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As different organizations are embracing several data analytics methods in an increasing
manner, process mining has emerged as an area that aims to combine machine learning and data
mining with traditional process modeling. This thesis presents a method to leverage process
mining in the creation of value stream maps, process models that are commonly used in process
analysis. The applicability of the presented data-assisted VSM method to increase transparency
of a processes and to discover development opportunities is evaluated by conducting a case
study on a delivery process. The possibilities of using process mining techniques to enable
further process development are also explored.

The first part of the thesis introduces the essentials of process mining and lean thinking to create
a sufficient understanding of the subject to the reader. The second part presents the case study
where required data for process mining is gathered from the case companies ERP system and
is then derived into a value stream map with the use of a process mining tool. Finally, the
potential of further utilization of process mining techniques with this method is demonstrated
with an illustrative future state map.

It is established that the proposed method is very useful for creating a current state value stream
map and for increasing transparency of a process. This is achieved with relatively little effort
through process discovery after required data is gathered. It is argued that the use of additional
process mining techniques or other process improvement methods are required to truly discover
development opportunities and to plan any detailed improvements. The data collection and
transformation is recognized as the most time consuming phase for projects of this nature. It is
established that data driven projects can be accelerated by focusing on data quality and
availability in the organization.
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Eri organisaatioiden omaksuessa lukuisia data-analytiikkaa hyodyntdvia menetelmid
kasvavissa madrin, on koneoppimista ja tiedonlouhintaa tavanomaisen prosessimallinnuksen
kanssa yhdisteleva prosessilouhinta noussut esiin uutena alana. Téassé diplomitydssa esitellaén
menetelmd, joka hyddyntda prosessilouhintaa prosessianalyysissa yleisesti kaytetyn
arvovirtakuvauksen luomisessa. Tdman data-avusteisen arvovirtakuvausmenetelman
soveltuvuutta prosessin  lapinakyvyyden parantamiseen ja kehitysmahdollisuuksien
tunnistamiseen arvioidaan toimitusprosessille tehtdvan case-tutkimuksen avulla. Ty6ssa
tutustuaan myos prosessilouhintatekniikoiden kayttoén pidemmélle viedyn prosessikehityksen
mahdollistajana.

Tyon ensimmadissessa osassa lukijalle luodaan riittdvda ymméarrys aiheesta esittelemalla
prosessilouhinnan ja lean ajattelun perusteet. Tyon toisessa osassa esitelladn case-tutkimus,
jossa prosessilouhintaan tarvittava data keratédén case-yrityksen toiminnanohjausjarjestelmasta
ja johdetaan arvovirtakartaksi prosessilouhintatydkalun avulla. Lopuksi
prosessilouhintatekniikoiden laajemman hyddyntdmisen potentiaalia havainnollistetaan
tavoitetilaa kuvaavan arvovirtakartan avulla.

Tyon tulokset osoittavat, ettd esitetty menetelmé soveltuu todella hyvin nykytilaa kuvaavan
arvovirtakartan luomiseen ja prosessin l&pinédkyvyyden parantamiseen. Kun tarvittava data on
saatu kerattyd, on prosessimallin luominen tydssa kaytetyn prosessilouhintatekniikan avulla
suhteellisen  vaivatonta. Muidenkin prosessilouhintatekniikoiden tai toisten
prosessikehitysmenetelmien kdyton todetaan kuitenkin olevan tarpeen, jotta prosessin
kehitysmahdollisuuksia voidaan todella tunnistaa ja tasmaéllisida kehitystoimenpiteitd
suunnitella. Datan kerd&misen ja transformoinnin tunnistettiin olevan eniten aikaa vieva
tyovaihe tdmdankaltaisissa menetelmissd. Datavetoisten projektien  vauhdittamiseksi
organisaatioiden ehdotetaan panostavan datan laatuun ja saatavuuteen.
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1 INTRODUCTION

1.1 Research background and goal of the study

There are several methodologies for process improvement that are widely accepted in the
manufacturing industry. These methodologies often become harder to comprehend and lose
their efficiency when the processes become more complex. New methods are developed
continuously, and digitalization has brought new tools and techniques available for process
improvement. This study exhibits a method that combines value stream mapping (VSM), a
popular process improvement method derived from the widely adopted lean methodology, with
process mining, a data mining method aimed for process development. The thesis presents a
case study that is conducted to a manufacturing plant of the case company that specializes in

highly customized products.

The case company is a major player in a manufacturing industry. The market environment has
seen development in a direction where the lead times of order fulfillment processes are required
to be even shorter. While the customers require short delivery times, they also require highly
customized specifications for their products. Therefore, it is necessary to continuously optimize
the delivery processes to face these challenges. But it is apparent that the more complicated an
order fulfillment process is, the more difficult it becomes to improve and optimize the whole
supply chain due to increased complexity. It was confirmed from multiple sources that the case
company is keen to adapt different data visualization and analytical methods to tackle these
challenges. The information systems used in the case company produce a lot of data, but the
utilization of data-analytics and automation are not yet performed at a larger scale. Therefore,
taking advantage of process mining has a lot of potential but possible advantages are not quite

clear yet, hence there is a clear incentive for this research.

The goal of this thesis is to find a method that can be used to increase transparency of the
delivery process and help with the pursue of shorter lead times. The traditional VSM method is
widely used in the case company to analyze the shop-floor production processes. Therefore, it
is natural to apply an improved version of this method to other parts of the delivery process

also. The main focus of this thesis is to get acquainted with process mining and uncover its



applicability in examining the case company’s delivery processes. Therefore, the research

question can be formatted as follows:

“Is data-assisted VSM via process mining a suitable method for examining a delivery process
to increase transparency of the process and to discover process development opportunities to

reduce the lead time?”’

As mentioned before, this thesis seeks to answer the research question through a case study.
This study was commissioned by a manufacturing unit of the case company. Their schedules
are often extremely tight, and thus they wish to seek out any possibilities to shorten the lead
time of the preceding delivery process before the products come into production. Such
accomplishments in increasing the efficiency of the entire delivery process would of course

benefit the entire delivery chain.

1.2 The case company, scope of the study and limitations

The case company is divided in to two large operational streams: front lines and supply lines.
The responsibilities of these units are divided so that the front line communicates with the
customer and is responsible of marketing, sales and installation of the complete product. The
supply lines are responsible of engineering, production and logistics. Figure 1 exhibits the main
milestones and process steps of the delivery process, and the responsible party of each step. The
case study of this thesis is commissioned by a part of a supply line, a manufacturing unit that

specializes in highly customized products.

Scope of the study

g L 1b]1c, 2
FL Order Clarification

4 4b 4c
Installahon Handover

Frontllne Responsibility

Supply Line Responsibility

Figure 1 The delivery process of the case company



The complete products of the company are manufactured in modules, and the study focuses on
a specific module that is manufactured by the commissioning manufacturing unit. Furthermore,
the study is limited to the earlier parts of the delivery process that precede production, which is

the responsibility area of the unit commissioning the study (Figure 1).

The case company uses the fixed milestones presented in Figure 1 as an effort to ensure the
delivery process of each module is completed on time. The most important milestone from the
case study’s perspective is 3a, which is the delivery date when the completed module needs to
be ready at the distribution center. These dates are agreed on during the order clarification
phase. Therefore, any delays in the delivery process will leave the production with less time

before the 3a milestone.

The case study covers the delivery process from customer order creation to the beginning of
production. Therefore, the case study is focused mainly on engineering and other transactional
process steps rather than the production itself. Characteristically to any VSM performed on
such processes, the "material flows™ in the VSM conducted in this study consist of various
design information instead of physical material. It is also to be noted that the study focuses on
the process steps carried out after a customer order. Therefore, any original product design or
other R&D activities are out of the scope of this study. Also, the case study is primarily an
analysis on the current state. The aim is to discover development opportunities, but

implementation of any findings is left out of scope.

Since the method applied in the case study is heavily data-driven, the data that is used for the
study will guide the level at which the final VSM is conducted. Some process steps are reviewed
in more detail in the analysis phase as deemed necessary. It was determined that the project will
be conducted by only using data gathered from SAP, the enterprise resource planning system
(ERP) used in the case company. There are several other information systems used during the
delivery process that could possibly provide additional data to be used for process mining.
These systems are omitted from this case study, as all process steps and major milestones are
eventually logged in SAP. For example, some engineering steps are performed in an external
system, but are always confirmed as completed in SAP where the relevant data needed for next

process steps are also given as input.



The natural approach for both process mining methods as well as VSM methods is to conduct
the study to a single type of product. In this case, the product is a specific module that the case
company manufactures. The goal is to conduct the study in such a manner that the final solution
would be easily applicable to other products as well. The solution is going to be used by
business users, so the used process mining methods should preferably be so that they are
applicable without excessively long data preparation. These notions further support the
decision to conduct the study only using data from SAP, as the use of the multiple information
systems would greatly increase the complexity and complicate the cross-product adaptability
of the final solution.

The study only focuses on the process flow of the delivery process under investigation. There
are several supporting processes concerned that are left out of the scope of this study. The
supporting processes that clearly affect the lead time of the investigated process are referenced
in the VSM but supporting processes that are clearly performed in the background are not
regarded. Examples of such omitted processes are pricing activities, design quality reviews and

administrative processes.

The entire product is assembled in configurable modules. In SAP, one sales order refers to the
entire final product. These sales orders have line items that each refer to a single module of the
product. This study focuses on one module of the final product, but the early steps of the
delivery process observed in this study always concern the entire product. For simplicity, and
because the study focuses heavily on data gathered form SAP, the SAP terms sales order and
line item are used from now on to refer either to the entire product or the specific module that

the study focuses on.
1.3 Research method and structure of the thesis
Essentially this study is divided into two distinctive sections: A literature review and the case

study. The literature review sets up a basis for the case study, and the case study seeks to answer

the presented research question through a practical use case.



Chapters 2 and 3 of this thesis consists of the literature review that presents the most important
theories used in the case study. Chapter 2 aims to give the reader a deep enough understanding
of process mining, it’s usual use cases and the data requirements behind it. Chapter 3 covers
the most relevant terminology from the lean methodology, particularly the value stream method
and its application in an environment comparable to the one in the case study. Existing mentions

of using process mining with VSM in literature are also addressed.

The case study was essentially carried out in three phases. The first phase was the study phase,
where the delivery process under investigation was studied by interviewing personnel working
within the delivery process. An understanding of the process flow was formed and ways to
collect data for the next phase were identified. This phase corresponds to a “gemba walk”
conducted during any VSM study. The second phase of the case study is mostly covered in
chapter 4 which focuses on the process mining aspect: The collection and formatting of required
data from SAP and the creation of process models from the collected data. The result of the
process mining is formatted into a current state value stream map with additional information
gathered from the interviews. The last phase is presented in chapter 5, which presents some
further analysis on certain notions made during the generation of the current state map. An

illustrative future state map is proposed to demonstrate the potential of the method.

In chapter 6 the results of the case study are summarized. The benefits gained from the study
are addressed and the success in answering the research question is determined. In addition, the

overall usability of the presented method is evaluated, and points of improvement are identified.



2 PROCESS MINING

Burattin (2015) describes the general idea of process mining as taking some event data as input
and performing a fact-based analysis of the process executions. It is a field that originates from
machine learning and data mining, being combined with traditional process modelling. Van der
Aalst (2016) further notes that process mining can be seen as a bridge between data science and
process science. He notes that the process perspective is often absent in data science curricula,
whereas process science is heavily driven by models, and disregards the evidence-providing
data that is generated during the process executions. Process mining has emerged to combine
these two areas. Van der Aalst (2016) states that in process mining, event data and process
models can be seen as complementary, interconnected and interdependent forces like “yin” and

“yang” in Chinese philosophy (Figure 2).

performance questions
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Where are the real bottlenecks?

Which resources are overlooded ?

.,, : data-driven
- process-centric
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Which activities are often skipped? |  conformance questions

Which resources couse deviotions? & %

Figure 2 Process mining is both data-driven and process-centric (Van der Aalst 2016)

Ingvaldsen & Gulla (2008) argue that the aim of process mining is to increase business
understanding by reconstructing the underlying business process flows behind Enterprise
Resource Planning (ERP) or Workflow Management Systems. This is done by extracting

descriptive models from the event data in these systems (Figure 3).
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Figure 3 Process mining project methodology (After Ignvaldsen & Gulla 2008, p. 31)

2.1 From traditional process modeling to process mining

There are a lot of options when it comes to traditional process modeling. Petri nets, BPMN,
UML and EPCs are just a few examples of the myriad of notations that exist for this purpose.
These notations model the control-flow of a process by describing causal dependencies between
different activities in the process. Describing only the control-flow is a quite limited view on
the process. Therefore, these notations usually offer options for extending the model by
describing other perspectives of the process like organizational/resource perspective, the data
perspective or a time perspective. (Van der Aalst, 2016) Figure 4 showcases an example of an
arbitrary make-to-order manufacturing process described in BPMN notation. The control-flow
presentation is extended with swimlanes that describe the organizational perspective, and an
intermediate event describing the time perspective by indicating that 48 hours need to pass

before the invoice is sent to the customer.

NO———p| Cancel order ’_‘.O
—

End

i Send invoice to
Receive order I I ‘ | >
O—» from customer Validate order Yesp| Create sales order customer O
— End

Start Order /
valid?

service

Customer s

1]

Add sales order to __|Manufacture the]

MTO company

A

production plan sales order

Production

‘ =
Shipment '—b @

48 hrs

Logistics

Figure 4 BPMN example of a manufacturing company's make-to-order process

Van der Aalst (2016) argues that these kind of manually created business process models don’t

usually correspond to reality because they provide an idealized view of the process. The
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problem with the use of idealized process models is that decision makers can be misled to focus
on wrong things and make changes that can transform the process even further away from the
real ideal state. There are several examples of the limitations of traditional process modeling in

literature.

Urnauer, Graff, Tauchert & Metternich (2021) express the need for process mining by
showcasing the limitations of a traditional value stream analysis, which is a widely used method
in the manufacturing industry. In value stream analysis, a current state value stream map is
created based on observations made on shop floor inspections. Potential improvements
recognized during these inspections are then used to design a waste-reduced future state. This
method can be performed with fairly low-effort and is convenient for simple and linear material
flows but becomes less efficient in complex value streams. This is because the identification of
the process steps, gathering of the correct data and designing the future state are not trivial tasks.
Also, a value stream map created this way does not record any dynamic or variability, and is
therefore only a description of a momentary, static state. These limitations can be overcome
with the use of event data and process mining. These observations also conform to the notions
by Van der Aalst (2016), that the utilization of data science is absent in traditional, model-

driven process science methodologies.

Kapulin, Russkikh & Moor (2019) further note that doing process modeling for the purpose of
system development and implementation is a multi-step task that takes a lot of time, labor, and
material costs. Van der Aalst (2016) point out, that if an implementation of a new information
system is done based on an idealized model, the system is likely to be disruptive and
unacceptable by end users. Because of the problematics of manually created process models
and high cost of process modelling in some cases, the need for modeling processes from event

data with process mining clearly exists.

Van der Aalst (2016) sums up that given the widespread interest in process models, the
enormous amount of event data available, and the limited quality of manually created models,
there are a lot of motivating factors that encourage to include event data to process modeling.

By doing this, the actual processes can be discovered, and current models can be evaluated and
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enhanced through process mining. Relating to these different use cases, Van der Aalst (2016)

distinguishes three basic types of process mining: discovery, conformance and enhancement.

2.2 It all begins from the data

Like in any other data-driven analysis approach, data needs to be in a correct format for it to be
possible to be used properly. Sonawane & Patki (2015) and Van der Aalst (2016) agree that in
processing mining approaches, data collected from information systems needs to be
transformed into event logs. Event logs refer to a collection of event data collected from
information systems used in the process and transformed into a specific format. Firstly, a record
in an event log must refer to a single instance of a process. These instances are often referred
to as cases. These cases are composed of events, which are all related to specific activities in
the process. Figure 5 illustrates the structure and hierarchy of an event log with arbitrary

example data.

process cases events attributes

activity = create sales order
timestamp = 14-07-2020:12.00
resource = Pete

department = customer service
cost=150

activity = order shipment
timestamp = 15-07-2020:08.07
resource = Ellen

department = logistics

cost =40

37993

Figure 5 Structure and hierarchy of event logs (After Van der Aalst 2016)
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Van der Aalst (2016) notes that all main-stream process modelling notations describe the life
cycle of a single instance of a process as a collection of activities. The same goes for process
mining, except that an event log is a collection of these instances. Each singular record in an
event log refers to a single instance, and therefore, the “case id” and “event id” can be seen as
the bare minimum requirements for records in an event log. However, Sonawane & Patki (2015)
as well as Van der Aalst (2016) point out that process mining techniques often use a lot of
supplementary data, known as attributes, such as the event’s timestamp, the resource that
executed the activity or a cost related to the activity. Van der Aalst (2016) also notes that the
events within a case need to be ordered to be able to discover any causal dependencies in the
generated process models. Therefore, an attribute concerning the ordering, such as a timestamp,
can also be seen as a minimum requirement for records in the event log. Table 1 illustrates an

example of an event log with these minimum requirements.

Table 1 An example of a simple event log with minimum requirements for process mining

Case id Event id timestamp

1 37811 14-07-2020:12.00
1 37812 14-07-2020:13.28
1 37813 15-07-2020:08.07
2 37921 15-07-2020:09.12
2 37922 17-07-2020:08.07
2 37923 21-07-2020:10:53
3 37991 15-07-2020:11:29
3 37992 16-07-2020:15:29
3 37993 16-07-2020:16:08

2.3 Different types of process mining

The first type of process mining is process discovery. In process discovery, a process model is
generated solely from the event logs using a process discovery algorithm. If the event logs
contain information on the resources performing the activities, the algorithms can also discover

resource-related models. For example, the way people interact and work together in an
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organization can be modeled with a social network. (Van der Aalst, 2016) The case study of

this thesis work focuses on process discovery, which is reviewed in more detail in chapter 2.4,

The second type of process mining is called conformance. In conformance, an existing process
model is compared to the event logs to check if the execution of the process conforms to an
existing process model and vice versa. A common example of a conformance check is checking
the “four-eyes” principle, in which some particular activities should not be performed by the
same person. (Van der Aalst, 2016) For example, a process model can indicate that if the price
of a purchase order is over a certain amount, the purchase order needs to be checked two times
before a final confirmation. By analyzing the event logs it can be confirmed whether this is
done or not. Detecting and explaining deviations with process conformance can be useful in
many process development scenarios: Jans et al. (2011) describe an example of using process

mining to detect fraud cases by checking whether procedures are followed or not.

The third type of process mining is called enhancement. The general idea of enhancement is to
improve an existing process model by using information from actual process executions
recorded in the event logs. One way to enhance a model is by modifying it to better reflect
reality. Another way of enhancement is to extend the model by adding another perspective to
it. For example, models can be extended by adding information about resources or quality
metrics. (Vand er Aalst, 2016)

Van der Aalst (2016) point out that when extending process models with enhancement, other
perspectives are added to the models. Therefore, it is important to recognize these different
perspectives of process mining in addition to the three types of mining depicted above. VVan der
Aalst (2016) recognizes the control-flow perspective, organizational perspective, case
perspective and time perspective. The discovery and conformance techniques are not either
limited to the control-flow perspective: The three types of process mining are orthogonal to the
different perspectives of process mining. Figure 6 shows how the three basic types of process
mining recognize and exploit the links between process models, the actual processes and the

event data that they generate.
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Figure 6 Positioning of process discovery, conformance and enhancement (Van der Aalst 2016)

Van de Aalst (2016) emphasizes that the different perspectives are partially overlapping and
non-exhaustive. This is even further implied by the fact that Burattin (2015) divides process
mining a little differently. Instead of dividing process mining into different types of mining and
perspectives, he recognizes the control-flow discovery as the core of process mining, and
describes organizational perspective, conformance checking and data perspective as additional
approaches to process mining. Englet et al. (2016) further point out that there are many other
process mining techniques for process improvements like performance analysis. They also note
that process mining techniques are often combined with other methods and that there are some
commercial process mining tools that offer diverse capabilities. Nevertheless, the division to
different basic types and perspectives by Van der Aalst (2016) provides a good characterization

of the different aspects that process mining aims to analyze.
2.4 Process discovery
The case study of this thesis focuses on the first type of process mining, process discovery. It

is often referred to as the first step of process mining since the development of an initial process

model is often the main problem and the developed model can be used with other process
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mining techniques (Burattin 2015, p. 45). Van der Aalst (2016, p. 163) argues that process
discovery is often the most challenging process mining task. Burattin (2015, p. 35) points out
that there are many different algorithms for process discovery. The simplest ones only aim to
create simple models, whereas more sophisticated algorithms create more complex models and
try to tackle many problems at once, adding other types and perspectives of process mining to

the process discovery model.

Companies usually have some kind of documentation where their processes are described in
natural language or an ambiguous notation. These documents often describe how the processes
are executed in terms of protocols and guidelines, but they lack all information of the actual
activities that are executed in reality. Process discovery can create a model that tackles this

challenge by presenting how the process is actually performed. (Burattin 2015, p. 33)

The aim of the case study of this thesis is to create a visual presentation of the actual process
performance to increase transparency, to understand which parts of the delivery process take
the most time and to discover where the process could be developed. Therefore, appropriate
utilization of process discovery should be an adequate approach to the problem. The case study
of this thesis uses process.science process discovery tool for Microsoft Power Bl. The tool
creates a fairly simple model of the process flow from event data and can be used to visualize
the frequencies and average times between different activities in the process. Figure 7 shows
an example of a model generated by the tool showing frequencies of the transitions in an

arbitrary process.

Figure 7 An example of a model generated by process.science process mining (Microsoft 2021)
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2.5 Data extraction

Van der Aalst (2016, p. 27) describes process-aware information systems (PAISs) as systems
that support whole processes instead of just isolated activities. All PAISs provide event logs,
but they are usually in an unstructured format. For example, event data is scattered in multiple
tables or need to be tapped from subsystems. (Van der Aalst 2016, p.32) The information system
used for data extraction in the case study of this thesis is the SAP ERP system. SAP is in ERP
system that is considered as a PAIS, but that has this exact problem. Ingvaldsen & Gulla (2008)
argue that for customized ERP systems like SAP the pre-processing of data is usually the most
time-consuming phase of a process mining project. They note that SAP has over 10000
transactions and can also have custom transactions modified for specific needs of the user
company, increasing the transaction count even further. The performed transactions store and
change the data in master data and transaction tables. Transaction tables contain the daily
operations data generated from the performed transactions. The operations data can also be

transformed into event logs.

Ingvaldsen & Gulla (2008) note that the greatest challenge on extracting event logs from SAP
is that there is no defined logic on how all documents, change events and resource dependencies
are stored. The data attributes that are interesting for process mining need to be explicitly
located from multiple tables. For example, Ingvaldsen & Gulla (2008) argue that just extracting
the process chains between purchase order creation, change and invoice receipts would require
data from seven different SAP tables. Longer process chains would require data to be collected
from a substantial number of tables. Brehm, Heinzl & Markus (2001) note that while the
customization of SAP might increase the complexity of the data architecture, customized
transactions can also be used for extended reporting and data output. Such custom reports can

potentially be very useful for process mining.
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3 LEAN THINKING AND THE VALUE STREAM METHOD

The roots of Lean thinking lie in the Japanese automotive industry. The International Motor
Vehicle Program was commenced in 1985 to study the Japanese techniques known as “lean
production” and compare them with the older western mass production techniques. Based on
the end report of the program, James Womack and Daniel Jones wrote their book “The machine
that changed the world” and coined the term “Lean thinking”. Lean thinking is derived from
the principles used in the Toyota production system, where the aim is to create as much
customer value as possible with as few resources as possible. (Womack & Jones 2007) This
chapter introduces the most important principles and terms of lean thinking used in the context

of value streams and process flow.

3.1 Value and muda

Value can be considered as the main starting point of lean thinking. It is something that can
only be defined by the ultimate customer: Value can be considered to be any of the features and

functions of a specific product, either a good or a service, or both, that fulfill the customer’s

expectations. (Womack & Jones 2003, p. 29-36)

Womack and Jones (2003) define waste as any kind of human activity that absorbs resources
but does not create value. Ohno (1988) originally identified seven types of waste that also got
known as “Ohno’s seven muda”. Like many of the other vocabulary associated with Lean
thinking, muda comes from Japanese and it means waste. The seven types of muda are
overproduction, waiting, transportation, unnecessary motion, inappropriate processing, excess
inventory and defect. Liker (2020) states that an eighth type of waste, unused employee
creativity, is often added to the list. Although, he does point out that it doesn’t cleanly fit to the
list: The other seven types of muda are observable and are obstacles to flow, while unused
employee creativity is a broader concept. Wahab, Mukhtar & Sulaiman (2013) note that many

scholars have discussed and agreed on these eight types of muda.
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3.2 Kaizen

Kaizen is another Japanese word often associated with lean terminology. Kaizen refers to the
increment of value and reduction of muda through continuous improvement. The philosophy
behind it is that the goal should always be perfection and every process can be improved. (Liker
& Convis, 2012) According to Chiarini (2013, p. 63), a lean organization is based on
improvement projects called Kaizen workshops or Kaizen events that aim to continuously
develop the process. Implementing such workshops into the routine work of all employees can
lead to great benefits in reducing the eight muda. The goal of the case study of this thesis is
virtually to recognize potential opportunities for such Kaizen events, i.e. parts of the process

where muda can be reduced.

3.3 Value stream mapping

According to Rother & Shook (1999, p. 1), a value stream means all the steps of the process
which shapes the raw materials into finished products for the customer. They developed the
value stream map as a tool to map the value stream, the material and information flows through
the whole value chain. They saw it necessary to develop such a tool since they had noticed that
organizations often use a “kaizen-offensive” method and rush into removing muda from
different parts of the process without considering the whole value stream. This often leads to
improvements in the targeted parts of the process, but the effectiveness of the whole value
stream remains unchanged. Value stream map was created as a tool that helps to see value,

differentiate it from muda and to remove the muda. (Rother & Shook, 1999)

Values stream mapping (VSM) is used to illustrate the holistic view from suppliers to end users.
That total value stream often includes multiple firms and lots of functions. In many cases it is
more useful to divide the process into smaller pieces which are more accessible to maintain and
understand. Therefore, VSM should always be done to a single product or product family.
(Rother & Shook, 1999, p. 3; Keyte & Locher, 2004, p. 6-7).

Figure 8 showcases the steps and workflow of the VSM method. According to Duggan (2013)
and Rother & Shook (1999), VSM is essentially a two-step process. It begins from analyzing
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and mapping the current state, and leads to a future state map, where the best possible, waste-
reduced future state for the process is designed. Urnauer et al. (2021) calls these steps the value
stream analysis (VSA) and value stream design (VSD). In VSA, the value stream is investigated
on a shop-floor inspection that is often referred to as a gemba walk. After the gemba walk the
material and information flows are illustrated on to a current-state value stream map, and the
value adding and non-value adding actions are identified. Then the waste-elimination process
can be started by creating a future-state value stream map in the VSD phase. Keyte & Locher
(2004) further note that the identified actions in a value steam map can be separated into three
distinct categories: 1. Actions that create value as perceived by the customer, 2. actions that
don't create value but are required by the product development, order processing or production
systems, and 3: actions that simply don't create value. Recognizing the correct category is

essential for the waste-elimination process and design of the future state.

Product/service

: 4= Determine the practical limits
family

of your mapping activity.

<4 Understanding how things currently
Current state drawing operate. The foundation for the
future state.

<+——  Designing alean flow.
Future state drawing

Work plan and

. . <4 The goal of VSM.
implementation

Figure 8 Necessary steps for mapping a value stream and implementing an improved design (After Keyte
& Locher 2004, p. 6).
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A basic value stream map consists of three sections: Process or production flow, communication
or information flow, and timelines. (Nash & Poling 2008, p. 2) In a shop-floor production,
where VSM is leveraged the most, the production flow is often referred to as the material flow.
Material flow describes the flow from materials into finished products. Therefore, the direction
of material flow is from the suppliers through the production to the customer. Information flow,
on the other hand, is the flow that tells the process what to do or make next, so it is in the
opposite direction than the material flow. (Rother & Shook, 1999) These directions hold true
for pure shop-floor production flows, but for non-production and administrative processes this
is not always the case. These kinds of transactional processes are often considered as a much
harder subject for VSM. The so-called material flow is not a flow of actual materials, but rather
consists of data and information. For example, in engineering activities this usually means
different kinds of design information like customer specifications or drawings. (Chiarini 2013,
pp. 33-34) At the bottom of almost every value stream map is a timeline that shows the cycle
times of different process steps and also the total lead time. (Nash & Poling 2008, p. 6)

3.4 VSM in a configure-to-order (CTO) environment

The characteristics of a CTO environment increases the amount of complexity in the delivery
processes. Having a lot of configurable products with a myriad of possible variations leads to
an increased amount of process steps in the value streams and the amount of value streams
altogether. The high complexity also means that clearly understanding the whole process and
seeing the big picture becomes challenging. (Kratochvil & Carson 2005) Nyaga et al. (2007)
note that these characteristics can also be assumed to result in increased amounts of waste in
the processes and lead to decreased customer service performance. Therefore, increasing
transparency, seeing the flows of the value streams, and clearing waste in the processes can be
seen as a challenging, yet increasingly important tasks.

As mentioned before, seeing the flow is an important factor in the value stream mapping
method. When products have a multitude of options, high variations in lead- and cycle times
and intertwining with multiple processes, the flow becomes harder to see. Equipment are often
shared between product families, and scheduling becomes harder due to machinery’s capacity

and availability. Complexity of material requirements planning schedules lead to high
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inventories on the floor that cause even more problems like missing parts and longer lead times.
(Duggan 2013, p. 26)

As mentioned before, values stream maps usually consist of production flow, information flow
and a timeline. The production flow is usually represented with process boxes that represent
process steps. Beneath the process boxes are data boxes that include all pertinent data
considering the process step. The value stream maps that usually focus on the shop-floor
production usually present the information flow with just simple labels that show what kind of
information is flowing. (Rother & Shook, 1999) Keyte & Locher (2004) present a "complete
Lean enterprise” approach where the information flow is enriched with more information on
the transactional office processes that affect the production-focused value stream. The labels in
the information flow are replaced with process boxes to help map the transactional processes in
more detail. (Keyte & Locher 2004, p. 4; Nash & Poling 2008, p. 11) Figure 9 shows an example

of a value stream map created with this approach.
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Figure 9 A Current State Map using process boxes with associated data boxes in place of labels on the

communication portion of the map. (Nash & Poling 2008)
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Nash & Poling (2008, p. 11) point out that in a map created this way, it is extremely difficult to
provide the transactional process steps in enough detail. Therefore, when inspecting a
transactional process that supports the production, each supporting step or value stream should
be mapped in a similar detail as the inspected production floor is mapped. Instead of stacking
the transactional process steps on the map of the production, the steps should be depicted on a
map of their own, treating the transactional steps in the same way as any other process step.
Nash & Poling (2008, pp. 51-52) further argue that just because a process exists in an office
doesn't make it transactional. These processes are often actually production processes that are
just misidentified. They do agree that there are some differences in the way you use the tool
when mapping different kind of processes, but the concepts introduced in the original VSM are

still valid.

The presentation style of the value stream maps that are presented in the case study of this thesis
follow the notions mentioned in this chapter. The supporting processes behind the inspected
process itself are mostly referred to with communication labels but supporting processes that

clearly affect the process lead time are displayed with process boxes.

3.5 Data-assisted VSM

As mentioned in chapter 2, manually created traditional process models have their own
problematics. Serrano, Ochoa & Castro (2008) advice that the data collected form ERP systems
should be leveraged in VSA. Ziegler et al. (2019) compare process mining and VSA and argue
that process mining is the best way to depict a current state map. As mentioned in chapter 2.1,
Urnauer et al. (2021) pointed out the limitations of traditional value stream mapping, and they

propose the use of process mining in a data-assisted value stream mapping method.

Figure 10 showcases the framework that Urnauer et al. (2021) propose for the data-assisted
current state analysis. Process mining methods process discovery and performance analysis are
embedded into the procedure. Knoll et al. (2019) have also demonstrated the usage of these
methods in a case study on internal logistics. Urnauer et al. (2021) note that regular discussions

with people working in the process are still advised for creating a common understanding of
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the information and material flows and for identifying Kaizen opportunities. The nature of the
performance analysis is case-sensitive, but generally refers to enriching the standard event log

data with additional data to perform process conformance and process enhancement activities.

On-site value stream inspection
+
Process discovery

v

Data validation and current state drawing

4 . o
On-site recording of process

. . Performance analysis
data and inventories J [ y

v

Enriching current state map with data

J

Figure 10 Procedure of a data-assisted current state analysis (After Urnauer et al. 2021)

The case study presented in this thesis showcases a VSM method where a process mining tool
is used in the creation of the current state drawing. The process mining tool used for the case
study is limited to a simple process discovery. Therefore, the case study adheres to the first
three steps of the data-assisted current state analysis framework presented in Figure 10. Further
use of process mining in a data-assisted VSA is advised, hence the potential of this data-assisted
VSM method showcased in the case study is demonstrated with a tentative future-state-map
where some process development opportunities are identified and further opportunities where

process mining could be leveraged are pointed out.
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4 CREATING THE CURRENT STATE MAP

This chapter will present the first part of the data assisted VSM case study. This includes the
procedure of data extraction for event logs, the use of the gathered event logs for process
discovery, and finally, the utilization of the process discovery in the creation of the current state
map. It should be noted that some values in the figures presented in this study are altered due

to confidentiality.

In the beginning of the case study, several personnel from the case company were interviewed
to create a common understanding of the material and information flows of the delivery process.
These interviews correspond to the gemba walk phase of a traditional shop-floor VSM. The
interviewees were personnel from each process step of the investigated delivery process, and
other personnel that were more familiar with the data structure of the case company’s SAP were
also interviewed. The interviews were used to create an understanding of the data that can be
collected, and the interviewees were also asked to point out any opportunities for data extraction
through custom SAP transactions. All notions in this case study concerning the delivery process
stem from the discussions with these personnel. A total of 15-20 personnel took part in these

interviews and discussions.

The "material” in this specific case of VSM refers to all the required documentation that needs
to be compiled in order that the production of the module can be started. Therefore, the material
flow is seen as the development of high-level documentation to detailed engineering
documentation and to material requirements. The development of the required documentation
through the delivery process is described in Table 2.
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Table 2 Documentation to be compiled before production can start

# | Documentation Explanation

1. | Sales order The frontline creates a sales order after making a sale with

the customer.

2. | Layout drawings Layout drawings comprise the high-level customer
specifications for the sales order.

3. | Listing documents The listing documents are the high-level engineering
documents. SAP line items are created for the sales order;
therefore, this is also the step where the module under
investigation in this study gets separated from the rest of the

sales order.

4. | Engineering documents | Engineering documents comprise the detailed structure and

material requirements for each line item.

5. | Stock transport order | The ESU material management (ESU MM) team purchases
(STO) the different line items after engineering is done. In cases
where the line item is produced by the case company, a STO
document is created. This is basically an internal plant-to-
plant purchase order inside the case company. The module
under investigation of this study is produced internally,

therefore, a STO document is created to NHE.

6. | Purchase orders (PO) The material management (MM) team purchases all of the
purchase-to-stock materials required for the production of
the STO. Purchase orders are created for all required

material.

7. | Goods receipts (GR) A goods receipt is created whenever a purchased material is

received in the stock of the factory.

All of the documentation described in Table 2 are done when a goods receipt is done for every
purchase order. This means that all the required material are at the factory and the production

of the module can be started.
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4.1 Data extraction

The natural order for gathering event logs for process mining according to the hierarchy was
presented in Figure 5 (process->case->event->attributes). The study was conducted with data
gathered from SAP, so the presented hierarchy had to be linked to data in the SAP system. The
process under investigation is the entire delivery process from order creation to the start of
production. In SAP, cases of the delivery process can be individualized with sales order
numbers (Figure 11). Therefore, gathering a list of sales order numbers that present the case
IDs is the first step. The selected sales orders cover all sales orders that include a line item for
the module under investigation, originated from a specific sales office addressed by the case
company, and that were manufactured between 31.07.2020 and 31.01.2021. The selection
resulted in a total of 167 sales orders. The list was composed with a custom SAP transaction

used for production planning.

delivery process sales activities attributes
of product x orders

* timestamp
» workcenter/
document number

eece
LISTING

LISTING
eoe

Figure 11 Structure and hierarchy of the event data extracted from SAP

After composing a list of the sales orders to be analyzed, the next step was to collect event data

about the process steps that present the activities. Considering that this study is carried out on
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the entire delivery process, there would be a myriad of SAP tables to extract data from.
Therefore, alternative options for data extraction, like custom reports, are preferred over direct

extraction from SAP tables.

The collection of data started off during the interviews with personnel working in different
phases of the delivery process. The main two main purposes of the interviews were to create a
general understanding of process steps, and to survey if there were any readily available ways
to collect event data. A key question for every interviewee was that what kind of event data
would be possible to collect from their process steps and if there were any readily available
reports that could be useful. Data can be loaded directly from SAP tables, but it would require
the user to know exactly what data is needed and from which tables the data could be collected.
This would require a deep understanding of SAP data architecture as well as knowing exactly
what kind of data each process steps generates. Therefore, leveraging any readily available
reports was seen as a far better option as it would also make the further usability of this kind of
data assisted VSM method much better.

The final data set used for the study includes a report generated in a custom SAP transaction
enhanced with some data loaded directly from SAP tables. The custom transaction used is no
longer in regular use at the case company. It was originally developed for weekly reporting of
engineering activities and can be used to generate a list of all the network activities for given
sales orders. This kind of data format is great for process mining, as the network activities
correspond to a multitude of the process steps under investigation. The generated report also
includes the timestamps of the activities, as well as some additional attribute data, so the old
report turned out to be extremely useful for process mining. The used report was further filtered
with multiple criteria concerning the scope of this study. A more detailed explanation of these

criteria was provided to the case company in an external document.

The report generated in the custom SAP transaction covers the most important milestones from
the order creation to order delivery. However, the milestones were quite vague from the end of
the engineering activities onward. Therefore, it was deemed necessary to enhance the data set
with some data loaded from SAP tables. SAP tables EKKN and EKBE were used to gather PO

numbers, creation dates and GR dates. These were used to create event data about the ESU MM
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and MM process steps. More detailed explanation of the data processing was provided to the

case company in an external document.

With the filtered event data gathered from the engineering activity report and SAP tables, the
event log was ready for process mining. Now a process discovery algorithm can be used to
create a model of the process flow. This model is then used to help with the illustration of a
current state value stream map. The event log activities that were most used for the process

discovery are displayed in Table 3.

Table 3 Event log activities most used in the study

Activity Explanation

FL OR Creation of the sales order by frontline

ORDER CHECK | The order clarification process is completed

LISTING The listing process is completed

ELHW The hardware engineering is completed

ELSW The software engineering is completed

NRP The no-return-point is confirmed

ESU STO The stock transport order (STO) document is
created

Latest PO done All purchase order (PO) documents are created

Latest GR done All goods receipt (GR) documents are created

4.2 Process discovery

Next, we will go through the process steps that generate the documents introduced in Table 2.
The most important activities from the collected event logs are recognized and they are used as
milestones to calculate lead times for the VSM using the process mining software. The result
of process discovery using only the most important activities that correspond to the creation of

the documents is depicted in Figure 12.
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Figure 12 Result of the process discovery when only the most important activities are selected (the values

are altered due to confidentiality)

Some of the transition times showcased in Figure 12 can be used as such to derive throughput
times for the current state map, but many of the process steps require further examination. Next
will follow the presentation of the process steps and explanations of the calculations of
throughput times for the current state map.

4.2.1 Order clarification

After frontline has booked a sales order, the order clarification process takes place. The goal of
the order clarification is to define the specifications for the sales order at a high level. Most
importantly this includes the generation of layout drawings and their approval by the customer.
Other drawings can also be required if requested by the customer. There can be several
iterations with the submittal of the layout drawings, and in large projects the order clarification

can take a long time, even years.

From the data and event log perspective, the order clarification process is somewhat
problematic. The frontline uses two different kind of order booking systems, and depending on
the system used, the SAP network for a sales order is created at different milestones of the
process. Naturally, this also influences the network activity data. Depending on the booking
system used, the network is created either at the time of the sales order creation date (activity
FL OR) or at the end of the order clarification process (ORDER CHECK activity). In the cases
where the network is created at the end of the order clarification process, the activities that are
placed between FL OR and ORDER CHECK have incorrect timestamps.
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Because of the problem mentioned before, the time between activities FL OR and ORDER
CHECK was used to derive the throughput time of the order clarification process. Examination
of more precise activities using SAP data is only possible for orders created with the specific
booking system. At the end of the order clarification process, the requested delivery dates for
the supply line are known. From this point onward, the delivery process is carried out as fast as

possible.
4.2.2 Listing

The layout drawings produced in the order clarification phase are forwarded to listing. At the
beginning of the listing phase, the project handler schedules the sales order according to the
supply line’s delivery dates defined during the order clarification. The project handler notes all
documentation that is needed for listing and creates the SAP network for the sales order. This
essentially means breaking down the different modules of the final product into line items of
the sales order in SAP. Therefore, this is also the step where the module analyzed in this case
study is distinguished from other modules of the sales order. Then an allocation engineer
allocates the sales order to a listing work center. Listing determines that which modules need
further configuration and need to go through further engineering, and which modules are ready
for procurement/production. Finally, as a quality assurance, the listing engineers work is cross-

checked by another listing engineer. (Figure 13)

O 1 O 1 ! !

Figure 13 The listing process

There were two activities in the event logs used that directly correspond to the listing phase.
These are LISTING and LISTING CHECK. The LISTING activity corresponds to the end of
the listing engineering itself and the LISTING CHECK activity is used to confirm that the
listing check is indeed done. However, the interviewees confirmed that these activities are both
confirmed as completed simultaneously only after the listing check is done. Therefore, the

listing process is treated as a single activity in the VSM.
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4.2.3 Engineering

There are several different engineering work centers in the case company. The engineering for
the investigated module is divided into two parallel process steps conducted by two different
work centers: hardware engineering and software engineering. These steps only take place
when needed, i.e. when configurable modules need engineering before they are ready for
procurement. In the cases selected for this study, the steps were included in each case. It was
also confirmed during the interviews that the module under investigation does indeed require
both engineering steps most of the time. The engineering processes work similarly to the listing
process (Figure 14). However, it is to be noted that software engineering is done independently
from the rest of the delivery process only after the module is released for production. Therefore,

it does not affect to the flow of the rest of the delivery process like hardware engineering does.
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Figure 14 The engineering process

Activity ELHW marks the end of hardware engineering. Hardware engineering can begin when
listing is done and the engineering activity has been allocated by the allocation engineer. Similar
to the listing engineering phase, "ELHW CHECK" activity is confirmed simultaneously as the
"ELHW" activity. Therefore, ELWH is considered as a single activity in the VSM. The time
spent for ELWH is calculated between the end of "LISTING" and "ELHW" activities.

4.2.4 No return point (NRP)

While it is not considered as a process step in this study, the no return point (NRP) is an
important milestone for the process. The NRP is a date given from the frontline and it essentially
means that production can be started. Therefore, it also works as an impulse after the
engineering steps that the process can be continued and be proceeded to production. In SAP
this is seen a status change for the line item. Line item statuses in SAP are changed in the

following way:
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ClI - Line item requires further engineering.
CE - Does not require further engineering, NRP is not given.

CR - NRP is given and production can start.

The timing of the NRP date with respect to other activities is not a constant. It is often timed
around the engineering activities, and therefore, it doesn’t affect the process flow. Sometimes,
however, the NRP is confirmed only after the engineering activities are done. In these cases, it
causes some excess wait time in the process as the process cannot continue from the engineering
steps onward until the status is changed to CR. When listing is done, the line item status is
changed to either CI if the line item needs further engineering, or CE if no engineering is needed
but NRP is not given yet. After all engineering steps required for the line item are done and

NRP is given, the status is automatically changed to CR.

425 ESUMM

After engineering is done and NRP is given, the line item status is changed to CR automatically.
This means the line is ready for production. However, the next process step is to creation of a
purchase order or stock transport order for the line item. The ESU MM team is responsible for
the procurement of the sales order on the line item level. This means that they create POs and
STOs for the line items, depending on where the line item is manufactured. Different modules,
I.e. line items in SAP, are procured from different sources. Some line items are procured as a
whole from external vendors, while some are procured from the company's own manufacturing
plants. The module under investigation of this study is always manufactured in the company's
own manufacturing plant, so in this case a STO is created. The ESU MM team does not directly
monitor the confirmation of NRP, but rather looks at the status of the line item. When status is

changed to CR, the STO document can be created.

The creating of the documents is straightforward and doesn't take a lot of time. The timestamp
used for the ESU STO activity is the creation date of the STO document. There were 4 different
scenarios concerning the timing of the NRP and ESU STO, thus affecting the calculation of the

throughput time for this process steps. Depending on when the NRP confirmation is given, the
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preceding activity for ESU STO is either NRP of ELHW. Figure 15 shows the result of the
process discovery when activities LISTING, ELHW, NRP and ESU STO are selected. The
figure also shows the throughput time of the ESU STO activity in 2 different scenarios. It should
also be noted that there are 29 cases where ESU MM activity happens before the NRP
confirmation. If the normal procedure is conformed, this should not be possible. This can only
happen if the status of the line item is changed to CR manually. This topic is covered in more

detail in chapter 5.2., where all of the 4 different scenarios are also presented.

Frequencies of transitions

ESU STO KT

Average durations of transitions (NRP as preceding activity)

> @ m——m, G
- 12 days - =

2 months 6 months
Average durations of transitions (ELHW as preceding activity
— excluding 29 cases where NRP comes after ESU STO)

1 month,

27 days

Figure 15 The leading transitions of the ESU MM activity (the transition time values are altered due to

confidentiality)

The requested delivery date for the STO created is the date when the finished module needs to
be delivered, i.e. the date according to which production planning makes their schedule. ESU
MM aims to choose the requested delivery date according to the planned delivery dates, but

sometimes this is not possible due to the minimum lead times needed for production. If the
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process is already behind schedule, it is not possible to request the delivery date according to

the plan, but it has to be done in respect to the minimum lead times of the production instead.

4.2.6 MM team and receiving of materials

After the STO document is created for the line item of the sales order, production planning adds
the production of the line item to the production schedule. The MM team is responsible for the
procurement of materials needed for the production of the module. Creation of purchase orders
itself is usually a fairly simply task but might require a request-for-quotation (RFQ) process
before the purchase can be done. Suppliers might also run into problems and cause delays to

the delivery of materials.

It should also be noted that data could not be gathered from the production planning process
step. In the value stream map, production planning is presented as a supporting process step
above the process steps included in the material flow. Since the throughput time for the MM
team is calculated from the previous process step, which in this case is the ESU MM, the
throughput time of production planning is included in the throughput time of the MM teams

process steps.

Data for the MM team and materials receiving process steps was gathered directly from SAP
tables. Tables EKKN and EKBE were used to gather PO numbers, document creation dates and
GR dates. Using the data, an activity "Latest PO done™ was created for each case by taking the
latest creation date of a PO document for each case. Similarly, an activity "Latest GR done"
was created for the latest GR date for each case. The throughput time for the MM team’s process
step and the lead time of materials until they are received were calculated using these activities.
Confirmation of the materials receiving itself is a fairly quick task, hence the throughput time

of this activity mainly refers to the delivery time of the ordered materials.

It should be noted that some of the materials for the production consist of stock materials, while
some materials are purchased to order. The process steps for MM team and materials receiving
in the VSM only refer to the purchase-to-order materials as materials that are purchased to stock

cannot be linked to a sales order, i.e. a case instance. The stock materials are also problematic
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because the stock levels of stock materials at past points could not be examined. This means
that it is not possible to infer whether there has been a stock material shortage situation that has

caused delays.
4.3 The current state map

The current state map can be seen in appendix 1. It is to be noted that the map only includes
steps that are included in the delivery process of the line item that is under investigation. The
value streams of other products may have some differences. Explanation of the icons used in
the value stream maps are explained in Figure 16.

_ A process box is Information flow /
‘ used to identify a S S— one-way communication

@ specific process step

A data box is used to Information flow /

C/T = xxx d ibe th ial r
Batch = xxx escribe the essentia F\ﬁ two-way communication

metrics of a process step

Labels are used with

Material flow / N
-:-:-:> a push arrow Label communication arrows to

describe the communication

Kaizen bursts are used to
Kaizen describe identified
development opportunities

FL / supply unit / Used to depict important
production stakeholders

Figure 16 Icons used in the VSM

The interviews, i.e. the gemba walk conducted for the study aimed at creating a general
understanding of the process flow and understanding what kind of data could be gathered from
each step for the event logs. Sketching of the current state map begun from the basic
understanding of the process flow gathered from these interviews. After the event logs had been
gathered, the map was further complemented with the use of process discovery as described
previously in this chapter. Event logs and process discovery was mainly used for presenting the
throughput times of each process step. However, the amount and format of available data also
guided in the selection of process steps to be presented in the VSM. For example, order
clarification is presented as a single process step because of the characteristics of the available

data mentioned in chapter 4.2.1.
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It is to be noted that the timestamps in the event logs are in format “dd.mm.yyyy”. Therefore,
the data is only on a 24-hour accuracy. The throughput times presented in the current-state-map
are average times that the process discovery tool calculates using this data. The process
discovery tool used only generated the average time of transitions. This might be a problematic
figure to make assumptions out of if the throughput times have a lot of variation. Therefore, the

distribution of the transition times are presented in chapter 5.1.

It is also worth noting that the generated current state map is virtually a simplified, compact
way of presenting the results of both the process discovery and other notions made during the
interviews. Essentially the material flow of the VSM is created through the use of process
discovery presented in this chapter, and the communication flow is created based on the
interviews. The most notable aspect of the communication flow is the one contact point
principle to coordinate the communication. The communication flow between organizational
units and the positioning of the observed processed steps in these units is displayed in Figure
17. All the discovered development opportunities, expressed as Kaizen bursts in the current

state map, are further explained in chapter 5.

SUPPLY LINE SUPPLY LINE
cUsTOMER [Rqmpdll FRONTLINE [Rqmpl SUPPLYLING e EACTORY

engineering

*  Order creation *  Order clarification * LISTING *  Production planning
* ELSW * MM team
*  ELHW * Receiving

Figure 17 Positioning of the process steps in the organizational units
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5 FURTHER ANALYSIS AND THE FUTURE STATE MAP

Process mining was leveraged in the generation of the current state map, but only the most
important activities that directly correspond to the crucial process steps were used to derive the
average transition times between these steps. However, the event logs contain a lot more event
data than just the main steps which happen at each process instance. The event logs also include
data about some additional activities that cause prolongment in the lead times. Analyzing these
activities is important for finding the root causes of muda. Thorough analysis of such cases
would be a use case for other process mining techniques like process conformance and
enhancement. This chapter presents an analysis of the most distinct development areas in the
process that were detected from the creation of the current state map with the process discovery
tool alone. Suitable use cases for more sophisticated process mining tools are also remarked.

Chapter 5.1 presents a further analysis on the average throughput times of the process steps.
The aim of this analysis is to find if there is a lot of variation in the throughput times of any of
the process steps. Chapter 5.2 addresses the timing of the NRP confirmation. According to the

data, this was noted to affect the throughput time of certain process steps.

There are also options to increase the quality of data. More detail could be focused on when
SAP activities are confirmed, and even more activities could be used to describe the
development of the processes in more detail. Another option is to collect event data from all of
the used information systems. The latter option, however, would require attention in business

intelligence and data warehousing operations.

5.1 Throughput time distribution

The throughput times of the process steps depicted in the current state map are derived from
the average times of the corresponding transitions in the process discovery. It should be noted
that the averages times may be stretched out by outliers with exceptionally long throughput
times. Therefore, it is beneficial look at the distribution of the throughput times of each process
step. The histogram for the throughput times of the first three process steps of the current state

map can be seen in Figure 18.
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Figure 18 Histograms on the throughput times of the first three process steps

From the histogram in Figure 18, it can be seen, that even though the average throughput time
for the order clarification is almost 6 months, in a vast majority of cases (131) the throughput
time is under 3 months. Few cases where the order clarification process has taken years stretches
the average time. The extreme lengths of this process step shouldn’t be problematic itself, as
these are usually caused by problematics in the customers end, and the delivery dates for the
supply line aren’t agreed before these problems are sorted out.

During the interviews it was stated that the instructional throughput time for the actual listing
step is between 5-15 days depending on the complexity of the sales order. Therefore, the listing
process seems to conform to the instructional time with some exceptions as some very complex
cases seem to take much longer. It is to be noted that the instructional time is for the listing
engineering process step, and the listing process inspected in the VSM considers the whole
listing process as explained in chapter 4.2.2.. The throughput time of the hardware engineering
process has a similar distribution as the listing process. By observing the data, it seems that the
listing and engineering steps executed don’t necessarily have any major issues. The throughput
times are distributed quite well along the instructional throughput times, but the average

throughput times can, of course, always be lowered through Kaizen and continuous
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improvement. Ways to eliminate the rare cases with exceptionally long throughput times should
also be investigated. It should also be noted that unnoticed mistakes made during the
engineering steps are not necessarily visible in the throughput time of these main process steps,
but can cause problems later in the delivery process. Change management is addressed in more
detail in chapter 5.3.

Figure 19 showcases the histogram for the throughput times of the last three process steps. The
average throughput time for the ESU MM process step is over a month, but over half of the
cases (87) take under a week. The throughput time presented in the histogram is calculated with
the time between the ELHW activity and the ESU STO activity. The long throughput times of
the ESU MM activity appear to be mainly caused by the timing of the NRP confirmation. This

phenomenon is addressed in more detail in chapter 5.2.

Distribution of transition times (ESU MM) Distribution of transitions times (MM team)
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Figure 19 Histograms on the transition times of the last three process steps

The throughput time of MM team was calculated with the duration between ESU MM and
Latest PO done activities. Therefore, this process step includes the time spent for production
planning in addition to the time spent for material management. Of all the observed activities,
the MM team activity has the most spread in the throughput time. This is partly explained by

the fact that it also contains the time needed for production planning. Production planning is
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often dragged out if the required delivery date for the sales order is far away in the future. This
is because planning is always done to the most acute orders first. Moreover, production planning
and material management will not yet be done if the order is not yet to be manufactured.
However, as the root causes for the lengthy cases are not directly observable from the data, it
would be advisable to investigate this part of the process further as there can potentially be large

improvement areas that are not visible from the data used in this study.

The throughput time of the materials receiving process step mainly refers to the lead time of
materials deliveries for each case. This transition time was calculated between the “Latest PO
done” activity and the “Latest GR done” activities. The average transition time seems to be
between 4-6 weeks, but in some problematic cases the deliveries take much longer. From the
delivery processes perspective, this transition consists of excess wait time that can be minimized

via supplier development.

5.2 The effect of NRP timing

ESU MM does not monitor whether the NRP is confirmed or not — they only check if the status
of the order is changed to CR. The status automatically changes to CR after ELHW is completed
and NRP is confirmed. However, there are 29 cases where ESU STO is done before the NRP
is confirmed (Figure 20). These are cases where the status is changed to CR manually. There
was no clear consensus on what leads to the manual change of the status. However, by looking
at the figure it can be seen that there is an average wait time of 2 months between ELHW and
the ESU STO in these cases. It is possible that these are cases where the NRP confirmation has
been delayed for some reason and the delay is starting to cause stress on the schedule of late
parts of the process due to upcoming delivery dates. Therefore, the status is changed to CR
manually and these orders are proceeded to ESU MM and production before the confirmation
of NRP.
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Figure 20 The timing of NRP and its effect on the average throughput time of ESU STO activity (The
transition time values are altered due to confidentiality)

Another possible cause for this problem is the rigid procedure for confirming the NRP. The
confirmation of NRP usually affects a single delivery group, which covers multiple line items
of the order. Hence, if one line item is not ready to be confirmed, it may cause unnecessary wait
time for other line items of the delivery group even if they were ready. This is another possible
reason for the late confirmation of the NRP and therefore, it could be worthwhile to investigate
if there is a better option for the process of changing a line item’s status to CR than looking at

the NRP confirmation date.

The average throughput time of the ESU MM activity was calculated in two scenarios for the
VSM: When it is preceded by ELHW and when it is preceded by NRP. Figure 20 shows that
there are actually 4 different scenarios that were used to calculate the throughput time of ESU
MM and the excess wait time between ELHW and ESU MM caused by the NRP. When NRP
is confirmed early, the average throughput time for ESU STO is only 3 days. This climbs up to
a 2-month average in cases where confirmation of NRP is prolonged.

It is clear, that the prolongment of the NRP confirmation is the cause for the long throughput
time of ESU MM. This is a potential development area for the process, as even if the delivery

schedules of these orders don’t require the production be started early, the possibility to do so
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would give production planning more options to plan the production time of these orders among
more acute orders. Without these long cases the average throughput time for the ESU MM

activity should be well under a week.

The analysis of the effect of NRP timing is also a good example of a use case where a more
comprehensive process mining software would be useful. They directly show the amount of
different variants of the process and their performance vs. the ideal variant. They also offer
options for monitoring the process conformance through different key performance indicators
(KPIs) etc.. The analysis presented here requires the user to manually discover the effect that
activities have to another. More sophisticated process mining algorithms could detect such
problems automatically, allowing the inspection of these kinds of situations more

straightforwardly

5.3 Change management for sales orders

There are some incidents that cause unwanted iterations to the delivery process. Sometimes the
customer specifications are insufficient, sometimes the customer wants to make changes to the
order during the process and sometimes there are some mistakes during the engineering steps
of the process. These kinds of incidents require changes to be made to the documentation after
the initial documents were declared completed. These kinds of changes of course need some
time to be fixed and prolong the process. As an example, Figure 21 shows the average time
between listing revision activities and the initial listing activity in the event logs of this study.
There were a total of 42 revision activities for listing in the 167 observed cases. This means that
in ~25% of the observed cases the listing process needed to revisioned later. Therefore,
developing the engineering sub-processes to ensure that all activities are done right on the first
time is another potential development area for the overall delivery process.
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Figure 21 Timing of listing revision activities compared to the initial listing activity (The transition times
are altered due to confidentiality)

The revisions needed are generally more problematic the later that they are noticed. For
example, if an engineering mistake is not noticed until the line item is in production, it will
possibly cause a long delay. For example, if new kind of material is needed for the production
because of the change, it may take multiple weeks to get the new material.

During the interviews it was revealed that sometimes changes to the specifications or other
quick engineering fixes are done without creating a dedicated activity to the SAP network. This
is because opening a new activity can be time consuming. Sometimes opening an activity for
the fix can be more time consuming that doing the fix itself. This is of course totally
understandable from the operational perspective of an engineer, but this causes the loss of event
data and the process becomes harder to analyze afterwards. This again brings up the aspect of
data quality that should be focused on if the case company wishes to pursue more analytical
projects that rely on the use of data.

5.4 The future state map

Appendix 2 depicts the proposed future state map. The changes that are made to the future state
map compared to the current state map are based on the notions made during the process
discovery phase presented in chapter 4.2, and the further notions established previously in this

chapter. The main purpose of the future state map is to illustrate the potential of the presented
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data assisted VSM method when it is furthered with other process mining techniques or other
process improvement methods. The process discovery tool was found suitable for depicting the
current state map and therefore increasing transparency of the whole process, but further
process mining techniques are required to locate the root causes behind the problem areas. The
improved throughput times for different process steps that are presented in the future state map
could be achieved by taking action on the development areas that were recognized during the
study. The presented throughput times of the different process steps are estimations of values
that could be achieved if the recognized problem areas can be fixed. Therefore, it depicts a
possible ideal state of the process that could be achieved if it was to be developed with
appropriate methods. Such methods could include further utilization of process mining

techniques or other process development methods.

The proposed throughput times are rough estimations of average throughput times that could
be achieved by developing the sub processes so that the singular long throughput times could
be averted. For example, the new throughput time of the ESU MM process step could be
achieved if the delivery process can be changed so that the NRP can always be confirmed before

the ELHW process step is finished.

It should also be noted that the timing of some of the process steps and the NRP confirmation
are not always exclusively guided by the push of the material flow. Delivery dates and other
deadlines agreed with the customer can also affect the timing of process steps. Most of the
extremely long throughput times observed in the data are most likely incidents caused by the
customers end that put the process on hold rather than being problems in the delivery process
itself. Locating the actual problematics and separating them from other scenarios where
necessities cause the delays is also a problem that can be addressed with other process mining
techniques.
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6 CONCLUSIONS AND DISCUSSION

This chapter reviews the conducted case study and lists the main findings of the research. These
findings are used to answer the research question. As a reminder for the reader, the research

question was formulated as follows:

“Is data-assisted VSM via process mining a suitable method for examining a delivery process
to increase transparency of the process and to discover process development opportunities to

reduce the lead time?”’

The findings were achieved by conducting a single case study on the delivery process of a
specific product of the case company. The findings are reviewed in the case company’s context,
but the methods holistic applicability to similar use cases is also considered. The method is

evaluated, greatest challenges are addressed, and further research is proposed.

The findings can be vaguely put in two categories: First are all the notions and challenges
concerning the data availability, collection and quality. These concern the ease of implementing
this process development method. Second are all the notions concerning the method itself, the

results it provides and the usefulness of it.

6.1 Summary of findings and evaluation of the method

During the interviews it was found that a report generated form a custom SAP transaction
provides activity data from all steps of the delivery process. This activity data was found
suitable for process mining as it can be transformed into event logs with relatively little effort.
If required, the event logs can be further enriched by loading data directly from SAP tables, as

was done with data concerning the last steps of the case study’s delivery process.

The proposed method for a data-assisted VSM is relatively fast and easy to implement after
required data sources to gather the event logs are discovered and data preparation is done. The
case study focused on finding data covering the whole delivery process and the analysis was

conducted on a fairly high level. The method of the study could also be focused on a specific
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part of the process: Collecting more detailed data from a condensed part of the process would
allow for a more detailed analysis. In such case, the method is still expected to be fairly easy
and fast to implement, as long as the required data sources are known, and the data is prepared

accordingly.

Through the conduction of the case study, it can be concluded that event logs and process
discovery can be used as a resource for generating a VSM for any kind of a process, for simple
and linear process flows also. If an organization can succeed in creating a framework that can
be used to generalize the data collection and preparation to conduct a data-assisted VSM for
several different processes or the same process for different products, it can also be a time-
saving way for process analysis and development. This requires that the data sources for event
logs are known and that the data can be quickly formatted to be used with a process mining
tool. For example, the network activity data used in this study can potentially be leveraged for
conducting a data assisted VSM in a large number of different product modules and sub-

processes in the case company.

As the process discovery itself presents the transition times between activities, creation of an
actual value stream map is not even necessary if only a visualization of the process’s throughput
times is desired. The model created by the process discovery is essentially just a depiction of
the material flow part of a value stream map. Therefore, deciding whether to follow through
with the VSM method to the creation of the value stream map depends mostly on whether the
communication flow of the value stream map is deemed necessary. If not, the process discovery
itself can be sufficient to depict the process. This highly depends on the nature of the process
under investigation and established process development practices of the organization. It is also
to be noted that in literature, process discovery is often referred to as the first step of process
mining as explained in chapter 2.3.. Other aspects of process mining can be used to further
analyze the process after the initial process discovery. Either process mining techniques or the

VSM method can be used to develop a process, or they can be used to complement each other.

The greatest advantage of using event logs and process mining to model processes is the fact
the generated models are dynamic and can be easily updated. If the used process mining tool is

connected directly to the information systems where the data is collected from, the model can
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be automatically updated with fresh data. A big disadvantage of manually created models is
that they are just snapshots of a momentary state of the process; By using refreshable data this
downside can be avoided. The material flow part of the proposed data assisted VSM method is
to a large extent based on the use of event logs. Therefore, it can be stated that a VSM can also
be presented as a dynamic model to allow continuous development and therefore, be used as a

basis for a Lean organization.

The power Bl tool used for this study works well for the purpose of basic process discovery
and creation of a current state map. However, the tool is limited into examining the general
level of the process; frequencies of the different activities, average cycle times between them
etc. When considering the different paths and iterations in the process flow model that differ
from the optimal route, it would be extremely beneficial to be able to examine these more
thoroughly. These deviant routes in the process flow are the main sources of muda in the
process, and it would help greatly to be able to pinpoint the exact number of similar scenarios
that occur to locate the sources of muda. The tool used in the study does not allow the selection
of a specific route so that the analysis could be easily focused on a specific problem etc. These

are the kind of problems that could not be tackled with the tool used.

To summarize, the usefulness of the proposed data assisted VSM method itself is quite bilateral.
Process discovery was found to be extremely useful for increasing transparency of the process
and discovering the throughput times of the process steps. The presentation of the process
discovery model in the form of a current state value stream map, enriched with other notions
made during the gemba walk, is arguably a compact way to present the results. However, it was
noted that further exploitation of more comprehensive process mining tools would be a more
beneficial way to analyze the process further and truly find development opportunities instead
of just highlighting potential problem areas.

If the visual presentation of the process is preferred to be in the form of a value stream map,
this method can be considered as a suitable way to do so. Therefore, to answer the research
question, it can be stated that the proposed method is indeed suitable for increasing transparency
of the process. However, to properly analyze the performance of the process and to discover

development opportunities, further exploitation of more sophisticated process mining methods,
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e.g., process conformance and enhancement, is proposed. As demonstrated with the future state
map of the case study, the method is expected to be effective for this purpose also if more

advanced process mining tools are available.

6.2 Notions on data quality and availability

The main data source used for this study was the report generated in a custom transaction in
SAP. The activity data in this report is linked to network numbers. This is problematic, because
the network numbers in SAP are linked to the sales order numbers instead of the line items of
the sales orders. This means that the report always produces activity data that concerns the
entire product and can not be focused to only include the module under inspection. The data on
the report was filtered so that only activities concerning the desired module are included.
Filtering was done by work centers and descriptions of the activities. This adds a lot of manual
work for the data transformation phase and since there are no attributes that would explicitly
identify the line items that each activity links to, this manual process can not be automated with

the current data set.

There were also a few other deficiencies in the data. First, the timestamps used are only for the
finishing dates of the activities/process steps. Therefore, using only the data it is impossible to
distinguish between non-value-adding waiting time and value-adding time that is indeed
necessary to perform the process steps. The timestamps also only contain the date, so the
information is only on a 24-hour-accuracy. This is a sufficient accuracy for the major process
steps investigated in this study, but for more detailed analyses a more precise accuracy would
be beneficial. Another deficiency is that the revision activities of the engineering steps are not
always created in the ERP system for practical reasons. This leaves these activities out of the
event logs and makes retrospective data-analysis less efficient. Finally, the ERP system does
not provide all necessary data for a thorough analysis. For example, depending on the booking
system used for the order creation, all data from the order clarification phase is not always
available in SAP. However, this problem mainly concerns the scope of the study since the study
was limited to the data available in SAP. Data from other systems could be used for a more

comprehensive data set.



49

Process-wise, the scope of the case study was quite large. This means that it is a lengthy and
laborious task to gain a deep enough understanding of the entire delivery process; How the
different process steps work and how SAP produces data on each step. Thoroughly going
through all the different steps, the usage of SAP in these steps and the possibilities to gather
event data from these steps requires the full attention of employees who work in each step of
the process and personnel with deep understanding of SAP data architecture. These problems
concerning the initial process study and data collection phase could be partly tackled with a
data warehousing solution built for this kind of projects. As the data collection and
transformation are the most time-consuming tasks of these kinds of projects, it can be
recommended to focus time and resources on data governance to enable smooth execution of

data driven business development.

It is clear that projects of this nature would benefit from improved data quality and availability.
The data extraction and transformation were the most time-consuming parts of this study, and
as mentioned before, this is usually the case for any data-driven development projects. The case
company, or any organization that wishes to pursue data-driven business development projects
should consider developing a concerted data warehousing solution, as this would streamline the
process of gathering data for various use cases. An appropriately built data warehouse would
have data from multiple data sources readily available and there would be no need to limit any
projects to a single data source because of too much complexity. Readily available data would
make data driven projects much easier to carry out, especially for business users who wish to
focus directly on process development aspects without spending too much time on steps

concerning the data extraction.
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Appendix 1. The current state map
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