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In supply chain business processes, there occur frequently disrupting events such as delays and
shortages. Handling instances where exceptions occur are stated to be resource intensive and
critical to bear customer satisfaction and organizational targets. Hence, it is recommended to
assist the handling with automation whenever possible. Moreover, the fluctuating business
environment drives companies to seek flexibility via analyzing, sensing and responding to the
varying situations on supply chains in near real-time. However, increasing availability of near
real-time data and computing power enables new enhancement opportunities of the operations.

The thesis provides an overview of current capabilities to support business processes during
runtime related to process automation and process mining. The objective of the thesis is to
discover what kind of approaches exist for process runtime support, as well as to identify what
kind of potential benefits, challenges and limitations may be included if workflow automation
and near real-time process mining are acquired for runtime support. The first part is a literature
review that discovers the approaches, as well as benefits, challenges and limitations. The latter
part is a case study in a company in the forest industry. Semi-structured interviews are held
about experiences from workflow modeling, previous experiences from offline process mining
and expectations from supply chain management viewpoint. The results of the case study are
compared to the benefits, challenges and limitations found from the literature review.

The findings of the study indicate that available approaches contain limitations due to limited
applicability or maturity of the available tools. More advanced approaches are also constructed
in the literature, though not accessible for industry purposes yet. Main potential benefits in
workflow automation are improved quality and efficiency of processes. A limitation is its
applicability only to routine work due to the challenge of capturing real-life processes into
explicit models. Similar challenges are acknowledged in the literature and the interviews on
workflow modeling. A potential benefit in near real-time process mining is capability to offer
relevant insights for process participants and hence enables to make an impact. A limitation of
traditional process mining is its inability to simultaneously explore several process objects that
are present in real-life processes. Several challenges are observed from the literature and the
interviews when implementing process mining, mostly related to the event log creation.
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Toimitusketjujen liiketoimintaprosesseissa tapahtuu usein lapimenoa héiritsevia tapahtumia,
kuten viivastymisia ja vajauksia. Téallaisten tapausten késittelyn on sanottu vaativan paljon
resursseja ja olevan Kriittisia asiakastyytyvéisyyden ja organisaation tavoitteiden takia, jonka
vuoksi niiden késittelya suositellaan tukemaan automaatiolla aina kun mahdollista. Liséksi
vaihteleva liiketoimintaymparisto ajaa yrityksia tavoittelemaan mukautumiskykya vaihteleviin
toimitusketjun olosuhteisiin lahes reaaliaikaisen analysoinnin, havaitsemisen ja reagoimisen
avulla. Kuitenkin kasvava lahes reaaliaikaisen datan saatavuus ja laskentatehon lisd&dntyminen
tarjoavat uusia tehostamismahdollisuuksia toimintoihin.

Tyo antaa yleiskuvauksen tdmanhetkisistd mahdollisuuksista tukea liiketoimintaprosessien
ldpimenoa liittyen prosessiautomaatioon ja -louhintaan. Tyon tarkoituksena on perehtya
Kirjallisuudessa esitettyihin keinoihin, sekd tunnistaa potentiaalisia hyotyja, haasteita ja
rajoituksia, mikéli tyonkulun automaatio ja lahes reaaliaikainen prosessilouhinta hankitaan
prosessinaikaiseksi tukemiseksi. Ensimmainen osuus on Kirjallisuuskatsaus, jossa tutustutaan
keinoihin, hyo6tyihin, haasteisiin ja rajoitteisiin. Jalkimmé&inen osuus on tapaustutkimus
metsateollisuuden yrityksessd. Puolistrukturoiduilla haastatteluilla keratdadn kokemuksia
tyonkulun mallintamisesta, aiemmista kokemuksista offline prosessilouhinnasta ja odotuksia
toimitusketjun johdon nakdkulmasta, joiden tuloksia verrataan Kirjallisuuden havaintoihin.

Tutkimustulokset ilmaisevat tdméanhetkisten keinojen sisaltavan rajoitteita johtuen rajallisista
hyodyntdmismahdollisuuksista tai saatavilla olevien tydkalujen maturiteetista. Kirjallisuudessa
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teollisuudessa. Potentiaalisia hyotyjd tydnkulun automaatiossa ovat prosessien laadun ja
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eksplisiittisten mallien haasteellisesta muodostamisesta. Samantyylisia mallintamisen haasteita
on havaittu haastatteluissa ja kirjallisuudessa. Potentiaalinen hyoty léhes reaaliaikaisessa
prosessilouhinnassa on ajankohtaiset ndkymat, joiden perusteella voidaan vaikuttaa prosessiin.
Perinteisen prosessilouhinnan rajoite on sen kyvyttomyys tarkastella samanaikaisesti useita
todellisten prosessien sisaltdmiéd prosessiobjekteja. Kirjallisuus ja haastattelut tuovat esille
useita haasteita prosessilouhinnan k&yttoonotossa, valtaosin liittyen tapahtumalokin luomiseen.
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1 INTRODUCTION

The aim of this chapter is to define the thesis contents by introducing the background,
objectives with research questions as well as limitations. They underline the focus of the
thesis and address the research to be done in order to answer the research questions. Lastly,
the structure of the thesis is visualized as an input-output diagram highlighting the contents

of each chapter.

1.1 Background

Even though the mantra “the world is becoming increasingly complex” is kept telling
repeatedly, it only underlines the importance to bear it in mind (Reinkemeyer et al. 2020, p.
vii). In organizations, business processes play a leading role in coping in this complicated
business environment. To highlight this fact, Dumas et al. (2018, p. vii) refer business
processes as the lifeblood of organizations, as they define tasks, jobs and responsibilities
hence shaping the future work and determining the potential and pace to adjust in new

business circumstances.

The need for quality business processes is vital. Fleischmann et al. (2020, p. 2) underline the
statement by saying that competitiveness of multiple companies is turning, or even already
turned out, to be based on the quality of their business processes rather than uniqueness of
their products. The specifications of the practices are needed to be realized to organizations
and IT structure, in order to fulfil them on a daily basis (Fleischmann et al. 2020, p. 2). There
is a considerable amount of complexity — particularly in organizations with many processes
—which in turn pressures companies to look for and acquire new and innovative approaches
to cope with the complexity and obtain more transparency (Reinkemeyer et al. 2020, p. vii).
The described need highlights the fact that it is not feasible to focus solely on data analysis,
as the data is needed to be related to the operational processes and ask the right questions —
this needs the understanding of end-to-end processes (van der Aalst 2016, p. vii).

The above-described need for quality business processes and their support plays an essential

role especially in supply chains, as in corporations supply chains are examined through
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business processes, such as order-to-cash (O2C) (Figure 1) or purchase-to-pay (P2P). They
may contain several transactions and several types of flows, including material, cash, and
information. (Perez et al. 2021) The way of designing and carrying out business processes
affects the quality of service as well as the efficiency of how the service is provided (Dumas
et al. 2018, p. 2).

~
2E DR e RS = B KR
- O i [ = B S$
Place Create Credit Confirm/ Arrange Package Transport Create Deliver Collect
order sales check schedule transpor- goods goods invoice goods & payment
order inventory tation invoice

Figure 1 Overview of order-to-cash process (adapted from Perez et al. 2021, p. 4)

Where industries are undergoing a rapid transformation caused by the fourth industrial
revolution, supply chains make no difference. They can be said to undergo digital
transformation with supply chain 4.0, that is also referred to as smart supply chain, digital
supply chain and intelligent supply chain by the literature. (Zekhnini et al. 2020) The
information flow and transparency within supply chain has enhanced due to the
transformation, enabling new optimization opportunities for such systems (Perez et al.
2021). Simultaneously, the increasing expectations from customers and desire for
individualized products drive the supply chains to expand complexity with global, multi-
enterprise and multi-channel operations. For a company to be able to cope in changing
market circumstances, having connected supply chain data to create end-to-end visibility
over the supply chain for analyzing, sensing, and responding to varying situations plays a
crucial role. There is a need for real-time data analysis to understand the health of the supply
chain, as well as to make data driven decisions. In addition, the need is for alerts and
exception management for deviations in supply chain, such as sales order with late delivery,
to be able to react on a real-time basis. The need is also for capability to take an action based
on the insights to resolve the issue. (Jandhyala 2020) Luckily, modern integrated analytics
systems include various functionalities (Figure 2) to cope with these needs (Jandhyala 2020)
providing process runtime support. The concept of business process runtime support is used
in literature when describing aims of assisting process execution with varying approaches
(Mertens 2021; Barba et al. 2021), thus in the thesis the concept is used to generally describe

activities enabling to enhance the process execution.



13

Aligned KPIs and metrics over supply chain performance
Balanced scorecard of key supply chain functions

Information transparency & collaboration across different functional units

Exception management with insights: automated alerts & insights about the root cause with
recommendations for solutions

Predictions of disrupting events

Real time ‘what if” analysis and scenario planning evaluating solution possibilities with financial
impacts

Connected supply chain sources & an end-to-end visibility of the network (internal and external)

Navigation to the source systems, e.g., to ERP to make changes on sales order data

Figure 2 Technology advances of integrated analytics solutions to support supply chain

(functionalities adapted from Jandhyala 2020)

To conclude, on the one hand, the customer expectations are developing to more demanding
ones, tightening the competition and putting business processes’ execution in a central
position. On the other hand, the possibilities provided by modern technologies to streamline
supply chains in near real-time are also developing at a fast pace. That leaves the success of
a company to perform on supply chains to be increasingly dependent on its own capability
to utilize its data, to adjust, and to investigate the possibilities provided by technology to

adapt in the ever-evolving environment.

In the case company has been noted these needs set to modern supply chains. For this reason,
interest towards technologies that could be used to support supply chain business processes
during their runtime has risen. Specifically, the interest in the case company is to familiarize

with capabilities related to process automation and process mining for the purpose.
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The initial interest in the case company is to support special and exception handling of
processes. In the case company, special processes handling contains lots of manual work and
complex business rules. In exception situations, a process instance deviates from the so-
called happy path as distracting event(s) occur (Kurz et al. 2013). In supply chain context,
exception management and alerts are relevant for example in case of inaccurate order
fulfilment, production or transit date overdues as well as raw material shortages (Jandhyala,
2020). Handling of these process instances is stated to be time taking and cost intensive, as
well as critical in order to realize customer satisfaction and organizational targets. Hence,
they should be handled in automated or partially automated way whenever possible.
Furthermore, despite of the term, occurrence of these instances is a frequent phenomenon
and the term exception is used to describe both predictable and unpredictable events in
process execution. (Kurz et al. 2013) As the area of near real-time support is emerging, there
is an interest for a guiding material for the case company to gather wider understanding about
current capabilities of process runtime support, including general support material about
commonly acknowledged challenges, limitations, and best practices for implementation,

regardless of the technology provider.

1.2 Objective, limitations, and research questions

The purpose of the thesis results is to raise awareness about the current capabilities of process
runtime support in the case company. At the same time, the purpose of the results is to serve
as a general guidance for implementation of workflow automation and near real-time process
mining, in order to consider the potential pitfalls as well as take note on acknowledged best
practices. In order to meet the purposes, the objective of the thesis is to discover what kind
of approaches exist for process runtime support, as well as to identify what kind of potential
benefits, challenges and limitations may be included if workflow-based automation and near
real-time process mining are acquired for runtime support. Based on the objectives, research

questions described in Table 1 are formed.
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Table 1 Research questions and their objectives

Research Question Objective

1. What kind of approaches exist for process e Identifying approaches for process runtime

runtime support? support from the literature

2. What kind of benefits may be assumed if e Identifying potential benefits related to workflow
workflow automation and near real-time automation and process mining
process mining are acquired for process

runtime support?

3. What kind of challenges and limitations e Identifying possible challenges and limitations

may be included if workflow automation and related to workflow automation and process
near real-time process mining are acquired for mining
process runtime support? e Identifying best practices on acknowledged

challenges based on which proposing

recommendations for the case company

As the interest is to gain wider understanding about current capabilities of process runtime
support, the first research question aims to discover the phenomenon comprehensively based
on the literature. The research question aims to find different types of approaches that utilize
either process automation, process mining or both and discover their usability on exception
instance handling. Moreover, the case company is interested to automate predefined
sequence of activities to support the special and exception instance handling. Therefore, the
thesis focuses on the utilization of workflows from the area of process automation. To gather
comprehensive understanding on workflow automation and near real-time process mining,
potential benefits, challenges and limitations are aimed to be discovered with research

questions 2 and 3 based on the literature and a case study.

Acquiring such technology could be examined also from other points of view. To set the
focus for the thesis, two key perspectives are selected for the interviews, including
management and technology. For the reason, such as organizational perspective including
resource usage or actions in change management are excluded out of the scope of the thesis.
Additionally, other technology related factors, such as integrations or enabling near real-

time data, are not discussed in the thesis.
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1.3 Implementation of the research

To give comprehensive answers to the research questions, the thesis is formed from two
parts. In the literature review, answers to the research questions are aimed to be found from
the related literature considering both process automation and process mining. In the
empirical part, the questions are aimed to be answered through the research in the case
company. In the analysis, the findings are summarized and compared, and conclusions are
drawn based on the findings about the approaches, potential benefits as well as potential

challenges and limitations on the case company’s situation.

In the empirical part, the research method is interviews. To gain insights about the
expectations of potential positive impact, interviews are held for persons in supply chain
management who have a wide business perspective and vision about technology utilization
for runtime support to attain organizational goals. To gather insights about the challenges in
process mining, interviews with persons who have previous experience of process mining in
the case company are involved. For workflow automation, persons who have modeled

exception and special process handling workflows by hand are interviewed.

In parallel as the thesis is written, the case company is discovering possibilities from the
market about the technology. The author has contributed to the work done by the team
conducting the discovery and involved in several meetings regarding the discovery during
autumn 2021. For the reason, the author is familiar with the big picture of the initiative in
the case company. However, the thesis excludes the technology discovery and describes the
topic generally without vendor dependency. As there is not discussed any precise tools for
runtime support purposes but rather to discuss the concept generally, the empirical part of
the thesis refers it with a general expression “the technology”. The time frame of the thesis
is limited to Q3-Q4 in 2021, from the initiatives of modeling the to-be supported workflows
by hand, prior decisions on further steps. The thesis uses scientific literature and findings
from interviews as the research material, through which approaches, potential benefits,
challenges, and limitations are gathered and conclusions drawn. Presented approaches and
their evaluation to support processes during runtime are based on the findings from literature.

In the interviews, the expectations about the potential benefits are discussed on general level,
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experiences on process mining are based on previous process mining projects and
experiences on workflow modeling are based on experiments done on non-executable

drawing environments during the time frame.

1.4 Structure of the thesis

The structure of the thesis is divided into eight chapters. The main objective of the
introduction is to highlight the motivation and objectives of the thesis, as well as introduce
the scope and limitations. As an output, it presents the defined objective and research
questions that the thesis searches for answers.

The following two chapters address the related theory and literature, with the aim of forming
the theoretical framework for the thesis (Figure 3). The chapter two starts by introducing
process automation and defining the terminology. Then it moves to introduce the emergence
of approaches for process runtime support, additionally discussing about usage of the
different approaches in exception handling. The last section of chapter two discovers
challenges in hand-made process modeling and explicit process models, hence speaking of
the need for more advanced process discovery and analysis methods. The chapter three
focuses on giving an overview of process mining by introducing its main concepts, different
types of process mining both in offline and online settings, presenting advantages and
acknowledged challenges and limitations when applying process mining. As an output from
the two theory chapters are gathered the following:

e approaches for process runtime support
e potential benefits

o commonly acknowledged challenges and limitations.
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Process runtime
support

Scope

Process Process
mining automation

Figure 3 Theoretical framework illustrating the scope of the thesis

In the chapter four, the research methodology is presented and justified, as well as the case
environment is familiarized shortly. In the chapter five, the empirical material gathered from
the interviews is introduced. In the chapter six, the findings from the literature and interviews
are summarized, compared, and assessed. In the last section of sixth chapter,
recommendations for the case company are presented based on the analysis. In the
conclusions, the research questions are answered, and evaluation of the outcomes and
limitations are discussed, as well as feasible fields for future research are suggested. Lastly,
the thesis is summarized in the chapter eight highlighting the work done with gained main
findings. The main points of each chapter are summarized with an input-output diagram in

Figure 4.
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2 PROCESSES AUTOMATION

The aim of the chapter is to familiarize process automation by introducing its related
concepts and potential benefits. The chapter addresses the emergence of process runtime
support and provides an assessment about the approaches. Lastly, challenges on manual
process modeling and explicit process models are presented as process models are the

foundation for workflow automation.

2.1 Introducing process automation and its benefits

Process automation can be viewed from various perspectives, meaning that in general the
term can be used to describe any automation intentions of any feasible part containing
repetitive work within a business process (Dumas et al. 2018, p. 341). A business process is
a set of resources and interrelated actions that are taken to carry out a service or goods to an
internal or external customer to create value to the organization (Kirchmer 2017, p. 3; Dumas
et al. 2018, p. 2; Weske 2019, p. 5). Given these wide concepts of business processes and
process automation, might the process automation vary from automating simple tasks in
certain process activity to the automation of the whole complex process (Dumas et al. 2018,
p. 341).

In van der Aalst (2021b), a more precise classification is given (Figure 5). In the article,
process automation is categorized to be the whole “coordination, control and improvement
of end-to-end processes is now supported by data-driven technologies and low-code
workflows” (van der Aalst 2021b), meaning that they can be developed utilizing visual drag-
and-drop elements that requires no or small amount of writing code script (Wang et al. 2021).
The other type is task automation, where software or hardware robots perform tasks that
have been earlier done by humans. Both types of automation can be supported with data
driven technologies including machine learning (ML), artificial intelligence (Al), as well as
process mining and robotic process automation (RPA). (van der Aalst 2021b) In ter Hofstede
et al. (2010, p. vi) the role of process mining for automation is also highlighted. In the book
it is stated that to automate processes, it is crucial to have accurate understanding to support

the right patterns, which may in turn lead to remarkable benefits. Approaches to obtain such
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knowledge are process mining and advanced simulation techniques. (ter Hofstede et al. 2010,
p. vi) The data-driven technologies have blurred the previously distinct line between the
machine and human tasks, thus considering what to automate is not that straightforward due
to increasing opportunities. However, process mining is proposed to be a key technology to
help with separating the tasks. (van der Aalst 2021b)

%@V Qf}\-/:?@o“

‘Q task automation

) "[:]—— —

(I process automation

Figure 5 Illustration of process automation and task automation (adapted from a picture in
van der Aalst 2021b, p. 7)

Distinguishing the automation related terms presented in van der Aalst (2021b), RPA is
focused on automatization of specified process activities by utilizing software-based robot
(Taulli 2020, p. 3) that functions on the user interface layer carrying out the tasks like a
human employee would do, leaving the information system unchanged (van der Aalst et al.
2018). For instance, RPA can be applied to extract content from a document (Taulli 2020,
p. 3). In turn, workflows are related to automation of sequence of activities (Dumas et al.
2018, p. 342), but RPA can be used for automation of activities in workflows (Reinkemeyer
2020, p. 41).

The definition for a workflow varies. When in some cases the term is used interchangeably
with a process model, that is a formal specification of a process (Ferilli et al. 2019), in some
sources it means the automated business process (Dumas et al. 2018, p. 342). The following
definition for a workflow is used, given by Dumas et al. (2018, p. 342): “a process that is
automated in whole or in a part by a software system, which passes information from one
participant to another for action, according to the temporal and logical dependencies set in

the underlying process model.” A term workflow automation is used to mean the designing,
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execution, and automation of processes that follow pre-defined workflow rules. It can be
applied to route human tasks, data, or files among people or systems. Considerable
improvements can be made in efficiency, productivity, accuracy, and accountability,

particularly if implementing it on principally manually handled processes. (Singal 2021)

2.2 Emergence of the approaches for processes runtime support

Systems that manage and execute operational processes are called process-aware
information systems (PAIS) (van der Aalst 2009). Such systems involve people, applications
and/or information sources (van der Aalst 2009) and deal with automated business processes
(Dumas et al. p. 342). As the spectrum of diverse types of PAIS is wide, including domain-
specific systems including enterprise resource planning (ERP) systems and supply chain
management (SCM) systems (Dumas et al. 2018, p. 342-343), the following section
introduces the emergence of a subset of these systems based different approaches, and

discusses considerations on their usability.

The attempts to support business processes with different information systems started
already in 1970’s with office automation (van der Aalst et al. 2001), but it took 15 years until
they could be taken in wider use for commercial purposes (van der Aalst 2021b). Office
automation has been later called workflow management (WFM) (van der Aalst et al. 2001).
In workflow management system (WfMS), the lifecycle of a typical workflow instance is
modeled as a graphical process definition (van der Aalst et al. 2005) in an explicit process
model (van der Aalst 2021b). Explicit models caused that the use cases for WfMS to be
simple, and for more complex processes the systems cannot be utilized without extensive

implementation efforts (van der Aalst et al. 2001).

Already in 1999, increasing knowledge-workers productivity was seen as a main challenge
of modern management (Ducker 1999). Thus, to complement WfMS, a paradigm called case
handling emerged to support flexible and knowledge intensive business process (van der
Aalst et al. 2005). The approach is also referred as case management by the literature. The
approach is targeted at knowledge workers, whose focus is on organizing knowledge-

intensive and unpredictable work to realize a specific goal instead of routine tasks (Auer et
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al. 2014). Instead of predefined activities and their ordering, the knowledge worker is
assisted to make decisions on how to reach the aimed goal in the process. The main
improvements enabled by case handling include providing all information available related
to the case, as well as determining enabled activities based on the available information
instead of the executed activities. Moreover, assigning other roles in addition to execute role
and adding data before or after the activities have taken place are included. (van der Aalst et
al. 2005) Suitable processes for case management are dynamic and human-centric, as the
focus is on the tasks and actors to accomplish the goal instead of the control-flow of a process
(Grambow et al. 2017, p. 9). Case management can be divided into two subfields. Adaptive
case management (ACM) is targeted at knowledge workers without programming and
modeling skills to adapt processes on runtime. Production case management (PCM) is in
contrast targeted at processes that are defined by software engineers for a specific problem.
(Hauder et al. 2014) Nevertheless, the approach yet contains challenges due to deficiency of
mature modeling tools and execution platforms enabling to implement case management
model and notation (CMMN), which is the standardized notation for case modeling (Shahrah
et al. 2021).

After the WFM wave in the 1990s, the following Business Process Management (BPM)
approach can be perceived as the continuum (van der Aalst 2016, p. 45). BPM is a multi-
disciplinary field that combines methods, techniques and tools for design, execution, control,
measurement, and optimization to manage and optimize business processes and their
performance. (van der Aalst 2016, p. 44; Chakraborti et al. 2020; Dumas et al. 2018, p. 6).
To support the methodology, Business Process Management systems (BPMS) were
invented. BPMS is a broad term to illustrate automated tools to actively manage processes
and they originate from WfMS. (Dumas et al. 2018, p. 344-345)

Under the term of BPMS, several tools with varied features and offerings to support varying
needs are provided (Hammer 2015). The above-mentioned author states that by describing
oversimplified, the software can be used with two needs. It can be used for creating a
description of a process which can be utilized for analyzing the process, as well as for
simulation and designing. Additionally, a BPMS can be used for performance steering

purposes by automating certain parts, integrating systems and databases as well as managing
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document etc. workflows. (Hammer 2015) Additionally, they may include capabilities e.g.,
to allocate tasks to process participants’ personal worklist or for automation, and generate
notifications (Dumas et al. 2018, p. 392). As under the name of BPMS various type of
software are offered, simpler systems support only design and automation, the more complex
offer also process intelligence functionalities, such as process mining, in addition to complex
event processing (CEP), service-oriented architecture (SOA) and integration capabilities to
third-party applications (Dumas et al. 2018, p. 345). Some sources use the term PAIS
interchangeably when describing BPMS (Grambow et al. 2017, p. 4-5), when in other
sources BPMS is a subset of PAIS (van der Aalst 2016, p. 28; Dumas et al. p. 344). The
latter is used in the thesis.

By implementing BPM technology companies expect to increase quality, efficiency, and
agility of their business processes due to modeling, improving, and automating them
(Seymour et al. 2021). A concrete example of BPMS implementation benefits is addressed
in a case study by Ludacka et al. (2021), where they show that the case organization has
gained savings due to reduced human intervention of the process, global standardized digital
processes and additionally fulfilling legal and compliance requirements. Nevertheless,
traditional BPM systems have been criticized for having extensive focus on routine work,
where the activities and their ordering are needed to be fully defined prior the process
execution. An activity can be only carried out based on its position on the process model, so

the activity before is needed to be completed in order to start the next. (Auer et al. 2014)

Moreover, Seymour et al. (2021) add that BPMS adoption for organizations focusing on
automation are not always accomplishing the process agility, where the organizations that
aim for modeling are not always able to improve the processes. Van der Aalst (2021b) states
that even the availability of several WFM/BPMS on the market, they were never adopted in
wide usage — actually, few years ago many considered the BPM approach to be dead because
it was rather associated on creating process models than concretely diagnosing and
improving the processes. In addition to the limited capability to capture human behavior to
be discussed further in 2.3, traditional BPMS have deficient capability to manage the
complexity of real-life information systems. In relational database, data of one process might

be dispersed even in hundreds of tables with primary key and foreign key relationships, thus
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the data cannot be presented in an unified modeling language (UML) class diagrams and a
business process model and notation (BPMN) model from the relational databases.
Additionally, the lack of actionable improvements, considerations of the validity of process
models, and tendency of the models getting outdated quickly raise the criticism towards the
systems. (van der Aalst 2021b)

Due to the above-described systems are suitable for divergent use cases, the usage of these
systems for handling exceptions in business processes is proposed to be dependent on the
type of the exception (Figure 6). The exceptions may be routine, where the tasks how to
handle the exception is known and the reason for its occurrence is known. For these types of
exceptions e.g. WFfMS approach is stated to be suitable. Where the reason is known but the
handling is not predefined thus need of flexibility, ACM may be used. On the contrary, with
major exceptions without pre-defined handling and the reason for occurrence is not known,
groupware, which are non-process aware collaboration tools, are recommended. (Kurz et al.
2013)
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Figure 6 Exception handling based on exception type (Kurz et al. 2013, p. 133)
2.3 Challenge of process modeling and explicit process models
Usage of process models varies in organizations. Models mainly used for documentation

purposes are referred as conceptual or informal models and are high-level “PowerPoint”

diagrams. On the other end, there are highly detailed formal models, that can be used for
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actual execution of operational processes (van der Aalst 2016, p. 30; Dumas et al. 2018, p.
371). There exists an extensive number of different process modeling notations, including
petri nets, event process chains (EPC), BPMN and UML (Fleischmann et al. 2020, p. 70).
Despite several notations, hand-made process modeling contains challenges that this section
addresses. Moreover, the section discusses the challenges why real-life processes are often

challenging to present with an explicit definition.

During history, several frameworks for creating explicit process models are proposed. In
Dumas et al. (2018, p. 177) a five-step framework is presented illustrated in Figure 7. It
produces a high-abstraction level conceptual model, which can be transformed as an
executable model by using another five-step framework proposed by Dumas et al. (2018, p.
371). Additionally other frameworks, e.g., seven process modeling guidelines (7PMG) by
Mendling et al. (2010) are presented in order to ensure consistency, build up standardization
and possibility for model re-use, make models less analyst dependent and accessing

facilitation to also persons without modelling expertise. (Dumas et al. 2018, p. 192-193)
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Figure 7 Framework to model a business process as an executable model (phases adapted
from Dumas et al. 2018, p. 177, p. 317)

However, in literature criticism is raised related to the capability of hand-made models to
reflect reality. It is stated that the capability of modeling human behavior when a person has
a role in multiple processes simultaneously is limited. Additionally, the wrong abstraction
level compared to the issue in hand causes errors in hand-made process models. (van der

Aalst 2016, p. 56) Moreover, the hand-made models are stated to incline towards idealized
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version of the reality, which occurs due to biased perception depending on the role of the
modeler in the organization or limited recognition of the deviations that takes place in the
process (van der Aalst 2016, p. 56). The same note is raised also by Reinkemeyer (2020, p.
4) and is illustrated in Figure 8, that commonly the process flows are designed and thought
in simplified manner as in the left side, as in reality there tends to exist more complexity and
process variants (i.e., unique ways of conducting the process (van der Aalst 2021b)) as

illustrated on the right side.

Figure 8 Difference between thought processes (left side) and actual processes (right side)

due to process variants (Reinkemeyer 2020, p. 4)

There might be even thousands of process variants in O2C or P2P processes and since be
more complicated than initially expected (van der Aalst 2021b). In van der Aalst et al.
(2021a) is given an example with quantifications with O2C process: for a multinational
company that processes over 30 million ordered items per year, in a year these cases may
generate over 300 million events with more than 60 different activities. Even though O2C
can be stated to be rather standard, in a year over 900 000 process variants may be observed.
From these, it is stated that 80% of these cases can be represented with 20% of these variants,
but on the contrary, the 20% of the cases cause 80% of the variants that are often to blame
resulting in unnecessary rework, delays, etc. in organizations that are not captured with
traditional modeling. (van der Aalst et al. 2021a) Nevertheless, many of the variants usually
exist in good reasons when people are adapting to contextual factors that are not present in
the process model (van der Aalst 2021b). The challenge of explicit process models may be
summarized with a quote from van der Aalst (2021b): “Assuming that reality can be
captured in the form of a BPMN (Business Process Model and Notation) and implemented

using a WFM/BPM system is a recipe for disaster.”
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3 PROCESS MINING

The aim of this chapter is to give a comprehensive overview of process mining. The chapter
starts by introducing basic concepts in process mining, then moving to present different types
of process mining both for offline and online process analysis. The chapter also introduces

potential benefits, acknowledged implementation challenges and current limitations.

3.1 Introducing process mining

Process mining is a relatively novel research area (van der Aalst et al. 2012) that contains
techniques to utilize recorded process data from information systems to automatically view
processes as they have occurred in real-life (van der Aalst 2016, p. 25). Process mining
allows new possibilities for process discovery, monitoring and ultimately for process
improvement. The key drivers towards process mining are increasing availability of the
recorded events gained through process execution, and the crucial need to be able improve
the processes to stay competitive in the fluctuating business environments. (van der Aalst et
al. 2012)

As process mining utilizes event data and process models on multiple ways, it has been stated
that the methodology positions between computation intelligence and data mining, and at
the same time between process modeling and analysis (van der Aalst et al. 2012). As the
discipline of process mining is both data-driven and process centric, it can be also considered
as the missing link between data science and process science (van der Aalst 2016, p. 25) as

illustrated in Figure 9.
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Figure 9 Process mining as bridge between process science and data science (van der Aalst
2016, p. 26)

There are three commonly distinguished types of process mining: process discovery,
conformance, and enhancement. The most well-known process mining technique is process
discovery, where a process model is formed from the event data without prior knowledge
about the process in hand. (van der Aalst et al. 2012) One of the techniques to construct a
process model is a-algorithm, where the model can be presented as a petri net based on the
event logs (van der Aalst et al. 2004). In conformance, the discovered process model is
compared to the existing process model with the aim to observe how well the actual process
follows the model and the other way around. In turn, the objective in enhancement is to
extend or change the process model, for example in order to detect bottlenecks or show
service times (van der Aalst et al. 2012; van der Aalst 2016, p. 33)

The different types of process mining usually raise the topics of interest. A detection of a
bottleneck is a starting point to gaining insights about the process, the questions raise towards

the reason of occurrence. In order to be able to cover these questions, correlation between
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different process characteristics based on different perspectives is needed. With a control-
flow perspective, the aim is to discover the ordering of events. The social structure is in the
focus of organizational/resource perspective where the interest is in the different actors and
their relations. (de Leoni et. al. 2016) The data-flow perspective focuses on evolvement of
the corresponding data elements valid in the process instance (de Leoni et al. 2016), that is
discussed as case perspective in van der Aalst (2016, p. 34). Van der Aalst (2016, p. 34) adds
time as the fourth perspective, in which the interest in in the timing and frequency of the
events. The aforementioned author underlines that these four perspectives characterize what
is tried to be analyzed with process mining (van der Aalst 2016, p. 34). In turn, de Leoni et
al. (2016) add conformance perspective, where comparison to process model is in interest.
Additional perspectives can be also presented, such as cost perspective, but they are not
considered to be own perspectives as they can be encoded to control-flow perspective and

are not usually process-specific (de Leoni et al. 2016).

Two opposite process types have been identified: structured (i.e., lasagna) processes and
unstructured (i.e., spaghetti) processes (van der Aalst 2016, p. 387) to describe the
continuum of the different types of processes. A formal differentiation between these two
types cannot be presented but van der Aalst (2016, p. 387) suggests as a rule of thumb that
a process can be considered as structured if 80% of the events takes place according to the
plan and the process model is validated by the stakeholders. The type of process at hand
defines what kind of process mining can be implemented. As an example, for highly
structured processes, all the tasks could fundamentally be automated, and all types of process
mining are applicable. (van der Aalst 2016, p. 387) On the contrary, for unstructured
processes operational support activities, e.g., making predictions, is not feasible (van der
Aalst 2016, p. 415). The difference between semi-structured processes and unstructured
processes is that in the former ones, procedures can be traced and the information
prerequisites for activities are known, but the handling of events might deviate due to e.g.,
case characteristics, or judgement of a human is needed, where the latter ones are driven by
e.g., experience, intuition, trail-and-error, and rules-of-thumb or vague qualitative
information, and the conditions for activities are challenging to be specified. (van der Aalst
2016, p. 387-388) Stefanini et al. (2020) state that from the service found the most relevant

examples of unstructured processes, as the service is delivered completely customer centric.
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To conduct process mining, an evet log is formed from the recorded process activities. It is
a collection of sequentially recorded events which have occurred while conducting a
business process (van der Aalst et al. 2012). Each event represents a certain activity that has
taken place at a specific point of time, referring to a specific case (Reinkemeyer 2020, p. 3;
Wen et al. 2009). The case is the process instance in hand, for example a customer order.
The activity (also called task, operation, action, or work-item) is some operation on the case
(Wen et al. 2009), for example insert. In a minimum event log, there must be a case identifier
(ID) as numeric identifier, an activity to characterize the occurred activity and a timestamp
for the exact time when each occurred (Reinkemeyer 2020, p. 3) (Figure 10). Additional
information, for example who or what has executed the event or other data elements, such
as size of an order, is stored on the most event logs when possible (van der Aalst 2016, p.
33; van der Aalst et al. 2012) and can be referred as attributes (Bose et al. 2013). However,
in the process mining platform is defined the accepted format(s) of the log, (XES, MXML
or similar) (van der Aalst 2016, p. 138), which in turn defines if additional attributes in the
event log is supported or not (Burattin 2015, p. 59).

CaseID EventID Timestamp Activity Resource
1 Ch-4680555556-1 2012-07-30 11:14  Check stock availability SYS1
1 Re-5972222222-1 2012-07-30 14:20  Retrieve prod. from warehouse  Rick
1 Co-6319444444-1 2012-07-30 15:10  Confirm order Chuck
1 Ge-6402777778-1 2012-07-30 15:22  Get shipping address SYS2
1 Em-6555555556-12012-07-30 15:44  Emit invoice SYS2
1 Re-4180555556-1 2012-08-04 10:02  Receive payment SYS2
1 Sh-4659722222-1 2012-08-05 11:11  Ship product Susi
1 Ar-3833333333-1 2012-08-06 09:12  Archieve order DMS
2 Ch-4055555556-2 2012-08-01 09:44  Check stock availability SYS1
2 Ch-4208333333-2 2012-08-01 10:06  Check materials availability SYS1
2 Re-4666666667-2 2012-08-01 11:12  Request raw materials Ringo
2 Ob-3263888889-2 2012-08-03 07:50  Obtain raw materials Olaf
2 Ma-6131944444-22012-08-04 14:43  Manufacture product SYS1
2 Co-6187615741-2 2012-08-04 14:51  Confirm order Conny
2 Em-6388888889-22012-08-04 15:20  Emit invoice SYS2
2 Ge-6439814815-2 2012-08-04 15:27  Get shipping address SYS2
2 Sh-7277777778-2 2012-08-04 17:28  Ship product Sara
2 Re-3611111111-2 2012-08-07 08:40  Receive payment SYS2
2 Ar-3680555556-2 2012-08-07 08:50  Archieve order DMS

Figure 10 A sample event log of order-to-cash process (part from Dumas et al. 2018, p. 423)
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3.2 From offline analysis towards online operational support

In addition to analyzing processes afterwards (offline process mining), increasingly process
mining techniques can be utilized during process runtime (online process mining) that enable
taking an action as events take place (van der Aalst et al. 2012). The drivers for the trend are
increased availability of real-time data and sufficient computing power (Park et al. 2020b).
The near real-time data enables operational support activities: detect, predict, and
recommend (van der Aalst 2016, p. 306). Detect can be considered as checking conformance
as the process executes and possibly providing a response (van der Aalst 2016, p. 307-308),
i.e., recovery action before the case is completed (Burattin et al. 2018). In recent years,
multiple studies have proposed different approaches to online conformance checking (Lee
et al. 2021; van Zelst et al. 2017; Burattin et al. 2018).

Predictions can be created with multiple techniques, including methods based on supervised
learning, statistics, annotated transition systems or hybrid methods (Marquez-Chamorro et
al. 2018). In van der Aalst (2016 p. 312) it is stated that usually predicted values are
performance indicators, such as total costs or remaining flow time. Moreover, in Marquez-
Chamorro et al. (2018) is given more comprehensive listing of the predicted values including
metrics, process indicators for efficiency or effectiveness, probability for risks, or probability
of violations on service level agreements (SLA). There exists a subfield of process mining
that is focused on predictive business process monitoring, which allows proactive and
corrective actions that in turn fosters performance and lessen risks. (Marquez-Chamorro et
al. 2018). There are studies that create predictions on instance level (van der Aalst et al.
2011; Rogge-Solti et al. 2015), but it is considered to be more convenient for management
purposes to create predictions on entire process level instead of single instances (Park et al.
2020b). In Park et al. (2020b) a methodology for this is presented with a few examples on

real-life data.

However, the predictions of undesired outcomes do not yet improve the process themselves
but need intervention with corrective action. A further development of predictive process
monitoring is prescriptive process monitoring, that enables capability to create alarms for

preventing an undesired outcome or mitigate its effect with a triggered intervention, that can
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be taken immediately or after exceeding a certain threshold (Fahrenkrog-Petersen et al.
2021). As stated, the third category of operational support is recommendations based on
history of event data (van der Aalst 2016 p. 316; Marquez-Chamorro et al. 2018) and they
can even be optimized in context of a specified key performance indicator (KPI) (Weinzierl
et al. 2020). In addition to alarms, the recommendations may contain e.g., resource
recommendations (Park et al. 2019). Due to uncertainty of the future, for example unknown
external events, it is yet impossible to give fully reliable optimal recommendations (van der
Aalst 2016, p. 316). As summarized, operational support is an umbrella term of using process
mining to automatically impact process during runtime (van der Aalst, 2021a). A process

mining classification to offline and online analysis is provided in Figure 11.
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Figure 11 Simplified process mining classification (adapted from Ailenei et al. 2012, p. 78)

Recently, there has raised a desire to go beyond separate process analysis activities towards
comprehensive real-time end-to-end view of the organization. In fact, if the process models
created with process mining reflect reality well, they could be utilized for predictive
analytics, evidence-based automation, and what-if simulation, which are forward looking
forms of process mining. Based on these, the ultimate goal is to develop so called digital
twin of an organization (DTO) to analyze the improvement activities. (van der Aalst 2021a)
It would be a comprehensive virtual copy of an existing process that enables discovering the
business processes on unbiased level, that hence could be used for presenting fact-based
insights to steer strategic management in decision making. Yet digital twins have been used
mainly for products, plants, airplanes, cities, etc., but the concept of DTO complements the

concept by introducing it to business processes as well. (Reinkemeyer 2020, p. 44) However,
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current capabilities of creating digital twins are limited to highly structured production
processes, as it is yet impossible to make meaningful digital twins with satisfactory
predictive value about processes that are mainly managed by human actors that have
attention over multiple processes (van der Aalst 2021b). Moreover, in van der Aalst et al.
(2021b) it is highlighted as the main challenges to create a DTO the difficulty to set
boundaries for an organization, as processes are also affected e.g., by suppliers. As second
challenge is noted the irrational behavior of humas and organization that may also alter over
time (van der Aalst et al. 2021b).

The aim of a DTO is to incorporate data flows from organizational assets, people, activities,
and their relations to form a holistic digital model of an organization. Thus, it could
constitute a living simulation model of the organization’s reality, based on what various
scenarios and strategies could be experienced. (Parmar et al. 2020) In the articles, DTO is
addressed in future tense. Van der Aalst (2021a) underlines that the technology is still far-
off in future, as the process model would need to support concurrency and interrelating
process objects as real-life complex business processes. Additionally, it is discussed that the
DTO would need to be resilient, highlighting the role of both machine intelligence and
human intelligence, that is also referred to as hybrid intelligence (van der Aalst et al. 2021b).
Its aim is so to say, “combine best of both worlds”, meaning having low-cost and consistent
machine intelligence at the same time combined with human intelligence with e.g., flexibility
and creativity (van der Aalst 2021b). Even though currently the majority of the process
mining technologies’ objective is to create a digital shadow of the process (Figure 12) that
can be used e.g., to discover the process as the events occur, pursues operational support
activities also to influence the process during its runtime. Thus, with current technology, a
DTO with a restricted scope, i.e., containing only one process, can be constructed, probably
process mining being the most tangible technology for it. (van der Aalst 2021a)
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Figure 12 Differentiating a) a digital model, b) a digital shadow and c) a digital twin (van
der Aalst 20214, p. 5)

Inthe DTO, data should be extracted from the reality automatically to the model(s) and based
the analysis in the DTO, the results should be formed automatically and real-time as
operative actions. A recent development field of process mining supporting the development
is so-called action-oriented process mining (AOPM), that enables automated corrective
actions based on diagnostics made with process mining. (van der Aalst 2021a) Van der Aalst
(2021b) highlights that the aim is to support the management of the process with
management actions, not the operational process itself by automating the tasks.

Figure 13 below presents the general framework of AOPM proposed by Park et al. (2020a).
In AOPM, the continuous data flow of events is evaluated by constraint monitor with
different diagnostics. The output from the diagnostics is the constraint instance stream,
which acts as a trigger to action engine. The different process level valves, instance level
adaptors and alerts are the actions to the specific situation. In the article, the idea is illustrated
with an order handling process example, where the constraint is set to be that amount of
checking events shall not exceed one per item. In the example, the constraint would be
monitored every morning and leads to an action if more than ten items (possibly) violate the
rule, then an email is sent to the case manager to alert about negative consequences. (Park et
al. 2020a) In Park et al. (2021) the above-described framework is put into action, as a limited
DTO with one process is formed with AOPM approach and tested with case study to support
an order handling process. Due to the case study is carried out using an artificial information

system, in the article is highlighted that the approach’s practical relevance needs to be
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comprehensively assessed with real-life setting including information systems, data,

processes, stages and automated actions (Park et al. 2021).
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Figure 13 Outline of the general framework for AOPM (Park et al. 20203, p. 207)
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3.3 Benefits of process mining

The difference to other existing approaches is that process mining focuses on understanding
processes and helps to capture more meaningful insights from real-life process execution
instead of methods that only observe the ideal process model (Garcia et al. 2019). Moreover,
the methodology allows to view the same reality but with different views, additionally
offering it with multiple abstraction levels (van der Aalst 2016, p. 57). This kind of visibility
is not supported with business intelligence (Bl) tools as they are more focused on dashboards
and reporting (van der Aalst 2016, p. vii). Additionally, Bl tools do not utilize explicit
process models and tend to present the reality excessively simplified (de Leoni et al. 2016).
The same lack of visibility from actual process is missing in BPM systems, as they are based

on idealized to-be processes (van der Aalst 2016, p. vii).

As stated already in the beginning of the second chapter, to automate processes, it is vital to
understand the operation of the processes properly (ter Hofstede et al. 2010, p. vi). The
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insights can be gathered via process mining, which can be used for detecting the places for
improvement and to take actions e.g., by streamlining, training, optimizing backend or
replacing certain routine parts with workflow or task automation (Reinkemeyer 2020, p. 41).
However, process mining may not be used directly to create workflows. On the early days
of process mining, it was assumed that the methodology could be used to automatically
generate an executable workflow model, thus the methodology was referred as workflow
mining. It was realized that the aim was too narrow and oftentimes unrealistic, but process
mining could be rather used to find the skeleton for the model which needs to be further
enriched. As the automatic generation of workflows is less practical, process mining today
is mainly used for performance and conformance analysis purposes. (van der Aalst 2016, p.
51)

Overall, the data-based process mining allows to shift the discussion from perception
towards based on facts (Reinkemeyer 2020, p. 8). Moreover, when combining process
mining with real-time data, several additional advances can be reached. As an example, in
non-standard situations a process worker can be navigated through the process, informing
the process status by drawing the process map on real-time data to note about delays and
other problems. (Suchy et al. 2017) Suchy et al. (2017) summarizes the aim by stating that

process mining should be seen as continuous process that delivers actionable information.

Additionally, possibilities of process mining can be related also to BPM. As previously
stated, BPM supports various activities e.g., modeling, analyzing, and monitoring of
business processes. These phases are often presented as a BPM-lifecycle, where the phases
are modeled as a circle representing the continuous improvement practice of BPM (Houy et
al. 2010a). In Houy et al. (2010a) an aggregated model of a BPM-lifecycle is presented,
where in Houy et al. (2010b) the possible utilization of process mining techniques is
positioned to the cycle (Figure 14). Various lifecycles are represented in the literature
(Weske 2019, p. 12; Dumas et al. 2018, p. 23; van der Aalst 2016, p. 31; Houy et al. 2010a).
Weske (2019, p. 11) adds that despite the structure, the phases are not needed to execute
strictly in the ordering. In turn, Fleischmann et al. (2020, p. 152) state that in practice, a clear
line between the activities or their sequential ordering cannot be presented, which is why

they present the phases as honeycomb structure highlighting the interwoven activities. Given
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the slightly different definitions of the BPM-lifecycle, the main characteristics of the phases

are introduced combining the related literature.

strategy
development

optimization definition and

and modelin;
improvement g
process
mining
monitoring and - _
controlling implementation

execution

Figure 14 Position of process mining in the BPM-lifecycle (Houy et al. 2010b, p. 241)

The lifecycle starts from defining the organizational and process goals (zur Muehlen et al.
2006), which is referred to as strategy development in the aggregated model created by Houy
et al. (2010a). In the following definition phase, the redesigned and/or automated processes
are identified (zur Muehlen et al. 2006). Processes can be modelled by hand (Dumas et al.
2018, p. 420), but contains potential risks as discovered in section 2.3, or process mining can
be used to automatically discover the as-is processes utilizing the event data (Dumas et al.
2018, p. 420). In the implementation phase with traditional BPM approach, the identified to-
be automated processes would be implemented e.qg., as workflows (zur Muehlen et al. 2006),
but as discovered above, the aim to capture an executable workflow is oftentimes unfeasible
(van der Aalst 2016, p. 51) and thus the automation is feasible only to the routine activities
within the process (van der Aalst 2021b; Reinkemeyer 2020, p. 41) as discovered in section
2.2.
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Executing the processes produces event data that can be used in the monitoring phase. The
monitoring and controlling can be done on an offline or online basis and in both process
mining technology can be utilized (van der Aalst 2016, p. 34). In offline setting, the history
of process execution is monitored to get a comprehensive view of the performance. In the
online setting, the process is monitored as the process takes place and generates alarms or
triggers counteractions. (Dumas et al. 2018, p. 414) In the optimization, the found
bottlenecks and other process inefficiencies are examined, where process mining techniques
can be used (van der Aalst 2016, p. 33). The derived conclusions can trigger cycle to start
again to adjust according to the findings (Fleischmann et al. 2020, p. 159; Dumas et al. 2018,
p. 23; van der Aalst et al. 2010, p. 4-5) and use them to adjust the strategy.

In addition to these theoretical benefits, several case studies about process mining have been
conducted in the industry proving the possibilities, mainly yet focusing on offline analysis.
In case study by Wang et al. (2014), process mining is implemented in Chinese bulk port.
The noted benefits in logistics include increased transparency by forming the process by
actual low-level logistics data and viewing it from various aspects and abstraction levels.
They address enhancement of logistics performance by detecting bottlenecks and
investigating several aspects affecting to the performance. Additionally, the technology can
reinforce the internal control by evaluating conformance of the actual processes to the
modelled ones and recognizing potential violations. (Wang et al. 2014) In case study by ER
etal. (2015), process mining is used to improve warehouse business process. The technology
enables to note the deviations to standard procedure, detect bottlenecks and reveal root-cause
(ER et al. 2015).

3.4 Challenges on process mining

Typical steps while implementing process mining are illustrated in Figure 15. It is stated that
from these steps, finding, extracting, and transforming event data takes still up to 80% of the
time (van der Aalst 2021a). Challenges when applying process mining are categorized by
Burattin (2015, p. 60) based on the phase of occurrence: before mining phase containing data

preparation, during mining phase containing execution, and after mining phase containing
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results interpretation. The challenges related to these phases are presented in the following

paragraphs.
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Figure 15 Steps in process mining from data to answers (van der Aalst 2016, p. 126)
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As events in an event log are grouped per case, requires it each event to be correlated to the
case it belongs to, thus leading to event correlation challenge (van der Aalst 2016, p. 143;
Dumas et al. 2018, p. 425). When the needed data exists in various tables or systems, tracking
down events and their matching cases becomes challenging, especially when dealing with
legacy and multiple or interconnected systems (van der Aalst 2016, p. 143). The
interconnected systems might have different identifiers (van der Aalst 2016, p. 143), but it
is often possible to use entity identifiers such as order number states Dumas et al. (2018, p.
425). 1t might be also so that the perspective of the information might be “object centric”
instead of “process centric”. It means that the events are collected, for example for
containers, and to monitor the process on order level the data needs to be merged and pre-

processed. (van der Aalst et al. 2012)

As the events in an event log need to be sorted by the time of occurrence by a case, leads
that to timestamping challenge. To combine data from multiple sources to form an event log,
it typically needs a timestamp to able the ordering. (van der Aalst 2016, p. 143) This may

not be an unambiguous task, as the quality of the timestamps might vary. The reason arises
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from the fact that the main task of the systems is not logging, so they might leave the
timestamp generation to point of time when there is less load towards the system, or in
different systems might be local clocks used, the events can be in a queue before the actual
occurrence of the event which results unprecise and multiple same timestamps. (van der
Aalst 2016, p. 143; Dumas et al. 2018, p. 425) Additionally, in some cases the level of
information stored in the timestamp might be different, as in some they have precise date
and time and in others only a date. (van der Aalst 2016, p. 143; van der Aalst et al. 2012) As
a solution is suggested to use only partial ordering for this and utilize specific process mining
algorithms (van der Aalst 2016, p. 143), or to set the ordering by domain knowledge or
frequent patterns. (van der Aalst 2016, p. 143; Dumas et al. 2018, p. 425)

The event logs additionally may capture only a part of the lifetime of a case, as the beginning
or end might not be recorded to the system (van der Aalst 2016, p. 143; Dumas et al. 2018,
p. 426) which leads to longevity challenge (Dumas et al. 2018, p. 426). Calculating
performance measures including both complete and incomplete events lead to misleading
results (Dumas et al. 2018, p. 426), thus only complete cases should be filtered in the scope
(van der Aalst 2016, p. 143; Dumas et al. 2018, p. 426). Additionally, the time period of the
event log should be considerably longer than the mean cycle-time as the process in order to

be able to capture both short and long cycle times lived cases (Dumas et al. 2018, p. 426).

The scoping may also become as a challenge, as the enterprise information systems might
consist of thousands of tables including relevant business data. To be able to select the
relevant sources, domain knowledge both from the data and questions at hand is needed.
(van der Aalst 2016, p. 143) Wang et al. (2014) underline that without domain knowledge it
would be challenging or even impossible to select the correct case level and the relevant
attributes. It is suggested to drive the process mining project to have concrete questions to
answer, which gives focus to the data that is needed in order to answer these questions (van
der Aalst et al. 2012).

The level of information in different systems might vary, which leads to granularity
challenge. In some information systems, the events might be too detailed in order to be able

to represent the process in managing purposes. (van der Aalst 2016, p. 143; van der Aalst et
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al. 2012; Dumas et al. 2018, p. 426; Bose et al. 2013, Burattin 2015, p. 62) It is challenging
to define precise mapping between the diverse levels of abstraction, but activities can be
formed from the low-level event patterns (Dumas et al. 2018, p. 426; van Zelst et al. 2020).
Even if the level of information remains the same, the amount of low-level data can be a
challenge itself. For example, high-tech systems such as medical systems can capture as
many as hundreds of atomic events within a short period, even in seconds. (Bose et al. 2013)
As the amount of data is extensive, there may be risk that when interpretating the results, the
graphical form of the model may be difficult to understand. For the reason, to find balance
between the level of detail and understanding the model is critical. Fortunately, in many
cases different views can be enabled. (Burattin 2015, p. 63)

Due to the flexible nature in many processes, resulting event logs are heterogeneous and
have unstructured behavior. Applying process mining algorithms to this kind of event log
results in a spaghetti-like structured model, which interpretation is unfeasible. In addition to
design related heterogeneity, add process changes heterogeneity. (Bose et al. 2012; Bose et
al. 2013) As the context where events occur may explain certain phenomena, for instance
longer response times due to holidays, would this information be beneficial to add in the
analysis. This means merging the event data with contextual data to gain more insights. At
the same time, the high number of variables makes analysis challenging. (van der Aalst et
al. 2012) Thus Bose at al. (2013) note that it is infeasible to include all possible process
variants. For analyzing purposes of several types of process variants, process cubes for
comparative process mining have been proposed in the literature (van der Aalst et al. 2021a)
inspired by online analytical processing (OLAP) (Ribeiro et al. 2011), which is well-known
concept in Bl (van der Aalst et al. 2021a). In a case study by Intayoad et al. (2018) process
mining is tested in highly complex real-life manufacturing and logistic domain with noisy
and unlabeled data. They discover that the using traditional process mining does not tackle
the case’s real-life setting, but the discovered process model could be improved with event-

data pre-processing with clustering methods (Intayoad et al. 2018).

In addition, an event log needs to be “flattened” to produce a traditional process model with
a single case ID (van der Aalst 2019) as illustrated in Figure 16. Thus, the approach with a

single case ID is referred to as traditional process mining in the thesis. As an example, van
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der Aalst et al. (2012) and van der Aalst (2016, p. 153) present customer order handling as
an example. One customer can have multiple orders, and each of the orders may consist of
multiple order lines as many products can be ordered on one customer order. Additionally,
one customer order can be delivered with multiple deliveries. Order lines from multiple
orders can be contained in one delivery. Consequently, there is a one-to-many relationship
between orders and order lines and many-to-many relationship between orders and deliveries
(van der Aalst et al. 2012). Each of the tables corresponds to the “overall ordering and
delivery” process, but each of the tables needs be flatten to as an event log with a case ID
column. In the given example, there could be four different case IDs (van der Aalst 2016, p.
155) hence diverse kinds of lifecycles from different objects, such as individual deliveries’
or order lines’, could be viewed based on the case ID selection (van der Aalst et al. 2012). If
the different views would like to be examined, would it lead to extracting the event log

multiple times and losing the overview due to the disconnected views (van der Aalst 2019).

case event
case_attributel: value position: number
case_attribute2: value | 1 * |activity name: string
belongs timestamp: time
to resource: string
event_attributel: value

Figure 16 "Flattening" events to a single case where both cases and events can have
attributes (adapted from Bose et al. 2013, p. 128)

The flattening is related to two types of problems; the other is convergence, meaning that in
real life, one event may be related to multiple cases. To form an event log in a traditional
way, the events would need to be flattened according to the selected case ID and such event
replicated to the log, which results that the number of events no longer comply to the actual
happened activities. (van der Aalst 2019) In addition, when time and costs are associated to
events, it may lead to very misleading insights (van der Aalst et al. 2021a). A simplified
example using Figure 17 illustrating the issue: if one would have one order including five
items and “ltemID” would like to be selected as case identifier, would activity “place order”

be replicated five times instead of actual one. (Example adapted from van der Aalst 2019)
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receive payment
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storage package

start route
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failed delivery
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\ load package
|
|
|
|
|

end route

Figure 17 lllustration of the relationships between activities (left) and object types (right)
(van der Aalst 2019, p. 11)

The other type of issue is divergence, that occurs due to the reason that for a specific case
there may be multiple instances of the same activity (van der Aalst 2019). Again, as an
example using Figure 17 to illustrate, if one would like to see “place order” and “pick item”
events by the corresponding items having “OrderID” as case identifier, on single item level,
there would be structure “place order” followed by event “pick item”. But when including
all the five items and having no capability to distinguish the items within the case, the process
model would include random interleavings of the two activities and thus, causing loops to
process model that do not actually exist (van der Aalst 2019). (Example adapted from van
der Aalst 2019) To cope with multiple interacting process objects, a new branch called
object-centric process mining has been emerging (van der Aalst et al. 2021a). The approach
utilizes object-centric event logs, where former suggestions include e.g. XOC (Li et al.
2017). Recently, a standard called object-centric event log (OCEL) has been proposed that
allows to capture events and their related objects to overcome the limitations from the former
approaches (Ghahfarokhi et al. 2021). In the previously introduced case study by Park et al.
(2021), object-centric petri nets (OCPN) and OCEL have been used for creating the DTO
with AOPM. On the commercial side, vendors have been identifying the problem (van der
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Aalst 2019). In 2019 when the article from van der Aalst (2019) was published, a few
vendors had attempted to deal with the issue, but all of them have own limitations and such
they do not cope for the methods presented in the literature thus lacking to provide real

support (van der Aalst 2019).

In addition to the challenges that can be caused by extracting the data, another own category
of challenges regarding the event logs is the quality of the data itself (Bose et al. 2013). In
Bose et al. (2013), van der Aalst (2016, p. 148) and van der Aalst et al. (2012) are listed
these types of challenges. The case or activity of events might not be recorded in the log, or
it might have recorded in the log but not actually taken place in real life. It can be also the
case that an event has occurred and recorded but is hidden in a large unstructured set of data.
(van der Aalst 2016, p. 148; Bose et al. 2013) Additionally, the attributes for the recorded
event can be missing, incorrect or imprecise (van der Aalst 2016, p. 148; Wang et al. 2014).
Bose et al. (2013) add that events can be also irrelevant. The challenge of the incomplete
data rises from the reason that the events do not clearly point to specific process instances
(van der Aalst et al. 2012), for example due to information is located in system that is
unaware of the process, information about the case where the event belongs might not exist
(Burattin 2015, p. 61). Furthermore, to define and detect outliers from the event data is a
challenge (van der Aalst et al. 2012). The data quality problems can be grouped to three
categories based on their recurrence to continuous problems that appears systematically,
intermittent problems that appears sometimes depending on several reasons, and changing
problems that appears unpredictably. (van der Aalst 2016, p. 151)

In the literature, challenges not clearly related to event log extraction are an increasing
number of configuration parameters for the more powerful algorithms (Burattin 2015, p. 62).
Additionally, the processes can change in time, that is also referred to as concept drift in the
literature (Burattin 2015, p. 63, p.180; van der Aalst 2016, p. 320). A note about online
process mining with streaming data is stated it may be unachievable to store all the data, and
even if one could, due to exponential character of the majority of the models, all the events
could not be processed. (Burattin 2015, p. 63). The above listed challenges are summarized

to Table 2 with short descriptions.
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Challenge

Short description

Event correlation
Timestamping

Longevity

Scoping

Granularity
Heterogeneous event logs
Event log flattening

Data quality

Algorithm setting
Concept drift

Stream data processing

Finding corresponding cases to events from scattered data on
multiple systems

Different accuracy of timestamps, local clocks, batch recording of
events instead recording as at occurence

Event log includes partial lifecycles of the cases

Scattered process data

Varymg information level

Flexibility in processes leads to spaghetti-like models
Covergence and divergence in event log

Misleading events or event absence

More powerful algorithms require more confiquration parameters
Process changes during the analysis

Unfeasible to store and process all data
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4 METHODOLOGY & CASE DESCRIPTION

The aim of this chapter is to introduce the methodology to be used to carry out the empirical
part of the thesis, as well as familiarize the case environment. First, the chapter describes
shortly the research method and reasons for its selection, after which the chapter moves to

present the data collection. In the last section, it gives an overview of the case environment.

4.1 Research approach

The thesis’ empirical part is carried out as a case study research, as it aims to build
understanding for a unique case and providing a comprehensive and contextualized
description in the case company and its business environment (Eriksson et al. 2008, p. 119).
A qualitative case study enables to carry out a thorough investigation of a complex
phenomenon in an explicit setting (Rashid et al. 2019). The case focuses on a specific setting,
where Eriksson et al. (2008, p. 121) highlight that the results of this type of a case study are

not aimed to be generalized to other context in the conventional meaning.

Semi-structured interviews are selected as the research method because they enable
addressing specific topics in the interview, simultaneously offering space for the interviewee
to present new insights (Galletta 2013, p. 24). The semi-structured interviews utilize the
interview protocol as a guide, which let to vary the ordering of questions as well as to present
follow up questions to interviewee’s responses. The interviewee describes the answers by
own terms to the questions that are guided by the interviewer. Furthermore, the questions
are commonly open-ended. (Roulston 2010, p. 14) The transcriptions from the interviews
are analyzed applying principles from content analysis, where a coding frame is used to

assign the research material into categories (Schreier 2014, p. 170).

4.2 Data collection

In total six interviews are held, and they are arranged online via Teams. The interviews have

three types: interviews for managerial perspective, and two types of technical interviews,

where the other is specifying in process mining experiences and the other for workflow
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modeling experiences. The interview guides with questions are presented in Appendix 1-3.
For each type, two persons are interviewed. The interviewees are introduced in the Table 3.
As the interviews are semi-structured, not all the topics from the interview guides are
covered with each of the participants. The conversation flow directs the focus areas with
each of the participants according to their knowledge and clarifying questions are presented
out of the interview guide. The interviews are held in Finnish and in English and for the
reason, the citations in the chapter 5 are in some cases translated in English, aiming to

correspond the actual statements as well as possible.

Table 3 Interviews sorted by interview date

Interviewee Background for the interview Interview date
Interviewee A Workflow modeling 15.11.2021
Interviewee B Workflow modeling 15.11.2021
Interviewee C  Supply chain management 16.11.2021
Interviewee D Process mining 17.11.2021
Interviewee E ~ Process mining 18.11.2021
Interviewee ' Supply chain management 19.11.2021

The aim of the interviews with persons on managerial position on the supply chain
organization is to bring insight about the reasons for acquiring the technology for runtime
support, highlighting the situation where the company is currently with the business process
handling and the vision about where is aimed to be with the technology. The interview topics
include pain points in the current state, expected benefits and potential challenges that might
occur if acquiring the technology. Process mining interviews are held for two persons who
have implemented process mining with software that is already in use in the case company.
The aim of these interviews is to gain practical experiences of process mining in the case
company, discussion topics including introduction to the use cases, occurred challenges, best

practices and most valuable insights achieved.

The third type of interviews include experiences from special and exception handling
workflow modeling in the order-to-cash context. The initial aim of modeling workflows
before acquiring any tools was to gain understanding what kind of special and exception

handling processes in the order-to-cash context exists thus gaining insights what kind of
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sequence of tasks would be reasonable to include as automated workflows. The interviews
cover both previous modeling experiences and order-to-cash related workflow modeling
done in non-executable environments such as drawing tools, questions supported by the
modeling framework given by Dumas et al. (2018, p. 177, p. 317). The aim of these
interviews is to gather insights about the work needed in the modeling, revealing e.g.,
potential limitations or challenges. A transcription is written from each of the interviews,
which are used as input for the analysis. The three types of interviews are handled separately
in management interviews, process mining interviews and workflow interviews, as the

themes discussed in the interviews varies.

4.3 Description of the case environment

The case research is done in a multinational corporation in the forest industry, in a business
unit that is operating and delivering globally. The unit is operating in business-to-business
(B2B) manufacturing. In the business unit it is aimed to support business processes during
their runtime in a supply chain context, first starting from order-to-cash process. When
discovering the order-to-cash process on order level, the process starts when an order is
entered to the system and is completed when the order is fully delivered and fully paid. As
the order can contain various products, the order is divided into order lines including the
different products. As illustrated in the example O2C process (Figure 1, p. 12) the process

covers manufacturing, delivering, and invoicing the order.

Practically, one order line is divided into several other objects in the end-to-end order-to-
cash process. In the case business unit, the goods in order line can be produced in several
production lots, meaning that all goods may not be produced at once. The goods may be
delivered in several batches with several delivery legs, meaning that the deliveries consist of
various parts that may be shipped at separate times. For one leg, several transportation
methods may be used that may contain several vehicles, for example goods may leave with
several trucks and a train from mill to an inland terminal. The batches do not remain
unchanged during the supply as the goods are loaded into different transportation methods
and thus, each leg may contain a different number of transportation vehicles. The order line

may be invoiced on parts by multiple invoices. In addition, the process data is scattered to
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several ERP systems, as well as transportation management systems (TMS) where the

process objects are monitored on diverse levels.
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5 INTERVIEW RESULTS

The aim of this chapter is to introduce the empirical material gained through the interviews.
Section 5.1 addresses the second research question relating to the desired benefits, and
section 5.2 addresses the third question relating to the challenges and limitations in the
development and implementation. Furthermore, 5.3 gathers the best practices observed from

the interviews and hence it answers the third research question as well.

5.1 Current state and desired benefits of process runtime support

Currently in the case company, managing processes through multiple functions is found
demanding. It is stated in the interviews that the processes usually go through several
functions, but the persons are managed by the functions instead of processes. Interviewee F
mentions that it leads to a challenge about how to ensure efficiency and aimed outcome of
the processes. Furthermore, the interviewee mentions that processes including multiple
handshakes between the varying functions are found the most demanding, as having the
handshakes enough clear and aligned about the performance to be maintained, in order to

ensure the overall performance.

It is also stated in the interview with interviewee F, that the business processes are quite
complex, and there exists quite a lot of details that are related to the process characteristics,
for example related to a mill or a customer. These details are currently to be memorized by
the employee and in a sense, it requires several years of expertise. It is mentioned that the
cognitive load of the employees is extensive, and when it gets combined with operative
challenges that increase the amount of manual work, it has a clear influence on the wellbeing
of the employees. In addition, it is noted by interviewee C that there are yet lots of manual

work in the processes.

In the management interviews it is stated that the interest towards the technology has raised
in the company as on the other hand, the need has been identified, and on the other hand, the
awareness of already available technologies and their potential has increased within the

company. The company sees that there is lots of potential to enhance the activities and
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support the employees in their daily work through the technology. Moreover, in the company
there is an emerging mindset that employees and automation technology should work in
parallel, both focusing on the tasks that they are good at. Furthermore, interviewee C notes
as the main reason for the relevancy of the topic that in the company is thought the business
through processes and how they could be managed better, when simultaneously the

technology on the market starts to be enough mature for industry purposes.

Interviewee F mentions as the main improvement areas that the technology is aimed to be
affected are the efficiency of the processes, as well as user-friendliness of the processes. The
interviewee states that by reducing the complexity, the number of things that are needed to
be memorized could be decreased, the working environment could be more pleasant, and the
contentment and wellbeing could be increased. The interviewee states: “In a sense the tool
supports the employee of one’s work and that one can perform well in it, so it can be seen
certainly as efficiency and by that comes the monetary value for the company, but as
important is that it supports the employee and makes the working environment pleasant as
well to the human.” Both interviewee F and C state that the technology could support new
employees for faster onboarding, as there would not be as many business rules to memorize,

and they could succeed without several years of experience.

Interviewee F notes that the technology could harmonize the way of working, as currently
the ERP allows its usage in multiple ways inside a same process. By adding automation to
these kinds of tasks, it could be ensured that all the important aspects are considered. Another
impact to way of working according to both interviewee F and C is that currently the working
instructions are scattered around as Word documents and PowerPoints with varying quality,
the business rules could be built inside the system and support the employee through the

complex process.

Both interviewees F and C see the effect also on customers, interviewee F describing it as
follows: “as the efficiency of work will increase, so in the same way it starts to be seen also
to the customer that it gets easier to work with [case company]. So as our internal processes
are better managed, my assumption is that it also gets visible to the customers that they feel

that we “got it under control” so to speak.” The interviewee also mentions that with the
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technology, as the quality and efficiency could be increased, the company could offer
repetitive good quality to the customer because now it is described to be more dependent on

the competence of an individual due to the extensive number of things to memorize.

Moreover, the impact to customers is noted as follows according to interviewee C: “if we
are able to provide information, real-time information where our goods are, or to be able to
solve problems, to be able to reduce working capital, to be able to deliver faster, so these
are also things that improves our competitiveness on the eyes of a customer.” That is also
stated by interviewee F that the focus moves from controlling the process towards utilizing
the massive amount of information and the capability to bring additional value to the
customer, for example by solving problems. Interviewee E also describes the possibility of
solving problems that could be enabled with online process mining as follows: “I think that
for sure if we observe things real-time, then we are able to react faster. So I think for sure
that, that is an advantage, and maybe re-route something that had a likelihood of going
wrong.”. Interviewee E also relates the possibilities that could be achieved with online
process mining to way of working by stating as follows: “to have a more extensive use for
the data, that it is not just used by an analytical team or just by a small team but it would be
more widespread and have more and more people could benefit from it. And then it could be
something that is in the hands of people that really do actually the work of, you know, to do
the work of that is in the process and take apart in the events in the event log. So they could
be really affecting the process already real-time, kind of move from a reactive way of

working to a proactive way of working.”

Interviewees D and E describe their experiences on offline process mining, mentioning as a
benefit the capability to answer complex questions related to actions and consequences about
the process, instead of simple KPIs. Additionally, interviewee E adds that with process
mining quantifications can be offered, for example how often a certain exception or issue
happens. Interviewee D adds that the overall awareness about the processes has increased

for the management with process mining.
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5.2 Potential challenges related to process runtime support

The considerations and potential challenges with the technology for process runtime support
are divided into three themes by the different interview types held. The section starts with
findings from management interviews, then moves to process mining interviews and as last

to workflow interviews.

Perceptions on management point of view

Interviewee C categorizes the potential challenges in two categories, change management
and change resistance related factors, and the technology related factors. The interviewee
underlines that it is needed to be able to deal with and understand the resistance to change,
as there might arise fear of efficiency. The technology related challenges that are mentioned
are the maturity of the technology, and the competence of the employees to utilize the
technology. Additionally, it is mentioned how well the critical integrations to source systems

can be built.

Additionally, interviewee F mentions it as a considerable challenge to get the employees to
move to a new tool and in a sense to unlearn from the old habits. The interviewee mentions
that it is crucial that the employees clearly notify the tool to help their daily work, instead of
being just another system to use. It is noted that this should be taken into account where to
start to build the automations first: for the customers and employees to see the positive
impact fast and clearly. It is also considered by interviewee C that it is needed to be thought
how the employees are got to use the new tool as soon as possible. However, it is mentioned
by interviewee F that it is important to start actual doing, instead of planning the perfect
version by stating as follows: “But somewhere needs to be started, and it is very important
to start instead of plan first the perfect version and kind of gathering the input from the users
as well to which direction to develop further.” It is noted that in order to be able to gain the

aimed benefits, it is needed to get the technology enough widespread.
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Perceptions on process mining point of view

Both interviewees with process mining experience mention the workload that extracting the
data and creating the data model and event log takes. Interviewee E describes the workload
as follows: “we have taken raw-data from the ERP-systems and then manipulated it to create
a data set on ourselves. And | would say that that is something that takes at least eighty
percentage of the time from an analyst or a data scientist”. Simultaneously, the correct high-
quality data in well prepared event log with correct attributes is in the core of the process
mining, as interviewee E refers: “in data science the commonly said wisdom is “garbage in,
garbage out”, so if you have bad data, you can do whatever fancy analysis, machine learning

model, you know, process mining, but then eventually you do not get anything insightful .

There has been noted some data issues that are caused by the source systems, but it is
mentioned that for those it cannot be much done by the process mining team. Additionally,
there might arise issues while loading the data from the source systems, but the interviewees’
team uses tools to track and ensure the success of data loads. Several ERP related factors
arise relating to the data gathering phase, which in turn creates differences between different
ERP systems when implementing process mining. One of the differences relates to the level
of customization on of the ERPs. Interviewee E notes that for the relatively standard ERPs
information can be found about the tables and documentation online, but for the more
customized ERPs an expert is needed that knows about the ERP to help to create the data
set. Additionally, a note is raised from the interview with interviewee E, that in the ERP,
same information can be on multiple places as copies, and one needs to investigate what is
a copy of what and where to focus on. In addition, some ERP specific characteristics have
been noted in the interviewees’ projects. For example, both interviewee D and E note that
some change events are overwritten, and interviewee D also mentions that same working
phase might be done in several ways in the different systems. Interviewee D mentions that
most of the events for an event log can be found, but there are also differences between the
ERPs about this factor.

For an event log, change events for the process instance are gathered from the company’s

information systems. From the interview with interviewee E, it is stated that in different
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ERPs the change events are recorded in different way. There are relatively straightforward
ways, but sometimes they are recorded in a way that complex data manipulation is needed
to understand the events. In the same interview it is also mentioned that these change events
are the most time taking to gather, but for analysis purposes the most interesting ones.
Regarding the change events, interviewee D mentions that changes that are made for an
instance, systems send internal messages that are recorded in the system log. If all of them
are included, the process flow chart looks like a mess because there appear too many process

variants.

In the interview with interviewee D, it is mentioned that they have taken a specific part of
processes for their analysis purposes, such as order entry from a complete process. A
challenge that might occur in the acting phase based on the process mining results is the risk
of part optimization. It is mentioned by interviewee D that: “in it (process mining) one is
able to drill into a specific process’ subarea and if one starts to optimize something in there,
there is a little risk that it turns into part optimization and backfires in some other phase of

the process”.

The above challenges are based on the experiences on the process mining, that is done based
on history data and process mining with near real-time data is not in use. Interviewee D
partially questions the need of the near real-time data in the case company’s context, as the
interviewee states that it is most commonly used in business-to-customer (B2C) business.
However, where the interviewee sees potential use cases in the case company’s context are
in specific cases, e.g., with warehouse optimization. The interviewee underlines that data on
daily updating frequency is in many cases sufficient. Interviewee D notes that in online
process mining, the whole pipeline may be taken into use and after the whole pipeline would
have been analyzed a few times properly, it would be easier to note what kind of challenges
may occur. A consideration that is highlighted by interviewee E is that the system needs to
be able to process massive amounts of data without delays. On the other side, interviewee D
notes that due to the case company’s B2B business that has big delivery batches, the analysis
is needed to be formed a bit differently and the amount to be analyzed might be smaller
compared to B2C type of a business. Additionally, it is noted by interviewee D that in the

delivery chain there are parts where no data is flowing in, for example after a departure of a
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ship, a train, or a truck. During these stages, the amount of data to analyze might be minor

or the results slim.

Perceptions on workflow modeling point of view

From the workflow interviews it is noted that when modeling the workflows, in different
settings also law and regulations need to be taken into consideration as they have also impact
how certain activities can be carried out. In addition, the different characteristics of the order,
such as terms of payment, define on quite standard manner how the steps can be concluded.
It is referred as follows by interviewee A: “that kind of process that cannot be much changed
as it is dictated by the terms of payment, there cannot be much else done but to investigate
precisely what steps belongs to the handling, it is quite standard in this kind of terms of
payment”. However, interviewee B adds that defining where the workflow ends in general
cases is straightforward, but when some exceptional event takes place, turns the workflow

complicated and usually forces to end the modeling.

Another consideration from workflow modeling interviews is multiple ways of conducting
similar tasks inside the same organization. It is noted that there are differences relating to
the different mills, as they have independence to define do they use certain services or not,
or some differences are related to the different countries, as local organizations have
different ways of conducting certain things. Interviewee A states that: “In almost all of these
things that | have been involved it has turned out that there are really many ways of doing
it, even there would be an instruction to carry out in certain way, so the reality does not
correspond it”. Interviewee B notes also about similar topic and discusses about its effect to
modeling when there might be differences between business practices in the organization:
“Certainly a model is always a model and, in a way, a simplification. The model is a
simplification of real life, it does not cover all. Of course, consequently, we can even ask

does there even exists an impeccable model. Like this 7 would see it.”

In both workflow modeling interviews it is stated that defining the tasks in workflow what
to automate is not a straightforward task. It is mentioned that on the other hand, it is needed

to know what the technology is capable of, but on the other hand, it is also needed to be
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thought about where the human is needed to be included. It is highlighted by interviewee B
that it should not be considered that all that can be automated, should be automated, but
rather to identify the need of the human and start to progress it in that way. Additionally, it
is stated that also the data availability is noted to have an affect what can be automated. It is
stated by interviewee A that: “sometimes it was thought where the information is get from
that should it be automated or not, and if the information is not available, then it needs to
be left out of the automation and think the workflow on a different way”. Factors affecting
identifying the data are noted the spread of the data to multiple systems and that the same

data can be presented on multiple tables with different names.

The workflow related interviewees mention the correct level of modeling feeling demanding.
Additionally, interviewee A adds: “if it is aimed highly detailed modeling, one cannot
perform well without having that kind of persons involved that actually do the very detailed
level work, like in a role of subject matter expert SME-role, otherwise it goes a bit guessing
how they are operated”. Interviewee B mentions that the interviewee has found previous
experience helpful in an operative role, so it helps to understand what taking the steps
concretely takes. Moreover, other factors relating to the need of domain knowledge are stated
that it is advantageous to know what the roles included in the workflow concretely do, what
kind of channels they use and what kind of knowledge they need in order to perform their

tasks in the process.

5.3 Discovered best practices to common challenges

From the process mining interviews, several best practices to consider about the way of
conducting process mining are discussed. The role of having clear questions that are wanted
to be answered with process mining is highlighted. Interviewee E states that having the
questions that are wanted or useful to be answered already on the phase when creating the
data set, one is able to fetch the right data and analyze it. It is stated that if there is data
available, with process mining most of the questions can be answered. Additionally, it is
noted that the questions can be used in the analysis phase to focus on the correct things, as
otherwise there is a possibility to “start to focus on all the exceptions and nitty gritty details*,

as the interviewee E describes.
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The role of collaboration is mentioned in multiple contexts during the interviews. In the
phase of creating the data model, a process expert has been used to discuss with how the
process should look like. Additionally, to choose the relevant change events, the process
expert’s knowledge has been used, as well as when selecting the case ID. It is noted during
the interviews that multiple things have an effect to the selection: type of the process, what
kind of data (header or line level), what are the questions and in what level the actions are
taken if there are pain points to be fixed. Interviewee D mentions that as the key needs to be
unique through the process, there are not that many options. It is stated that the analysis is
usually done on the level that the changes are made.

In addition to process experts, much time has been used with ERP experts to help to find the
correct name of the logs. Interviewee D states that the data model creation includes numerous
phases that it is impossible for the person creating the data model to go through all the
working instructions in order to understand what is happening in the process. The
interviewee mentions that it is much easier to contact the persons doing the actual work.
Both interviewees with process mining expertise underline the role of cross functional teams.
Interviewee E states that it is good to include process expert, ERP expert, analyst or data
scientist, project coordinator and project manager. These roles can be overlapping but

highlight the meaning of different kind of expertise.

It is also mentioned in the interviews that the cross functional teams enable to work in
flexible and agile way by gaining immediate feedback. It is noted by interviewee E that: “I
think it is super important to consider that things are constantly evolving, and a, it’s not
worth of spending months on one thing and then realizing that maybe it was not relevant but
it is better to, kind of work iteratively in small sprints, and really focus on certain specific
tasks”. The interviewee continues by stating that some processes might not have succeeded
as well as they could have due to the lack of focus in the beginning. Interviewee E concludes
the key learnings about way of working as follows: “So to summarize these three things,

one: the cooperation, two: work flexibly, three: focus.”
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In addition, also sharing findings on easily and understandable manner is found important
by interviewee E, as in the data sources the event names can be only short codes.
Additionally, interviewee D highlights the role of ensuring the data at the beginning of the
project. Both interviewees with process mining experiences underline that the motivation of
people and company culture for openness to new technologies are crucial to success in
process mining implementation. Interviewee E adds that it is important to get the people to
understand that releasing manual work does not mean losing one’s tasks but focusing on
more interesting ones. Moreover, another aspect related to employees that is critical for
successful implementation is stated by interviewee A: “thinking long ago unsuccessful
projects in previous organization was that there was not clear ownership and
responsibilities of things, so even then performing the work how well the success easily gets
ruined by it. So the implementation and sort of new tool or way of working deployment in
real life, not just successful on the paper or successful on some modeling tool, but to actually

bear success, it also takes that the relevant persons are with it.”
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6 ANALYSIS & DISCUSSION

The aim of the chapter is to analyze the interview results with findings from the literature,
in order to draw conclusions for the research questions. Furthermore, the chapter discusses
recommendations based on the analysis. The chapter starts by going through the approaches
discovered in the literature for process runtime support. Then it moves to analyze the
potential benefits from process mining and workflow automation in section 6.2.
Furthermore, section 6.3. analyzes the potential challenges and limitations and as last, 6.4

suggests recommendations for the case company.

6.1 Review of the approaches for process runtime support

The discovered approaches for runtime support from the literature may be distinguished to
be based on traditional BPM, case management or online process mining. Despite of several
listed potential utilization purposes given in the literature for BPM technology, it has also
gained criticism. The reasons include explicit process models tending to be commonly
idealized versions of reality, models outdating quickly and systems having extensive focus
on routine work. Due to these reasons, in the literature it is proposed to apply workflows
only on mundane processes, such as routing files or exception handling in situations where
both reason for occurrence and the sequence of required activities are known beforehand.
Where traditional BPM leaves knowledge intensive processes outside the scope, it is
proposed in the literature that case management approach allow to support knowledge
workers to reach aimed goals on such processes. Case management allows more flexibility
through process runtime, as the process model is not defined in explicit sequence of the
activities. However, it still requires capturing the process characteristics with a modeling
notation that yet causes challenges to apply the approach in practice according to the

literature.

The difference between online process mining and the former approaches is that it is based
on the event data generated by the processes. Therefore, it does not require capturing
processes with any notations prior process execution. What online process mining with

operational support offers in comparison to traditional BPM or ACM is that it enables
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detecting, predicting, and recommending activities. Hence, based on the running diagnosis
it can potentially detect frauds, predict the process metrics or next actions, or to recommend
or trigger alarms for need of corrective actions to affect the processes during runtime.
Consequently, in a structured process a disrupting event may be predicted to occur even
before it takes place. However, supply chain processes such as order-to-cash is stated in the
literature to may have several thousands of variants within a year and thus being far from
structured. Therefore, operational support activities may be unachievable to apply in O2C.
More generally speaking, in the literature it is stated that e.g. accuracy of predictions in

processes where human actors are in central role is not on satisfactory level.

In the literature is also discovered action-oriented process mining as an approach to support
processes during runtime, as it allows to generate automatic actions based on the running
process diagnostics. As described in the literature, process constraint violations trigger the
management actions that can be e.g. alerts, setting priority to the instance or changing
process valves such as maximum capacity. Hence, the difference between traditional BPM
workflows and AOPM actions is that the latter are focused on process management instead
of automating sequence of tasks and thus, aims to adapt the process instead of accelerating
routine work. Moreover, AOPM may be used to create a limited digital twin of an
organization as discovered in a case study. Nevertheless, a limited DTO with AOPM
approach shall support multiple process objects present in real-life business processes and
thus such approach is yet applied only in the literature. Moreover, in the literature is stated
that currently majority of process mining techniques aims to create a digital shadow that

enables to discover the process near real-time but does not impact the process automatically.
6.2 Analysis of potential benefits of process runtime support
The following paragraphs describe the potential benefits that can be achieved with process

mining and workflow automation in process runtime support. Most of the process mining

related benefits are discussed generally without focus on offline or online analysis.
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Benefits from process mining point of view

In the literature and in the interviews, benefits related to process mining are addressed with
varying descriptions and thus, differentiating which ones of them are discussed only in other
or in both sections is not straightforward. Hence, the benefits of process mining are gathered
in Figure 18, where in Benefit column the feature overall is summarized, and in columns
Literature and Interviews are shortly described if and how the theme is described in the
chapters. In Interviews column is also marked the type of interview where the point arise, M
stands for management and PM for process mining. In the Impact column is summarized the
three main categories of impact: increased overall visibility of the process, increased
capability to more advanced process analysis and increased capability to near real-time
process guidance. These could lead to the ultimate goal: continuous process improvement.
As an example, in literature it is described that process mining allows to view the same
process with multiple views and different abstraction levels, as well in interviews it is
described that process mining allows to discover the complexity of real-life processes, can
the benefit be summarized as capability to reveal the complexity of the reality, which in turn
increases the visibility, analysis possibilities and near real-time guidance, if it is done by

using near real-time data.
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Figure 18 Potential benefits to achieve related to process mining
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Multiple of the above listed benefits are relevant in process mining done both on history and

on near real-time data. However, finding root-causes and analyzing bottlenecks may be more

associated to analyzing historical data and thus related to more offline type of process

mining. In context of process runtime support, the benefits related to online process mining

are in special interest. From the interviews it is stated as a potential benefit of online process

mining the capability to enable data usage for those who are in the operative role impacting

the process, that is also noted in the literature by stating the possibility to offer guiding

information near real-time for process participants. A potential benefit that both literature

and case study proposed is the possibility of taking corrective actions based on process

diagnosis. Additionally, literature proposes recommendations of corrective actions, to

trigger alarms for interventions and corrective actions that could be done with near real-time

data to impact processes during runtime.
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Based on interviewees’ experiences on offline process mining, making quantifications of
event occurrences is experienced in the case company, but it is not that explicitly discussed
in the literature. Even though capability to provide real-time information for customers and
capability to utilize the huge amount of data are noted as benefits of the technology in the
management interviews, they are not discussed clearly in the context of process mining.
Process mining is discussed more in the context of offline type of analysis — understanding
the complexity, detecting bottlenecks, and searching for efficiency gains. This may arise due
to the questions in management interviews do not emphasize the online setting particularly,
as well as process mining with near real-time data is not yet in usage thus the capabilities

may not yet be as perceptible.

Benefits from workflow automation point of view

Themes that are discussed in the literature as workflow automation benefits are more on a
general level, including accountability, accuracy, productivity, efficiency, and quality. In
turn in the interviews, the expected benefits are more on a practical level. However, most of
the benefits mentioned in interviews (listed vertically) could be presumed to lead to one or
multiple positive impacts listed in literature (listed horizontally) as illustrated in Table 4 with
ax mark. As an example, it can be presumed that when employees would have less cognitive
load, it would have a positive impact on process quality. The quality would rely less on
employees’ capability to memorize the correct business rules in each situation, instead the
relevant business rules would be inbuild to the system, there would not be as much room for
mistakes. Additionally, less memorizing would make the execution of processes more

accurate due to the same reason.

Table 4 Potential benefits of workflow automation from literature and interviews

Quality Accuracy Accountability Efficiency Productivity
Less cognitive load X X
Internal processes better managed
Faster onboarding

X X
X
More harmonized way of working

Repetitive, good quality

X X
X X
X X
X X

s oW R
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Based on the interviews, the aimed areas to be impacted with supporting processes during
runtime can be distinguished in three categories — customer satisfaction due to improved
service, employee wellbeing due to decreased need to rely on memorizing, as well as
monetary benefits due to efficiency gains. Both customer satisfaction and costs intensity are
stated also in the literature as a reason, why handling exceptions is relevant. From the listed
benefits that could lead to the positive impacts cannot be presented individually which factor
could cause which impact, as they are more the sum of multiple factors. Figure 19
summarizes the current challenges in the case company, improvements potentially be
achieved, potential benefits and the impacts they ultimately could lead to if acquiring

workflow automation and near real-time process mining to support processes.

CHALLENGE

IMPROVEMENT

BENEFIT

IMPACT

Managing cross
functional processes

Information compiled
into one source

Less cognitive load

Performance relying on
individuals’ competence

Taking all necessary
details into account

Internal process better
managed

Customer satisfaction

Faster onboarding

Cognitive load

Routing tasks, data and
files

More harmonized way
of working

Employee wellbeing

Scattered working
instructions

Oriented tasks to
employees & automation

Repetitive, good quality

Varying quality of
working instructions

Near real-time data on
process

Visibility

Monetary benefit

Proactive way of
working

Figure 19 An overview of the potential impact of runtime support in the case company

6.3 Analysis of potential challenges and limitations on process runtime support

Although several benefits are expected, to be practically capable to deliver them includes
several challenges and limitations both from process mining and automation perspectives.
These types of challenges are discussed in the following paragraphs, categorized by process

mining and workflow automation related challenges.
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Challenges and limitations from process mining point of view

Both in literature and in case study, quite a few challenges related to process mining are
discussed. These are summarized in Table 5, where the challenges are categorized based on
the process mining phase they occur by extending the previously introduced categorization
frame given by Burattin (2015, p. 60) to contain also online process mining. It can be clearly
seen that both in literature and in interviews, most of the challenges are related to the phase
of extracting the data to create the event log. In the literature, challenges in data extraction
are more related to the data and technology itself, including defining the time frame and the
level of granularity, as well as convergence and divergence issues due to event log flattening.
In turn, in the interviews more notes about source system related factors rise, including

limited documentation on custom ERP systems.

Table 5 Factors potentially causing challenges with process mining

Phase Factor Literature Interviews
Data preparation Event correlation X

Timestamps

Time frame

Scoping

Granularity

Unstructured behavior on the log

Convergence

Divergence

Data quality

Accepted format of the log

Timetaking

ERP - documentation

ERP - data copies

ERP - special charasteristics

ERP - logging differences
During mining Algorithm setting X

Concept drift
Interpreting results Clarity of process model X

Focus on subprocess X
Online process mining Amount of stream data X

Blind areas on the process X

Predictive value of process X

L I R R A R R ]
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In the above table, convergence and divergence are categorized to the data extraction phase
but impacts of the phenomena can be also seen in the interpretation phase. In total, minor of
the challenges presented are related to other phases of process mining. Nevertheless, it is no
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surprise as both in literature and in the interviews is mentioned that the data extraction and
creating the event log takes most of the time. These challenges are relevant both in offline

and online setting as the event log is the foundation for process mining.

As a limitation in traditional process mining affecting to the end-to-end visibility can be seen
the lack of the process model to handle the different process objects (leads to convergence
and divergence issues) and concurrency of events. As written in 2019, few commercial
vendors have been creating their own solutions to cope with the issue, but they include
limitations thus not capable of offering real support. Yet in 2021, the lack is stated to be (one
of) the barriers on creating a digital twin of an organization by the literature, thus it may be
assumed that the commercial tools may not still cope properly with the issue. In the O2C
process, there are multiple different interacting process objects that are present. As described
in the case environment, one order line may split into multiple invoices, deliveries,
transportation bookings, etc. If the complete process is discovered and analyzed traditionally
only on one process object level, for example on order line level, all the related events are
needed to be “flattened” to the case level. If the company is aiming to discover other objects,
e.g., how the process looks from booking’s perspective, only viewing the process
traditionally on order line level will not provide this type of information, as the discovered
process model describes the lifecycle for the order lines instead of bookings. At the same
time, if these types of different views are wanted to be seen, on traditional process mining,
it is stated in the literature that the event log is needed to be extracted multiple times an
eventually ending up to various disconnected views as discussed in the literature.
Convergence and divergence issues are discussed on several occasions in the literature but

not noted in the interviews.

Even though possibility to make predictions for supporting the process during runtime is
mentioned as a benefit by literature, and in interviews it is also noted as a possibility to act
on cases that have likelihood of going wrong, the actual predictive capability about the
processes is mentioned as a limitation by the literature. As said in the DTO part of the
literature review, in processes that are mostly managed by humans, the predictive value is
yet not acceptable, that leads to an assumption that those may not be used for operative

decision making. Moreover, it is stated in the literature that the processes are needed to be
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structured in order to create predictions, so the predictions are applicable only for “lasagna”
types of processes instead of “spaghetti”. In the O2C process and its special and exception
workflows, it is mentioned in the interviews that the human actors are clearly present, and
thus it should be considered critically could there actually be presented reliable predictions

of these type of processes.

Overall, factors related to online process mining are only presented to a minor extent. It may
be the reason that as in the case company it has not been tested before, the potential factors
causing challenges are more demanding to present in beforehand. Additionally, the amount

of case studies available in literature to cover real-life experiences in industry is yet limited.

Challenges and limitations related to workflow automation

From the experiences to model the special and exception workflows in the O2C process,
several types of factors are noted that may cause challenges. It is mentioned both from
management and workflow interviews that there exist several rules and guidelines specific
to e.g. mill, customer, or other process characteristics. These end up adding process variants,
meaning that there are several unique ways of conducting the same process. Thus, it may not
be feasible to capture them all in model(s), which may lead the models to be simplifications
of the reality. However, both the interviews and literature admit that all the variants may not
be covered with hand-made modeling, and literature adds that only commonly occurring
variants may be hence included. Moreover, numerous variants may lead a process to be
rather semi-structured than structured. Thus, in those cases it could be risky to assume that
a control-flow could be fully captured beforehand in a process model that could be used as
source for automation. In addition, the explicit models may prevent process participants from
adapting on unexpected situations and thus it shall be also considered if it is an applicable

approach for a case at hand.

Furthermore, in the interviews it is described that workflows have several details to clarify
and verify, which may end up being time-consuming and extensive work. It is also noted in
the literature, as the proposed modeling frameworks have several steps. It is mentioned in

the workflow modeling interviews that in order to create a good model, it is almost necessary
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to have a person doing the operative work to capture the behavior. In the literature, it is
described that the model depends on the role of the modeler in the organization and the
capability to recognize all the variants is limited. From this it may be lead an assumption
that a model represents the modeler’s perception of the process. In the literature it is also
stated that if the current processes are tried to be captured too equivalent on current situation
to the automation tool, the actual process improvement might remain undone. Above noted
factors are gathered in Table 6. These insights support the statements from the literature that
workflows are suitable for routine parts of processes where the sequence of tasks can be
defined in advance, and comprehensive examination how a certain process is carried out
shall be assisted with data driven technologies when possible to detect the feasible places for

automation.

Table 6 Factors potentially causing challenges in workflow automation due to hand-made
process models

Factor Literature Interviews
Amounf of process variants X X
Extensive human work X X
Dependent on human perception X

Needs subject matter expert X
Level of modeling X X
Simplifications of reality X X
Selecting tasks to automate X X

Moreover, relating to BPMS type of tools, in the literature it is stated that real life processes
the data may be scattered to numerous different tables that relate with primary and foreign
key relationships. Thus, attempts to capture these in BPMN models or UML class diagrams
usually fail based on the literature. In the O2C process, there are numerous different
interacting process objects, whose data in the case company is scattered to several systems.
Moreover, it is likely that the complete O2C related data is scattered on an enormous number
of tables within these systems. To try to capture this kind of complexity to above mentioned

types of models can thus presume to be challenging.

In addition to the factors related to process mining and workflow automation, in the

management interviews is presented several more general factors that could potentially cause
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challenges when implementing technology to an organization to support the processes during
runtime (Figure 20). Many of them are related to change management that is an important

field when acquiring new technology, but it is limited outside of the literature review.

a Change resistance

' Unlearning old habits

L Moving to use a new tool
-

Integrations

Technology maturity

; Capabilities of employees

Figure 20 Other factors possibly causing challenges
6.4 Best practices and recommendations for the case company

From a process mining point of view, several recommendations may be suggested based on
the interviews that could be relevant also if considering acquiring it to process runtime
support purposes. As a guiding principle for way of working may be referred the listing
according to interviewee E: “one: the cooperation, two: work flexibly, three: focus”.
Considering the first point, to have cross functional teams when creating the data model and
event log is recommended based on the interviewees’ experiences. It is described that
including both expertise from the operational processes as well as the source systems is
advisable to select the relevant events, as well as find the correct data from the source

systems.

Considering the second and third point — even though it may be different to develop an
analysis using historical data than a near real-time — having flexibility and focus on the
development may still be reasonable. If in the beginning of implementation an extensive
amount to data is aimed to be included, it may become a risk to drown into all the details
and happen in the same way as interviewee E described, that the implementation is not as

successful as it could have been due to lack of focus.



72

To set focus to guide the data selection, it is highlighted both from the literature and
interviews to have specific questions that are wanted to be seen with process mining. As
described in the interviews, if everything from a certain log or system messages are included,
the process discovery looks like a mess due to various process variants. In O2C, there are
several sources where the information would be needed to fetch and thus, the amount of all
the feasible related data may be massive. Moreover, as discovered both in the literature and
case description, in O2C there are different granularity levels. For example, there are events
happening on the order line level, and events happening on certain transportation vehicle
level. So, in order to avoid the process model looking like a mess, there may be reasonable
to preprocess the low-level events to the level that is feasible for the end use purposes.
Additionally, as the company is aiming to near real-time data, in the literature it is stated that
even if all events could be fundamentally stored, still all could not be processed due to the
exponential characteristics of most of the models. Consequently, in the case of near real-
time data, the selection of relevant events and attributes is crucial to be able to discover

meaningful insights.

On the one hand, it is stated that having focus is important. On the other hand, it is also
suggested that with near real-time process mining, analyzing the whole pipeline first may be
reasonable. Certainly, by doing so the potential blind spots of the process may also be
discovered. Hence, if following traditional process mining approach, it may be useful to
analyze first the whole end-to-end O2C process on the order line level, then adding
additional views one at time based on the insights or metrics (not order line specific) that are
wanted to be followed or improved. As stated by interviewee E, setting the correct level of
viewing the process depends e.g., on the questions that are wanted to be answered and where
the actions are wanted to be taken. Furthermore, at the beginning it shall be also considered
how the current process is carried out, as there is no event data available on processes
managed mainly e.g., via emails or other external files. This highlights the statement from

interviewee D, that first shall be also ensured the data availability.

In the interviews it is stated that no meaningful insights can be discovered if the used data
quality is poor, it is recommendable to use resources to ensure the quality of the event log.

For example, to discover the type of data to be used in the near real-time analysis, to create
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a log based on the history data to discover what kind of challenges might occur. Additionally,
listing provided in Table 5 (p. 67) could be used to assist while creating of the log to remind
of the potential challenges, e.g., to check if there are differences in the timestamps or is it

the correct table to take the timestamp or is the timestamp just a copy.

In addition, it is recommended to be cautious about divergence and converge that are present
in the traditional process mining. Even though for these much cannot be done if using
traditional process mining, it could be useful to practically understand what kind of
consequences the issue may lead to. Events that are needed to be replicated due to
convergence, as an example replicating event “enter order” due to case ID is order line, not
to add e.g., price related attributes to order level events that could potentially lead to

misleading analysis.

In addition, it is suggested to pay attention to change management related factors, e.g., to
include persons who are open to new technology to the development and testing groups, as
well as set responsibilities to relevant persons, as stated by interviewee A. Additionally, it
would be recommendable to put effort on the communications to employees in order to
reduce the fear of efficiency. As stated by interviewee E, it should be underlined that adding
automation could lead the employees to focus on more meaningful tasks. However, the thesis

does not cover change management any profoundly.
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7 CONCLUSIONS

The aim of this chapter is to answer the research questions by summarizing findings made
in the analysis of the results. The chapter consists of two sections, where the first provides
answers to each research question separately, and the latter evaluates the outcomes and

discusses potential limitations and suggestions of areas to study further.

7.1  Answering research questions

The main findings made on analysis of the case study are summarized and categorized by
the research questions. As first, the approaches and drivers for process runtime support are
addressed, then moving to present the expected positive impact. Lastly, the potential

challenges and limitations are presented.

RQ1: What kind of approaches exist for process runtime support?

The discovered approaches for supporting business processes during runtime may be
distinguished to be based on traditional BPM, case management or online process mining.
Concerning the first approach, BPM technology can be used e.g., to design processes,
automate certain parts of them, or use for simulation purposes and they can include process
mining capabilities as well. However, it has gained criticism as it is based on explicit process
models that lack capturing the complexity of reality and is focused on routine work.
Concerning the second approach, case management is targeted to support knowledge
intensive work without predefined structure of activities to take. It is based on modeling
notation, which yet has challenges to be applied in practice. In turn, online process mining
allows to discover the process model based on the execution data from its runtime, thus
enabling capturing the real behavior. The approach may be used to create a digital shadow
of the process or enable operational support activities or action-oriented process mining.
Operational support includes capabilities to detect frauds on the ongoing process, predict
metrics or events in the process, or recommending actions based on the running process
mining diagnosis allowing to improve the processes’ performance and mitigate risks.

Nevertheless, operational support is applicable for structured processes. AOPM allows
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actions based on process mining diagnostics and may be used for creating a limited digital
twin of an organization. However, a DTO shall support several process objects and such

limited DTO is yet applied only in the literature.

RQ2: What kind of benefits may be assumed if workflow automation and near real-

time process mining are acquired for process runtime support?

The expected impact by the case company can be distinguished to customer satisfaction,
employee wellbeing and monetary benefit. The potential benefits of workflow automation
mostly relate to increasing process quality, accuracy, and efficiency. It is expected that
workflow automation could decrease the cognitive load from the employees by bringing the
business rules currently documented in scattered Word and PowerPoint documents inbuilt.
Simultaneously, it is expected that the onboarding of new employees would become faster
as specific process characteristics, e.g., mill specific business rules, would not all need to be
memorized. It is assumed that with automation also all necessary details could be taken into
account hence leading to a more harmonized way of working. In turn, the more harmonized
way of working could lead to repetitive, good quality that would not be as dependent on the
individuals’ capabilities gained through working experience.

Potential benefits on near real-time process mining relates to increasing visibility, increasing
process analysis and offering near real-time guidance. With near real-time data, relevant
information could be offered to process participants. It could allow them to adapt based on
up-to-date insights and make corrective actions if needed. In total, the company could move
from reacting to a proactive way of working, that could bring additional value in the eyes of

a customer.

RQ3: What kind of challenges and limitations may be included if workflow automation

and near real-time process mining are acquired for process runtime support?

Based on the literature, explicit process models in workflow automation lack to capture the
complexity of reality and outdates quickly. Therefore, it is stated that workflows are

applicable for routine work and thus, supporting knowledge intensive processes are outside
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of their scope. Additionally, hand-made process modeling has multiple similar challenges
when comparing findings from literature and workflow modeling interviews, including it

being a time taking task and having challenges to include all the process variants.

Based on the literature and previous experiences on process mining, several types of
challenges may occur. Most of the acknowledged challenges are related to the phase of
extracting the data to create the event log, that is also stated to be the most time taking phase.
The challenges may occur e.g., due to data quality, scoping, or source system related factors.
As process mining is completely dependent on the quality of the event log, having effort on
the log creation is required. Challenges when especially applying online process mining are
storing and processing the huge amount of streaming data and potential blind areas of
processes. One of the main limitations in traditional process mining can be seen the lack of
the process model to cope with multiple process objects. In end-to-end business processes,
such as order-to-cash, an order line divides into several other process objects during the
process. On the one hand, only viewing from one process level, the process model gives only
limited insights about the process. On the other hand, if different views would like to be
discovered, it would lead to multiple disconnected views. Moreover, the noted best practices
when applying process mining includes having cooperation with different types of expertise,
work flexibly in small sprints and having focus on limited tasks at time. In addition to
technology related considerations, also multiple organizational related factors are presented,
that includes change management and change resistance type of considerations whose
further review is limited outside of the scope of the thesis.

7.2 Evaluation of the outcomes, limitations, and further work

A few factors shall be considered when evaluating the results of the thesis. The thesis is
written by using scientific articles and books, based on which the evaluation of technologies’
current capabilities is discussed, and results assessed. As the aim of the thesis is to give an
overview of runtime support, different approaches’ practical applicability in industry
purposes is not discussed profoundly in this thesis. Furthermore, as the presented findings
are on a general level, their validity may be assessed separately on selected tools’ context if

desired. Even though the advanced features may be tool specific, the basics, e.g., event log
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creation, are common phases despite the process mining tool. Thus, many of the presented
challenges are still relevant considerations. There are several emerging research fields,
including object-centric process mining and action-oriented process mining, whose
development in the near future may enable improved possibilities for supporting processes
during their runtime. Although the assessment is done liming to scientific publications,
several of them have been published within recent years. As process mining is an emerging

field, may its advancements be reviewed within a few years as future research.

Potential benefits presented in the empirical part of the thesis are expectations made by the
interviewees and shall be distinguished from actual benefits. However, presenting actual
benefits before acquiring any tools for operative use is rather impossible to express. In
addition, in the literature there is a limited number of publications that discuss supporting
processes during runtime that includes process mining with near-real time data in businesses.
Hence, having guiding examples from the industry that could be used as references or to

assess the assumptions is yet deficient.

To gain the research material, in total six interviews are held that cover three separate topics:
managerial expectations, experiences on process mining and experiences on workflow
modeling. Thus, insights of each perspective are formed from two person’s opinions and
experiences. By including more interviewees, it may have enabled to distinguish relevancy
of different findings more clearly or to discover more viewpoints, such as other types of
potential benefits or experienced challenges that are not currently covered in the thesis.
Additionally, as the research method is interviews, results are dependent on the individuals’
perceptions of the research topic. However, the group of interviewees is tried to be as

descriptive for the case environment purposes as possible.

In addition, other technological factors, including integrations and enabling near real-time
data from the source systems are critical milestones that are required to have in place in order
to support the process during their runtime. Thus, the success of their establishment would
greatly impact the success of whole technology implementation. Nevertheless, the thesis
does not cover either of them and discusses process mining and workflow automation on

way as the data and integrations would be in place. Their implementation may be suggested
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as a potential area for further research, as well as change management related topics

concerning the implementation to the organization.
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8 SUMMARY

The purpose of the thesis was to raise awareness about current capabilities to support
processes during their runtime. Thus, the objective was to identify different approaches, as
well as potential benefits, commonly acknowledged challenges and limitations related to
workflow automation and near real-time process mining. Based on the objectives, three
research questions were formed for the thesis, where the first addressed generally the
developed approaches, second potential benefits, and the last the challenges and limitations.
In order to answer the research questions, the thesis was divided into two parts which

searched for answers to these presented questions.

The former part was literature review that included two chapters, the first considering
process automation and the latter process mining. The aim of the literature review was to
form the theoretical framework for the thesis, where the approaches for process runtime
support were identified, and benefits, challenges and limitations were addressed. The latter
part was the empirical part of the thesis, where a case study was made in a company in the
forest industry. In the case company were held six interviews with three different topics,
including management interviews, process mining interviews and workflow modeling
interviews. The purpose of the interviews was to discover what kind of aimed benefits the
company have, what kind of challenges may be included and gather best practices that could
be useful if acquiring workflow automation and near real-time process mining. In the
analysis and discussion, the approaches were reviewed, findings from the interviews and

literature were compared and recommendations for the case company were suggested.

The findings showed that the discovered approaches from the literature for process runtime
contains limitations. The findings arise due to traditional BPM technology was found to be
limited on routine work and case management modeling having challenges to be applied in
practice. Moreover, online process mining with a single case ID was noted providing limited
visibility of the complex process and causing flaws on process discovery. In addition,
operational support was found to be limited to structured processes. Furthermore, it was
discovered that using action-oriented process mining to construct a limited DTO with several

process objects is yet being applied only in the literature.
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There were several benefits expected to be achieved if supporting processes during runtime.
It was discovered that the potential benefits of workflow automation were mostly related to
increasing process quality, accuracy and efficiency. The potential benefits of near real-time
process mining were related to increasing visibility, increasing process analysis and offering
near real-time guidance. As a challenge in workflow automation was noted the challenge of
capturing real-life processes into explicit models. It was noted that several challenges may
occur when implementing process mining and most of them are related to the phase of
creating the event log. As a limitation in workflow automation was observed its suitability
for processes where the control flow can be determined beforehand, and thus it is commonly
applicable for automating routine work. A limitation in traditional process mining was noted
to the inability to discover several process objects simultaneously. The best practices if

applying process mining were noted to be cooperation, flexibility and focus.
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Appendix 1. Interview guide for supply chain management interviews

Starting guestions

- How would you describe the evolution of management of business processes over past
~10 years overall in business?
o Inthe company?

- How the company got interested in process mining and workflow automation?

Relevancy of the technology

- What are the key improvement areas that the company aims to impact with process
mining and workflow automation?

- Do you see that the technology is especially relevant at the industry? If yes, why?

- How would you describe the role of the technology on organizations’ strategy

implementation?

Expected impact on the organization

- What kind of short-term advantages you expect that implementing such technology
into production use could enable (within a year from first implementation)?
o How about long-term advantages (+2 years)?
- Do you see that the technology implementation would have an effect to way of
working?
- How would you get organized for the first implementation?
o How about for further scaling (after the first implementation)?
- Do you see that if this kind of technology would not be implemented, it would have an

effect to the business in long run?

Possible challenges

- What kind of challenges you see that could occur when implementing this kind of
technology overall to an organization?

- Do you see any company specific challenges that might occur?



Appendix 2. Interview guide for process mining interviews

Starting questions

- Could you introduce one or few process mining implementation projects you have
been participating?

- What were the intentions to implement process mining?

- Is process mining used as one-time analysis, on regular basis or is it implemented as
real-time analysis?

- What kind of functionalities have you implemented from process mining?

- What kind of data sources you have used in your projects?
- How would you describe the event data availability for your process mining projects?
- Have you noticed differences on usability of the event data from the different data

sources?

Forming the event log

- Could you describe the work needed in order to form an event log?

- Have some kind of challenges occurred? If yes, what kind of?

Interpreting results

- What have been the most valuable insights gained using process mining?

- Have you noticed any factors affecting to the interpretation of the results?

Reflection
- If you could start the first process mining project again, would you do something
differently?
- What would you do similarly?
- What are the key takeaways?

- What do you see as the critical success factors from the technical point of view?

Online process mining

- What kind of benefits do you see that online process mining could offer?

- What kind of challenges do you see that could occur?



Appendix 3. Interview guide for workflow modeling interviews

Starting guestions

- Do you have previous experience from workflow modeling? If yes, what kind of?

Workflow modeling for order-to-cash process to non-executable environment

- Could you describe one of your workflows for the order-to-cash process in outline?

- How would you describe the work phases when modeling the workflow to non-
executable environment?

- What kind of knowledge was needed to perform the modeling?

- Were other stakeholders involved to the modeling? If yes, what kind of?

- Did something feel easy in the workflow modeling?

- Did you experience any challenges while modeling? If yes, what kind of?

- Do you see any place(s) for potential errors in workflow definition?

Towards executable workflow

- How was it to define between what to automate fully, where to have user interaction
and what to exclude and keep as a manual task?

- How would you describe matching the workflow model (including triggers, tasks,
rules etc.) to the needed data?

- Based on your experiences, how would you describe the availability of the needed

data for the workflow from source systems?

Reflection
- If you could start over the workflow modeling, would you do something differently?
- Would you do something similarly?
- What you see as the critical success factors for workflow modeling based on your

experience?



