmented enterprise is the
development of a standardized
business language, which will act as
a bridge between IT and business
terminology.

With an emphasis on a
standardized business language
and an ecosystem of Al-powered
applications, Celonis envisions a
future where augmented enterprises
thrive through collaboration,
innovation, and sustainable
practices.

Welcome again to the next edition of
Beyond where innovations know no

bounds.

Eugenio

Beyond
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Cong Yu
VP of Engineering, Al and
Knowledge at Celonis

Chris Monkman
VP Product Intelligence
at Celonis
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Enduring value of
Process Intelligence in
the age of Generative Al

Technologies powered by generative Al and
large language model (LLM) will transform
enterprises in unprecedented ways and enable
significant productivity gains.

Many business processes as they

exist today will change, for example:

* Manual steps to extract struc-
tured information from unstruc-
tured data will be automated
(thanks to LLM-powered docu-
ment under standing technolo-
gies),

« Understanding correlated events
among processes will become
more accessible (thanks to ad-
vancements in deep learning),

« Executive summaries and ad hoc
analysis of data for insights will
become more intuitive (thanks to
the conversational and genera-
tive capabilities of foundational
models).

While those processes will undergo
significant transformation, the busi-
ness goals they serve will remain
constant—we will continue to op-
timize objectives such as working
capital and labor productivity.

However, foundational LLMs are sta-
tistically trained without any notion
of factuality and suffer from various

factuality-related challenges, such
as hallucination, information stale-
ness and a lack of individualized
responses. For example, on halluci-
nation, an LLM can easily produce

an incorrect answer confidently for

a math problem that a 5 year old
would be able to answer correctly. To
ground an LLM for math problems, we
can provide a calculator and instruct
the LLM that, upon seeing a math
problem, ask the calculator to an-
swer it. Essentially, the calculator here
is the differentiator that separates a
math-LLM from the commodity LLMs
in the domain of math problems.

Process Intelligence will be key to
overcoming LLM limitations like the
one above and will thus play an en-
during role in the business transfor-
mation driven by Generative Al. Built
on top of a foundation of process
data and knowledge with advanced
technologies including process min-
ing, decision intelligence, machine
learning, and generative Al mod-
els, Process Intelligence offers ob-
servability, true differentiation from

Beyond
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commodity large language models,
and potentially disruptive technolo-
gies for understanding and improv-
ing business processes.

First, through highly scalable and
low latency process mining tech-
nology, Process Intelligence can
provide process observability, en-
abling organizations to effectively
track the changes in processes and
how those changes are serving the
business goals. The more compli-
cated the transformations are, the
more critical it is to employ process
mining tools to observe the effec-
tiveness of the transformations, and
capture potential issues early on.

Second, process data and knowl-
edge is the differentiator that will
power LLMs to solve business prob-
lems both broadly and for individual
enterprises—improving the business
processes and achieving the busi-
ness efficiency goals. Specifically,
general process knowledge, as
accumulated by industry-leading
companies like Celonis, can trans-
form a commodity LLM into one that
understands business processes
and makes meaningful recommen-
dations for process improvements.
Furthermore, enterprise-specific
process data and knowledge, inte-
grated in a secure and privacy-pre-
serving way, can tailor an LLM to
provide answers that are accurate,
up-to-date and based on the cus-
tomer’s data and knowledge.

Third, process discovery and con-
formance checking, two core tech-
niques of process mining, have strik-
ing similarities to language pattern
discovery and pattern matching

that recent LLMs excel at, compared
to traditional NLP techniques. It is
conceivable that, within the next
2-3 years, the field of process min-
ing will have another foundational
change, following the move to-
wards object-centric process min-
ing, that leverages LLMs to perform
more accurate process discovery,
more comprehensive conformance
checking, and eventually more
proactive business process under-
standing and improvements. Those
changes will bring significantly more
power to enterprises in their ability
to manage their processes to meet
their business needs.

Fourth, Generative Al can drastically
enhance the offerings of a broad

set of value discovery technologies
including decision intelligence and
classific machine learning, improv-
ing the insights those technologies
discover in terms of quality, speed-
ing up the process of discovering
those insights, and making them
more intuitive. For example, an
LLM-powered conversation agent
could naturally guide a user through
a complicated dimensional break-
down (of the underlying data)
discovered by decision intelligence’s
key driver analysis, narratively high-
lighting what is interesting about this
key driver and what value it can be
translated into.

In summary, we at Celonis are ex-
cited and committed to drive Gen-
erative Al efforts forward to support
our customers’ Al transformation
journey and build Al technologies
that are secure, privacy-preserving,
trust-worthy, tailored and achieve
high return on investment.

Beyond



Eugene Wu
Associate Professor at
Columbia University

Eugene Wu is an Associate
Professor of Computer Sci-
ence at Columbia University,
specializing in data manage-
ment, analysis, visualization,
and intelligence. This com-
mentary draws on his experi-
ence as a visiting researcher
at Celonis over the past six
months, where he collaborat-
ed with the CeloAl team to in-
tegrate Al capabilities across
the Celonis platform.

GUEST COMMENT

Process Intelligence
powers better and faster
iInsights and actions

In the article “Enduring value of Process
Intelligence in the age of Generative Al,” Cong
Yu and Chris Monkman outlined four ways which
large language models (LLMs) synergize with
process intelligence to enhance organizational
performance.

Celonis Labs
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LLMs will certainly advance the
capabilities of existing process
mining techniques, but at the same
time, LLMs are not a panacea for
organizational inefficiency. They
need to be carefully designed with
an organization’s processes in mind,
and deployed to address actual
process bottlenecks. This all leads to
the article’s first point about process
observability, which particularly
resonates with me due to its
analogue in software systems.

Modern software systems are
notoriously complex: dozens of
independently managed services
run on tens of thousands of
servers, and must seamlessly
coordinate to provide efficient,
reliable services to end-users.

To help manage this complexity,
observability tools analyze event
logs to reconstruct the system
state, and help developers monitor
metrics to gauge system health,
identify and address bottlenecks
and disruptions, and evaluate
the impact of performance
optimizations on user requests.

Modern organizations are similarly
complex: distributed across multiple
time zones, hundreds or thousands
of individuals need to coordinate to
deliver fast, seamless, and reliable
services to their customers. Process
observability is the necessary

first step to understand the state
of the organization’s processes.

It is then possible to ensure
conformance, identify and address
major bottlenecks, and evaluate
the effects of technological or
organizational interventions.

It's rare for a research area to
have such a direct relationship

to organizational value. Although
process intelligence is still relatively
new outside of Europe, it already
overlaps with many fields of
computer science (e.g, machine
learning, causal inference, data
management, HCI) and has the
potential to become a major
application area that brings together
experts across these disparate
fields to solve novel and impactful
research problems.

For instance,

+ How to scalably and quickly
discover processes across trillions
of events?

+ How to identify practical
interventions that improve a
process or KPI?

« What is the best modality to
interact with process intelligence?

+ What is the appropriate data
model and analysis paradigm
for process intelligence that is
analogous to the relational model
and analytical dashboards for
business intelligence?

Celonis Labs
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Marco Tringali
Senior Project Manager
at Celonis Labs

Claudia Schulze
Principal Product Manager
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Collaborative Business
Execution Network
Improved decision-
making and outcomes
through better data
orchestration

In the first issue of Beyond Journal,

we presented the Collaborative
Business Execution Network concept.
Designed to create a singular,
unambiguous source of truth across a
complex web of business partners, this concept
can simplify and accelerate the way businesses
communicate and operate, ultimately improving
their business outcomes.

Since then, our team has shaped the concept
into a tangible reality, crafted a prototype and
solicited feedback from our customers on the
solution while also exploring potential use cases.

12 Beyond
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FEEDBACK
& VALUE
PROPOSITION

Our customers recognize that the
COVID-19 crisis underscored the
fragility of global value chains
and their vulnerability to global
disruptions, emphasizing the need
for strategic resilience.

Thanks to the Celonis platform, our
customers are already strengthening
and streamlining their operations
internally. However, when it comes

to collaborative processes with
business partners, they encounter
significant challenges.

Firstly, they expressed that they face
a complexity issue, wrestling with the
language barrier of data between
partners. The multitude of data
formats and standards complicates
communication. Agreeing at scale
on an unambiguous ontology

that is flexible enough to enable
orchestration has proven difficult.
This problem is not new and it

is exacerbated by the complex
technological landscape that
comprises a value chain composed
of thousands of business partners,
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—
N

|/

Celonis Labs

leading existing solutions to
leverage customized ontologies
that are specific to an organization
resulting in a lack of scalability.

Secondly, but none less important,
is the issue of data security. Our
customers are justifiably cautious
about sharing data with partners
due to potential data breaches,
legal issues, and concerns of
revealing strategic insights or
proprietary information, all of which
could harm their reputation and
competitiveness.

These challenges are the primary
hurdles in designing a solution
capable of effectively exchanging
and orchestrating data. The
feedback we've garnered from our
customers underscores the urgent
need for a solution that can handle
these challenges, thereby increasing
their operational resilience.

The Collaborative Business
Execution Network directly
addresses these challenges. Rather
than attempting to automate
complex processes or deep-

dive into transactional data, our
Network efficiently makes a set

of information that is already
exchanged between partners
available dynamically at the

right place and time, enabling
orchestration to guide businesses
towards their desired outcomes.

This design principle, that implies

a low data footprint, also enables
the definition of a standardized and
simplified taxonomy where each
participant can easily agree and
understand the meaning of the
information shared.

Beyond
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USE
CASES

WHAT'S
NEXT

A wide range of use cases
demonstrates the potential of the
concept. Picture a world where
businesses work on a shared
understanding of reality and can
act in real time on any disruption
that may occur, for example
minimizing the risk of stockouts
and overproduction. This scenario
is just a glimpse of the operational
efficiency and transparency the
Collaborative Business Execution
Network can offer across various
industries.

Talking with our customers, they
have shared interest in testing use
cases across processes such as
Procurement | Order Management
(e.g. When will the materials |
ordered arrive?), Accounts Payable
| Accounts Receivable (e.g. What is
the payment status of my invoice?),
and recognize that enhanced
transparency in business processes
provides benefits for all involved
parties, such as suppliers and
customers.

These use-cases can also bring
value in terms of sustainability. By
providing a platform for seamless
and transparent information
sharing, the solution can help

Singularly considered, the created
transparency offers great value for
the business partners engaged in
each use case. But reality does not
stop with 1, 2 or even 10 business
partner relationships in a company.
Neither do we - the real magic is
added by the scaling effect of a
network. Building on the common

reduce inefficiencies and waste in
supply chains. For instance, visibility
from suppliers with regards to

the status of shipments results in
improved inventory management
that can help improve working
capital by minimizing the need

of contingency stock, leading to
reduced waste and a smaller
carbon footprint. Similarly, more
accurate and timely information
can lead to better decision-making
such as optimizing the capacity
utilization of carriers, thus reducing
unnecessary transportation and the
associated emissions. As such, our
solution isn't just about improving
business performance; it's also
about creating a sustainable
future where business growth and
environmental responsibility go
hand in hand.

The Collaborative Business Execution
Network enables organizations to
efficiently share, consume, and
orchestrate shared data. This leads
to actionable information being
readily available in the right place,
system (such as the Celonis platform
or other systems), to the right user,
and at the appropriate time, thereby
fostering better decision-making and
improved outcomes.

business taxonomy and a standard
integration approach leveraging
Celonis platform data, Collaborative
Business Execution Network offers a
low entry barrier to participate from
the beginning. To participate you
won’'t have to integrate to each of
your partners separately but only
once provide and once to consume
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information. This will rapidly lead to
a critical mass of business partners
in the network creating a pull effect
for additional ones.

In the past, integrating 3 customers
for the sake of providing order
updates automatically, meant

3 separate IT projects. With
Collaborative Business Execution
Network it becomes a matter of
hours, owned by business partner
managers with low technical
knowledge.

Data
Consumer

e S ! Data

Imagine the lever of a platform
hosting hundreds of companies for
data providers and consolidators.
Companies such as Project44,
EcoVadis or ParcellLab could
integrate with and provide data to
new customers in a streamlined and
scaled fashion.

Collaborative Business Execution
Network is set to become a data
marketplace - offering End-to-
End value chain collaboration as a
service.
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GUEST COMMENT

World Economic Forum
Resilient value chains:
Thriving amidst
challenges, unleashing
endless opportunities

The recent turmoil in markets is a symptom
of global developments driven by three main
mega-trends - climate change, geopolitical
tensions, and emerging technologies — that

Kyriakos Triantafyllidis are fundamentally transforming the
Head of Growth & Strategy, b . .
Center for Advanced USIneSS enVIronment.

Manufacturing & Supply
Chains at WEF

Celonis Labs 16
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CLIMATE
CHANGE

The climate crisis and
widespread environmental
degradation are profoundly
impacting global value chains
through increasing risk to
supply continuity, exacerbating
resource shortages, and adding
greater pressure toactina
carbon-responsible way. For
instance, as highlighted in the
World Economic Forum’s Global
Value Chains Barometer, large-
scale weather events like the US
deep freeze in December 2022
have resulted in widespread
power outages and road
blockages, slowing production
and flow of goods.

From pollution and solid waste
to water scarcity, desertification
and deforestation, the need to
address the underlying drivers
of environmental degradation
is increasingly recognized

by companies, governments
and civil society. Collective
consciousness of these
threats has grown significantly
during recent years and new
measures have been adopted
to reduce carbon emissions.
However, much more is
needed and possible actions
include the decarbonization

of supply chains, greater
support for renewable energy
and advancing the circular
transformation of industries.

GEOPOLITICAL
TENSIONS

Political shifts, trade tensions,
wars and policy uncertainty,
expose companies and
governments to numerous
vulnerabilities — including
rising energy prices, global
shortages, production scarcity
and logistical delays in getting
key components. For example,
in light of the recent inflation,
leading manufacturers are
employing advanced planning
tools to review buffers end-to-
end and reduce non-critical
inventories to ensure financial
availability.

As a result, many governments
and industrial companies

are looking to adopt more
regional, friend-shoring or near-
shoring approaches towards
globalization and international
trade, while attempting

to balance the benefits of
diversified globalization and
concerns for sustainability
practices.

TECHNOLOGICAL
ADVANCEMENTS

Ranging from digital platforms,
additive manufacturing and
artificial intelligence to robotics
and the internet of things,
emerging technologies are
transforming both operating
and business models, facilitating
the relocation of production
closer to consumer demand,
enhancing transparency
between producers and
consumers, and enabling the
provision of new and better
services. Generative Al has
revealed new opportunities,
promising to transform industrial
operations through a variety of
applications that can provide
information support, convert
information to actionable
outputs and enhance robotics.

Coupled with a vast increase in
connected devices worldwide,
these developments are
forcing manufacturers to tackle
increasing cybercrime and
threats. To reap the benefit

of emerging technologies

in production systems and
supply systems, the highest
cybersecurity measures are
needed.

Celonis Labs
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Manufacturers
are taking a more
holistic approach

Against this backdrop, continuity. This requires going
manufacturing leaders are beyond making adjustments in silos
embracing a more holistic strategic  to react to a volatile environment,
perspective of balancing value towards reconfiguring value chains
chain performance with resilience to put resilience and — in light of the
and sustainability to ensure service  climate crisis — sustainability at the
quality and long-term business core of the business agendas.
Celonis Labs 18 Beyond
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This reconfiguration will bring a
new mindset about global value
chains and how they operate.
Based on our consultations with
senior manufacturing and supply
chain executives, we have identified
five trends that will dominate this
reshuffling.

First, in the near future, they will be
based around multiple globally
connected but highly localized
value chains — relying on more local
suppliers and customers - rather
than one single global value chain.

Second, to manage the resulting
complexity and cost implications as
well as increase agility, automation
and digitalization technologies will
become more widely implemented.
The judicious use of automation in
manufacturing processes can help to
offset cost differentials and decrease
exposure to labour shortages, which
is particularly important when
relocating to markets with high
labour costs or aging populations.
New manufacturing technologies,
such as additive manufacturing, can
also help with mass customization to
better serve customer preferences

in local markets. Digitalization can
help to build visibility and traceability,
ensuring business continuity and
alignment between multi-local value

chains. Visibility identifies upstream
supply risk, while traceability can help
firms quickly react to disruptions and
mitigate their impact.

Third, the transition will require
equipping the workforce with

the right skills and capabilities
and attracting new talent in the
industrial operations environment.

Fourth, as manufacturers undergo
this transition, they will seize

the momentum and ingrain
sustainability at the core of their
more distributed operations.

And fifth, All of this will require
careful trade-off management
between performance, sustainability
and resilience to drive value for the
customer.

These five dominating trends are
bringing a new mindset about
global value chains in which the
interconnectedness of globalization
will continue to prevail. As leaders
reshape their value chains, manu-
facturers worldwide will begin to feel
the impact and ripple effects of the
collective rewiring, strengthening the
importance of multi-stakeholder col-
laborative approaches to navigate
these shifts and unlock new oppor-
tunities.

Celonis Labs
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Renske Prins
Head of Products
for Sustainability
at Celonis
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Process-Mining
for a sustainable

future

In the current macroeconomic
environment, organizations are
forced to strike a carefully considered
balance between sustainability
goals and other business goals.

As businesses grapple with supply
chain shortages and rising global
costs, some organizations have put
sustainability on the backburner.
CEOs spoke about economic
uncertainty 3 times as often as
sustainability in their Q1 earnings
calls. But many don't realize that

by focusing on sustainability, they
can benefit both their all-important
bottom and top line as well as their
green line, which has faced ample
scrutiny in recent years.

Process mining emerges as a

technology allowing businesses to
optimize their processes, balance
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objectives and become more
sustainable. The Celonis platform

is a pioneering solution in this area.
Though originally crafted with the
intention of enhancing process
performance centered around
economic objectives, sustainability
has inherently been interwoven

into its fabric. Process mining has
allowed companies to reduce
rework and improve process
performance, therewith reducing
waste and increasing efficiency. The
key is to transform operations in a
minimally disruptive way, focusing
on processes that lie at the heart of
sustainability strategies, and find
initiatives to start with that have a
positive effect on the top, bottom,
and green line. This way, businesses
can achieve better sustainability and
business outcomes simultaneously.



x top, bottom, green line value

In the realm of business finance, “top
line” and “bottom line” are commonly
used as barometers for a company’s
financial health.

The "top line” is an indication of a
company’s gross revenue or sales,
often serving as the initial metric of
business performance. As the name
suggests, it is featured at the top

of a company’s income statement,
providing an overview of the total
revenue generated through various

business activities before any ex-
penses are considered.

On the other hand, the “bottom line”

signifies the company’s net income,
a more insightful measure of prof-
itability. Derived after accounting
for all costs, expenses, and taxes
from the top line, the bottom line
provides a sharper picture of the
financial health and efficiency of a
business. It is often the final figure
on an income statement, hence the
term “bottom line"?

A newer addition to the financial lan-
guage is the “green line”, an index of
a company’s environmental footprint.
Unlike its counterparts, the green line
moves beyond mere financial perfor-
mance to assess the environmental
sustainability of a company’s opera-
tions. It measures the company’s ac-
tive efforts to reduce environmental
harm, such as cutting waste, curbing
carbon emissions, conducting due
diligence on suppliers, and adopting
renewable energy sources.?

THE ROLE OF PROCESS MINING

Celonis Labs

Process Mining operationalizes
sustainability strategies in three
different ways:

Where cost savings meet

sustainability: Optimizing the

processes that are at the heart of
sustainability strategies

Improving a company’s sustainability
performance requires operational
data, specific sustainability KPIs like
carbon emissions, waste, usage of
energy or diversity measures and
targeted action. All sustainability
metrics are influenced by business
processes, particularly supply chain
processes: how you source products
from responsible and reliable
suppliers, how you make products
with minimal waste, how you move
products efficiently, and how you
ship products on-time with minimal
emissions. The most straightforward
method of applying process

mining to make businesses more
sustainable is the optimization of
processes that have a direct impact
on sustainability KPIs. This is an area
where cost savings and sustainability

2]

improvements often go hand-in-
hand. Reducing the number of order
returns not only lowers the number of
emissions, it also increases customer
satisfaction and cuts shipping costs.
Reducing rework in the production
process leads to lower scrap rates,
decreasing the carbon intensity

of the products as well as cutting
material cost.

The way to tackle these processes

is straightforward and the
methodology is very close to

the traditional process mining
approach: The traditional data
model needs to be enhanced with
relevant sustainability activities in
the event log as well as additional
sustainability data points or KPIs, like
emission factors or supplier ratings.
Based on that, intelligent analyses
or even action capabilities can be
applied with the Celonis platform.
Green line value creation can be
tracked and even leveraged for
sustainability reporting - in addition,
and simultaneously to the traditional
process optimization and its value
creation.

Beyond



x LkSG

The German Supply Chain Due
Diligence Act, also known as
the German Supply Chain Act,
came into effect on Janu-

ary 1, 2023. This law regulates
corporate responsibility for
compliance with human rights
in global supply chains. This
includes, for example, pro-
tection against child labor,

the right to fair wages, as well
as environmental protection.
This benefits people within the
supply chains, companies, and
consumers alike. With this reg-
ulation came the responsibility
of companies to do proper
due diligence on their own
supply chain, which for many
companies means sending
out rating questionnaires and
manually contacting all their
suppliers. The European Union
is said to follow the principles
of the German Supply Chain
Act closely as they are devel-
oping the European version of
this regulation.®

Celonis Labs

When the process hurts the
planet: Process deviations as a
root cause of high emissions

Process deviations, often prompted
by unanticipated circumstances
such as rush orders, delivery blocks,
or sudden increases in demand,
can significantly contribute to

high carbon emission levels - and
companies are often not able to
uncover these relations.

For instance, after delivery blocks
caused by master data issues,

there is often a rush to fulfill orders

to maintain customer agreements
resulting in express or expedited
transport modes. This leads to a
surge in demand for faster and less
eco-friendly modes of transport such
as airfreight. Air freight accounts for
about 90 times as much emissions
as sea freight4, making it a prominent
contributor to corporate carbon
emissions. This exemplifies how a
seemingly operational hiccup like

a delivery block can cascade into a
significant environmental impact,
amplifying a company’s contribution
to climate change. Thus, it becomes
crucial to understand the true cost
of process inefficiencies as well as
positive effects that their resolution
can have. Unveiling, managing

and fixing negative impacts as

well as trade-offs, results in more
resilient, flexible, and sustainable
supply chains that can adapt to
fluctuations without compromising
environmental responsibilities.

In order to ensure these supply
chains, processes need to be
enhanced with sustainability KPIs like
emission factors, supplier ratings,
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and life-cycle analysis results. This
allows companies to introduce
emission reduction or supplier
sustainability as a process objective
and evaluate which process
deviations influence performance.
They can then dive into any hotspots
and find the process inefficiencies
that cause them. Intelligent process
mining algorithms also enable
companies to calculate saving

or improvement potentials and
balance economic and sustainability
goals through simulation features.
This way it is possible to optimize

for sustainability objectives in
processes, to transform operations
in a minimally disruptive way or to
find easy initiatives to start with by
harnessing the power of process
mining.

Sustainability excellence:
Fixing Inefficiencies in
sustainability processes

The last frontier in using process
mining for sustainability is
optimizing sustainability-specific
processes. Processes to implement
sustainability strategies are often
time and resource-consuming and
require a multitude of stakeholders
from various departments - thus,
the perfect case for process mining.
As an example, while complying
with the German Supply Chain Act
(German: LkSG), companies have to
collaborate across several functions
in procurement, sustainability,

and legal. The regulation requires
collecting additional data or
connecting various tools, often
resulting in manual efforts. Technical
solutions that harmonize data
sources, enable an intelligent

Beyond



analysis of data points, connected
activities, and root causes for
performance, saving time for the
involved teams. Tracking the
process, as well as easily unblocking

the process through targeted
actions, can make these projects less
resource-intensive and regulatory
compliance quicker and more
proactive.

CONCLUSION

Infusing sustainability into the DNA
of core business operations can
initiate a cycle of enhancement,
helping companies hit their
sustainability targets while staying
focused on overall business
objectives. Existing data, when
used effectively, paves the way
for processes to be more efficient
and cost-effective. Additional
sustainability data sources
empower companies to measure
the green impact of this process
efficiency, resulting in improved
sustainability performance.
Process mining experts can easily
unlock a new world of possibilities
by enhancing data models and
applying their existing skills. Aside
from cost reductions and revenue
increases, they can now use their
expertise to balance profitability
with sustainability, further
increasing the maturity of their

process mining applications and
becoming even more strategically
relevant. To underline, sustainability
should not be an isolated goal

but an integral part of the wider
business strategy, dovetailing with
all other objectives.

Process mining, with its unique
capability to identify opportunities
for optimization, can help steer
businesses towards this ideal
balance. Innovative and pragmatic
solutions, like those offered by
Celonis or built in the Celonis
community, assist businesses in
taking the first strides towards a
more sustainable future without
compromising profitability.
Processes are a fast, less capital-
intensive way to achieve top,
bottom, and green line value
simultaneously. Now there is only
one question left to answer: what
process will you start with?

1 https://iot-analytics.com/what-ceos-talked-about-in-ql-2023/

2 https:/ [www.investopedia.com/ask/answers/difference-between-bottom-line-and-top-line-growth/

3 https://www.theneweconomy.com/business/climate-change-managing-the-green-line-to-address-climate-action
4 https://[www.climatiqg.io/data

5 https://www.csr-in-deutschland.de/DE/Wirtschaft-Menschenrechte/Gesetz-ueber-die-unternehmerischen-Sorgfaltsp-
flichten-in-Lieferketten/gesetz-ueber-die-unternehmerischen-sorgfaltspflichten-in-lieferketten.html
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The process-centric
enterprise IT platform
Improving business
alignment and
accelerating digital
transformation




Andreas Krause
Distinguished Architect
at Celonis Labs
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IT organizations must evolve from
only supplying technology to

being digital process providers.
Without such a transition, internal

IT departments risk becoming
obsolete as the work of operating IT
infrastructure is commoditized by
hyperscale cloud providers.

Software however, is now a
competitive advantage for many
companies. IT can become a core
value driver by moving up the stack
and delivering comprehensive
digital solutions that align with the
operational needs of the business.
The challenge for IT leaders then
becomes how to choose the best
solutions to drive value, while
managing budget constraints. The
answer is a new kind of enterprise IT
platform.

A platform is a surface, either
physical or virtual, that serves as a
stable and supportive foundation for
a wide range of activities, objects, or
systems. Traditionally, in the realm
of IT, this relates to infrastructure
and encompasses components like
hardware, networking, and essential

T

software elements such as operating
systems and databases. This
however, addresses the requirements
of an IT department in the pre-cloud
and Software as a Service (SaaS) era.

To successfully drive business
results, a future enterprise IT
platform must combine several
crucial elements. First, it must use

a mutually understood language,
such as business processes, to
provide a foundation for effective
communication. Second, it must
enhance people’s visibility and
comprehension of business
processes by incorporating a means
to automatically discover, describe
and observe these processes
through process mining. Finally,

the platform must be able to
continuously improve and measure
the impact of these processes.

At Celonis, we believe that this
platform is implemented as a
process-centric digital twin of your
enterprise. Process Digital Twins
constantly observe the state of your
processes and make them available
through a contextual model.



https://www.celonis.com/blog/what-is-a-digital-twin-the-answer-is-evolving-due-to-process-mining/
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Process observability, as described

in the above visudl, sits on top of

a data foundation composed of
business objects and related events.
Data is collected directly from the
source systems and represented in a
semantically standardized way (i.e. in
the form of business objects, business
events and their process contexts).
Using this data, which is valuable in
itself for modeling and describing

the current reality of business and

IT operations, we can infer and
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generate higher order events (e.g.
Duplicate Invoice Received), that
make observability actionable for
humans and software automations.
This as well includes business metrics.

Observing processes and identifying
opportunities for structural and
case-by-case optimization is a
good starting point. However, to
complete the full cycle, it is essential
to take automated actions based on
these process-centric insights.

Beyond
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The above visual describes a model
in which process observability is
consumed by a variety of Apps.
These Apps will act upon the insight
to improve business processes. For
both IT and business organizations
we see the following advantages:

+ Inspires business users to leverage
their innovative and creative
potential by creating a common
language that allows business
users and IT to collaborate more
effectively and align around the
organization’s strategic goals.

« Common semantic model
(set of well-defined Business
Objects and Events) is a vendor-
neutral starting point for App
Modernization

« Protect Legacy Systems like ERP
from unintended load spikes

+ Celonis managed Performance
and Scalability through:
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« Elastic cloud-native technology
+ Intelligent buffering and caching

Furthermore we believe that
standardizing observability across
an ecosystem of customers has the
potential to enable a collaborative
and product centric approach to
process improvements.

Here I've outlined the ever increasing
importance of IT. However, with great
power comes great responsibility.
Modern IT organizations and their
platforms need to be an enabler

for more and more technology-
centric businesses and their business
processes that are responsible for
every organization’s value creation.
Providing a platform that at the very
core is process-centric is key to the
evolution of IT organizations and their
fate of becoming indispensable for
every business.

Beyond



Massimo Pezzini
Independent IT Advisor

x A digital integration hub
(DIH) is an architecture meant
to support low-latency and
high-throughput APIs access
to data handled by multiple
system-of-record (SoR)
sources, by enabling these APIs
to access SoR data that are
replicated and aggregated in
an ad hoc data store, which
synchronizes with the original
data sources in near real time.

GUEST COMMENT

The process-centric
enterprise IT platform
delivers integration
benefits

By adopting a process-centric enterprise

IT platform, organizations can achieve two
important goals. First, it provides the benefits
of process observability. Second, by being
an extended implementation of the Digital
Integration Hub (DIH) application architecture,
a process-centric IT platform

provides an API architecture

that is turbocharged in

terms of scalability,

performance and

availability when

compared to a

classic API

architecture.

Celonis Labs
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LIMITATIONS OF
THE “CLASSIC"” API
ARCHITECTURE

Digital operations require low laten-
cy and scalable access to data and
24/7 availability. These requirements
are hard for organizations to meet
given the high fragmentation and
partial duplication of key data (cus-
tomers, products, payments etc.)
across multiple “system of record”
(SoR) applications such as ERP, CRM,
SCM, HCM, WMS etc.

Organizations traditionally use

APIs layered on top of an integra-
tion infrastructure (for example, an
Enterprise Service Bus like Mulesoft
Anypoint Platform, SAP Process In-
tegration or Tibco BusinessWork) to
enable “digital applications to SoR”
integration. This shields the digitall
layer from the specific protocols,
interfaces and data models used by
the SoR systems.

This “classic” APl architecture is
powerful and flexible. For in-
stance it is relatively easy to
add new digital applica-
tions whilst minimizing
the impact on the
SORs.

APIs are not
only extreme-
ly popular
and widely
adopted,
but also
well under-
stood, en-

abled by standards such as OpenAPI
and HTTP, and strongly supported

by the tools and application vendor
community.

However, a classic APl architecture
has its drawbacks:

« Limited scalability, which may
not cope with the high volume
of requests generated by digital
applications on the SoRs.

«  Suboptimal API response time

. Lack of 24/7 operations, impact-
ing digital applications during SoR
downtime.

«  Complexity in integrating frag-
mented SoR landscapes, leading
to potential fragile and unreliable
environments.

In many situations, those challenges
are not necessarily showstoppers.
However, with the increasing de-
mands of today’s consumers, when
it comes, for example, to B2C dig-
ital applications, those limitations
may lead to catastrophic failures
of business initiatives. The digital
way is littered with horror stories of
ecommerce sites crashing or mo-
bile applications constantly timing
out compromising the organization
reputation.

The challenge for organizations
remains: how can they work around
these issues and build an API layer
that is scalable, performative and
close to 24/7 availability?
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x Modernization Strategies
While the classic APl approach
offers partial decoupling
between digital applications
and SoRs, also enabling
incremental modernization,
it demands redesigning of all
APIs when transitioning from
old to new SoRs. In contrast,
the DIH architecture allows
seamless SoR replacements
without the need for AP
modifications.

HOW THE DIGITAL INTEGRATION HUB

TURBOCHARGES APIS

To address the challenges men-
tioned earlier and implement a
more scalable, high-performance,
and reliable APl layer, a DIH is of-
ten the solution. By duplicating and
consolidating the necessary data
into a single optimized datastore,
the DIH ensures low latency, scal-
ability, and 24/7 availability. Addi-
tionally, the DIH reorganizes data to
align with the organization’s digital
operations requirements and can
incorporate data inferences from
external sources.

The DIH architecture brings another
significant benefit: it completely de-
couples the digital applications from
the SoRs providing the data. They op-
erate independently, with the DIH data
store serving as their common link.

Adding new digital applications that
use DIH data doesn't affect the SoR
data providers. Similarly, if a legacy
SoR is replaced with a modern SaaS
alternative, the digital applications
remain unaffected as long as the
new application feeds the DIH with
the same data as the old one. This
makes the DIH an excellent enabler
for incremental application modern-
ization strategies.

Another key benefit of the DIH-based
architecture vs. the classic APl ap-
proach is that the central datastore
consolidates data from a variety

of sources. This data can be used
beyond serving the API layer, allowing
organizations to emit events for sig-
nificant data changes or utilize it for
analytical purposes.

DIH IMPLEMENTATION CHALLENGES

Despite its conceptual simplicity
implementing a DIH in reality has its
complexities, to mention the most
notable ones:

+ Designing the DIH data model
requires a deep understanding
of the digital business processes
it serves.

« Digital processes must work
with up-to-date data, which is
achieved through real-time or
near real-time updates from SoRs
using event-driven integration.

« Event-driven integration must
include tools to map and trans-
form incoming SoR data to align
with the DIH data model.

« DIH implementation poses addi-
tional challenges related to data
governance and security.

Hence, the entry barrier for DIH is
significant, and only financially
strong and technically adept orga-
nizations have been able to afford
implementing DIH-based API layers
thus far.

Celonis Labs
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The “process-centric
enterprise IT platform”
delivers the DIH benefits

out-of-the-box

The “process-centric Enterprise

IT platform”, by default, has

to address many of the DIH
implementation challenges as
discussed above. For example, it
must provide a predefined, yet
extensible, data model designed
to support a variety of digital
processes, a data enrichment (via
inference) capability, a predefined
set of APIs and events to consume
the data and a standardized
approach to exchanging data
between the DIH and the SoRs.

This prepackaged set of capabilities,
coupled with its cloud-based delivery
model, will make adoption reasonably
easy and fast, therefore not only
leading edge, but also mainstream

organizations to take advantage of
the DIH architecture and experience
its business benefits in terms of
business agility, fast innovation,
efficiency and observability.

In essence, the process-

centric Enterprise IT platform
serves a dual purpose. Firstly, it
provides process observability,
empowering organizations to
gain valuable insights into their
operations. Secondly, it serves

as a turbocharged API platform,
offering scalability, performance,
and availability advantages,
making it an all-encompassing
solution for organizations seeking
process optimization and digital
transformation.

Celonis Labs
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and a full professor at RWTH
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Latest Whitepaper

OCPM:

A REVOLUTION
IN PROCESS

Celonis Labs

MINING

Object-centric
process mining
Imagining what's
next in business
performance

Object-centric process mining (OCPM)
significantly increases the speed, value capture,
accuracy, and use case potential for process
mining. It will also significantly transform many
aspects of the discipline, such as conformance
checking, predictions and simulations. With this
article, | hope to spark the imagination about the
advantages and opportunities OCPM offers.

Process mining is one of the few
data-driven approaches that is
process-centric. Most machine-
learning, artificial-intelligence,
and data-science techniques
tend to focus on a single task,
not considering end-to-end
processes. Using process mining,
we can discover processes models
based on event datq, check the
conformance of processes by
comparing a process model with
event data, analyze performance

by replaying event data on models,
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predict the evolution of the whole
process or individual process
instances, and automatically
perform actions to address
performance and compliance
problems.

Traditional process mining, while
powerful and effective, isn't without
limitations. Data extraction and
transformation can be time-
consuming and needs to be
repeated. Interactions between
process objects (e.g, sales orders,

Beyond
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Object-Centric
Process Mining
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sales order items, shipments,
invoices, etc.) are not captured.
And, three-dimensional event data
is flattened into two-dimensional
event logs causing convergence
and divergence problems. Object-
centric process mining (OCPM)
was developed to overcome these
limitations.

OCPM takes a more holistic and
comprehensive approach to process
analysis and improvement by
considering multiple object types
and events that involve any number
of objects. It can significantly
increase the speed, value capture,
accuracy, and use case potential for
what is already a transformational
technology.

Enable more
dynamic analysis

Celonis was the first vendor to

fully embrace OCPM with Process
Sphere™ and the Object-Centric
Data Model (OCDM). These
innovations help organizations
unravel the true fabric of their
operational processes. Instead of
using different data models for
different analysis viewpoints, we
create a single data model that
captures all relevant events and
objects. Each event may involve any
number of objects, and objects may
be involved in many events.

The Object-Centric Data Model
enables OCPM innovations across
the Celonis platform, such as the
Multi-Object Process Explorer and
End-to-End Lead Times App.

Simple: One standard object-centric data model
Flexible: Switch perspectives easily for a deeper and wider analysis
Modular: Add new functionality without disrupting existing solutions
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OCPM:

The next frontier
in business performance

OCPM marks a revolution in process
mining. To take full advantage of
the richer data and process models
OCPM offers, we must rethink exist-
ing techniques, such as predictive
analytics, data-driven simulation,

and comparative process mining.
For example, with Celonis Process
Sphere, we developed new discov-
ery and conformance-checking
techniques. The following are new
opportunities with OCPM.

More meaningful data

Object-centric event data (OCED)
used by OCPM, creates opportunities
to add semantics, such as specializa-
tion and composition, to data. For ex-
ample, we can create a general pay-
ment type as well as types for specific
payment activities or objects. We can

Org-specific,

process aware

OCED also facilitates the creation

of organization-specific Large Lan-
guage Models (LLMs). GPT-4 and
related technologies show the value
of bringing a lot of data together in
a large model. OCED may contain
information about an organiza-
tion’s products, orders, items, sup-
pliers, customers, machines and the
like. This information is essential for
answering questions and is highly
structured. However, uploading or-
ganization-specific data like this into
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also show that one object contains or
is composed of other objects. Simi-
larly, we can identify subprocesses.
Specialization and composition en-
able us to think logically about event
data and create process models at a
higher level of abstraction.

LLMS

a general-purpose LLM can create
confidentiality and accuracy prob-
lems. Therefore, many organizations
will opt for a proprietary LLM. Com-
bining LLMs and process mining is
promising and helps to contextualize
process mining results. Moreover, it
facilitates interactions using natural
language. For example, Celonis LLM
for PQL Generation translates natural
language statements, queries and
instructions into PQL (Process Query
Language) to query event data.
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More realistic digital twins

OCPM is also a key technology for kinds of objects, which is only possible
creating Digital Twins. A Digital Twin with OCPM.

requires a model that approximates These examples illustrate that OCPM
reality and is able to explore different  plays a key role in lifting process
scenarios. It is impossible to develop  analytics to the next level. Although
such models focusing on just one ob-  we are just at the beginning, the initial
ject type. However, faithful dato-driv-  projects using Celonis Process Sphere
en simulation models need to con- provide proof points for the advan-
sider the interplay between different tages mentioned before.

Additional reading:

« Van der Aalst, W. Object-Centric Process Mining: Unraveling the Fabric
of Real Processes . Mathematics 2023, 1], 2691

« Van der Aalst, W,; Berti, A. Discovering Object-Centric Petri Nets.
Fundamenta Informaticae 2020, 175, 1-40
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RESEARCH
& THESES

Celonis Labs

Welcome to Research and Theses,
a new section of Beyond dedicated
to showcasing innovative research

and emerging concepts.

We're excited to bring you the ma-
terial here in conjunction with the
Celonis Academic Alliance, which
works alongside talented students
and researchers to unlock new op-
portunities and insights in process
mining.

The first four articles focus on the
Celonis platform and process mining,
exploring how process intelligence
can revolutionize business opera-
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tions. In the final article, Prof. Dimitris
Kiritsis addresses the concept of cog-
nitive digital twins (CDT). Prof. Kiritsis
explains the characteristics of a CDT,
how it's different from a traditional
digital twin and links to several exam-
ples of how CDTs are being applied.

Join us on this journey of innovation
and exploration as we delve into

the world of process mining and its
transformative potential.

Beyond
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Jonas Weich
Application
Product Manager
at Celonis

x Ai4Pro

is a project to develop an

Al- and CPS-based solution
that helps small and
medium-sized manufacturing
companies optimize their
production processes in

real time. This project was
started in 2020 together with
the Fraunhofer IIS Institute,
Maxsyma, AST-X, PASS and
Rauschert in 2020 and is
funded by the Bavarian State
Ministry for Economy, Regional
Development and Energy.

Celonis Labs

Ai4dPro

Research project
Streaming Celonis’
insights to wearable
devices in real-time

In last year’s Beyond Journal, we introduced this
visionary research project and talked about how
event recognition based on sensor data can
bring transparency to a new level, for example
knowing exactly where each product component
is in the manufacturing process in real-time.

We want to continue to share our
insights by focusing on one of our
main innovations namely extending
the data pipeline with connectivity
to wearable devices.

The pipeline extracts process
events from raw sensor data.
After successfully implementing
and deploying this part of the
pipeline, we maximized the value
of derived insights by sending
recommendations to action directly
to workers on the manufacturing
side. These recommendations
are made available via push
notifications on wearable devices
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(e.g. smartphone, smartwatch),
which enables fast action and thus
preventing issues in the production
process. With this, we are addressing
a whole new segment of target
persona: Shop floor workers that
don't need to have a background

in dato-driven decision making or
enablement on the Celonis platform.

To ensure that this idea is successful,
the derived recommendations

for production workers need to

fulfill three core requirements:
Recommendations need to be 1
delivered fast, 2 valuable, and 3
actionable.

Beyond
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I

Especially in operational use
cases, reducing the time-to-act
is a fundamental value driver
and thus a competitive ad-
vantage. This is why real-time
capabilities are crucial. To
address this requirement, we
implemented an end-to-end
streaming architecture based
on Apache Kafka and MQTT -
starting with sending raw sensor
data and ending with the
reception of actionable rec-
ommendations on the workers'’
wearable.

With this setup, we are able

to deliver recommendations

in a matter of minutes after a
change in the production envi-
ronment has been detected by
a sensor.

2

Instructing workers to use wear-
ables is a burden in the first
place and as such, it will only be
adopted if both the workers and
the management see value in
doing so.

To drive value with our recom-
mendations, we implement a
Time-of-Event Prediction ser-
vice. Leveraging the current
status of the order, process
plans, live context (i.e. queues
at mochines), and historical
datag, this event-driven ser-
vice predicts the time at which
upcoming events are about

to be completed and thus the
arrival of the whole order. This
unlocks highly valuable recom-
mendations such as bottleneck
avoidance and order prioriti-
zation. This eventually leads to
less friction in the production
process, lower inventory hold-
ing cost and higher customer
satisfaction.

The workers themselves prof-

it from this direct access to
information by saving commu-
nicational overhead and acting
immediately upon issues, which
would otherwise result in addi-
tional workload if delayed.

3

Workers need to be able to act
upon recommendations. In
contrast to an analyst perso-
na, the worker persona is not

a data-driven role and usually
does not have access to devic-
es other than wearables. Thus,
we need to be mindful that the
messages deliver just as much
context as the worker needs to
act without any ambiguity.

To give a more tangible ex-
ample: If a production order is
expected to be finished late, we
send a message to prioritize this
exact production order by skip-
ping queues. There is very little
context given as more infor-
mation would just distract from
taking immediate action.

We believe that selectively exposing information from Celonis to other
platforms unlocks a new dimension of business management by
addressing a wider range of target persona.
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Teodor Fratiloiu
former Master Thesis
student (TU Munich)
at Celonis

x DL Models

Deep learning is a method in
artificial intelligence (Al) that
teaches computers to process
data in a way that is inspired
by the human brain. Deep
learning models can recognize
complex patterns in pictures,
text, sounds, and other data to
produce accurate insights and
predictions.

Celonis Labs

Peeking into the
decision-making
process in the human
mind via DL Models

People? Challenging. What makes investors
buy shares in a particular fund? Why do people
prefer one team over another in sports?

Decisions are a “black-box” — we
can see the outcome, but never the
process. What if we told you there
might be a quantitative way to
peek into that?

We began by training DL classifiers
on data from a study of people’s
choices when making “bets” — se-
lecting one of multiple options, each
described by payoff/probability pairs,
none overwhelmingly more enticing
than the rest by trivial correlation. We
observed these models could indeed
replicate real people’s choices. We
then constructed “see-through” Al
models (decision trees, cascading
architectures etc.) to reproduce their
behavior. This resulted in a collection
of visible weights and biases which
can make decisions that align with
the original data. Voild, we have a
transparent decision engine.
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Next, we analyzed public trade data
(buy or sell orders), and fed the now
quantified share price sets into our
engine. When we compared the out-
come to what the majority of trad-
ers did during the same timeframe,
we found our automated models’
choices correlated to real-life market
sentiment. Neat.

Decisions are complicated, tiring, and
prone to error. Imagine the value of
an automated, fully transparent and
accountable decision engine: not
only can that increase process con-
sistency, but you might never again
have to run an old-school root cause
analysis: your logs will have already
recorded all the steps that went into
those decisions by the time you get
around to it.
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Revolutionizing
customer satisfaction
in insurance claims

handling

The fusion of Process
Mining and Machine

Learning

One of the most crucial customer
facing processes in the insurance
business is the handling of a claim.
Regulating a claim is a highly com-
plex task, involving feedback loops,
information retrieval and compli-
ance. Leveraging advancements in
the process mining and machine
learning research, can we com-
bine both of these technologies

to predict when customers might
churn as a direct result of a nega-
tive experience in claims handling?
And can we derive insights about
our process inefficiencies leading to
such churn?

The research project which was
conducted together with one of
Germany’s largest insurance pro-
viders aimed at developing the
“customer live score model” — a
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framework for churn prediction
forecasting using process mining
combined with machine learning.
The introduced pipeline allows for
flexible feature selection and auto-
matic identification of an optimal
machine learning algorithm by
analyzing claims handling data. The
project demonstrates promising
results, enabling the identification of
unsatisfied customers after a claim
handling process is concluded and
uncovering the underlying reasons
behind their dissatisfaction. Mean-
ing that we can not only say if a
customer might churn as a direct
result of a negative customer expe-
rience, but we can also identify the
reasons behind it. Furthermore, by
aggregating the individual feature
attributions for every single churned
customer we get the overall picture

Beyond



of the current factors in our process
which are leading to churn, paving
the way for strategic initiatives to
enhance long-term customer satis-
faction.

One notable advantage of the
introduced framework is its pro-
cess-agnostic nature, enabling its
application to any business process
for binary outcome prediction (suc-

cess or failure). The methodology
significantly contributes to ongoing
research, showcasing the immense
power of process mining and ma-
chine learning as decision-support
systems that support daily business
activities in real-life scenarios. Pro-
cess Mining can help us in getting
more data to open up the possibility
for new applications of machine
learning use cases.

customer (v — — — — — — — — — - - - - - - -"-----77-"77=-7=-7 -7 -/ - -/ =7 = E
Live || S ial -sell |
score | UPSELL/CROSS-SELL ™ broposa V|
CALL FOR ACTION
[ POTENTIAL - SUCCESSFUL UPSELL O [
T e T
O > O > O : the thesis 50
I Onboarding - ok I : : 2
Customer ——> O O————> O Claim#1 : Claims #2 V/
ID : X :
Onboarding V/ : :
: Customer
: Service X
O——0
I HIGH O—>0 [
| CHURN Proactive |
CALL FOR ACTION outreach V'
I RISK - AVOID CHURN [
L — — — — - 4 4 e e e e — — — -
Customer Live Time
Every process interaction gets scored
and can be linked to customer ID
~> Customer Satisfaction Live Score &
Intelligent Action Triggers
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Jonas Weich
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Manager at Celonis

Jerome Geyer-Klingeberg
Head of Academic
Alliance at Celonis
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Sustainability-
Integrated Value
Stream Mapping
with Process Mining

In manufacturing, Value Stream
Mapping (VSM) is used to improve
production processes. The meth-
odology involves a comprehensive
analysis of production process
steps, from acquiring raw materials
to the delivery of the final product.
The goal of VSM is to identify and
eliminate non-value-adding activ-
ities, reduce waste, and streamline
the production process to maximize
the value delivered to the customer
while minimizing costs. Sustainabili-
ty metrics such as electricity con-
sumption and carbon emissions
have recently become an area of
waste that is attracting attention in
the context of increased awareness
of climate change.

In this publicly funded research
project, we introduced and imple-
mented an Celonis-native approach
for sustainability-integrated value
stream mapping with Process Min-
ing. After identifying relevant user
stories and personas both in the
manufacturing and supply chain
areq, we developed a digital VSM that
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solves crucial shortcomings of the
traditional, brown-paper based VSM.
Being a manual, one-off approach,
the traditional VSM suffers from low
data accuracy, subjectivity, cost, and
scope limitations. For integrating sus-
tainability metrics into the digital VSM,
we incorporated data from power
sensors, scrap rates and transporta-
tions between plants. Combined with
the CO2 percentage in the energy
mix, and ERP data on the production
process, this enables labeling each
production order and thus each ma-
terial with an individual CO2 footprint
and thus unlocks a wide range of use
cases - from assessing, reporting,

to optimizing sustainability metrics.
Apart from sustainability metrics, the
developed solution enables users

to identify wasteful activities such

as overproduction, excess inventory,
defects, over-processing, waiting,
and unnecessary transportation. By
analyzing these areas, manufacturers
can create targeted improvements
that reduce costs, improve quality,
and enhance customer satisfaction
through service levels.
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Next generation
of Conformance

Checking

in Process Mining

Conformance Checking is the field
in process mining that compares a
normative process model with the
actual process behavior recorded in
an event log. The main tasks of con-
formance checking are to measure
the degree of deviation between
the model and the event log using a
single number evaluation metric and
to provide useful diagnostics about
these deviations to the end user.

State-of-the-art techniques are
based on trace alignment, which
finds the model execution that

most closely matches each variant
recorded in the log according to a
user-defined measure of similarity.
However, trace alignment has two
inherent limitations. First, it does not
scale for large event logs and pro-
cess models, making it impractical
for large industrial datasets. Second,
even if the computation successful-
ly terminates, interpreting its result
requires technical understanding on
the workings of the algorithm, which
hampers its broader adoption.
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In my research, | explore alternative
methods for conformance checking
that overcome these limitations. My
most recent paper takes a step in
that direction by presenting a meth-
od to efficiently measure the con-
formance for process trees. Process
trees are a widely used process
modeling notation in process min-
ing. At Celonis, they are used, among
other things, as the backbone of our
new Process Sphere product. The
new method achieves an improve-
ment of over an order of magni-
tude compared to state-of-the-art
techniques. This enables us to mon-
itor the quality of our automatically
discovered process models in pro-
duction and to improve our mining
algorithms based on this data. In

the future, we plan to use the same
technique to provide understand-
able conformance diagnostics to
business users. At Celonis, we believe
that alternative, more pragmatic
methods for conformance checking
are crucial to its widespread adop-
tion in the industry.
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x Cognitive Digital Twin (CDT)
is a digital representation

of a physical system that

is augmented with certain
cognitive capabilities

and support to execute
autonomous activities;
comprises a set of
semantically interlinked digitall
models related to different
lifecycle phases of the
physical system including its
subsystems and components;
and evolves continuously with
the physical system across the
entire lifecycle

GUEST COMMENT

Cognitive

Digital

The concept of Digital Twin (DT) com-
bines and integrates key enabling
technologies of the 4th Industrial
revolution, such as all kinds of sensors
collecting a big variety of datag, Inter-
net of Things, Data Analytics, Al etc. It
represents a comprehensive physical
and virtual description of a product
or a system. After a decade of devel-
opment, DT has recently started to
be applied to many industrial sectors
covering specific applications along
the lifecycle of a product or a sys-
tem. The first successful applications
of DTs on specific isolated problems,
have already revealed the need for
the interconnection of DT solutions
that operate at different aspects and
different phases of the lifecycle of a
complex system consisting of prod-
ucts, assets (equipment) and pro-
cesses with the final goal the optimall
and efficient design and operation of
such complex systems.

The concept of Cognitive Digi-

tal Twin (CDT) has been recently
proposed which reveals a prom-
ising evolution beyond the current

TWINS

DT paradigm towards a system of
interconnected Digital Twins cov-
ering linked applications all along
the complete lifecycle of a complex
system.

While there is no widespread defi-
nition of CDT yet, let's explore a few
principal features of a CDT:

1. A CDT contains at least the three
basic elements of DT, including
the physical entity, virtual repre-
sentation, and the connections
between the virtual and physical
spaces. The difference is that a
CDT may contain multiple DTs,
including digital models of its
subsystems, and each of them
has different status across the
entire lifecycle.

2. Cognition capability: As indicated
in its name, a CDT should have
certain human-like cognition
capabilities, such as attention,
perception, comprehension,
memory, reasoning, prediction,
decision-making, problem-solv-

Celonis Labs
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https://www.celonis.com/blog/what-is-a-digital-twin-the-answer-is-evolving-due-to-process-mining/

ing, reaction and so on. Thus, a
CDT is defined to recognise com-
plex and unpredicted behaviours
with optimisation strategies
dynamically.

Full lifecycle management: A CDT
should consist of digital models
covering different phases across
the entire lifecycle of the system,
including beginning-of-life (BOL,
e.g. design, building, testing),
middle-of-life (MOL, e.g. operat-
ing, usage, maintenance) and
end-of-life (EOL, e.g. disassem-
bly, recycling, re-manufactur-
ing). It should also be capable

of integrating and analysing all
available datag, information and
knowledge from different lifecycle
phases thus to support afore-
mentioned cognitive activities.

Autonomy capability: A CDT
should conduct autonomous
activities without human assis-
tance or minimum level of hu-
man intervention. This capability
is partially overlapped with and
empowered by the cognition
capabilities of a CDT. For exam-
ple, based on the perception
and prediction results, a CDT can
autonomously make decisions
and react for design, production
or operations adaptively.

Continuous evolving: A CDT
should be able to evolve along
the entire system lifecycle. There
are three levels of evolution.
First, for a single digital model|, it
updates itself according to the
change of relevant dataq, infor-

mation from the physical sys-
tem; second, due to the inter-
actions among different digital
models contained in the same
lifecycle phase, each model
evolves dynamically according
to the impact of other models;
third, due to the feedback from
other lifecycle phases, the pre-
vious two situations may hap-
pen simultaneously, even new
models and components will be
added.

6. Governance approach: A holistic
governance approach of a CDT
system is required, integrating
three different views: i) business
and sustainability; i) data gov-
ernance and ii) cognition (Al)
models governance.

The concept of Cognitive Digital
Twin (CDT) represents a promising
advancement in the evolution of
Digital Twins (DT). Although this is

still in its early stage, the concept

of CDT has already been applied in
Proof-of Concept projects involving
Academia and Industry such as the
EU funded project Qud4lity. Given the
importance and application of DTs
in recent years, we anticipate that
CDT, as the next evolution, will gar-
ner increasing attention from both
academia and industry. Furthermore,
CDT is poised to become a potent
tool in achieving the intelligent man-
ufacturing paradigm.

More details about the concept of
CDT can be found in the recently
published paper available to down-
load at this link.

Celonis Labs
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