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Opinnaytetyon tarkoitus on luoda tehokas varastotasojen hallinnointitapa, mika pe-
rustuu data-analytiikan hyddyntamiseen. Tyon tuloksena syntyy liiketoimintaalylla
(Business Intelligence, Bl) hoystetty ratkaisu, jonka avulla voidaan automatisoidaan
varastonhallintaa. Opinnaytetyon tuotoksena syntynyt varastonhallintamenetelma tu-
lee tuottamaan kuukausittain raportteja kuukausittaiseen Sales and Operations Plan-
ning tapaamiseen.

Alusta, jonka avulla varastotasoja seurataan on Microsoftin keittama PowerBI. Po-
werBl kayttaa tassa tyossa datalahteena datavarastoa (DWH), joka on koostettu yri-
tyksen Enterprise Resource Planning (ERP) jarjestelméan kayttamasta Structured
Query Language (SQL) relaatiotietokannasta kayttden hyvéaksi dimensionaalista da-
tamallinnusta. Yrityksen kayttama ERP jarjestelma on yhteydessa samaan tietokan-
taan, joten sama, ajantasainen tieto saadaan analytiikkaty6kaluun aina kerran pai-
vassa.

Tyon kaytanndnosassa maaritetaan varmuusvarastot seka uudelleentilauspisteet
kriittisille nimikkeille seka kyseisten nimikkeiden toimitusaikaa toimittajalta seurataan.
Myds kyseisten nimikkeiden keskiarvokysyntaa, keskiarvotoimitusaikaa seka naiden
hajontaa seurataan.

Nimikkeet segmentoitiin kayttaen hyvaksi ABC-XYZ analyysia. ABC analyysi luokitte-
lee nimikkeet niiden kumulatiivisen varastoarvon mukaan seka XYZ analyysi luokitte-
lee nimikkeet kysynnan vaihtelun mukaan.

TyoOn teoriaosuus pitaa sisallaén toimitusketjun hallintaa seka riskeja, jotka ovat ajan-
kohtaisia toimitusketjun haavoittuvuuden nékdokulmasta. Teoriassa myds vertaillaan
eri tuotantomalleja kuten Make to Stock (MTS) ja Engineer to Order (ETO) sekad mi-
ten ndma vaikuttavat kysynnan ennustettavuuteen.

Avainsanat: Inventory Planning, Safety Stock, Re-order Point, Dimen-
sional Modelling, Business Intelligence, Sales and Opera-
tions Planning, Customer Order Decoupling Point
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The objective of this thesis is to develop an effective stock management strategy
using Business Intelligence (BI) tools for BlueFors Oy. This strategy is designed to
automate inventory management, ensuring that the company's stock levels are
maintained efficiently.

This thesis utilizes Microsoft's PowerBl as the primary platform for monitoring
inventory levels. PowerBI connects to a data warehouse (DWH) that originates from
the case company's Structured Query Language (SQL) relational database, using
dimensional data modeling. The Enterprise Resource Planning (ERP) system used
by BlueFors Oy is connected to the same database DWH utilizes, so the same up-to-
date information is always available in the analytics tool and updated once a day.

The practical aspect of this thesis focuses on determining Safety Stock and reorder
points for critical SKUs, along with monitoring supplier lead times for these items. Key
metrics such as the average demand for SKUs, lead times, and their standard
deviations are also analyzed. Part of this study is the segmentation of SKUs using
the ABC-XYZ analysis, a method that categorizes SKUs based on their cumulative
inventory value (ABC) and the variability of their demand (XYZ).

The theoretical part of thethesis includes supply chain management topics and the
associated risks that are topical from the point of view of supply chain vulnerability.
Additionally, the thesis briefly compares different manufacturing models, such as
Make to Stock (MTS) and Engineer to Order (ETO).

The outcome of this thesis is a Bl-based solution that generates monthly reports for
the Sales and Operations Planning meetings, thereby optimizing inventory
management for BlueFors Oy. With the implementation of these tools and strategies,
efficient inventory management can be established, resulting in improved stock level
profiles. This outcome not only streamlines the inventory management process but
also provides a scalable solution for future adaptations in the company's operational
strategies.

Keywords: Inventory Planning, Safety Stock, Re-order Point, Dimen-
sional Modelling, Business Intelligence, Sales and Opera-
tions Planning, Customer Order Decoupling Point
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1 Introduction

The thesis examines the implementation of Inventory Planning. Inventory Plan-

ning has a central role in Supply Chain Management.

A key topic in Supply Chain Management is deciding how much inventory to
have. When developing inventory management plan, trade-offs between the ad-
vantages and disadvantages of holding inventory should be acknowledged and
compared. In some situations, trade-offs steer to decide towards a small inven-
tory over large one, or vice versa (Lee Krajewski et al. 2016 p. 340). In some
cases, deciding on inventory size needs a boarder analysis, due to scarcity of

components, for example.

The challenge for the thesis is stock management that is not controlled. The
current inventory management method results in stockouts and overstocking.
The study for the challenge started from identifying the most critical Stock Keep-

ing Units (SKU) from production continuity perspective.

In order to determine optimal inventory levels, available data is analysed for de-
termining optimal order points order intervals. Inventory Planning directly im-

pacts the cash flow and profits of any company (Lisa Schwarz, 2019).

Inventory Planning is important because Inventory Planning can help to ensure
that customer and internal demand is met. Inventory Planning can help to re-
duce the customer lead time, which can increase sales rate as product availabil-

ity is ensured.

Inventory Planning can help to meet stock targets, which consist of avoiding
over-stocking and stockouts, Net Working Capital (NWC) optimization, minimize
inventory holding costs and avoid stocking of slow moving or dead stock, which

can lead to write-offs.



1.1 Business Context and Case company

BlueFors Oy specializes in cryogen-free dilution refrigerator measurement sys-
tems and operates strongly within the quantum computing ecosystem. The aim
is to deliver the most reliable and easy to operate systems on the market which
are of the highest possible quality. BlueFors Oy is a market leader in the cryo-

genics sector (BlueFors Oy, 2023).

The business challenge addressed in this thesis is the improvement of inventory
management for BlueFors Oy by integrating Business Intelligence (BI) tools.
This challenge involves streamlining the process of stock management to pre-
vent overstocking and understocking, both important for operational efficiency
and cost-effectiveness. The goal is to utilize Bl solutions like Microsoft's Pow-
erBI for real-time data analytics, enhancing decision-making and forecasting in
inventory control. The inventory management visualizations were first tested in
Excel and then PowerBI with Excel files extracted from the Enterprise Resource
Planning (ERP) system as the source data. This was done in order to test the
functionality of the visualization plan in order to support development of data

model for the inventory data visualization.

The inventory planning project initiative is translated into a business context for
dimensional data model and data warehouse development purposes, which will
be the source data for inventory related analysis. The Data Warehouse (DWH)
is developed by an external party but defined based on the needs of the busi-

Ness users.

The thesis does not include visuals, or other related information of the inventory
data model or analytics dashboards due to delay in the development process,
and presented figures and tables are from data fetched from ERP where calcu-
lations are performed by using Excel and PowerBI to test the validity for the

DWH and Microsoft Power Business Intelligence (PBI) use.



1.2 Objective of the thesis

The objective of this thesis is to develop an effective stock management strat-
egy using Bl tools and to increase control over inventory related processes for
BlueFors Oy. This strategy is designed to automate inventory management, en-

suring that the company's stock levels are maintained efficiently.

The goal of Inventory Planning is to give the company a common plan to oper-
ate within when it comes to inventory management and to make demand and
supply to meet in order to guarantee timely order deliveries for customers and

internal needs.

The outcome of this thesis is a Bl-based solution that generates monthly reports
for the Sales and Operations Planning meetings and decision making, optimiz-
ing the inventory management for BlueFors Oy. With the implementation of Bl
tools and other stock management strategies, efficient inventory management

can be established, resulting in improved stock level profiles.

1.3 Scope of the Thesis

The scope of the thesis consists of necessary theory to support the implementa-
tion part of the inventory planning process and the development of the dimen-

sional data model that is used for analysing the inventory related data.

When the scope is fulfilled, a systematic management process can be created
which is aligned with the high level business goals.

Scope of the Inventory Planning Process

The scope includes an efficient inventory management plan, including determin-
ing safety stock (SS), re-order point (ROP) and integration of the inventory plan-
ning process as part of the monthly Sales and Operations Planning process
(S&OP). The inventory planning project drafts the general format for the supply
side of monthly S&OP meeting.



The thesis evaluates the suitability of the ROP taking into consideration the
technical limitations of the Enterprise Resource Planning system and what is

the best way to implement this stock control parameter.

The thesis focuses on purchased SKUs from critical key suppliers, and for this
thesis three different suppliers were chosen for analysis. In the implementation
section, data from Supplier A is presented, including ABC-XYZ segmentation,
safety stock, ROP, supplier lead time variation over time and planning Bill of
Materials (BOM) forecast error. The planning BOM forecast error includes
planned needs as well but with non-confirmed dates, which skews the demand
in near future months, and for this solution is presented, and a solution to add
systematicity to forecasting is suggested as well besides implementation of the
inventory planning analytics tool.

Scope of the Data Model and Analytics

The scope includes development of analytics tools to support the inventory
management. This includes the definition of the business context for the devel-
opment of Dimensional Data Model for the Data Warehouse and finally, the
Power Bl dashboard, where important Key Performance Indicators (KPI) are
monitored. In PBI, it easy to create reports. The strengths of PBI are its self-ser-

vice capability.

The scope for the data model development part includes drafting a “mock-up” of
the desired Data Model for the DWH. The “mock-up” data model guides the
DWH development. The DWH is developed by external personnel.

Data model specification scope includes definition of dimensions and fact table
and columns including measures (metrics, KPI). Data tables are chosen based
on which ERP tables are used by the business process related to the inventory
planning and how it is done on the ERP side.



1.4 Methods Used

The methods used in the inventory planning part consist of inventory parameter

definition for a few critical suppliers, such as SS and ROP.

SS was evaluated by using different SS calculations and how they affect the
size of the SS and ROP. Equation with independent demand and lead time was

chosen.

Then, the chosen suppliers were segmented using ABC-XYZ analysis based on
historical data of demand of the past 12 months per SKU ID per supplier. In the

proposed solution, the segmentation class of one supplier is included.

Then, it was studied what is the best way to implement the ROP within the ERP
system. It turned out that there were limitations regarding how to do this, and
ways how to overcome this is discussed within the theory section. The end re-
sult of the thesis does not utilize the ROP implementation in the way it was in-
tended to be used during the making of the thesis, as ERP related process
changes are required before this can function as intended, which is outside the
thesis scope. Testing the ERP ROP functionality was done in the simulation en-

vironment but this was not documented for the thesis.

The data model is designed by dimensional modelling, and finally the modelled
data can be accessed with Bl user interfaces like the Microsoft PowerBI using
DWH as data source.

1.5 Contents of the Thesis

In this thesis, Business Intelligence (BI) will be used to automate the inventory
management process. Bl aids to re-define important SKU parameters automati-
cally each month. With the help of BI, stock level recommendations are re-
ceived monthly. Frequent updating is important in order to avoid either over-
stocking or stockouts if there are changes in demand. Bl is quick to catch in-

sights regarding demand and lead variation and how they develop over time.



The thesis examines segmentation of SKU for inventory management pur-
poses. In theory section, different segmentation methods, coefficient of variation
and how the results can be interpreted is explained. Forecasting and Error
measurements are also included, as forecasting is often included as part of in-

ventory planning.

Other contents include basics of Supply Chain Management, Supply Chain risks
and shocks, and comparison of outsourcing vs. insourcing as a result of surviv-
ing supply chain disruptions with minimal business impact and description and
comparison of manufacturing models, such as Engineer to Order (ETO), Makw
to Order (MTO) and Make to Stock (MTS). Also, Dimensional Modelling is ex-
plained to support the work. For the Dimensional Data Model and PBI visualiza-
tion, KPI metrics are developed in order to gain valuable analytical insights.

The outcome is efficient inventory management that creates automatically gen-
erated purchase related insights for the procurement department when the
stock level falls under set parameters. The final outcome of the thesis is a con-

tinuous inventory review process.

In this thesis, for simplicity purposes a normal distribution of demand and lead
time is assumed, even though that is rarely the case. In situations with high
standard deviation of demand or lead time other SS equations than those based
on normal distribution should be used, but for this thesis the knowledge is not

needed, and therefore left out.



2 Theory

The theory section discusses Supply Chain Management, S&OP process, Seg-
mentation, Coefficient of Variation, Inventory Planning and Supply Chain Plan-
ning KPI, Material Requirements Planning, SSs, ROP, Manufacturing Models,
Forecasting, Frozen Planning, Dimensional Data Modelling and Business Intelli-
gence, including facts, dimensions and measures, data warehousing and Pow-

erBl as a tool.

Also, supply chain risks and ways to mitigate risks, focusing on insourcing vs.
outsourcing is discussed due to this being a topical subject due to recent world

events.

KPI theory is required in the PBI report construction. In this context, KPI are
known as Measures. KPI include common measurable performance metrics
such as Days of Inventory Outstanding (DIO), Days of Supply (DOS) and Inven-
tory age, also from segmentation viewpoint based on SKU stock turn perfor-

mance.

2.1 Supply Chain Management

Supply Chain Management is the process of aligning processes with suppliers’
operations to the extent it is possible and to make customer orders match sup-
ply and demand by internal scheduling practices, which includes managing and
matching the flow of materials, services, and information that is available of cus-

tomer demand (Lee Krajewski et al. 2016 p. 23).

Supply Chain Processes encompass both internal and external operations re-
lated to the company (Lee Krajewski et al. 2016, p. 46). Information on cus-
tomer demand can be acquired through Customer Relationship Management
and forecasting. Supply Chain Management (SCM) often needs to manage the
frequently conflicting goals of the participants within the supply chain (Dennis
Alexander Minnich, 2007, p.7).



Manufacturing Supply chains transform raw materials into products that are
then sold to the customer. A manufacturing company must manage material
and information flows. Material flow is the flow of material between and within
different Supply Chain nodes and Information flows refer to the transfer of infor-
mation between the Supply Chain nodes, both upstream and downstream (Den-
nis Alexander Minnich, 2007, p.7).

It is important to acknowledge what are upstream and downstream actors within
the supply chain. The upstream supply chain includes all of the activities that
are related to the company’s suppliers, meaning all the activities it takes to get
the material from the supplier to the manufacturer. The downstream supply
chain refers to the activities that take place after the product has left the com-

pany premises and begin its journey to the customer (Masterclass, 2022).

Besides aligning supply and demand, it is important to measure the On Time
Delivery (OTD). If the OTD is low, it can be a sign of upstream Supply Chain is-
sues along internal manufacturing capacity issues. Often low OTD is caused by
misaligned S&OP process. Low OTD performance can be used to assess
S&OP process maturity. A Low OTD often translates to demand and growth
challenges (Philip Lee, Scott Sparks, 2020).

Information transferred between supply chain actors may be about customer or-
ders, demand forecasts, inventory levels and capacity availability. The infor-
mation can be shared with only part of the actors within the supply chain and
can be updated with varying frequencies. The information and material flows
are not independent of each other and they are often interlinked. How these in-
fluence each other might not always be easy to predict (Dennis Alexander Min-
nich, 2007, p.7).

2.2 Supply Chain Risks, Vulnerabilities and Resilience

Most of the regular supply chain risks can be managed either by contracts or

service-level agreements (SLAS) (Sunil Bakshi, 2021). Themes commonly



discussed in literature regarding SCM and success of supply chains in the fu-
ture are preventing disruptions and ensuring risk mitigation (Amelie Meyer et al.
2021).

Different managerial acts can be taken to mitigate risks and enhance the supply
chain resilience. Enhancing resiliency is therefore a key driver in reducing sup-
ply chain vulnerability (Zhitao Xu et al. 2020). Resilience in supply chains is the

ability to absorb shocks and recover.

Supply chain disruptions can be caused by different types of external events
that a company does not have control over. Despite there being ways to miti-
gate possible risks, assessing what risks are possible and what is their impact if

the risk realizes is important.

Resilience of a supply chain resilience is the ability of a supply chain to with-
stand stress and recover from disruptions. Resiliency helps to withstand normal
volatility and more severe disruptions (Schuster, R et al. 2021). During disrup-
tions, trade-offs between efficiency and resiliency should be made (Sarah Hip-
pold, 2020)

Resilient supply chains should have visibility regarding logistics providers and
distribution channels as well on top of suppliers and their suppliers. Gaining visi-
bility into supplier and their suppliers helps to evaluate upstream supply chain
risks (Schuster, R et al. 2021).

In general, supply chain vulnerability can be separated into five distinct catego-
ries, which are planning and supplier network, transportation and logistics, fi-
nancial resiliency, product complexity, and organizational maturity (Zhitao Xu et
al. 2020). For example, outsourcing can dramatically increase the exposure to
risks (Becky Ham, 2022).

In order to increase resiliency, the exposure, vulnerabilities and potential losses
should be assessed. The findings can help companies to make decisions about

required buffers, for example (Schuster, R et al. 2021). For example,
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domestication can increase the supply chain resiliency but it also requires mas-
sive resources, such as skilled work force and investments. Other alternatives

to domestication are near-shoring and insourcing.

Below are some suggested topics that can be considered when enhancing the

resilience of supply chains.

Enhancing Resiliency by Increasing Visibility

Visibility and the effective response to disruptions in the supply chain are one of
the most discussed topics related to supply chain resilience. Enhancing visibility
can start from identifying the tier-1 suppliers that are affected by the crisis and
the lower tier suppliers that are affected by crisis, which in the case of Covid-19
was lockdowns. When one supplier is affected, the other suppliers within the
supply chain network are affected as well due to ripples (Zhitao Xu et al. 2020).

Mitigating Risks

Severe supply chain disruptions have made companies to re-think concerns
over access to market during disruptions and re-think how resilient their supply
chains are and what is their environmental sustainability (Ben Aylor et al. 2020).

The traditional way of designing supply chains included focusing on cost effi-
ciency and high service levels. Purchasing and procurement activities have
been taking advantage of global sourcing to minimize costs and gain access to
products that are not locally available, at least not with competitive prices (Ben
Aylor et al. 2020).

To mitigate risks, suppliers can be segmented, on top of spend, based on reve-
nue impact, if supply chain disruptions occur. Diversifying the supplier in the
segments with a high revenue impact is one thing to do when improving the re-

siliency of the supply chain (Sarah Hippold, 2020).
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If a company has identified suppliers who are in the most vulnerable position re-
garding supply chain disruptions, the time it takes to respond to crisis can be
significantly reduced. For example, collaborative demand forecast is something
that can be done immediately a crisis has emerged and the affected parties
identified. Changes in demand can either experience a sharp rebound or de-

crease in demand due to lack of confidence (Zhitao Xu et al. 2020).

To mitigate risks, tier-2 and tier-3 suppliers should be mapped. A global supply
chain consists of several actors, where the lower tier actors play an important
role in the functionality of the overall supply chain. For example, a firm which
has more than 900 tier-1 suppliers where each can have over 500 tier-2 suppli-
ers and it is not an easy task to keep track of the performance of the tier-2 sup-

pliers in these volumes (Zhitao Xu et al. 2020)

For example, at least five million companies worldwide have one or more tier-2
supplier in the Wuhan region, China (Zhitao Xu et al. 2020), where the Covid-19
initially started to spread. Keeping track of the different tier suppliers can boost
the resiliency of the supply chain as it is easier to mitigate risks on time as they

arise before they have a more serious effect on the supply chain functionality.

What can be done is to review the product portfolio and map the customer base
in order to draft operational priorities, in the cases where the manufacturing
company has to reduce its capacity. Manufacturers can aid the important supply
chain actors in order to speed up the recovery of the supply chain in matters,
such as legal and financial assistance to support business recovery. In the
emergence of crisis, collaboration should be established with critical and strate-
gic suppliers (Zhitao Xu et al. 2020).

Multi-supplier strategies are also beneficial (Sarah Hippold, 2020). For this rea-
son, nationwide investment related discussions are held more frequently
whether to invest in critical resources and decrease dependency in countries
with different political aims, for example. This implies a shift toward insourcing

thinking.
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In the emergence of a supply chain shock, a multi-supplier strategy gives com-
panies more choices to switch suppliers from primary material flows to alterna-
tive material flows, which rebalances the supply. Ideally, the suppliers are lo-
cated in different geographical areas to minimize geographical risks (Schuster,
R etal. 2021)

Supplier Diversification

It is also important to be aware of possible alternative suppliers and materials
which could be sourced, such as local substitutes. Local suppliers can offer high
availability of materials when a global crisis such as the Covid-19 is placing re-
strictions. When drafting plans for developing alternative material sourcing, the
tier-2 and tier-3 suppliers should be analyzed regarding their supply chain vul-
nerability (Zhitao Xu et al. 2020).

Supplier diversification and capacity redundancy can reduce risk of supply chain
disruptions in the long term. While an enhanced supplier base can increase the
responsiveness of a supply chain and its ability to withstand crisis, it does not
always come without a cost. Increased costs can weaken the competitiveness
of products in the global market. Thus, attention should be paid to how in-
creased costs impact the final product, as in the end the customer is sensitive to

price changes in the final product (Zhitao Xu et al. 2020).

A resilient supply chain should have a few alternative suppliers, as diversity and
transparency of supply chain enables to switch suppliers swiftly to alternative
suppliers if the geographical location of the supplier is affected by a crisis (Ame-
lie Meyer et al. 2021). While global sourcing enables increased efficiency of the
supply chain, local sourcing enables a more responsive supply chain (Zhitao Xu
et al. 2020).

Reviewing Inventory Policies

When a risk is faced the inventory policies should be reviewed. This can include

balancing of predicted demand and the current capacity of the suppliers, which
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should be taken into consideration when making renewed plans for capacity.
This can affect the sizing of the safety stock (Zhitao Xu et al. 2020) since the
supply capabilities of lower-tier suppliers are limited. For example, ensuring that
inventory is located outside of high-risk area is essential in preventing supply

chain disruptions.

Moving from global to regional supply network has been a strategy of some
supply chain leaders to mitigate supply chain risks. According to supply chain
pulse survey by McKinsey & The Company, the majority of respondents in-
creased their inventory and finished items stock to withstand supply chain
shocks rather than diversifying supplier base with regional suppliers. Smarter
ways than increasing inventories could be researched that ensures resilience

and inventory costs that are under control (Knut Alicke et al. 2022)

This again, would require revisiting the inventory policies. According to the sur-
vey, 97 % of respondents applied inventory increase, dual sourcing and region-
alization methods as a way to boost the supply chain resilience (Knut Alicke et
al. 2022)

For example, industries such as chemicals and commodities were able to re-
duce the supply chain disruption and how it affected the operations by making
structural changes in their supply chains, such as nearshoring and network re-
design (Knut Alicke et al. 2022)

Besides investing into a safety stock, preparing for supply-side risks with strate-
gic shock should be considered (Jim Kilpatrick, 2022) especially when sourcing
from areas where there is a high risk for geopolitical conflicts. For example, pal-
ladium and neon are both critical materials for the semiconductor industry,

where Russia is a major supplier for both. Some semiconductor companies had

prepared for this risk by stockpiling important materials (Jim Kilpatrick, 2022).
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Infrastructure Investment Discussion from Crises Point of View

It is important to note that China is a very dominant supplier of different kinds of
components. Reducing dependency on China will require a considerable
amount of investments and time. For example, Intel aims to reduce its depend-
ency on China by building semiconductor fab in Ohio, US worth of $20 billion
(David Simchi-Levi, Pierre Haren. 2022). The US-China trade war is a major

motivator to reduce dependency on China.

For example, Schneider electric, the elevator & automation company, an-
nounced shifting its production to North America. The reason for this is to boost

regional capacity (David Simchi-Levi, Pierre Haren. 2022).

Companies alone cannot solve the supply chain related challenges and govern-
ment involvement is required. For example, the U.S. CHIPS Act and European
Chips act are both governments supported programs to reduce the regional de-
pendency on countries like Taiwan and South-Korea. The Ukrainian conflict
also boosts the European battery strategy to enhance the capabilities of Europe
to become a leader in advanced battery systems (David Simchi-Levi, Pierre Ha-

ren 2022). Similar strategies are expected to rise in the upcoming future.

Until infrastructure investments in regional localization are realized, supply
chains should be stress tested i.e. what degree of volatility they can withstand
before severe disruptions and make plans for supply chain resiliency, as supply

chain disruptions are going to increase (David Simchi-Levi, Pierre Haren. 2022).

Infrastructure investments are not only a concern of the aforementioned compa-
nies, and it is a topic to discuss for many technological industries in the future in
order to secure supply and ensure the reliability in operations, and to avoid geo-
political conflicts, for example. As the trade is becoming increasingly politicized
where knowing your customer and knowing the origin of BOM components is in-
creasingly important, also from a sustainability point of view, larger benefits in

the long run than just a more resilient supply chain can be achieved.
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2.2.1 Supply Chain Shocks

Some known global supply chain shocks are the Covid-19, War in Ukraine, Ge-
opolitical topics such as trade wars and the Evergreen containership blocking
the Suez Canal. the Cybersecurity issue poses threats to supply chains as well,

but this is not discussed here.

Covid-19

The Covid-19 virus caused disruptions in areas such as manufacturing, pro-
cessing, transport, logistics and caused significant shifts in demand (Zhitao Xu
et al. 2020)

In general, supply chains can recover from more local disasters faster than from
global disasters, such as the Covid-19. Other known disasters, but with less
global impact before Covid-19 that took place are the 2011 mega-earthquake in
Japan, the 2003 SARS outbreak in China, and the 2004 tsunami in Indonesia
(Zhitao Xu et al. 2020)

All of the natural disaster events listed above have led to material and product
shortages, but the supply chain recovered from this disaster in a much shorter

time frame, which in case of these disasters has been within weeks.

The recovery of the supply chains from Covid-19 took much longer due to its
scope and magnitude, as the virus was not limited to a specific geographical
area and therefore the Covid-19 affected the whole supply chain, from the sup-

ply sources all the way to the end customer (Zhitao Xu et al. 2020)

For example, the suspension of commercial air-traffic during the Covid-19 put
limitations on the air cargo capacities, making it harder to transport goods, as
approximately 50%—60% of all airfreights are transported in the cargo compart-
ment of commercial airplanes. Truck and maritime cargo also suffered due to

truck drivers being under stringent restrictions with limited ability to pick up
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containers, which caused disruptions in container ship deliveries. Maritime

freight corresponds to 90% of global trade volume (Zhitao Xu et al. 2020).

Besides transportation related issues, the Covid-19 caused several other differ-
ent supply chain disruptions, stemming from shortcomings of governments of
different countries aiming to stop the spread of the virus (Sunil Bakshi, 2021).
The Governments placed restrictions on travel, forcing factories and outlets to
temporarily shut down and imposing mandatory confinement on all inhabitants.
This all has obviously affected the performance of the supply chain due to of
lack of labour, material shortages and tightened controls on logistical systems
(Zhitao Xu et al. 2020).

On top of factory lockdowns, transportation disruptions and panic buying behav-
iour of companies reinforced the crisis. Panic buying led to component short-
ages, such as components critical to the automotive industry. From component
shortages stemmed discussion on topics such as trade restrictions, nationalist
policies and the promotion of the domestication of industrial activities (Ben Aylor
et al. 2020).

The rapid change on supply chain route possibilities forced supply chain profes-
sionals and companies to think of alternative routes. the Sudden halt of rail
transport increased lead time of products due to having to shift the transporta-
tion mode to sea cargo. Especially some European customers were not accus-
tomed to the longer lead times. Changing the supply route also led to increased
operational costs, as some companies in China designed their shipping opera-

tions based on close and cheap rail access (Joachim Arts et al. 2022)

War in Ukraine

The Covid-19 was not the only major event in the modern society causing sup-
ply chain disruptions. The conflict in Ukraine reinforced the need to have resili-
ent supply chains in place, as disruptions in upstream supply chain of Russia

and Ukraine will continue to disrupt supply chains (Jim Kilpatrick, 2022).
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The Russian invasion in Ukraine has caused many countries to place sanctions
on Russia and its citizens (Beth Stackpole, 2022). Sanctions include forbidding

trade and freezing assets, for example.

It is important to note that Europe has a major reliance on Russia regarding
crude oil and gas (Jim Kilpatrick, 2022). The increase in energy prices due to
sanctions made some manufacturers to re-think the profitability of their opera-
tions and reduce their output, while for some products the demand decreased
due to companies lowering their spend due to the crisis financially affecting

them.

Besides Russia being a critical energy supplier for Europe, Russia also has ma-
jor natural resources. One example is Palladium used in car catalysators and its
price has increased as much as 80 %.This has affected the production of cars
and is a major reason LMC Automotive has decreased its forecast of light vehi-
cle sales in Europe by 2 million over the next two years (Jim Kilpatrick, 2022).
Cars are just one example of the manufactured items which the crisis has af-
fected.

According to Dun & Bradstreet, there are approximately 15,000 Tier 1 suppliers
in Russia and 7.6 million Tier 2 supplier that are related to supply chains of
global companies. For example, more than 374,000 businesses, of which 90%

are in the United States, are relying on Russian suppliers (Jim Kilpatrick, 2022).

Besides dramatically increased energy costs, the wartime crisis caused disrup-
tions in the flow of goods and created products and food shortages around the
world. Countries where poverty is high were the most affected, and the worst af-
fected area of food shortage was Africa, as Russia restricted ships transporting
food, such as barley, leaving from Ukrainian ports (Beth Stackpole, 2022). The
food supply or related humanitarian crisis is not within the scope of the thesis,
but it is acknowledged only as a consequence of the sanctions, as after all, the
result is a supply chain disruption even if the side effect is endangering survival

in poverty ridden areas.
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The more relevant example of war time supply chain disruptions for manufactur-
ing firms is the production of wiring harnesses in Ukraine, which caused disrup-
tions in many manufacturing companies across Europe (Jim Kilpatrick, 2022).
Wiring harnesses that are manufactured in Ukraine by a German company Le-
oni caused shortages which affected the production of Volkswagen and BMW in

Germany (David Simchi-Levi, Pierre Haren. 2022).

The war has also caused changes in priorities and also increased demand in
products such as semiconductors due to increasing needs for defence equip-
ment production, which created a demand shock for semiconductors (Joachim
Arts et al. 2022). This obviously created a shortage of semiconductors for less-

defence critical manufacturing industries resulting in production disruptions.

The war in Ukraine has also created discussion about bringing supply chains
closer to the operations. Bringing supply chain actors closer can offer govern-
ments and companies more control over the supply chain functions, while re-
moving the dependency on foreign actors, which increases the volatility of the
supply chain (Jim Kilpatrick, 2022). This is discussed later in the following sub-

chapters related to insourcing, outsourcing, friend-shoring among others.

The war in Ukraine also has emphasized the need to find alternative suppliers.
the Diversification of supplier base might mean accepting changes related to
supply chain dynamics, such as changes in the supply mode, lead time and
temporary shortages. The changes in the market and supply chain also creates
new opportunities to fill in market gaps that can answer to the new volatile situa-
tion, such as creating new business models. Crises are often a catalyst for
change and can give active participants an opportunity to capitalize on it (Beth
Stackpole, 2022).

During the war in Ukraine, transportation route changes, similar to during Covid-
19 had to be made. Using the Russian infrastructure for transportation was
halted due to the sanctions Russia had placed on top of trade restrictions. As

the rail route passing through Russia was essentially blocked, an alternative rail
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route experienced growth in use, called the middle corridor, departing from
China via Kazakhstan, the Caspian Sea, the Black Sea, and Turkey (Joachim
Arts et al. 2022). For example, Odessa, the largest seaport in Ukraine handling
over 40 tons of cargo annually is halted due to the war (Lisa Caldwell, 2022),
contributing to material shortages and supply chain bottle necks as routes need
to be re-planned to different ports, and port congestion is another limiting ele-

ment already in the congested supply chains.

Geopolitical Issues

Geopolitical crises have accelerated the detaching of the dependency on China
for components and finished goods and Russia for transportation infrastructure
and raw materials. Especially Western countries are now looking into localized

or regional souring strategies.

Overreliance on politically conflicted areas which provide critical products or
commodities can encourage steps towards supply base diversification. Compa-
nies also could assess no-go-zones, where the risks and changes of sanctions
poses a greater risk than the benefits of sourcing from the region (Peter Liddell
et al. 2022)

Due to trade restrictions, companies might also need to seek for customers in
different regions if legal or commercial exposure is at risk. This can, however,
increase costs and lead time but can enhance business continuity when new
markets are explored. This requires strong procurement governance. Compa-
nies should keep eye on all sanctions and possible future sanctions and assess

their business impact (Peter Liddell et al. 2022)

Evergreen

The Evergreen container ship got stuck in the Suez Canal in Egypt. The hori-
zontally wedged container ship blocked the flow of traffic for almost a week. The
Suez Canal in Egypt accommodates the passing of more than 50 ships on aver-

age each day, accounting for approximately 12 % of global trade (Pippa
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Stevens, 2021). The Evergreen container ship was also holding up trade valued
at over $9 billion per day, equivalent to $400 million worth of trade per hour or

$6.7 million per minute (Koustav Das, 2021)

The canal being blocked caused more than 350 vessels in total to wait for their
turn to pass the canal due to the blockage, as the blockage cut traffic flow for
both directions. Due to the blockage, shipping companies such as Hapag-Lloyd
rerouted their vessels around the Cape of Good Hope, adding at least a week of
additional sailing time, leading to higher fuel costs (Pippa Stevens, 2021)

Due to ships having to wait for their turn to pass by the canal, the ships were
forced to change their schedule regarding when they visit their next port. This
caused cascading effects such as port congestion and container shortages,
which was already an issue during the Covid-19 (Pippa Stevens, 2021)

Conclusions

In conclusion, the Covid-19 has disrupted movement of goods in different indus-
tries, ranging from raw materials to finished products, disturbing the effective-
ness and responsiveness of Global Supply Chains (GSC) as well as affecting
the customs policies causing import and export related restrictions and sealing
or borders (Zhitao Xu et al. 2020). As China is a major manufacturing hub, the
shutdowns severely affected factories, leading to issues for manufacturing com-

panies globally in obtaining the components required for product assembly.

The pandemic exposed supply chain vulnerabilities, which make companies re-
evaluate their sourcing strategies and dependence on single-source suppliers,
and supplier base diversification is seen as a topic to increase supply chain re-

silience. Insourcing is also seen as an alternative option.

Regarding the war in Ukraine, the sanctions further disrupted the supply chains
in the form of shortages, reduced output and lower demand, as companies were
adjusting their operations and capacity to match the changed situation.
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Secondly the sanctions and trade restrictions reminded supply chain profession-

als once again how reliant the world is on global supply chain infrastructure.

Table in Appendix 1 lists risks related to major world events and how to mitigate

them. Geopolitical issues have been excluded.

Especially companies operating under Just-in-time (JIT) were severely dis-
rupted as stockouts happened more frequently, since companies were relying
on on-time shipments of goods. Similar disruptions occurred also due to the war
in Ukraine and the Evergreen container ship case. Disruptions were severe due
to the functionality of JIT principle, which relies on minimal inventory and pro-
duction when it is actually needed. the JIT operating model is very vulnerable to
supply chain disruptions. Factories operating under the JIT principle will experi-
ence component issues and may need to halt production (Pippa Stevens, 2021)

2.2.2 Outsourcing vs. Insourcing Supply Chain Functions

When a company wants to insource items, the company wants to produce those
parts internally instead of outsourcing them to external suppliers. Outsourcing is
a widely used term for acts that are not performed by the company itself, and
outsourcing can be for example subcontracting, off-shoring or contract manu-
facturing. The governance over these methods can be different, but geopolitical

risks are present depending on the area.

Most companies today have outsourced and extended its productions and sup-
ply chain activities, and on top of increased dependency on global suppliers and
actors, the complexity of the supply chain network has increased. This in-
creases the vulnerability of the supply chain network (Bozarth and Handfield,
2016, p. 226).

As the supply chains are growing in complexity due to emerging technologies,

companies are experiencing constant pressure to answer to customer requests
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and reduce lead time. Outsourcing supply chain functions has therefore been a

hot topic in order to increase efficiency (Gary Wollenhaupt, 2020).

In general, before the pandemic, most supply chains focused on eliminating re-
dundancy in sourcing, reducing fixed costs and increasing efficiency. As the
pandemic hit, the efficiency-optimized supply chain has become less resilient.
Disruptions and supply chain stress decreased the flexibility and efficiency
(Schuster, R et al. 2021). Recovering from the supply chain shock did not hap-

pen within weeks as we know it.

Outsourcing and insourcing of supply chain functions, such as logistics or pur-
chasing manufactured items, are two different strategies for managing the sup-
ply chain functions. Different supply chain shocks and risks can be a catalyst for
decision making whether to outsource or insource supply chain functions. Espe-
cially if the components are critical, assessing whether to outsource vs. in-

source, similar to make-or-buy analysis is beneficial.

For example, when there is an only a short-term need, insourcing might be an
appropriate choice. Outsourcing is beneficial when costs need to be reduced in
operations where special expertise is required (Surbhi S, 2020). Functions that
are commonly outsourced are transportation, domestic brokerage, warehousing

and contract logistics (Gary Wollenhaupt, 2020).

Due to supply chain risks stemming from changes in different geographical ar-
eas, insourcing critical materials has been gaining a great deal of interest, or at
least the topic of investing into resources in the same geographical area. Decid-
ing which functions to outsource and what to keep in house are company spe-

cific decisions, which depends on the resources and capabilities of the com-

pany.

On the other hand, outsourcing enables the company to focus on its core busi-
ness expertise, as the company does not need to invest into expertise or infra-
structure in areas that can be outsourced. This can lead into cost reduction and

economies of scale (Surbhi S, 2020).
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When outsourcing, the company should be able to give up control. Especially
processes that are routine and easily repeatable, are good to go for outsourc-
ing, as are processes that are not core processes of the company. However,
control should be maintained over mission critical segments of the supply chain
(Gary Wollenhaupt, 2020).

Advantages and Risks Comparison

One of the benefits of insourcing is that sensitive and confidential information
can be handled securely. When outsourcing operations, sensitive and confiden-
tial information might be at risk (Surbhi S, 2020). Thus, when something is criti-
cal from an intellectual property perspective, it is a good idea to insource. In-

sourcing gives better control over quality.

The downsides of outsourcing include having very limited managerial control
over the company who is performing the outsourced tasks. Insourcing uses the
in-house developed methods and has very high managerial control over how

things are done.
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Outsourcing

Insourcing

Pros Potential cost savings Sensitive information is more se-
cure.

Access to specialized expertise | More resilient operations
Flexibility and Scalability of oper- | Internal Expertise
ations in response to demand
changes
Ability to focus on core business | Control over processes
expertise and customer service.
Frees up capacity and capital for | Efficiencies possible of company
core business expertise culture well established

Cons | Sensitive information is at risk for

getting into the wrong hands or
malicious use

Reduced Quality of Service

Dependency on external part-
ners

Increased operational risks

Higer initial investment
Might need more in-house talent

Reduced Flexibility

Reduced Innovation due to loss
of core focus

Table 1. Outsourcing vs. Insourcing Risks and Advantages comparison. Listed
points not limited to only these.

It is important to note that the company who is outsourcing functions is always

responsive to some degree of the actions and performance of the outsourcing

partner. If the outsourced actor provides poor quality, it will reflect on the com-

pany that outsourced the activity and may become a target for customer com-
plaints (Gary Wollenhaupt, 2020).

Friend-shoring

Pandemics, the War in Ukraine and Geopolitical issues covering topics such as

trade wars have also been a catalyst for insourcing, localisation, near-shoring or

“friend-shoring” decisions.
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Friend-shoring means sourcing from geographical areas that could be seen as
strategic allies, where there are the investment capability and skills. Friend-
shoring means the reorchestration of critical supply chains by swapping risky
suppliers to partners that could be a close ally in a less geographically con-
flicted area (Jim Kilpatrick, 2022). Friend-shoring from likeminded regions could

be seen as a viable alternative.

2.3 Responsive and Effective Supply Chains

For understanding the concepts of responsiveness and efficiency in supply
chains, it is important to distinguish between these two characteristics (Dennis
Alexander Minnich, 2007, p.13).

Efficiency and responsiveness are two different objectives of supply chain man-
agement. Responsiveness is the ability of the supply chain to respond within an
appropriate time-scale to customer requests or changes in the market and ef-

fectivity if the focus is on reducing costs and resources are used wisely only for

value adding activities (Dennis Alexander Minnich, 2007, pp.4-5).

Responsiveness and efficiency are interrelated concepts and these concepts
can be directly and/or indirectly interlinked in supply chain settings. Interactions
among the supply chain actors can either reinforce or cancel out supply chain

management initiatives (Dennis Alexander Minnich, 2007, pp 4-5).

A positively reinforcing supply chain requires structural changes, which may
consist of a shared information system between actors within the supply chain
network (Dennis Alexander Minnich, 2007, p.20). the Bullwhip effect can be
managed by efficient Supplier Relationship Management (SRM) practices, while

also considering the suppliers' suppliers.

For example, real-time information availability or the lack of it can either magnify
or reduce the bullwhip effect. The bullwhip effect commonly reduces demand
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and time transparency and time efficiency which in turn reduces the real time in-

formation exchange (Dennis Alexander Minnich, 2007, pp.4-5).

For example, higher stock levels allow for more flexibility to react to changes in
customer demand and reduce the required lead time. Increased inventory levels
on the other hand reduce the efficiency of the supply chain, as holding excess
inventory is costly in both holding and capital costs (Dennis Alexander Minnich,
2007, p.17).

Increasing inventory can imply a reliance on a forecast that could be inaccurate,
which can leave the company with lost sales, obsolete products, or both (Den-
nis Alexander Minnich, 2007, p.17). If the company relies on forecasting for in-
ventory management purposes, dealing with forecast inaccuracies should be
acknowledged. Having intuition and being able to interpret different forecasting

methods and error measurements and what they might signal is essential.

The responsiveness of the supply chain requires continuous monitoring of cus-

tomer demand and the ability to quickly respond to changes in demand.

2.3.1 Responsive Supply Chains

Information flows are often a concern in responsive supply chains. the Infor-
mation flow should be well established in order to prepare for inventory optimi-
zation and available production capacity against demand fluctuations. Sharing
information regarding inventory with suppliers might alleviate issues stemming
from information flows (Dennis Alexander Minnich, 2007, pp 2-3). However, of-
ten for business reasons many companies do not want to share information

flows.

Responsive supply chains are able to react quickly to uncertainties in demand
(Lee Krajewski et al. 2016 p. 512). When a company experiences the aforemen-
tioned, it would be a good idea to take a look at the supply chain and evaluate

its responsiveness.
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A responsive supply chain is characterized by flexibility, agility, ability, adapta-
bility (Envista, 2022), improvisation and resilience (Robert Glenn Richey et al.
2021). The more quickly issues can be communicated across members of the
supply chain, the more change there is that the customer is not affected. A re-
sponsive supply chain should focus on building fair contracts with suppliers. The
terms should be fair for the supplier and management team responsible for
making contracts with suppliers should consider their financial situation (En-
vista, 2022).

Flexibility focuses on the willingness and ability to adjust operations based on
understanding of and interaction with external factors. It involves coping with
environmental dynamics through established procedures (Robert Glenn Richey
et al. 2021).

Agility focuses on the ability of the organization or supply chain to make imme-
diate process-level changes in response to external factors. Agile companies or
supply chains are able to quickly react to changing supply and demand condi-
tions (Robert Glenn Richey et al. 2021).

Adaptability focuses on the willingness and ability to strategically adjust opera-
tions based on external factors in order to respond to shifts in markets (Robert
Glenn Richey et al. 2021).

Improvisation focuses on the willingness and ability of a company or supply
chain to adjust managerial actions without prior planning as an emergency re-
sponse to immediate needs arising externally. Supply chains that are able to im-
provise utilize available resources to address immediate challenges (Robert
Glenn Richey et al. 2021).

Resilience is the ability of organization or supply chain to resist disruptions and
recover operational capability after disruptions. Resilience requires the supply
chain to have the capacity for resistance and the capacity for recovery. Despite
disruptions, resilient supply chains are able to maintain operational continuity
(Robert Glenn Richey et al. 2021).
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In order to stay competitive, companies in responsive supply chain typically fre-
guently introduce new services or products and due to the innovative nature of
companies in the responsive supply chain, these companies usually enjoy high
contribution margins (Lee Krajewski et al. 2016 p. 513),

Typical competitive advantages of responsive supply chains can be fast delivery
times, customization, variety, volume flexibility, and superior quality. Respon-
sive supply chains should have fast reaction time, which helps companies to
avoid keeping inventory with high holding cost, inventory that needs to be sold
with discount (Lee Krajewski et al. 2016 p. 513), inventory that does not turn

well or needs to be writ off.

Improving the responsiveness of the supply chain might come with a cost.
There are three primary reasons or methods how the responsiveness can be in-
creased, which are the need to maintain excess inventory, bigger capacity and

investments in order to reduce lead times.

The costs of increasing the supply chain responsiveness needs to be compared
to the opportunity cost of lost sales resulting from stockouts due to less effi-
ciently managed supply chains or not being able to deliver products to the cus-

tomer on their desired date.

The Main characteristics of responsive supply chains is to avoid stock-outs and
prioritize changing customer requirements. SSs, excess capacity and safety
lead times all provide a time buffer to be able to react to demand variability
more efficiently and inventory levels, lead-times, available capacity and batch
size are important characteristics of responsive supply chains (Dennis Alexan-

der Minnich, 2007, p.17). This is development goal of BlueFors Oy.

Higher stock levels allow for more flexibility to react to changes in customer de-
mand and reduce the required lead time. Increased inventory levels on the
other hand reduce the efficiency of the supply chain, as holding excess inven-
tory is costly in both holding and capital costs. Increasing inventory can imply a

reliance on a forecast that could be inaccurate, which can leave the company
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with lost sales, obsolete products, or both. Thus, increase in inventory might im-
prove responsiveness but be suboptimal by different metrics. Besides putting
focus on increasing inventory levels to be more responsive, variability reduc-
tions can be more beneficial than inventory increases (Dennis Alexander Min-
nich, 2007, pp.17-18). By reducing variations, multitude of benefits can be

achieved.

By having well established Customer Relationship Management (CRM) and
SRM practices on top of plans to achieve reduced lead time for materials, it is
easier to produce more reliable forecasts of demand (Lee Krajewski et al. 2016
p. 511).

2.3.2 Efficient Supply Chains

In an efficient supply chain, the focus is on maintaining high manufacturing utili-
zation rates, generating high inventory turns, minimizing inventory levels and
selecting suppliers based for cost and quality (Dennis Alexander Minnich, 2007,
p.13). As it can be concluded that effective supply chains seem to lean towards
reduced inventory, it should be noted that while minimized inventory is finan-

cially effective, it might not be able to respond to demand fluctuations.

In efficient supply chains, demand is predictable and rather easy to forecast,
compared to responsive supply chains where demand is unpredictable with high
forecasting errors. Product variability and contribution margin is low in efficient
supply chains and high in responsive supply chains. In efficient supply chains,
new products are introduced infrequently and in responsive supply chains new

products are frequently introduced (Lee Krajewski et al. 2016 p. 512).

2.3.3 The Bullwhip Effect

The bullwhip or whiplash effect is named after the physics of a slammed whip,
where the movement of the whip creates larger variation of movement near the

tip of the whip and decreases gradually towards the handle of the whip. The
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bullwhip effect analogy explains that small fluctuations in demand can be ampli-
fied as they move upstream within the supply chain, which can result in signifi-

cant fluctuations in inventory levels and costs.

The bullwhip effect is caused by industrial dynamics where time varying behav-
iours of industrial companies is accounted for. The bullwhip effect is an outcome
of the strategic interactions among rational supply chain members (Lee, H. et al.
1997)

Causes for the bullwhip effect include lack of communication and coordination
between different actors of the supply chain. Some of the basic inventory man-
agement policies used by companies can amplify the bullwhip effect and lead to
undesirable behaviour within the supply chain. Some basic inventory manage-
ment policies include ROPs (Lee, H. et al. 1997).

The bullwhip effect can be somewhat maintained by improving the information
flow among the supply chain, which can include information sharing, coordina-
tion, and the use of more responsive ordering policies. Sharing inventory data
among members of the supply chain plays a pivotal role in improving supply
chain coordination and dampening the bullwhip effect. When reducing the bull-
whip is successful, it can lead to significant cost savings and increased effi-

ciency in supply chains (Lee, H. et al. 1997)

Other than lack of communication and coordination, the bullwhip effect is af-
fected by demand signal processing, rationing game, order batching, and price

variations (Lee, H. et al. 1997).

Rationing Game

Rationing is common in product markets during the growth phase when demand
exceeds supply. Here it is important to note that the case company in this the-
sis, BlueFors Oy, is a growth company and thus the rationing behaviour should
be acknowledged.
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The rationing gaming and shortages occur when demand exceeds supply. The
rationing game can be alleviated by placing restrictions on customers (Lee, H.
et al. 1997). When there are no existing practices present to restrict customers,
such as allowing them to make changes to orders freely, the behaviour can cre-
ate further problems that reflect back to the other supply chain actors. Custom-
ers can be restricted e.g. by using frozen planning, extending lead time or mak-
ing them pay more the later the changes are requested during the delivery pro-

cess.

2.4 Sales and Operations Planning

Sales and Operations Planning process, also known as S&OP, plays a major
role in effective supply chain management. Having a well-performing strategy in
place can be a major competitive advantage in today’s global markets. With
S&OP, it is possible to improve customer service, reduce working capital, cut
costs, minimize operational risks risk, and shorten response times (Sri Apa-
rajitha et al. 2011). This makes S&OP a key management process with strategic
objectives.

S&OP considers issues such as demand forecasts, cost factors and risk pro-
files. Often, the S&OP process is not properly constructed if the company expe-
riences product stockouts in some SKUs and inventory build-up in other SKUs
(Sri Aparajitha et al. 2011).

Characteristics of well-defined S&OP include efficient information flow, segmen-
tation of products, channels, and customers on the basis of demand patterns
(Sri Aparajitha et al. 2011). Demand patterns, customer needs, product mix,
supplier lead times and service level requirements experience variations
through periods and thus monitoring is required. When these are not managed,
results can be unpredictable (Philip Lee, Scott Sparks, 2020). When the S&OP
process is implemented, it gives the company one common plan to operate

within.
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S&OP often starts with making of a demand plan. The demand plan is the state-
ment what the company expects to be taken out of the inventory and supply
plan is the answer to how to meet the demand. Drawing up the demand plan
consist of discussing concerns, restrictions and objectives with the participative
functions. When the demand plan is drafted, a supply plan comes up next. Usu-
ally, the demand and supply planning is an iterative back-and-forth process.
The plan resulting from the S&OP process is the inventory plan. The plan con-
sists of what needs to be manufactured, what materials need to be available,
and when they should be ready in order to meet the expected demand. The cul-

prit is to determine the optimal amount if inventory (Dave Turbide, 2018 A).

2.4.1 Monthly S&OP Process

The monthly S&OP meeting is a great way to get all important functions to-
gether. There is no single way to have to monthly S&OP Process. The below
example discussed 5-step process, where the final step is the Executive S&OP,
where major issues are brought to the executive level. The five-step process is
commonly used and consists of the following stages: Data gathering, demand
plan, supply plan, pre-S&OP, and finally, the executive S&OP meeting where
potential action steps are decided (Kate Eby, 2017). Another alternative S&OP
process consist of six steps, which are Forecasting (Data gathering), Demand
planning, Supply planning, Pre S&OP meeting, Executive S&OP meeting and
S&OP Finalization (Asana, 2022). It is important to note that the 5 or 6 step pro-
cesses are not the only way to do the monthly S&OP process and there can be

company or situation specific adaptations.

In the case example discussed by Caroline Geelmuyden and Emma Rasmus-
son, the five steps are explained more in detail. In this Monthly S&OP method,
two days of time was allocated for each consecutive step before step 5 to work
on plans. The five-step process ensures that all necessary participants are up to
date of developments regarding supply and demand planning (Caroline
Geelmuyden, Emma Rasmusson, 2019). The authors also emphasize the im-
portance of documentation for better understanding why a change was made,
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which can assist in future decision-making. Documentation can include
thoughts, strategies, and changes made to the forecast. This documentation
should be easily accessible. When there is a decision making history available,
it is easy to explain the S&OP process to new participants (Caroline Geelmuy-

den, Emma Rasmusson, 2019).

Step 1 in the monthly S&OP process involves data gathering, where partici-
pants ensure they have sufficient information to support their decisions. This in-
formation might include last month’s results, customer information, details about
planned campaigns, forecasts, current inventory status, and capacity plans

(Caroline Geelmuyden, Emma Rasmusson, 2019).

Step 2 involves demand planning. In this step, potential changes are discussed,
and forecast accuracy, service level, and stock volumes are reviewed. Docu-
mentation of customer or supply-related events that affect the forecast is
brought in to support decision-making (Caroline Geelmuyden, Emma Rasmus-
son, 2019).

Step 3 involves supply planning. In this step, production plans, forecasts, stock
balances, production capacity, plant service levels, and documentation of
events that have affected the production plans, for example, can be discussed

(Caroline Geelmuyden, Emma Rasmusson, 2019).

Step 4 involves a pre-meeting. The purpose of this step is to align the supply
plan with the demand plan. The inputs for Step 4 are generated during the pre-
vious steps, which include the demand plan, supply plan, KPI performance,
budgets, and income statements. In addition to balancing the demand and sup-
ply plans, adjustments can be made based on financial budgets, considering
the constraints between supply and financial objectives. Step 4 often consists of
the senior management members related to these functions. The output from
this step should be a balanced demand and supply plan within the agreed
budget. Issues requiring executive-level attention are collected for the final step

(Caroline Geelmuyden, Emma Rasmusson, 2019).



34

In Step 5, which is the final step of the monthly S&OP process, issues are esca-
lated to the executive level. Here, financial and operational targets are ap-
proved. Inputs to this step include a balanced demand and supply plan, unre-
solved issues, consolidated process measurements, and KPI performance. The
output of Step 5 is an approved demand and supply plan (Caroline Geelmuy-

den, Emma Rasmusson, 2019).

Inventory Planning as part of S&OP

Inventory plan is included in the S&OP process, even though it is not explicitly
mentioned in the process (Dave Turbide, 2018 A). In fact, Inventory Planning is
a major factor in S&OP and for this reason, the term Sales Operations and In-
ventory Planning (SIOP) is often used interchangeably with S&OP (Brya Ball,
2015).

SIOP provides visibility into operations and indicates what needs to change in
operations if potential issues arise (Philip Lee, Scott Sparks, 2020). The ability
to handle multiple inputs and process them into a single output is a sign of a
mature demand planning process. A key point here is the ability to work in
cross-functional teams to capture all necessary information to improve the
S&OP process (Brya Ball, 2015).

SIOP provides answers to questions such as changes in inventory over periods
and what the inventory turnover ratios are. An increase or decrease in inventory
can suggest that there is a problem in inventory management or somewhere in
the supply chain. This could be a sign of future issues related to customer ser-
vice, working capital, capacity, operating costs, or growth. Issues could arise
from raw materials aging or growing disproportionately compared to sales. This
usually means that the forecast is inaccurate, the capacity to produce is insuffi-
cient, or the process of receiving raw materials is suboptimal (Philip Lee, Scott
Sparks, 2020).

The aforementioned issues are familiar to companies using Material Require-

ments Planning (MRP) and forecasting, which assumes infinite capacity. These
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issues can be alleviated by using Master Production Scheduling (MPS). Be-
sides raw materials, these same issues can apply to Work in Progress (WIP)
stocks (Philip Lee, Scott Sparks, 2020).

When drafting the inventory plan, it is important to allocate some extra inventory
to compensate for demand variability, forecast error and supply chain risks.
Warehousing capacity limitations should be considered as well (Dave Turbide,
2018 A). The extra inventory level is determined when evaluating suitable SS
and ROP levels.

When supply and demand do not align, many problems can arise, such as
stockouts, overstocking, lost sales, markdowns, write-offs, poor capacity utiliza-

tion, and declining service levels (Sri Aparajitha et al. 2011).

2.5 Segmentation

Segmentation is an important aspect of inventory management and S&OP.
Product segmentation divides the company’s products into groups based on
characteristics such as volume, demand variability, and predictability. Product
segmentation helps to understand demand patterns in more detail when allocat-
ing resources within the company (Sri Aparajitha et al. 2011). By segmenting
products, companies can prioritize their S&OP processes and focus on areas
that need more attention in order to achieve a better balance between predicta-
bility and flexibility.

Segmenting products influences inventory management. Products with highly
predictable demand may need fewer stock buffers and can be managed more
or less automatically compared to products that are highly volatile. Segmenta-
tion can reveal highly volatile, low-volume products which are kept in stock.
These SKUs might require discussion about whether they should be kept in
stock for assemblies.
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For example, one could perform a cost-value analysis to evaluate whether to
discontinue production for highly volatile and low-volume SKUs and whether ca-
pacity should be freed up for higher-value products. Product segmentation can
improve a company'’s ability to manage supply and demand more effectively (Sri
Aparajitha et al. 2011).

When creating product segments, product “buckets” can be created based on
volume and demand predictability. Each product segment is characterized by
different sales volume, revenue generated, or contribution margin. Segmenta-
tion analysis can be used as a tool to create strategies for each product buck-
ets. Strategies might include maintaining stability for high-volume, low-volatility
products, managing high-volume products with high volatility, and conducting
deeper research on high-volume products (Sri Aparajitha et al. 2011). For ex-
ample, the ability to segment demand provides important insights into increas-
ing service levels and focusing on correcting problem areas without increasing
stock (Brya Ball. 2015). In general, it is important to consider differences be-
tween SKUs in terms of their characteristics such as cost, sales value, con-

sumption rate, and demand variability (Esra Agca Aktunc et al. 2019).

Since it is impractical to assign inventory control policies for each SKU individu-
ally, SKUs are grouped into segments or buckets based on statistical data. Effi-
cient inventory management does not allocate the same control mechanism for
all inventory classes. Instead, control methods should be applied to SKUs

based on their economic importance, for example. The aim of efficient inventory
management is to minimize costs for the company and maximize service for the

customers (Faraz Khan et al. 2019).

2.5.1 ABC Analysis

For the ABC analysis, the financial value of inventory must be calculated by
multiplying the quantity of each SKU’s material by its unit price. Then, the SKUs
are sorted from highest to lowest and calculated cumulatively based on the de-

sired percentage of the total for each SKU class. The ABC analysis usually
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follows the Pareto principle. Pareto principle states that 80% of effects are due
to 20% of the cause (also known as the 80/20 rule). However, in ABC analysis,
the percentage values are not fixed and they can be defined depending on spe-
cific requirements, such as 70, 20, and 10% (Esra Agca Aktunc et al. 2019). Pa-

reto diagrams are often used to visualize the data.

The literature reviewed suggests that A-class SKUs are the most important and
valuable for operations and thus must be closely monitored. Class B SKUs are
of average importance but should still be monitored. Class C SKUs are trivial,

and little effort can be directed towards them. SKUs in different classes require

different management principles (Esra Agca Aktunc et al. 2019).

The main principle of ABC analysis is based on the fact that a small percentage
of SKUs often represents a significant financial value of the total inventory for
the company. On the other hand, a relatively large number of SKUs often repre-
sents only a small part of the financial value of the inventory (Marcela Malindza-
kova et al. 2022). ABC analysis can be conducted using the historical demand
of the past 12 months, for example, by accounting for the amount of a specific
SKU used within a year multiplied by its average price. It's possible to use the

last price as well, but the average price is commonly used.

ABC analysis comes with multiple benefits such as improved inventory optimi-
zation, forecasting, strategic resource allocation, cost control, holding costs, and
turnover rate. It can also provide valuable information for supplier negotiations.
Some good assumptions for ABC analysis are to categorize SKUs based on the
speed of inventory turnover for the specific SKU. SKUs with fast turnover rates
pose a higher risk for stock-outs. However, in basic level ABC analysis assump-

tions are not used.

ABC analysis can be used to segment SKUs based on tied capital. A significant
amount of capital is tied to A-class SKUs, making it important to classify which
SKUs require close monitoring. Despite being a tool to rank SKUs based on

their financial value, ABC analysis should still be used objectively. For example,
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A-class SKUs require the most managerial attention, while B-class SKUs can
be managed mostly with automated control principles. The control of C-class
SKUs should be as simple as possible and ideally grouped into regions, suppli-
ers, or end-users (Larry Lapide, 2006). There can be also two types of A-SKUs:
fast-moving but cheap, and slow-moving but expensive. Distinguishing between
these should be done if a company wants to conduct a more comprehensive in-

ventory classification.

For example, A-class SKUs could be reported frequently during inventory re-
views (Chris Caplice, 2006 E). B-class includes SKUs of intermediate im-
portance and C-class contains the least important SKUs (Marcela Malindzakova
et al. 2022) from financial perspective. B-class SKUs are reported infrequently
or in an aggregated manner (Chris Caplice, 2006 E)

Regarding C-class SKUs, it is important to spot the SKUs with low value but
that are still important to manage, i.e. an SKU may be of low financial value but
still be scarce to source from the markets. C-class SKUs can be reported only
on an aggregated level as well. For C-class SKUs, identification and disposal of
dead inventory is important. SKUs that should be disposed can be evaluated for
example by evaluating the Days of Supply/Stock (DOS) for each SKU. If DOS is
greater than x > years, closer look could be beneficial (Chris Caplice, 2006 E).
For this reason, DOS monitoring can be beneficial.

Identifying the Long Tail Inventory

The long tail inventory is also called the C-material spend (Riccardo Drentin et
al. 2018). Long tail SKUs are similar to C-class SKUs in ABC segmentation, as
both, long tail and class C SKU represent SKUs that contribute little to the over-
all spend. However, it is important to note that long tail SKUs can also include
SKUs from class B or even class A, where SKUs have high value but otherwise
low consumption frequency. Some characteristics between these two classifica-
tions overlap but they are not necessarily identical. Other methods to identify

the long tail SKU from ABC C-class is required in cases like this.
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Another good segmentation principle is to segment based on demand, where
the current inventory is compared against historical demand and forecasts re-
garding the demand. This way, the fast-moving, active SKUs can be identified,
as well as excess inventory of the fast-moving SKU, SKUs with long-tail charac-
teristics, or obsolete SKUs (Paolo Baldesi et al. 2019). For identifying root
causes for slow moving SKUs, SKUs could be segmented based on the aver-
age duration the SKU is kept in stock or SKU Age, which is the duration the
SKU is held in stock.

2.5.2 ABC-XYZ/FSN/HML/VED/SDE

ABC-XYZ/FSN/HML/VED/SME analyses are tools used in inventory manage-
ment to classify products based on their variability/sales volume/price. Both ap-
proaches, segmentation based only on ABC, or any combination analysis aims
to improve demand forecasting and inventory management by segmenting
products based on their characteristics. The two most common methods for
SKU classification techniques are the ABC analysis and the Fast, Slow, Non-
Moving (FSN) or XYZ technique. In the ABC-XYZ or ABC-FSN method, these

techniques are combined.

Segmenting items into categories requires data collection and periodic review-
ing, which can make the process resource-intensive. However, with data-analyt-

ics and BI tools this can be automated.

Besides combining ABC-XYZ which is common, it is also possible to add third
classification to the matrix. For example, ABC-VED-FNS Matrix was con-

structed in the work of Tafesse Gizaw and Awol Jemal (2021).

Appendix 3: Segmentation Method Comparison lists pros and cons of each seg-

mentation method.
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XYZ Analysis

In the XYZ analysis, demand for X SKUs has very little variation, which means
forecasting demand can be done more accurately. Demand for Y SKUs fluctu-
ates more, but the demand can still be reasonably predicted, though forecasting
will be less reliable. Demand for Z SKUs has high variation and thus, forecast-
ing is difficult. The combination of ABC and XYZ analyses helps identify SKUs
based on both demand and demand variance (Esra Agca Aktunc et al. 2019). It
is good to remember that A-class is not necessarily of high demand but it can

be high price and low demand.

For example, products with high volume and high demand volatility might need
to be reviewed more frequently than those with low volatility (Sri Aparajitha et al.
2011). For this, ABC-XYX segmentation could be useful.

FSN/FMSN Analysis

The FSN stands for The Fast, Slow and Non-Moving (FSN) Method. Corre-
sponding letters are Fast (F), Normal (N), Slow (S) and Dead (D). In FMSN
analysis, medium moving class is included. Fast-moving can also stand for X,
Slow-moving for Y and Non-moving for Z (or ZZ/Z0) is often described as the

deadstock.

The FSN method does not segment consumption variability, but it segments the
rate at which the SKU sells to classify the SKU. The higher the figure, the faster
the moving speed (Thymen van der Poll, 2017). The FSN helps to identify non-

moving or slow moving SKUs and separate them from fast moving SKUSs.

Segmentation can be used in other operational areas than just inventory man-
agement when it comes to stock amounts. FSN-based analysis can help im-
prove warehouse operations by locating the fastest-moving goods in easier-to-
reach stock locations within the warehouse. To get rid of slow-moving or dead
stock, bundling SKUs with fast-moving stock is also an option to clear unwanted

inventory (Finale Inventory, 2023).
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HML Analysis

The HML method stands for High, medium, low (HML) classification segments
SKUs based on their unit price and the method emphasizes controlling of high
cost SKUs (Thymen van der Poll, 2017).

VED Analysis

Vital, Essential, Desirable (VED) analysis is based on Criticality & Impact (PiLog
Group, 2023) or functional importance. VED classification aims to guide inven-
tory management decisions by considering the significance of items in the pro-
duction process and their potential impact on operational continuity (Exceed
College, 2023).

Vital class SKUs are essential materials, where non-availability can halt busi-
ness operations. Thus, these materials should be stocked at all times. Essential
SKUs are materials where a certain amount is needed, and a minimum amount
is sufficient to keep production running. The desirable class refers to materials
that do not affect production continuity, meaning that production can run with or
without these materials (Exceed College, 2023).

SDE Analysis

Scarce, Difficult, and Easy (SDE) method classifies items based on their supply
scarcity (Melanie, Unleashed software, 2018). Scarce products are short in sup-
ply. Iltems in the difficult class may consider aspects such as restricted accessi-
bility or limited suppliers. The Easy class includes SKUs that are easy to ac-

quire (Gonzalo Aguilar, 2022).

SDE Analysis is vital in industries where the materials used are scarce. Thus,
this classification can help formulate proper inventory policies (Malik Shawal,
n.d.).



42

ABC-XYZ Analysis Example

ABC-XYZ analysis can be used to obtain information about SKUs for more ac-

curate inventory management decisions (Esra Agca Aktunc et al. 2019).

The analysis consists of nine classes in the case of ABC-XYZ, which are AX,
AY, AZ, BX, BY, BZ, CX, CY, and CZ. Each of these classes has very different
properties (Esra Agca Aktunc et al. 2019) and thus, they should be managed

differently. SKUs with no future demand are commonly classified as ZZ or Z0.

2.5.3 Limitations of the ABC Analysis

The limitations of ABC segmentation should be acknowledged. It is important to
note the company specific demand patterns because the ABC analysis does not

distinguish demand patterns, as in only focuses on monetary value of SKUs.

One example is a new product without past demand history or other seasonal
products. Thus, the ABC analysis might not reflect reality. Secondly, the con-
cept of value blindness can be accounted for. For example, an SKU might be of
low value but still be of significant importance to keep in inventory to optimize

manufacturing operations.

ABC analysis can enhance over or undersupply issues, and there is a risk of ig-
noring B and C class SKUs, which might cause production disruptions, as the
analysis does not focus on inventory turns. Also, the opposite can occur and

cause inventory to build up (Abby Jenkins, 2020).

Also, Master thesis by Heta Haikonen (2021) lists other limitations of the ABC
analysis, which are that the method often ignores item specific KPIs. Other of-
ten ignored features can be the fill rate, lead time and order frequency (Sheikh-
Zadeh et al. 2021). Especially in ETO companies, understanding the theoretical
background of the inventory and inventory management model(s) is important,
which goes beyond segmentation.
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Bikeshedding

When conducting an ABC analysis, it is important to acknowledge certain com-
mon biases. One such bias is known as “Bikeshedding”, which refers to the ten-
dency of individuals to spend excessive time on trivial or less significant issues.
This often results in a shift of focus away from matters of greater importance
(Raza Abbas, 2020). Such situations may arise where inventory managers fo-
cus excessively on debating or adjusting SKU classifications, rather than focus-
ing on the strategic implications derived from ABC analysis. To prevent
Bikeshedding, clear objectives and criteria for ABC analysis should be set. This

includes a periodic review and update of parameters (Raza Abbas, 2020).

2.5.4 Coefficient of Variation

The best practice for conducting XYZ analysis is to use the Coefficient of Varia-
tion (CV). The coefficient of variation can be calculated from demand. The

higher the CV, the more uncertain the demand becomes.

v = Standard Deviation of Demand

Average Demand in a period

If demand is stochastic, then the lead time has a probability distribution, which
could be normal or any other shape of probability distribution. The distribution is

normal in an ideal and optimal situation.

If the CV is high other SS equations than those assuming normal distribution

should be used, but those are not on the scope of the thesis.

The CV can be used to guide which SS equation to use if the data is not nor-
mally distributed. In these cases the SS equations can be tailored to the specific
probability distribution shape (Thymen van der Poll, 2017). In most cases, the
normality assuming SS equations are good to begin with as the formulas can

give a good approximation (Alberto Santini, 2019).
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A useful rule of thumb to keep in mind is that non-normally distributed lead time
or demand exists in cases where the CV is more than 0.5. On the other hand,
when the CV is less than 0.5, the normal distribution provides a good enough
approximation. If the CV is greater than or equal to 0.5, the demand can be con-
sidered to follow a Gamma distribution. Slow-moving SKUs can be assumed to
follow a Poisson or Compound Poisson distribution (Thymen van der Poll,
2017).

The CV can also guide order policies. For example, if the CV is more than 0.2, it
may indicate that the demand is too fluctuating for Economic Order Quantity
(EOQ) order policies, as EOQ assumes non-fluctuating demand. If the CV is
less than 0.2, then EOQ policies are suitable, assuming other criteria of the
EOQ assumptions are met (Winston, 2004, p. 872; van der Poll, 2017). Thus,
the results from the XYZ analysis can be used a guidance in choosing appropri-

ate order policies.

2.6 Inventory Planning Key Performance Indicators

Inventory consists of materials that a company holds in order to meet customer
needs and future demand. Inventory can include products in process, finished
goods, raw materials, and final products that the company has in stock and can
utilize either to finalize or start production (Faraz Khan et al. 2019). Because in-
ventory plays such a vital role in companies, measuring its performance is im-

portant.

Inventory management KPIs are metrics that help monitor and make decisions
about the stock a company holds. It's important to note that different stakehold-
ers might require different inventory information, and the KPI is often modified
based on what needs to be measured. Using KPIs to measure inventory perfor-
mance can help companies optimize their inventory and material management,
provide insight into simplifying product portfolios, and aid in resizing manufac-

turing cycle times (Paolo Baldesi et al. 2019; Ryan Brukardt et al. 2021).
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Due to some fragmentation in definitions, there is no universal standard for de-
fining KPIs. Therefore, maintaining criticality is important when determining the
best KPI definition for a specific use case. Different sources may use different
terms, formulas, or interpretations of the same KPI. Some sources may use var-
iations of these formulas, where there can be variation between whether using
weeks or months instead of days or using average inventory for a period in-

stead of ending inventory, or an average of both.

For example, Days on Hand (DOH), Days Sales of Inventory (DSI), and Inven-
tory Days of Supply (IDS) can be acronyms for the exact same KPI. All of these
KPIs measure the average number of days it takes to sell the inventory the

company has on hand.

Having consistently defined KPIs in place can help companies gain analytical
insight into stock segmentation, identify root causes for low turnover for SKUs,
and develop actions to increase sales and reduce the cost of SKUs in certain

segments, such as slow-moving stocks (Paolo Baldesi et al. 2019).

In some cases, it can be beneficial to use different KPIs on different segments
of inventory, which could be based on ABC analysis, for example. SKUs can be
segmented based on grouping, or they can be analyzed individually. Below are

presented some common Inventory Management KPI’s.

Days of Inventory Outstanding

Days Inventory Outstanding (DIO) represents the number of days it would take
to run out of inventory without receiving replenishment orders. Measuring IDS
helps to gain insight into the size of the inventory. It's important to remember
that while keeping too much inventory in stock ties up capital, the inventory on
hand should also be sufficient to satisfy demand (Abby Jenkins, 2021). Days In-
ventory Outstanding (DIO) is also known as Inventory Days of Supply (IDS),
Days in Inventory (DIl), Days Sales in Inventory (DSI) and the Average Age of
Inventory (Adam Hayes, 2023).
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The lower the number, the quicker the inventory is turned into cash. Conversely,
the higher the figure, the longer it takes to convert the inventory into cash. IDS
Is calculated in monetary value based on the definition provided below. It is

good to remember that the equation below is just one way to calculate the IDS.

Average Inventroy in a Month)
*

IDS (Monthly) = ( Monthly Demand

Also, Days of Supply or Days of Stock measures a similar metric, as all defini-
tions measure either how long it takes for a company to sell its inventory or how

many days’ worth of sales the inventory currently on hand can meet.
Inventory Days of Supply

The formula below measures how long the inventory on hand will last, consider-
ing the current stock and average daily consumption (Institute for Business
Forecasting and Planning, 2023). The number of days in a year on average is
365, which is typically used in calculations. The number of days used in the

equation can be adjusted.

Current Stock

D Supply =
ays of Supply Average Daily Consumption

Or

365

Ending Inventroy Value)
Cost of Goods Sold

Days of Supply = (
The above formulas can be extended to months and Weeks on Hand as well.
Months on hand indicates the number of months the inventory on disposal lasts
if no replenishment purchases are made and sales continue as forecasted
(Abby Jenkins, 2021).
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Inventory Turns

Inventory Turns measures the number of times the inventory is turned or con-
sumed within a specific period, usually a year (Sofia Rachad et al. 2017). Inven-
tory Turns is an inventory measure obtained by dividing Cost of Goods Sold
(COGS) by the Average Aggregate Inventory value maintained during the year
(Lee Krajewski et al. 2016 p. 508) or it can be also calculated by using the aver-

age inventory when talking about specific SKUs.

Cost of Goods Sold
Aggregate Inventory

Inventory Turns =

Or

Cost of Goods Sold
Average Inventroy

Inventory Turns =

Improvement in inventory turnover can be achieved by enhancing the order ful-
filment process, which reduces the finished goods inventory and accelerates the
order-to-cash process. It is important to note that inventory represents a finan-
cial investment, as it ties up funds that could be used more profitably elsewhere
(Lee Krajewski et al. 2016 pp. 508-510). Working Capital (WC) is an important
financial term. Both Weeks of Supply and inventory turns impact WC, as inven-
tories tie up WC. This is the money used to fund ongoing operations. If an or-
ganization successfully decreases the weeks of supply or increases inventory
turns, it translates into a reduction in the working capital needed to finance in-

ventory.

Inventory can be improved by reducing the need to store excess raw materials
and work-in-process inventory stock. A sensitivity analysis is a good tool to ana-
lyse what effects the reduction of inventory of specific SKUs or increases in the
annual sales have on weeks of supply or inventory turns (Lee Krajewski et al.
2016 p. 508). Sensitivity analysis can help to optimize operations on wider

scale. Improvements in weeks of inventory and inventory turnover can be
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achieved by enhancing customer relationships, order fulfilment, or supplier rela-
tionship processes. If a company successfully reduces supplier lead times, it
positively impacts the weeks of supply and inventory turnover ratio (Lee Krajew-
ski et al. 2016 p. 511).

2.6.1 Inventory Valuation

Some common Inventory valuation figures that can be calculated are Average
Aggregate Inventory value, Weeks of Supply and Inventory Turns (Lee Krajew-
ski et al. 2016 p. 508). Average Aggregate Inventory value is the total average

value of all SKUs held in inventory.

Aggregate Inventory = Raw Materials + Work in Process + Finished Goods

Weeks of supply is an inventory metric calculated by dividing the average ag-

gregate inventory value by the cost of sales per week.

Aggregate Inventory
Cost of Goods Sold
Weeks of Operation

Weeks of Supply =

For example, SKU proliferation or segmentation can also be utilized to set Tar-
get Weeks of Supply (TWS) levels. The target level signifies the weeks of sup-
ply that the company aims to have in stock to meet demand. Maintaining TWS
at the SKU level is often quite laborious, so it could be done at the class level
instead (Benjamin Robert Martin, 2010).

At times, the reason for a small inventory stem from the fact that inventory rep-
resents a temporary monetary investment. This investment can include costs
such as opportunity cost and cost of capital due to the money tied up in the in-
ventory. Factors that can affect inventory valuation include holding and handling
costs, taxes, insurance, and shrinkage. The EOQ can assist in determining the
ideal stock size (Lee Krajewski et al. 2016 p. 340).
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2.6.2 Inventory Age

Inventory age can be improved by improving inventory turnover ratio. Automatic
alerts in the inventory reports can be set to alert when inventory turnover falls
below certain limit, which can signal of a probable risk of aging inventory (Wasp

Barcode Technologies, 2023).

Monitoring inventory ageing can help to spot slow moving and non-moving
SKUs. It can also help to gauge how long on average SKU is kept in inventory,
along with quantifying the costs of holding inventory (Danielle Bauter, 2022)

Inventory Age can be improved, besides monitoring the inventory turns, by re-
ducing the time it takes to turn the inventory into sales. This increases the in-
ventory turns and decreases the inventory age. The inventory turn KPI can be
used to detect the SKUs that are not moving or are slow moving. Measuring in-
ventory age can help to formulate adequate actions. For example, the inventory
can be too large. Downsides of aging inventory are that this type of inventory
can become less sellable and keeping non-moving inventory in stock occupies

the storage space from fast moving SKUs (Danielle Bauter, 2022)

2.7 Inventory Decisions

Typical manufacturer spends more than 60 % of its total income on purchases
(Lee Krajewski et al. 2016 p. 507). Thus, inventory Management has direct im-
pact on the operating cash flows of organizations, performance and profitability.
The capital productivity of a company can be improved if the inventory is man-
aged efficiently. This can further improve the competitive advantage (Faraz
Khan et al. 2019).

There are three levels of inventory decisions. These are strategic Supply Chain
Decisions, Strategic Deployment Decisions and Tactical or Operational Replen-
ishment Decisions (Chris Caplice, 2006 A).
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Supply Chain decisions answer to questions such as what alternatives there are
to inventory or how should the product be designed (Chris Caplice, 2006 A). Al-

ternatives to inventory can be vendor maintained inventory, for example.

Deployment decisions answer to questions such as which SKUs should be
stoked, how these SKUs should be controlled and how much and where these
SKUs should be stored. SKUs might be perishable (Chris Caplice, 2006 A)
which puts more constraints into inventory management and determining ideal

order quantity is less straightforward.

Replenishment decisions answers to questions such as how often the inventory
status is determined, when to order replenishments and in what quantities. In-
ventory replenishments are affected by several factors, such as demand char-
acteristics, is it stable or variable, known or random, continuous is discrete
(Chris Caplice, 2006 A).

When forecasting, lead time characteristics should be considered. Lead time
can be instantaneous, constant or variable, meaning deterministic or stochastic
(Chris Caplice, 2006 A). Depending on the historical demand pattern, suitable

forecasting method should be chosen.

Inventory review time can be continuous or periodic (Chris Caplice, 2006 A) and
this affects the replenishment order policy. Inventory policy can be either (R,S),
periodic or cyclic review policy, or (s,Q), a continuous review policy, or (R,s,Q) a
periodic review policy, where inventory review is done every R period (Nicolas
Vandeput, 2021).

Inventory management can be single-or multi-echelon (Chris Caplice, 2006 A).
If sales and inventory data are shared among the supply chain members, such
as suppliers and/or supplier's suppliers, the supply chain as a whole can be im-
plement as echelon-based inventory control, which can result in superior perfor-

mance results (Lee, H. et al. 1997)



51

The capacity and resources can be either unlimited, limited or constrained
(Chris Caplice, 2006 A). Capacity can be a constraint in the inventory planning
process. For example the effect of capacity utilization in inventory management
is something that can be studied if inventory optimization is the goal. Some
studies show a strong correlation between capacity utilization and value chain

performance (Faraz Khan et al. 2019).

The planning horizon can be single, finite or infinite (Chris Caplice, 2006 A). The
planning horizon is determined by the S&OP process.

Some terms common to functional classification of inventory are cycle stock,
SS, pipeline inventory, decoupling stock, congestion stock and anticipation in-
ventory (Chris Caplice, 2006 A). Decoupling stock is the point where the inven-
tory is separated from the rest.

Inventory decisions should consider the inventory position and order point. Or-
der point is a function of the inventory model. Different inventory positions are
on hand, on order, committed and backorders (Edgar E. Blanco, 2016). On-
hand inventory is the quantity of materials that is currently on stock which is
ready to be used. On-hand inventory can also include inventory that is stored

off-site, such as vendor maintained inventory.

2.8 Inventory Planning

Common goal of Inventory Planning is to manage the inventory in order to have
right amount of stock at the right time, to meet demand, performance targets

and to minimize inventory costs and capital tied to excess inventory.

Two different approaches to Inventory Planning are MRP and Demand Driven
Material Requirements Planning (DDMRP). MRP is a push system, meaning it
starts production based on forecasted demand. On the other hand, DDMRP is a

pull system. MRP follows the current demand and thus, traditional MRP based
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Inventory Planning relies heavily on ROP and SS. MRP is discussed in more

detail as it is the most relevant inventory planning method for BlueFors Oy.

The service level, often used as a parameter in SS equations is just a number
from the Z table. Larger service level corresponds to larger SS and further ROP.

ROP and SS are explained under the corresponding chapter.

Inventory During Different Stages

On order is the inventory that is currently being ordered for replenishments. On
order inventory can be also considered as the pipeline-inventory. Most manu-
facturing companies have pipeline inventories if their operations include turning

raw materials into finished goods.

The inventory in transit (pipeline, on order inventory) should be tracked along-
side the on-hand inventory in order to have an overview of how much inventory
is tied up in capital, and how much inventory can be sold or processed into vari-

ous goods.

Knowing the on-hand and in transit order helps manufacturing firms to plan
ahead what they can manufacture and when customer orders can be fulfilled.
The inventory pipeline should be monitored for SKUs that pose a risk to be clas-
sified as dead stock (Kristina Lopienski, 2021) and for which the order amounts

should be reviewed.

2.8.1 Safety Stock Formulas

SS is important parameter in MRP based inventory optimization. It is good to re-
member the assumption that most of the SS formulas assumes that the variabil-
ity is normally distributed around the mean. In most cases, it is rather unrealistic
that the variability in either demand or lead time is perfectly normally distributed
(Nicolas Vandeput, 2021).
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Other than normally distributed probability density functions do exist that can be
used for inventory analysis purposes, such as Gaussian, logistic, gamma, lo-
normal and Weibull. Choosing the correct inventory policy while considering the
shape of the probability distribution can help to optimize the relationship be-
tween overage and underage costs. For example, higher service level increases
the overage cost. Underage costs are costing that stem from missed sales
(Ashkan Mirzaee, 2017), often resulting in stockouts or shortage costs. The ser-

vice level is included in majority of normal distribution assuming SS equations.

Optimizing overage and underage costs is an important part of inventory optimi-
zation. Overage and underage costs are known issues from the operations re-
search problem known as The Newsvendor Problem. However, this problem is
beyond the scope of the thesis, as are the assumptions of non-normal distribu-

tions in Safety Stock equations.

For example, demand is often skewed to the right, characterized by generally
low demand qty with a few exceptionally high outliers that distort the normal var-
iability. When the data is skewed and an equation assuming normality is used,
extreme outlier events are assumed to have a low probability. Depending on the
desired service level, the significance of this decreases; for example, when a
low service level such as 90% is acceptable (Nicolas Vandeput, 2021). When
data is not normally distributed, the mean values become skewed, potentially
resulting in either excessively high or low SS levels. Another common mistake

in determining SS is the assumption of an incorrect ordering or inventory policy.

Safety Stocks, excluding equation based on forecast error pros and cons com-

parison table is included in Appendix 2.

Normal distribution with uncertainty of demand and lead time, independ-

ent relationship

The equation considers service level Z, lead time, demand standard deviation,

demand and lead time standard deviation. In this equation, the Z-score
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multiplied by the square root of the sum of the squares of the individual variabili-

ties. Lead time is not squared.

This equation works fairly well in situations where demand and lead time varia-
bility are independent and both of them are influenced by different factors. The
equation assumes that the data set where the standard deviation is taken is
normally distributed (Peter L. King, 2011).

The equation below is used in the SS calculations in the implementation sec-
tion. In this formula, the first two terms under the square root describe the varia-
tion in demand over the average lead time, while the second term describes the
variation in supply compared to the average demand. In summary, the first two
terms describe demand variability, and the last term describes supply variability
(Sujit Singh, 2021 A).

2 2 2
Z x JL * Opemand 1 HSates * OLeadtime

For example, a high coefficient of variation CV value indicates significant varia-
tion in demand, allowing the CV to be used further to examine the demand vari-
ation. If the CV is low, then the last two terms are of greater importance regard-
ing the average demand. The higher the average demand is, then larger SS is
required compared to preparing for demand fluctuations explained by the first
two terms. It is also a reasonable assumption that an increase in the CV (re-
flecting variability in demand) will result in an increased SS. However, when the
CV is high, the average demand, measuring the required supply, contributes
very little to the SS calculation (Sujit Singh, 2021 A).

The service level Z in SS calculations can be used to adjust the inventory man-
agement parameters of different SKU classes. A cycle counting can be as-
signed to SKUs of significant importance, while also keeping in mind that SKUs
with lower monetary value in ABC segmentation class B and C can be of signifi-
cant importance, and those should be separately distinguished (Abby Jenkins,

2020) regarding implementation of service level.
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When the demand and lead time are not independent of each other, another

equation must be used (Peter L. King, 2011), explained next.

Normal distribution with uncertainty of demand and lead time, dependent
relationship

When the relationship between demand and lead time variability is depended, it
could imply that variation in lead time correlates with a variation in demand or
vice versa (Peter L. King, 2011; ABC Supply Chain, 2023).

Z * L* Opemana + Z * OLead time * Msales
Normal distribution, Variability in Demand

When there is variability in demand, the below equation can be used (Peter L.
King, 2011)

Z * \/Z * Opemand
Normal distribution, Variability in Lead Time

The previous equations assumes that the main culprit is the variability of de-
mand. The below equation focuses on the lead time variability. When the varia-
bility in lead time is the main issue, the following SS equation can be used (Pe-
ter L. King, 2011).

Z * Olead time * Usales

Max — Average Formula

The Max-Average equation assumes that the history will repeat itself. The Max-
Average equation ensures that inventory is managed against extreme demand
fluctuations. The equation is very simple to use but it often results in very high

SS that is not reasonable. To get realistic results, outliers must be identified.
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Outliers are singular events with higher lead time or demand than typically and
this can throw off the result. The max should reflect the average maximums and

only then the average should be taken.

Even if outliers are excluded, the SS equation covers the most extreme demand
cases and the stock will be high all the time, increasing inventory holding costs
and negatively affecting the inventory turn ratio. This is contradictory to goals of
inventory management, which include reducing inventory holding costs and in-
creasing inventroy turn ratio. High stock amount, however, is able to serve cus-

tomers better and increase responsiveness of the supply chain.

(Max Lead Time X Max Sale) - (Average Lead time X Average Sale)

Safety Stock based on Forecast Error

A company can have different kinds of stocks besides SS, such as anticipation
stocks and cycle stock, which is based on demand forecast. This is the stock
amount that is expected to be sold when the forecasted demand realizes. SS
alone is not always linked to the forecasting accuracy as its function is to act as

a buffer against demand variations (Suijit Singh, 2021 B)

It is possible to use forecast error variance instead of the average demand and
then take the variance of the average value. With this method, the SS levels ei-
ther fluctuates up or down depending on the forecasting accuracy (Sujit Singh,
2021 B)

Often, the MAPE is used to measure the forecast error when calculating the pa-
rameter for the SS calculations. As MAPE is a classic measure of forecasting
accuracy, using MAPE makes sure that the SS strategy is synchronized with
the demand planning initiative (Demand Planning.net). Another source uses
MAD for the forecast based SS (David McPhetrige, 2016)

Equation to calculate SS based on forecast error could be the one presented

below, but it is not suitable to be used for SS calculations as estimating SS
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should not be based on future (David McPhetrige, 2016) and other stocks like

anticipation stock are more suitable for that kind of purpose.

Z * Zsqcror * \/Lead time during forecast period * MAD

Here, the Z is the service level and Z; 4, is 1,2533 or \E which enables the

equation to be modified to MAD instead of using the standard deviation, MAD is
the absolute difference between forecasted demand and realized demand (Da-
vid McPhetrige, 2016).

2.8.2 Service Level

Depending on the ABC-XYZ segmentation, different service levels can be given
to SKU in different segments. For example, the service rate or AX SKUs can be
higher than for CZ SKUs (Frepple, n.d.). Thus, service level can be used to ad-
just the safety stock level. Service level determines the probability of not having

a stock-out.

For example, if a company wants to have a 95% service level, meaning that
there is only a 5% chance a stockout happens, the service level would be 1.65
A 100 % service level is almost never used as in reality that is unattainable and

results in unrealistically high safety stocks.
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The service level score for the desired service level can be found from the nor-

mal distribution table.

Service Level Z-Score
0 50 %
0.5 69.15 %
1 84.13 %
1.5 93.32 %
2 97.73 %
2.5 99.38 %
3 99.86

4 99.997

Table 2. Z score table.

The Z score assumes normal distribution, the safety stock proposals might not
always be sized right. The Z score does not have a linear behaviour, which can
be observed from the Z score table.

2.8.3 Re-Order Point

ROP is the point when a new order is placed to a supplier. The surplus to the
SS should cover the lead time of the SKU on top of demand variation. For ex-
ample, if the SKU lead time is three months, the ROP surplus should corre-
spond to consumption of three months, where the SS acts as a cushion for un-

expected demand fluctuations.

Going below the SS in between of replenishment periods sometimes is consid-
ered healthy and it is a sign the SS and ROP are correctly defined. If the stock
falls below minimum stock often between replenishments, it is time to evaluate

the size of the stock levels again.
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Average Monthly Sales x Lead time in Months + Safety Stock

For example, WC can be increased by making changes on ROP policies (Heta
Haikonen, 2021), and for example, a low inventory turn can be a sign that ROP

policies should be reviewed.

Economic Order Quantity

Economic Order Quantity (EOQ) could be the amount ordered when the ROP

stock level is reached.

EOQ can be included in MRP-based inventory management. EOQ considers
the cost of holding each SKU in stock, which may not always be simple to deter-
mine. It also takes into account the cost of ordering each SKU, which can also
be challenging to determine. The optimal point for EOQ is when the costs of

holding inventory and ordering are equal.

2 * Demand in a year * Ordering costs in a year
Holding costs per unit in a year

The quantity determined by the EOQ is the amount that should be ordered
when the stock level of an SKU reaches the ROP level. From the equation it
can be determined that demand and ordering costs increase the order lot size
and on the other hand, holding cost decrease the lot size. The more expensive
it is to hold the SKUs, the smaller the EOQ lot will be.

It is important to note that the EOQ has some assumptions, such as the de-
mand is stable, lead times are known and the price per SKU is fixed (Demand
Solutions, 2014). In EOQ, only the ordering and holding costs are accounted

for.

Besides assuming constant demand, other assumptions are that the demand is

continuous, the lead time is instantaneous and the review period is constant.
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EOQ assumes single-echelon inventory management with unlimited capacity

and resources.

The standard EOQ formula does not account for supplier discounts or short-
ages, assumes SKUs are non-perishable, and operates on an infinite planning
horizon (Chris Caplice, 2006 A). From this information, it can be concluded that
EOQ is not suitable for SKUs that are scarce or have spoilage constraints. How-
ever, extensions to the EOQ formula exist which considers multi-location, incre-

mental, one-time discounts or all unit discounts (Chris Caplice, 2006 B).

If EOQ is considered as model for setting order quantity, its sensitivity to order

size, demand and order cycle time should be evaluated (Chris Caplice, 2006 A).

Other Review and Replenishment Policies

Review and Replenishment policy can be determined based on segmentation
class and the policy can be either continuous or periodic. Inventory can be re-
plenished using policies such as Lot for Lot (LFL), Production Order Quantity

(POQ), or Part Product Balancing (PPB), which determine how much to order,
in addition to EOQ (Muhammad Saeed, 2012).

LFL policy only orders against needs, which minimizes inventory obsolescence
and it is a good choice for manufacturing environments where customized parts

are needed. LFL cons can be long lead time and inaccurate forecasting.

2.9 Manufacturing Models

Different Manufacturing models can be used to reduce customer lead time. De-
pending on the nature of the demand, most efficient supply chain strategy
should be chosen (Lee Krajewski et al. 2016 p. 512).

The manufacturing model can determine where the bottleneck in the supply

chain is located. Modern supply chains are very diverse in terms of products
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due to mass customization (MC), dynamic production and changing customer
demand (Muhammad Saeed, 2012). .

Supply chains typically include various manufacturing models, such as Assem-
ble-to-Order (ATO) and MTO, for example. When upstream processes in the
supply chain are controlled, this leads to smoother operations downstream.
Managing operational constraints can improve the customer delivery process. In
order to achieve a smooth customer delivery process, the operational con-
straints within the supply chain should be identified (Muhammad Saeed, 2012).

Depending on the manufacturing model, forecasting or scheduling strategy can

be different, depending on the management decisions.

Appendix 4: Manufacturing Model Comparison lists pros and cons of manufac-
turing models ETO, MTO, MTS, ATO.

2.9.1 Customer Order Decoupling Point

The CODP separates the point in the supply chain where the order is either
customer order or forecast driven. Depending on the manufacturing model,
CODP location within the supply chain is different. CODP is also known as Or-
der Penetration Point (OPP).

The CODP separates the upstream and downstream activities of the particular
manufacturing model, meaning that before the customer order, the activities are
forecast driven and after customer order, the activities are customer order
driven. The decoupling point also separates the value adding activities (Muham-
mad Saeed, 2012)

When transforming between manufacturing models, the transformation phase
requires updating of demand and control system on top of planning tools and
their reliability (Mason and Towill 1999). For example, this should be done when
moving from ETO to MTO (Muhammad Saeed, 2012) or between any other

manufacturing model, as the shift in CODP can affect the supply chain
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efficiency or responsivity. It is good to note that if the position of the CODP and
manufacturing plan are not aligned, supply chain inefficiencies can be more pre-
sent (Aldo Sante Duchi, 2017).

The need for inventory control and at which stocking levels is a consequence of
the CODP position (Aldo Sante Duchi, 2017) and thus, the CODP is a starting
point for inventory policy design (Heta Haikonen, 2021).

For example, ATO, MTO and Design-to-order (DTO) are popular designs in re-
sponsive supply chains (Lee Krajewski et al. 2016 p. 512) and MTS model is
popular in effective supply chains. Other models are Configure-to-Order (CTO)
and ETO.

Engineering, Parts Assembly Finished goods
purchasing manufacturing inventory

Customerorder
and delivery
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MTO (Make to order)
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Figure 1. OPP — Order Penetration Point (Logistiikan Maailma, 2023)
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Make to Stock (MTS)

One way to increase efficiency of supply chains is to use Make-to-stock (MTS)
manufacturing model (Lee Krajewski et al. 2016 p. 512). Second solution is to

reduce variability in order to increase efficiency.

Inventory related issues, such as disproportionate growth or aging of finished
goods inventory is often the culprit of suboptimal alignment of forecast, demand
plan, and Inventory Planning. In an MTS environment, monthly process is re-

quired to balance demand and supply (Philip Lee, Scott Sparks, 2020).

Main disadvantage of MTS is the reliance on the accuracy of forecasts. Fore-
cast inaccuracy can lead to excess inventory, ineffective use of working capital

and material spoilage (Thomasnet, 2019).

MTS approach is the opposite of MTO. MTO, is characterized as pull-type
method and MTS is a push-type method, as products are pushed to production

based demand forecast (Thomasnet, 2019).

Assemble to Order (ATO)

Assemble-to-Order (ATO) is the simplest manufacturing method after MTS.
ATO is located in between MTS and MTO and all the engineering work has
been completed previously. ATO products are catalogue products and customer
specific modifications are not possible outside pre-defined options. As custom-
ers can choose from available options, diverse needs can be still served while
the variety can be reduced. The level of configuration allowed in ATO is less
thanin CTO.

Make-to-order (MTO)

MTO should be chosen when the end-product SKU is highly customized, modu-
lar design is not possible, and the components used have highly erratic demand

nature due to varying consumption rates among end SKUs, leading to lumpy
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and unpredictable overall demand (E. Powell Robinson Jr. et. Al, 2008) making

forecasting hard and inaccurate.

Companies that generally adopt the MTO approach may have raw materials in
stock to produce or assemble products belonging to the final product, but the fi-
nal product itself is not kept in stock. MTO is defined as a pull-type production
method since demand is generated by direct customer order (Thomasnet,
2019). MTO allows a certain degree of product customization, where customers
can choose from a set of predefined options or configurations.

MTO drawbacks include longer lead times to customers, as final products are
not kept in stock. Depending on the complexity, lead time can be several
months or longer, depending on the manufacturing queue and other factors. As
MTO products are customized, they often cost more (Thomasnet, 2019).

Configure to Order (CTO)

Configure to Order (CTO) is a manufacturing model that shares characteristics
of MTO and ETO. In CTO, customers can select from pre-existing components
to configure their product. This model allows for a higher level of customization
than MTO but requires less engineering work than ETO, since CTO products

are known to function within specified configurations. The CTO model typically

offers a catalogue of predefined components and supports modularity.

CTO products may vary significantly between orders as they are assembled
from these predefined parts. By using pre-defined parts, it is possible to reduce

inventory by offering selected combinations without full customization possibil-

ity.

Engineer to Order (ETO)

Engineer-to-Order (ETO) is often used manufacturing model for highly custom-
ized end products and each project is designed according to the specific re-
guirements of individual customers. In ETO, production planning and project
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management coordination is needed regarding design and procurement of cus-
tomer specific components. As ETO manufacturing is always based on some
customer specification and the final products are always built as projects, and
project management practices are needed to finalize the delivery (Juha-Pekka
Suomela, 2020).

Four different ETO archetypes exist. For example, a complex ETO can be a
power plant built from scratch, where there is low standardisation and automa-
tion. In a basic ETO, such as asphalt mixing plant or a cable car, the standardi-
zation and automation levels are moderate. A repeatable ETO, such as bus or
elevator, has high level of standardization and automation. The fourth archetype
is a non-competitive ETO, where the repeat rate is very low and reflects compa-
nies where there are over 750 full-time employees working on customer-specific
engineering, where over 2000 hours is allocated on one unit, and thus the clas-
sification for this is also complex (Paul Schénsleben n.d.). Non-competitive ETO
thus relies on high volumes and time spent on engineering work. It is important

to note that these definitions are not universal.

While each ETO project is usually unigue and customized to some extent, be-
tween the different customer deliveries there are often features that remain con-
sistent and engineering modifications are only moderate, enabling companies to

utilize the similarities between orders.

2.9.2 “MAM’ strategy in parallel with ETO

“MAM” parts consist of MTO (Make-to-order), ATO (Assemble-to-Order) and
MTS (Make-to-stock) components. The so called ““MAM” parts” have already
been designed and/or manufactured, making monitoring of them easy and there
is no need for additional design work. “MAM” parts can have different inventory

control strategies, similar to segmentation.

Often an ETO order consists of ETO and so called “MAM” class parts. Parallel

processes for ETO and “MAM” components of the order could be considered.
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“MAM” parts are typically processed in three steps, including offer preparation,
production/assembling and delivery. On the other hand, ETO parts are pro-
cessed differently, starting from feasibility and change study, engineering, sup-
plier search and evaluation and evaluation for data maintenance and upgrade
(Aicha Amrani et al. 2010).

When “MAM” strategy is applied, the “MAM” items should be managed accord-

ingly to the specific manufacturing model, whether it is MTS, ATO, or MTO. De-
sign of new parts which falls under ETO classification could be managed in par-
allel with “MAM” components, which can provide benefits such as reduced lead
time (Aicha Amrani et al. 2010).

Risk associated to ETO and “MAM” parts is not the same, which should be
acknowledged. Often the “MAM”-risks are known while ETO-parts risks should
be identified case by case. Risk is either related to product or order fulfiiment

process (Aicha Amrani et al. 2010).

In ETO environments, capitalizing on the knowledge from past ETO compo-
nents can lead to a competitive advantage. For example, an item initially con-
sidered as ETO can, after knowledge capitalization, be regarded as a "MAM"
part. This can enable a faster order fulfillment process and the reuse of existing
data for manufacturing purposes. Using existing data can help to solve new
customer order problems more rapidly (Briere-coté et al. 2009; Aicha Amrani et

al. 2010) and increase inventroy management efficiency.

ETO to “MAM” and component re-use is outside of the scope of the thesis but
the concept is acknowledged from materials management perspective. Ac-
knowledging the different strategies for each manufacturing model is beneficial

when operating in mixed model environment.

Material Shortage Challenges of ETO and MTO

The material shortages regarding ETO might be different, as ETO projects

might require more unique materials with long lead times and they might be
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scarce to source. The customer order (i.e. project specific) components in ETO

are sourced separately, which adds up to the lead time.

Despite if the final product being different between customers, the ETO orders
often include standardized sub-assemblies, for example, which are re-used be-
tween different customer projects. These standard component and sub-assem-
blies demand can be forecasted, as well as stock parameters can be defined
passed on past demand data. Keeping items stocked that are commonly used
helps to complete customer projects faster.

Need for Inventory Control

ETO manufacturing is highly variable, but some characteristics might similar
than in MTO (Willner et al. 2016). For example, a MTO can consist of a “Prod-
uct family with many variants” and ETO is “According to (changing) customer

orders”, also seen as a project based order (Aldo Sante Duchi, 2017)

ETO environment is also described as dynamic, where there are “strong fluctua-
tions in mix and sales volume in short and medium term” and uncertain, which
can be described as “unknown product parts; uncertainties of lead times, cost
and capacities; process uncertainties” and complex, including aspects such as
“‘complex capacity situation, multi-project character of the situation” (Aldo Sante
Duchi, 2017; Olhager, 2003; Willner et al. 2013) and due to this, supply chain
processes in ETO environments are highly unpredictable and their controllability
is low (Konijnendijk, 1994) and because of this, delivery performance is a key
competitive factor (Aldo Sante Duchi, 2017).

It is good to acknowledge that most of ETO companies are not exclusively pro-
ducing only ETO products, and most of the revenues come from MTO products
(Aldo Sante Duchi, 2017). In these cases, the order is only configured to the
customer needs, but no exact engineering work is performed (Amaro et al.
1999).
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Product configurations can be displayed within a solution space, which can be
represented by a product configurator (Aldo Sante Duchi, 2017). Defining the
product solution space or explaining it in the theoretical part of the thesis, is be-
yond the scope. However, this method is commonly used for ETO products that
use at least a moderate level of standard components. The larger the solution
space, the more challenging inventory management can become, as it involves
tracking multiple items and/or suppliers while maintaining a high level of cus-
tomer service. It is also good to acknowledge that the definition for “engineering

work” may vary when it comes to ETO.

2.10 Forecasting

Demand forecasting attempts to predict the future and typically consist of statis-
tical or causal models. Forecasting is done routinely, which can be monthly or
weekly (Chris Caplice, 2006 C). Demand planning goes hand in hand with fore-
casting, as demand plan develops plans what the future demand will potentially
look like. Demand planning is part of S&OP and includes input from multiple
stakeholders.

Forecasting methods that use time series rely on knowledge of past occur-
rences to predict future events. Time series can reveal potential trends, which
are typically linear, but can also be exponential or quadratic. Forecasting can
also reveal seasonal variations, which are periodic in time. Cyclical forecasting
is not tied to calendar but demand is still considered to be periodic. Forecasting
can reveal that the historical data is very sporadic and unpredictable (Chris
Caplice, 2006 C).

Time series are easy to construct based on the desired model and in time se-
ries forecasting, the importance of history should be assessed. For example in
cumulative forecasting methods, all history is equally important. When forecast-
ing, it is important to find a model that is both sensible and statistically valid be-

fore deciding which forecasting method to use (Chris Caplice, 2006 D).
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When considering the lead time demand, which is the demand that is expected
to realize during the duration of the lead time (Thymen van der Poll, 2017), dif-
ferent forecasting methods can be used. For example, if the historical demand
Is 10 SKU per month on average, and the lead time is 3 months, then the lead
time demand is 10the 3 = 30 SKU, if assuming simple time series forecasting,

such as moving average or naive.

Time Series Forecasting

Naive forecasting considers the most recent history to be of the most im-

portance.

Time series models are moving average, considering only the last N observa-
tions and it is a mix of cumulative and naive forecasting (Chris Caplice, 2006
C).

Exponential Smoothing

Exponential smoothing assumes different weight for each observation, which
are weighted with a smoothing constant alpha (Chris Caplice, 2006 C). Demand
forecasting for high volume products is successfully often most successful when
using exponential smoothing methods (Ralph D. Snyder et al. 2010). When the

alpha is 1, it is same as naive forecasting.

Trend Adjusted Exponential Smoothing

Trend adjusted exponential smoothing considers smoothing factor alpha and
trend adjustment parameter beta. Beta can either decrease or increase the fore-

cast figure based on nature of the demand (Chris Caplice, 2006 C).

Linear and Quadratic Forecasting

Linear and quadratic forecasting methods are based on time series forecasting

methods that use regression models to fit a linear or a quadratic function based
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on historical demand expressed as data points relative to time. Linear and

quadratic forecasting are both sensitive to outliers.

Planning BOM/Planning Bill/Average BOM

For example, kits and sub-assemblies can be forecasted with parent-child or
planning bill methods (Larry Lapide, 2006). Planning bill is also known as Plan-
ning BOM. If a company manufactures configurable products, a planning BOM
of kits, subassemblies or main products can be constructed with different weight
based on the demand. When the demand mix changes, the planning BOM can
be adjusted. Thus, the planning bill can be useful for determining demand and

placing orders, especially for SKUs with longer lead times.

When using planning BOM it is important to distinct demand that is BOM de-
pended on and BOM independent. Also, some SKUs might be used in several
builds, which should be accounted cumulatively for the total planning bill
(Tracey Baker, 2021)

Using the planning bill allows forecasters to account for a variety of possible op-
tions, as the planning bill represents the average combinations that can be sold.
Planning bills can be utilized in MPS, MRP, and Distribution Requirements
Planning (DRP) systems (Oracle Help Centre, 2013).

In conclusion, the planning bill can be viewed as the "average BOM," which
takes the average of all sold configurations and can then be used for demand
forecasting purposes. It is important to evaluate the reasonableness of the plan-
ning bill, and different weighting coefficients can be applied to modify the equa-

tion for calculating the average.

2.10.1 Demand Patterns

The forecasting method should be chosen according to the demand pattern.

From a statistical viewpoint, it makes sense to base the choice of forecasting
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based on the demand type. Different methods should be used depending on

whether the demand is erratic or stable (Jonas Borgman, 2022).

Trend lines or exponential smoothing can be used to forecast short or medium
term demands. For recognizing patterns, using polynomial trendline analysis
while paying attention to the chi square value might be useful. Thus, it makes
statistical sense to apply a different equation when calculating the demand for a
product with erratic demand compared to one with slow demand (Jonas
Borgman, 2022)

It can be beneficial to detect the outliers from the data in order to cleanse the
data set used for forecasting. It is important to be aware that sometimes the out-
liers can be a genuine demand pattern, despite the outliers only appearing in
the data sporadically. By identifying outliers, it is possible to improve forecasting
and SS calculation accuracy. This can help to avoid over or understocking (Jo-
nas Borgman, 2022). Same logic where outliers are assessed can be applied

when calculating the SS based on mean and standard deviation.

When cleansing data, some intuition is needed to determine whether outliers
are occasional anomalies or genuine demand patterns. For example, the same

pattern may repeat itself annually (Jonas Borgman, 2022).

Forecasting accuracy can be monitored with control charts which helps to visu-
alize significant deviations. Deviations and forecasting performance can be
monitored in a tabular format as well. How often the forecast is updated is de-
cided on case by case. When visualizing either demand or forecasting error, it is
good idea to use conditional formatting tools to indicate the outliers if the gty de-

viates a certain amount from the mean.
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2.10.2 Segmentation from Forecasting Viewpoint

Segmentation is important from forecasting viewpoint. For example, for new
products life cycle method can used. For mature products, time series are more
appropriate considering trend and seasonality (Larry Lapide, 2006)

Products that have been promoted or campaigned can be forecasted with time

series and cause-effect methods (Larry Lapide, 2006)

Slow moving or SKUs with sporadic demand can be forecasted by Croston’s or

Poisson distribution methods (Larry Lapide, 2006)

Cannibalized SKUs can be forecasted using dependent or life cycle methods
(Larry Lapide, 2006). Cannibalization in manufacturing can refer to a situation
where a product is dismantled and its parts are used for more critical assem-
blies due to material shortages, for example. This can cause disruptions, such
as delays to other customer orders. It is important to note that dismantling
poses a risk for damage and other quality related issues. Products can be either
cannibalized due to repair purposes or where a part might be needed for testing
in more critical orders. Thus, it is not a bad idea to collect a list or other infor-

mation of SKUs that gets cannibalized.

2.10.3 Forecasting Error Measurements

The validity of a forecast can be evaluated based on its accuracy, which means
how well the forecast compares to the actual demand. It is also important to

evaluate any bias in the forecasting process (Chris Caplice, 2006 D).

Forecasting errors, when using models other than historical ones, can stem
from incorrect intuition or optimism. Sometimes, forecasts can contain strategic
components, where demand is either purposely overestimated or underesti-
mated. Demand can be forecasted higher to be on the safe side to not run out
of materials and under-estimated when there is a reason the SKU might not be

needed anymore, such as replacing the SKU with another SKU in production.
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Common Error measurements are: CFE (Cumulative Forecast Error), MAD
(Mean Absolute Deviation), MSE (Mean Squared Error), MAPE (Mean Absolute
Percentage Error), MPE (Mean Percentage Error), RMSE (Root Mean Squared
Error).

CFE measures the cumulative deviation of forecasted values compared to the
actual realized demand over a given time period. The total CFE is the sum of all

forecast errors, and the total cumulative CFE and can positive or negative.

MAD is the absolute value of CFE. Total MAD can be calculated by summing all

the observations and then taking the average.

MSE is MAD squared. Total MSE is calculated by summing all observations to-

gether and then taking the average.

MAPE is MAD divided with realized demand for the same period.

MPE is the average percentage difference between the forecasted values and
the actual realized value, and it can be either positive or negative unlike MAPE,

which considers the absolute difference.

RMSE is the square root of the MSE.

Error measurements CFE, MAD, MSE, MAPE are used in the implementation

part.

Dealing with Forecast Inaccuracies

The Sales and Operations planning (S&OP) process provides an input to the
MPS process and further to the MRP Process. The idea of an MRP process is

to provide plan for lower level BOM needs (Robert G. Ratcliffe, 2020).

Often issue is the conflicting interest of planning and purchasing departments,

where planning wants to guarantee stock levels that won’t run out but also won'’t
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be too much, often results in the purchasing department placing too large or-
ders, meaning that there is a tendency to order more than necessary to cover
for the fluctuating demand. When the demand management process improves,
the high level S&OP plan will become more efficient, which in turn ensures that
the MPS and MRP processes are under better control, leading to improved
planning of lower level components and thus reducing the excess inventory
(Robert G. Ratcliffe, 2020).

Often, planners and buyers are responsible for forecasting. The forecasts they
use are typically based on historical data, for example, the moving average
method, which is just a prediction of the future and can often be inaccurate.
When planners and buyers produce the forecasts, they may not be the most
suitable groups for this task. The responsibility should shift more towards sales-
people, who have the best view of the market (Robert G. Ratcliffe, 2020). Fore-
cast focus of salespeople should be on the top level products and component

forecast is better to be managed by other groups, such as planners or buyers.

Sales forecast should be produced on a regular basis by salespeople as the
sales department is best suited to do so. It is important to understand that a
forecast is still prone to errors. However, forecast than no forecast at all is still a
better choice. A salesperson should not be disadvantaged by providing the fore-
cast even when the forecast is compared to real actual realized demand (Rob-
ert G. Ratcliffe, 2020).

When demand is only sporadic, it is said to be intermitted. Companies with
large-scale inventory typically have SKUs on stock which demand is intermittent

and has low volume consumption (Ralph D. Snyder et al. 2010).

SKUs with intermitted demand might be of high value, and thus segmentation
between value or importanacy to production should be conducted. Segmenta-
tion of products can help to deal with forecast inaccuracies or with implementa-

tion of different forecasting methods than time-series, such as market research.
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When forecasting, it is beneficial to account for optimism bias, a psychological
tendency towards wishful thinking. Forecast optimism might stem from cus-
tomer demand signals rather than the forecasting process itself (Petter Neess et
al. 2015). This bias can influence the forecaster's personal intuition regarding

the accuracy of their forecasts.

Finally, forecasting inaccuracies can result from misinterpretations of strategy,
and there is often a fine line between strategic misrepresentation and optimism
bias. Personnel involved in forecasting may benefit from producing favourable
forecasts (Petter Neess et al. 2015). It can be concluded that management

should ensure that the strategy is interpreted correctly.

2.11 Frozen Period and Slushy Period

The Frozen, Slushy and Liquid periods are terms relates to MPS, where time
fences are set for manufacturing processes. MPS is defined depending on pro-
duction capacity, inventory levels, demand, efficiency, capacity utilization and
lot sizes (R Amaranti et al. 2019).

When considering the sizing of the time fences, it is important to take into ac-
count the work created for manufacturing departments due to changes.
BlueFors Oy utilizes a lot of MTS products, which are then utilized to build
ETO/MTO products. Based on received orders or anticipated demand, in-house

stock products that are common to many final assemblies are manufactured.

Before beginning to implement the frozen planning system, some policies
should be reviewed regarding non-frozen interval policy, planning horizon
length, frozen interval length and re-planning frequency. Besides internal poli-
cies regarding frozen planning, four different environmental factors should be
considered, which are natural order cycle length, vendor flexibility, demand
range and demand lumpiness (E. Powell Robinson Jr. et al. 2008).
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When thinking of applying the frozen interval strategy, the total lead time, plan-
ning horizon, plan re-run frequency and the planning bucket length should be
considered. Among these factors, the frequency of planning reruns most signifi-
cantly affects the responsiveness of the plan. The higher the rerun frequency,

the more responsive it is to customers.

Only the frozen period should be firmly implemented, while the slushy period
should stay flexible to allow for modifications. When entering a new frozen pe-
riod, a new firm plan is created that reflects developments from the initial frozen
cycle and updates to the forecast (Shaun Snapp, 2010). By taking flexibility re-
ducing measures, companies can optimize their entire supply chain and achieve
better market position (Andreas Hahn, n.d., p. 48) and respond to customer de-
mand with less disruptions. By having frozen period set up the company can
serve their customers and stick to their promised lead time more often. Dividing

planning into periods is a common practice in classical planning systems.

Last-minute changes require greater organizational effort, leads to process inef-
ficiencies through the whole supply chain and as a result, a weaker position in
competition with other companies (Andreas Hahn, n.d., p. 48) which should be

considered early on, when the competitive situation is still manageable.

The time fencing concept is important and time fences are used to maintain the
flexibility of production schedules, while accounting for changing demand situa-
tion due to sudden orders or change requests to MTO products (R Amaranti et
al. 2020).

Ligquid non-frozen interval strategy enables any changes to be made to the or-

ders.

Frozen Period

Frozen period is the planning horizon where no changes are typically allowed.
The frozen period should stay unchanged in order to not to cause disruptions to

production and to increase stability in the operations and prevent chaos. The
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frozen period might also be necessary to prepare sub-assemblies in time for the
main production (Marcela Malindzakova et al. 2022). The policing of the frozen
period and under which circumstances changes are allowed should be defined
to guide decision making more efficiently.

In order to make changes to the frozen period, a policy requiring senior man-
agements approval should be implemented as capacity and materials are re-
served for specific customer orders and changes to lead to increased costs or
otherwise disrupted production. Frozen period length is determined by demand
time fences (Pak Supply Chain, 2010). Demand time fence examples are DTF
(Demand Time Fence) and PTF (Planning Time Fence) (R Amaranti et al.
2020). Typically, orders within the non-frozen can be modified regarding timing
and quantity over the subsequent planning cycles. Allowing modifications to be
only made after the frozen time fence helps to maximizes the scheduling flexibil-
ity (E. Powell Robinson Jr. et. Al, 2008)

As the Frozen production fences production and sets time intervals for which a
company doesn’t change its production plan for a product. For example, if the
plan is frozen for a month, the plan is frozen and no changes are accepted. The
period after that can be changed and adjusted for changing demand. The idea
of frozen periods is to minimize disruption to schedules as production disturb-
ances decrease efficiency. It is important to acknowledge that frozen periods
also result in reduced flexibility, agility and responsiveness (Steve Banker,
2019).

When frozen periods are used, Frozen Ordering System (FOS) is a viable and
recognized term to describe the planning process. For the duration of FOS, De-
mand forecasts have been confirmed for the entire duration of the frozen period.
Determining the length of the frozen period involves considering the trade-offs
between decision making frequency and the validity and availability of infor-
mation at the decision time. In the beginning of each new frozen period, the in-

ventory levels are analysed every T period and based on available stock a
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sequence of manufacturing activities are scheduled for the duration of the fro-

zen period (Zhaotong Lian et al. 2006).

In most cases, the frozen period is between two to three months and the plan-
ning horizon is usually shorter than lead time for materials. This is one of the
reasons that changes to plan during the frozen period directly affects the whole
supply chain. The changes to orders might affect the other customers of the
company as well, if the changes require components reserved for another cus-
tomer within the frozen period, and the lead time is not able to cover the need
(Marcel te Lindert, 2023). With the frozen period the bullwhip effect can be also
controlled, as it | can exclusively describe the uncertainty of the supplier (An-
dreas Hahn, n.d., p. 48).

Calculating the frozen period length typically consist of accounting for the order
review time and lead time. The length of the frozen period decreases the re-
sponsiveness of the company, so there is a trade-off between responsiveness
and flexibility, as the philosophy behind the frozen period is to reduce customer
flexibility in order to achieve less disrupted manufacturing operations. However,
despite customer flexibility is reduced the company is able to respond to cus-

tomer demand with increased punctuality (Shaun Snapp, 2010).

Slushy Period

After the frozen period, which length can be determined case-by-case, a slushy
period of length of X is following. Changes to the slushy period are allowed if
justified (Marcela Malindzakova et al. 2022). Thus, the slushy period can ac-
commodate changes to production plan to certain extend. Determining the
amount of amount of schedule flexibility allowed within the non-frozen time pe-
riod, or the slushy period, which is the period from the frozen time fence to the

end of the planning horizon is important from planning frequency perspective.

In the slushy zone, production capacity and material reservations are less com-
mitted to specific customer orders. In the slushy zone, changes to orders can be

negotiated between sales and manufacturing. In the slushy zone, ensuring
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availability of capacity and material resources should be guaranteed before
changes are approved (R Amaranti et al. 2020). Having schedule and order
modification flexibility can cause disruptions to inventory management and pre-
paring for order modifications affecting inventory levels and subsequent manu-

facturing or design load changes should be accounted for.

Liquid Zone

A liquid zone, which follows the slushy period, enables any changes to be made
as long as the changes stays within the capacity limits set by the production
plan (Pak Supply Chain, 2010). Changes made to the different planning zones
requires different management and approval processes. If the changes are out-
side the cumulative lead time period, the easier the change requests are to im-
plement (R Amaranti et al. 2020).

2.12 Event Based Planning

Besides frozen and slushy planning, another viewpoint is to employ event-
based planning. A pure frozen planning does not allow changes, but event
based planning differentiates in a way that it allows changes made based on
event significance. Event based planning requires constantly up to date infor-
mation about stock, order and work progress in order to be able to make in-

formed choices (Shaun Snapp, 2010).
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3 Dimensional Data Model

Having a data model conceptualizes the Data Warehouse (DWH) and helps
identify both important and redundant data. Additionally, the Data Model aids in
defining relational tables, desired data fields, primary keys, and foreign keys
(David Taylor, 2023).

Since data models are built around business needs, it is important to involve
various business stakeholders in defining the requirements to create a coherent
data model. This process begins with collecting information about business re-
quirements from different stakeholders. The collected information is then struc-

tured and transformed into a database design (IBM, n.d.).

Typically, dimensional modelling consists of four steps. These steps are 1. Se-
lecting the business process i.e. the Business Context, 2. Declaring the granu-
larity, 3. Identifying the dimensions and 4. identifying the facts (Kimball Group,
2013). The business process generates events that translates to facts in the

fact table.

The data model abstraction level can be typically described with three different
levels. These are conceptual, logical and physical data models (IBM, n.d.).

The Conceptual data model provides a big-picture view of the business context,
detailing how data is organized and which business rules are applied. This
model is often created during the initial project requirement definition phase. It
can include characteristics and constraints of the data, relationships between

data entities, and definitions of data integrity requirements (IBM, n.d.).

Logical data models are less abstract and provide a more in-depth description
of the desired concepts and relationships between data elements. These mod-
els do not specify any technical system requirements but identify attributes such
as data types, their corresponding lengths, and the relationships between differ-
ent data fields. Logical data models are typically suitable for Data Warehouse

(DWH) or reporting systems development (IBM, n.d.).
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Physical data models provide a schema for how the data is going to be stored
within a database. The physical data model has the lowest abstraction level.
The physical model should be so clear that the design can be directly used to
implement a relational database, including all the required tables, primary and
foreign keys to link the relations (IBM, n.d.).

3.1 Data Modelling

Data modelling consolidates multiple data sources into a single semantic model,
offering a structured, streamlined view of the data (Microsoft Azure, 2023).
When visualized, the data model should provide clear and actionable insights
that are understandable to everyone. It serves as a blueprint of what the Data
Warehouse (DWH) should resemble when the combined fact table is devel-
oped. The development of the data model may involve several iterations con-

cerning definitions, required data fields, and fields that will be excluded.

Granularity

The grain or level of granularity determines the level of detail of the data, where
atomic level is the most detailed level that is generated by the business pro-
cess. Each dimension or fact should be consistent with the granularity level
(Kimball Group, 2013).

Business Context for Data Modeling

The business context provides a framework for the development initiative and
includes detailed description of the data model. The business context refers to
the specific circumstances and conditions of the Data model and PBI view. The

PBI solution is tailored to the specific use case based on the specifications.

The context should make clear the requirements, objectives and challenges of
the solution. The requirements often are unique to each business case. Having
clear requirements, objectives and challenges formulated is essential for effi-

cient development process. The outcome should support the company’s
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strategic goals, address specific issues and provide meaningful insights for

business users of the data model and PBI dashboard.

The organizational workflow and processes affect how data is generated and
utilized. Therefore, the PBI report should consider the data’s meaning, source,
and other relevant aspects to ensure a coherent understanding. Additionally,
the data's quality should be considered, including identifying relevant data
sources, such as data tables, and defining how to classify and filter the data.
This may involve adding different row-level security restrictions based on the

viewer's role.

It is also important to consider the business needs and what the business users
expects. Executives, managers, and different office role staff might have differ-
ent requirements and needs. The data model should provide clear and actiona-

ble insights for everyone to understand.

3.2 Facts, Dimensions and Measures

In database and data warehouse use cases, facts, dimensions, and measures
are often used to model and organize data. A data model enables efficient data
analysis. The distinction between facts and dimensions influences data models

and the ways in which data can be visualized (Dashboard Fox, 2022).

Dimension tables provides descriptive attributes to the fact table in Bl applica-
tions. Dimensions can be used for filtering and grouping facts (Kimball Group,
2013). When dimensions are determined, the desired columns from the dimen-

sional table can be selected to expand the informational value of the fact table.

A fact table should only focus on a single business process. However, dimen-
sional tables can be re-used for different business processes with separate fact
tables (Kimball Group, 2013).
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Facts

Facts represent the numerical or quantitative data in an analysis and can be
any measurable quantity or attribute within a dataset. Essentially, the fact table
serves as a record-keeping tool and it is not directly influenced by the reports
generated from it. The fact table should include those events that are recog-
nized as important by the business need and always contains a Foreign Key
(FK) that links to a corresponding dimension (Ralph Kimball & Margy Ross,
2013, pp. 41-42). Over time, as more events are recorded, the fact table can

grow in size.

Facts can be summarized, or various values can be calculated from them using
mathematical functions like sum, average, maximum, and minimum. Examples
of facts include SKU ID, Customer ID, time stamp of the event, quantity sold, or

guantity received and goods sold.

Multiple dimensions can be linked to the fact table. The dimensions give more

context to the data, and dimension data can be qualitative.

Dimensions

The dimensions of a fact are stored in a dimension table, which is linked to the
fact table by a foreign key (Dashboard Fox, 2022). Often, dimensions provide
additional information to fact tables, resulting in fewer rows in dimension tables

compared to fact tables.

Measures

A measure is a calculated property of a fact that provides relevant metrics.
Measures are similar to Key Performance Indicators (KPIs). The data model
should support the calculation of different measures, and the construction of the
tables should be designed to enable these calculations. In Power BI, calculating
various measures is made easy through the use of Data Analysis Expressions
(DAX).
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3.3 Data Warehouse

Data Warehouse is a relational database and its structure or schema of the data
Is determined based on the business requirements, which are then optimized
for SQL querying. The Data model, DWH use case and PBI dashboard are de-

veloped based on the business context definition.

The DWH, besides being a relation database, is a centralized repository for
data that stores structured data and/or semi-structured data for reporting and
analysing purposes. Using a DWH can enable businesses to make more in-
formed business decisions. Data can flow into the DWH from various sources,
such as business applications and relational databases (Microsoft Azure, 2023),

thus necessitating its organization in a centralized manner.

As the DWH can store large amounts of data, it is especially useful for reporting
and Business Intelligence use cases. The PBI report is directly connected to the
DWH, which is the data source. The DWH and PowerBI are complementary
technologies for analysis purposes. Core reporting in a DWH setting refers to
the process of generating reports from data stored within the DWH (Microsoft
Azure, 2023).

Since business definitions can vary between functions, a DWH presents an op-
portunity to align the definitions and goals of different business functions. For
this reason, it is important to describe the intended use of the model, such as

analysing data for demand and supply-related questions.

Some weaknesses include the requirement for a strong understanding of data

modeling and PBI architecture to maintain the DWH (Senturus, 2022).

Benefits of Data Warehouse

Benefits of DWH can be the ability to consolidating data from multiple sources
into one single source, including storage of historical, cleansed, and



85

transformed data with better security and access control to data, data analytics

and visualization (Microsoft Azure, 2023).

The benefits of DWH combined with PBI are visualized reports, automated in-
sights, historical data availability and combined data from multiple resources.

When designing the DWH, it is important to consider the long-term and ad-hoc
goals of the company, the nature of the data, the number of integrated data
sources, whether workflows will be automated, and how the data will be ana-
lyzed. The requirements determine how the DWH will be built and vary depend-
ing on the complexity of the needs (Microsoft Azure, 2023). Understanding the

business context is crucial for defining the requirements.

3.4 PowerBI

PowerBl is a cloud-based analytics tool which enables businesses to visualize
data using the unified, scalable platform with self-service capabilities for Busi-
ness Intelligence purposes. To get the most out of PBI in conjunction with DWH,
the business context needs to be clearly defined. The business context or busi-
ness case for the data model development for this thesis is explained under

proposed solution section.

PBI enables quick access to processed data for valuable decision making. The
DWH'’s ability to store historical data and snapshots aids decision-makers when
deviations in data are detected. For example, automated snapshots taken at the
end of each month can provide important information for comparing the status
of KPIs across different periods and historical data enables detecting possible
trends or seasonality in data. Because the data can be consolidated from multi-
ple sources in the DWH, it can help the company to see the bigger picture.

The measures in PB are written by utilizing DAX. Each measure performs some
type of aggregation, such as sum, average or count (Metropolia PBI Course,
2023).
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Business Intelligence

In general, the goal of Bl is to improve business performance, leverage busi-
ness information, business analyses, and support decision making. The de-
signed Bl application can provide better business insights. Bl can automate and

streamline decision making process (Steve William, 2016).

Typically, Bl is divided into three categories, which are performance manage-
ment processes, revenue generating processes and operating process. Opera-
tional class includes activities like purchasing, manufacturing, logistics, demand

forecasting, S&OP as an example (Steve William, 2016).

For manufacturing companies, Bl provides high-quality information and anal-
yses about key aspects of operations, offering the means to analyze and clas-
sify data by plant, customer, product, business unit, and so on. Bl also en-
hances the capability to conduct predictive analytics, allowing for the identifica-
tion of changes in demand patterns before they become issues (William, S.,
2016, pp. 64, 114).

For example, Bl can automate various tasks that were previously completed
manually using Excel. This approach allows for more efficient use of time and

reduces errors in work-related tasks.

A general Bl-enabled business improvement project begins by recognizing the
business need before the development on the dimensional data model starts.
The business needs can be uncovered by discussing them with business repre-

sentatives in order to understand their objective (Kimball Group, 2013).

Bl tools can be scorecards, dashboards, multidimensional analyses, ad hoc
analyses , advanced analytics, predictive analytics, and alerts (Steve William,

2016). In the background of Bl use cases, there is usually a defined data model.
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Data Visualization in PBI

It is important to visualize the data in a coherent manner. The relevant infor-
mation should be visualized in a way that decision making becomes easier. By
visualizing data, understanding of complex data sets due to data displaying of
patterns, trends and how the data has evolved. Data visualization helps to map
the data into chunks or buckets that are easier to interpret (David Brown et al.

2018) and thus, visualisation helps to communicate the data more clearly.

If data is not visualized, some data can become unactionable due to not being
able to see the patterns, trends or how the data has evolved (David Brown et al.
2018). Depending on the nature of the data, the visualization method should be
chosen appropriately. A good data visualization synthesizes and contextualizes
all of the relevant information of the dataset (Netquest, n.d.).

The lay-out scheme is also an important part of the report. In the layout, the vis-
ual elements of the report should be placed in an organized manner to the re-
port or layout is easy to understand. When all the visualization elements are in-
tegrated in the report in an easy to grasp manner, the infographic value of the

report increases (Netquest, n.d.).

The visualized KPI should make sense and additional descriptions what the
data presents should be made available for the report users. In some cases, us-
ers can be given access to the data to verify its correctness (Pricewaterhouse-
Coopers LLP, 2007).

In the case of the thesis, the data is direct query from ERP database where us-
ers can cross check the correctness of events. For example, a KPI rising or de-
creasing might not always mean action needs to be taken but it can be a signal
of a trend that has been recognized previously, and the KPI will probably return

back to normal limits.

If there is industry specific terminology in the KPI’s report, the terminology

should be explained as well. Also, KPI's used should be relevant as well. Often
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it is a good idea to include metrics that directs the company towards a strategic
goal. Typically a good number of KPI's is between 4-10 in order to not lose sight

(PricewaterhouseCoopers LLP, 2007).

It is also possible to use “other performance indicators” that are less important,

but in such case, these “KPI's” should be clearly distinguished from the im-

portant metrics (PricewaterhouseCoopers LLP, 2007).

Data Analysis Expressions (DAX)

DAX enables the creation of calculated columns and measures. Adding col-
umns and measures enables addition of new data to the table. In order to be
able to create calculated columns or measures, the data model should be mod-
elled in a functional manner as the model affects how the calculated columns

are calculated.

DAX uses velocity database engine and returns the results from the stored

data. Data is stored in columns instead of rows (Metropolia PBI Course, 2023)

PowerBI utilizes IntelliSense which helps to autocomplete the DAX code and
help to discover the user to discover new DAX functions (Metropolia PBI
Course, 2023)
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4 Current State Analysis

Before the work on the thesis began, the company had no Inventory Planning
practices in place. This caused stock-outs and overstocking. Stock-outs cause

delayed customer orders and manufacturing disruptions.

Regular and systematic Inventory Planning practices were missing, including
maintenance of inventory parameters, maintenance of critical availability, which
is impacted by out of date inventory parameters. It was not decided who is re-
sponsible for Inventory Planning or maintaining SKU specific parameters, which
causes inefficient handling of inventory related issues. Often and for many SKU,

the SKU parameters were not correct and up to date.

Reasons which were enhancing issues to meet customer demand include sell-
ing to customers with too short lead time, causing stock levels to deviate from
plan. Causes for selling with too short lead time are past habits during time
when demand was not so high and promising availability was less complex to

estimate, and out-of-date inventory parameters or insufficient knowledge.

Second important missing feature was the lack of control regarding last-minute
changes to orders. In the past and currently, last minute customer changes
were accepted without consequences to the customer, such as extra-cost or de-
layed shipment out of the original, which caused delayed shipments of other

customers order and internal manufacturing scheduling conflicts.

It is important to note that a forward looking plan was not established, which
guides the company to have better control of inventory for the future. This in-

cludes a plan how to manage growing demand efficiently.

Current state analysis findings included high increase in stock levels without
corresponding demand to even out of growth in stock. Besides having unrea-
sonably high stock for some SKUSs, on the other hand, the material shortage list,
which is created weekly, visualises the missing SKUs in the backlog, current

week and up to three next following weeks that will potentially cause production
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related problems. By systematic inventory management, the list of missing ma-

terials should gradually begin to decrease.

Current Main Forecasting Method

Currently, in the company the main forecasting method is Planning Bill. Thus,
forecasting method is often highly inaccurate, often resulting in excess forecast-

ing, or sometimes not able to cover for unexpected needs.

The deletion of manufacturing Works created to cover excess forecasts and the
need to delete the Works is a monthly observation during balancing of work-
load. The high forecast error increases manual ERP entry related work signifi-
cantly, and it would be ideal to find more effective ways to handle the over-fore-
cast issues, in order to focus more on activities that create value, for example,

besides gaining better control over inventory.

Currently, there is no analysis done of the Planning BOM forecast creators re-
garding how much of them are converted into actual needs and how much of

the forecast needs are removed.

Manufacturing Models Used Currently

BlueFors Oy has few baseline system options, for which customers specific en-

gineer can be allocated based on the wishes of the customer.

BlueFors Oy manufacturing models are mainly ETO, under which can fall as-
semblies that are considered as MTO and MTS, for example. Classification of
the products under the manufacturing models or time spend for design process

on average is outside the thesis scope.

ETO orders have a project management approach, which is usually a distin-
guishing management principle between ETO and MTO. Considering that the
final product is a customer delivery project, where coordination between cus-

tomer and sales, engineering, installation and so on is needed, handling
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projects as ETO is simpler, even if the specific customer order does not include

any unique engineering work.

By looking at the order history of the case company, the systems are not exactly
the same on a general level between customers. Thus, the BOM of each sys-

tem is different, indicating that there is a clear design process.

Despite the products being ETO, the BOM of many orders includes mainly
stocked products or internally manufactured standardized sub-assemblies, but
some parts are often engineered based on customer specific dimensioning, de-
spite the engineering process just including variation in dimensions and not nec-
essarily innovating something “new”, and old accumulated knowledge can often

be utilized for the “engineering work”.

Appendix 4: Manufacturing Model Comparison lists pros and cons of manufac-
turing models ETO, MTO, MTS, ATO.

Appendix 4 can provide further insight into the different manufacturing models

used by the case company from inventory management perspective.

Forecasting Focus of the Manufacturing Model

In ETO manufacturing models, commonly forecasting is not the focus, because
order request is only triggered once there is a need, i.e. they follow a LFL princi-

ple. This is mainly for engineering specific items.

Alongside ETO, components or assemblies that fall under MTS and/or MTO re-
guire forecasting for baseline components and sub-assemblies common to all
orders. This is essential to ensure streamlined production capable of withstand-
ing demand volatilities. The majority of the components are common to many
orders, and overstocking or understocking these components can create vari-
ous issues, as discussed in the theory section. Due to variability in systems, the

demand for baseline parts is often erratic.
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5 Proposed Solution

The proposed solution for inventory management is a Business Intelligence
based analytical tool. The Bl tool is designed to streamline and enhance the ef-
ficiency of managing inventory levels by providing real-time insights and data
analysis. Bl reporting will integrate with existing systems to gather and process
inventory data, allowing for more accurate decision-making. The Bl tool will also
feature customizable dashboards and reporting functions, enabling business
professionals to easily monitor key performance indicators and trends. The pro-
posed solution aims to optimize stock levels, reduce costs, and improve the
overall operational efficiency of inventory management. The inventory reporting

will provide insight into S&OP process.

S&OP is closely linked to Inventory Planning. S&OP consists of aligning sales,
production, and inventory plans to meet customer demand. Inventory manage-
ment will be integrated within the monthly S&OP process and aligned with

higher-level business goals. S&OP process discusses inventory development-

related events and so on in a cross-functional setting.

The input of Inventory Planning to the monthly S&OP process includes data and

insights gathered from the PowerBI inventory dashboard.

Initially, the focus is on purchased SKUs, and then the Inventory Planning pro-
cess is extended to include other processes such as service kits and manufac-
tured items. Purchased items are easier to control regarding calculating the
stock parameters, as there is no need to consider the routing of manufactured
SKU or different production stages, such as having raw materials, WIP stock,

semi-finished and finished goods.

Manufactured items are excluded from the first phase of the inventory planning
project because the processes involved in handling them are different as they
move through the manufacturing chain via different routings, and might include

raw material stock, sub-assemblies, WIP or final products.
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5.1 Solution for Analytics

PowerBI dashboards are used for analysis insights. To be able to utilize Pow-
erBlI for data analysis, the data model needs to be defined, as the inventory
monitoring and planning is done by utilizing data accessed through PowerBI us-

ing DWH as a data source.

It is possible to use different data sources in PBI, but the solution for the pro-
posed inventory analysis is to use DWH. The best way to do this is to develop a
consolidated DWH. Processing data that is non-consolidated makes data re-

porting slow.

Once the data model is finalized, data can be accessed through PowerBI. In-
sights from the data can be accessed and inventory related decisions can be
made required in the “Gather Data” step.

Data validity confirmation

The data validity was first confirmed in Excel and then in a PBI using the same
raw Excel files as source material. In the original Excel, inventory calculations
were performed by using Pivot tables and charts. The data model development
was then easier to start when the functionality of data was tested, and the test-
ing in Excel and PBI helped to identify required tables and columns. As the data
worked well in Excel and BPI with data from ERP, the DWH data can be also
confirmed to be correct regarding calculations logic.

5.1.1 The Business Context of the Data Model

The DWH model should be described in detail in the business context, and
there should be no room for misunderstanding in order to have a swift develop-

ment process.

Because the DWH is developed by external personnel, drafting the business
context is a requirement for the developers. Once the business need is
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recognized, the granularity for the fact tables is decided. The granularity of the
data model is daily. the Time period considered spans the past 24 months and

includes all future demands.

A Mock-up of the desired data model is made on Excel as informational material
for the DWH developers to supporting with the DWH development. In the Mock
up description, the combined fact table and identified dimensions are described

along with their table names that can be SQL queried.

5.1.2 Data Model Description

The inventory data model development, i.e. the business process to be ana-
lyzed starts by identifying the business process. The DWH is optimized and
transformed to fill the requirements stated in the business context of the inven-
tory model. The DWH provides a single source of truth for the whole company. .

The inventory model provides an efficient way to create and view stock projec-
tion value using SKU last price for valuation purposes along with a way to see

the sum of total demand per SKU, also on aggregate level.

The inventory model provides an efficient way to create and monitor SS pro-
posal formula based on average demand, demand standard deviation and ac-
tual lead time. The actual lead time can be compared with lead time data from
the SKU master.

In the model, the demand is defined as material reservations for internal needs
and sales orders currently in the books. It is also discussed if stock transfers are

seen as demand during the project.

The data queried from the DWH should then be arraignable or filtered based on
data type, which can be either material reservation, purchase order, sales order

or works. These are the main identified data tables.
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The data model includes differentiating between actual and open demand. Ac-
tual demand is consumed demand and open demand is demand that is in the
future and confirmed in more or less firmed date. These can be differentiated by
different columns used in the ERP system.

Facts Related to This Thesis

Constructing the data model for the DWH includes having to know the table and
column names from the ERP system. These are tables that are used by the
business process. Then, the multiple tables are combined together to form a
single consolidated data view to act as the fact table. From these tables, identi-
fying columns stating whether the event is Work, Purchase Order, Material Res-
ervation or Sales order is essential. Qty is + for incoming material and - for out-

going material.

Dimensions Related to This Thesis

The fact table is linked to several dimensions with FK and PK for optional de-
scriptive information for the user. The Dimensions are decided based on re-
quired descriptive data. The data model includes a few different dimensions,

such as time and customer dimensions.

Measures Related to This Thesis

A short description of the measures is included, along with how the report visu-

als should look like. The measures are calculated from fact table. The measures
that will be part of the inventory model for example are Rolling lead time and de-
mand for 3, 6 and 12 months, actual lead time in days and months, realized and

open demand.

Priority 2-4 measures are DOS, DIO, Inventory Aging, and others. The non-first
priority measures are not focused on the first Minimum Viable Product (MVP).
These measures, or KPI, are also explained in the corresponding theory sec-

tion.
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In short, the data model and the measures are developed based on the defini-
tions stated in the business context. In this case, the business context of the in-
ventory data model is to be able to efficiently create and view stock projections

in an aggregated level. Measures are calculated from facts.

The measures enable improved control over the inventory. Inventory control can
be improved by accurate inventory budget control and utilization of measures
regarding how well material management performs (Heta Haikonen, 2021). KPI

can be used as a performance management tools.

5.1.3 Description of the PowerBI view

The PBI view with the help of the DWH running on the background, refreshed
once a day is able to visualize stock projection, which shows the stock projec-
tion and how it develops in time buckets over time, taking monthly snapshots.

In the company ERP system, stock projections are viewed per SKU in “Balance
Profile” module. The developed data model creates a replica of this view by
combining several different tables to a single table on the DWH side. On top of

combining different tables, measures are needed.

In the inventory data model, the stock projection will be viewable per supplier,
supply mode, and so on. The stock projection is able to view consumption and
replenishment orders in combined manner, including other specifications re-

quirements described by the business context.

The daily, weekly, monthly, quarterly and yearly buckets are included and can
be sliced within the PBI view. The formula used to count these should show the

value based on last day value, which is the last day of the month.

Visuals that will be included in the PBI view are stock projection in time buckets,
which is able to view consumption and replenishment orders in combined man-

ner.
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The fluctuation of demand is compared against average demand. Besides aver-
age demand, demand variation and how it varies from the mean is visualized.
Demand variation includes taking the standard deviation of historical data and
putting the information in a graph.

When visualizing Lead time, Actual lead time is compared against lead time
from SKU master data, which is the latest accepted average lead time that is
stored in the ERP system. Variation in actual lead time is also measured. This is
compared against average of actual lead time.

5.2 Steps

The solution suggestion for the problem beings with mapping out important
steps for the Inventory Planning project. The Inventory Planning process consist
of six steps. The 6 step process is an end-to-end process excluding the review

step, which is a continuous process.

Define Define :
Stocked Ggé?ae 4 Inventroy D;gge
SKUs Levels

Figure 1. Process Chart of the Inventory Planning Process

5.2.1 Define Stocked SKU
In the first step, SKUs that need inventory management are identified.

SKUs are classified by conducting ABC-XYZ analysis for critical SKUs. Different
inventory management methods are then applied to the SKU’s in each corre-
sponding class. The management principles of different segmentation classes

will be decided later on and these were not the focus of the thesis.
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Pros and Cons of ABC and XYZ, among others, are included in Appendix 3 ta-
ble.

Item ID | Supplier | ABC Total % | ABC Class Cv XYZ Class
Item 1 Supplier A | 64,68 % A 0,94 Y
Item 2 Supplier A | 11,69 % B 1 Y
Item 3 Supplier A | 10,16 % B 0,95 Y
Item 4 Supplier A | 9,41 % C 0,89 Y
Item 5 Supplier A | 1,98 % C 1,1 4
Item 6 Supplier A | 0,98 % C 1,09 Z
Item 7 Supplier A | 0,13 % C 3,54 Z
Item 8 Supplier A | 0,01 % C 0,33 X

Table 3. ABC analysis and calculation on CV is performed. ABC Analysis in this
case is for A < 75% B < 90% and rest is C. Limits for CV are >1 “Z”, >0.75 “Y”
and otherwise X.

For the segmentation, the time frame was last 12 months. The columns Spent,

Average quantity ordered and Standard Deviation are not included in the table.

5.2.2 Gather Data

The gathered data includes data of demand, actual lead time, lead time from
ERP system for lead time comparison, minimum stock and supply mode. In the

thesis, only purchased SKUs are analysed.

From the gathered data, an inventory projection data model is developed which

is later on used to visualize data.

The gather data steps include drafting the business context for the dimensional
modelling, which included identifying the tables from the ERP system that are

used by the business process.
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The demand history was studied for ROP and SS for critical suppliers. For the
SS and ROP, average monthly sales were calculated based on rolling 12-month
historical demand data, considering the actual average lead time. The actual
Lead Time is the difference between order placing and receiving data. The

standard deviation of both lead time and demand is required for the equation.

5.2.3 Define Inventory Levels

In the third step, based on the gathered and analysed data, new SKU parame-
ters are defined. These include minimum stock and lead-time updates. In this

context, minimum stock and safety stock means the same thing.

There are multiple possible equations for determining the SS, but the one with
variability in demand and lead time is used in this thesis work. Different SS
equations are compared in the corresponding chapter.

The equation used considers service level Z, lead time, demand standard devi-

ation, demand and lead time standard deviation.

The first step in any SS calculation is to measure the demand variability and de-
mand standard deviation.

As the demand is not constant over time, determining in which time buckets the
demand is measured it can affect the statistical distribution of the demand. In

this thesis, the demand is measured in monthly buckets.

Safety Stock = Z x \/L * O-L%emand + nugales * O-Lzeadtime

When the minimum stock is defined, it is important to note that there might be
some characteristics that cannot be seen from the data. Various considerations
should be taken into account, such as contractual questions, constraints, sup-
plier relationships among others. Max-stock can be defined for SKUs if applica-

ble due to size limitations, but this is adjusted manually.
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5.2.4 Define Re-order Point

ROP (ROP) is defined based on previously analysed data. ROP is the point
when a new order is placed. ROP is larger than the SS. ROP considers lead-
time defined during the previous steps.

Target stock levels regarding the SS account for unexpected demand or de-
layed replenishment orders. This ensures that that there are no disruptions to

operations.

Average Monthly Demand * Lead time in Months + Safety Stock

An important step in implementing the ROP is to evaluate suitability of ROP
from ERP technical limitations perspective. Because of ERP system technical
limitations, ERP related process changes need to be implemented to get the
ROP feature to function as desired. This would require, for example confirming
the material reservations for a pre-defined time according to Frozen planning

principle.

Previously it was not controlled in which sales order stage the material is re-
served and excluded from available stock. This is a concurrent development
topic/project but falls outside the scope of this thesis.

When the stock falls below the defined ROP, an automated purchase proposal
is generated. In critical purchases, the ROP rules and such are given less atten-

tion and decisions are based on other reasons.

The order policy, such as EOQ, or some other, is not within the scope of the
thesis. Regarding the amount ordered at the ROP, using EOQ for BlueFors Oy
Inventory Planning may not be feasible because for many SKUs used, SKUs
need to be sourced strategically. EOQ is only vital for SKUs that has a regular

stable demand.
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In the below calculation for SS, the service level 1 is used.

Item | Current | LT Rolling | Pur- SS SS ROP ROP
ID Bal- from |12 chase | Rolling | ERP | LT ERP
ance ERP | Months | Time 12 Data | Rolling | Data
Data | LT Differ- | Month 12

ence Data Month

in %
Item 1 | 114970 | 4 5 0,2 9928 9580 | 31740 | 27262
Item 2 | 16246 |4 6 0,6 5366 5150 | 18443 | 13554
Item 3 | 21381 |4 3 -0,2 5232 5379 | 14894 | 18129
Item 4 | 8679 4 7 0,9 1615 1556 | 6008 3843
Item 5 | 4517 4 3 -0,3 425 475 | 1705 2260
Item 6 | 222 4 1 -0,7 63 107 | 121 280
Item 7 | 22 4 3 -0,4 17 22 48 73

Table 4 Example ROP and SS Change Suggestions based on Rolling 12 Month
Data.

Average Qty Ordered 12 Months, Stdev.P Demand Total and Stdev.P Lead Time

are excluded to make the table fit and this information is not necessary to show.

Table 4 demonstrates the changes of the purchase time (lead time), which is
compared against the ERP entered purchase time (=lead time) with the new cal-
culated lead time based on the past 12 months.

Table 4 is from PowerBI calculations, in which the validity of the data was tested

before DWH development.

For example, if the % deviates by N amount, an automated alert is sent to re-
sponsible personnel, indicating that further action should be taken. The variation

in lead time is reflected back to the safety stock calculation and ROP.
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General behaviour of all ltems together Supplier A

1 Z 3 4 5 6 7 8 9 10 11 12

— fverage of Lead time Actual Average of Purchase Time

Figure 2 Average Lead Time Behaviour of Supplier A. All tems Aggregated To-
gether.

A similar graph than Figure 2 is presented per Item and per supplier in the in-
ventory model data view. a Similar graph is included in the PowerBI view, where

lead time behaviour over time can be sliced based on item ID.

All items from the same supplier might not be comparable in terms of lead time,
and for this reason only items with same characteristics regarding lead time

should be aggregated for accurate results.

Other things to consider are the suppliers supply capacity and can the supplier
answer to the requested demand, as the inability to meet demand can jinx the
data. If it is known that the supplier is unable to respond to demand or there are
sourcing issues from lower tier suppliers, the lead time performance timeline

can give insight that new management methods could be considered.
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5.2.5 Implement

Parameters and processes are implemented. During the implementation step,
co-operation with procurement and manufacturing departments about inventory

management concepts will be established.

The stock target levels will be visualized by using automated PowerBI reporting.
The visualization tool created helps provide a good idea of overall inventory per-
formance. With PowerBI and inventory related data fetched from data ware-
house designed in earlier phases, automated inventory management aiding re-

porting and analysis can be performed.

From the available data tables, important inventory management KPI can be
measured. Measurements in PowerBI can be calculated by DAX and they are
calculated from the available fact table that is included in the data model.

Inventory KPI's implemented during the first phase are classified based on their

importance from 1 to 3.

In the implemented PBI view and data model, the data in PBI is updated once a
day. The minimum stock and ROP proposals are updated monthly. The inven-
tory projection visualized. The inventory projection was one of the business

case definitions for the data model. Stock projection is calculated on daily level.

The developed DWH did not finish on time, and for this reason the example
view is not available. However, Figure 2 and Table 4 are similar that will be im-

plemented in the DWH solution.

Segmentation shown in table 3 will not be implemented in the DWH view devel-
oped by the external developers. The ABC-XYZ or similar segmentation is done

based on specific requirements, at least in the beginning phases.
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5.2.6 Review

Review monthly, adjust if needed. The review process is continuous and follows

the Plan-Do-Check-Act principles.

The review process includes the input to the monthly S&OP, which will be an in-
ventory review with procurement. In the S&OP meeting, alerts generated by de-
viations in data and new minimum stocks and lead times are updated if neces-

sary to the ERP system.

Automated alarms can be implemented in the report, which generates an alert
when KPI deviate according to specification. Alerts are created when stock falls

below certain level and for purchased SKUs lead times.

When and if new SS and ROP levels are reviewed, and if the value of stock ex-
ceeds amount X, an authorization to increase stock levels is needed from pro-

curement leadership personnel.

Table 5 below illustrates potential inputs to the monthly S&OP. The developed
inventory model can help to deliver data as input to the review meetings. It is
important to acknowledge that this is not the only way to conduct S&OP and it is
not the form that will be implemented in the case company. However, table 5 aids
to gauge what the developed inventory model and PBI reporting can provide in

terms of inputs.
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Monthly S&OP Process

Pre S&OP Meeting

Review production plan and
capacity

Document events affecting
the production plan

Review Forecast

Review Stock Balance

Review plant service level

Review forecast

Step 1 | Gather data to support deci- | Step 4 | Input to this meeting is
sion making (Forecasting) from previous steps (Align
supply with sales)
Last months results Demand plan
Inventory status Supply plan
Capacity plans? KPI performance
Forecasts? Budgets and income state-
ment?
Step 2 | Demand planning Step 5 | Executive S&OP Meeting
Discuss possible changes Potential issues are
brought to executive level
Review service level Financial and operational
targets are approved
Review stock volumes Input demand and supply
plan
Review Forecasting accuracy Input unresolved issues
Document demand related KPI performance
events that might affect fore-
cast?
Step 3 | Supply Planning Step 6 | S&OP Finalization

Monitor demand and sup-
ply plan realization

Use KPI for monitoring

Table 5. Example steps and contents of monthly S&OP. Contents adapted from
chapter 2.4.1 “Monthly S&OP Process”.
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In table 5, columns with underlined text can be potential inputs to the S&OP pro-
cess from the inventory planning perspective. KPl is provided in the data analytics
PBI view which can be used to monitor inventory performance and take actions
if needed.

5.2.7 Plan-Do-Check-Act (PDCA)

BlueFors Oy is International Organization for Standardization (ISO) 9001 certi-
fied and thus continuous improvement practices are required. The Plan, Do,
Check, Act (PDCA) cycle is also implemented on the Inventory Planning level
“review” step. PDCA is a quality management method widely used as a continu-
ous improvement tool both in service and manufacturing sectors (Sarah Isniah
et al. 2020).

The Plan-Do-Check-Act plays a central role in the Inventory Planning process.
The PDCA is an iterative process for continuous improvement. The PDCA cycle
is also known as the Deming Cycle. As Figure 3 suggest, the PDCA is a loop

and not an end-to-end process.

Plan

In the plan phase, a problem is identified. A problem can also be something that
needs to be improved. In the plan phase, it is good to take note what elements
are missing, as in why there are no management processes in place for the said
problem. In the plan phase, it is good to think what the ideal outcome would be
and how to get there. In the Plan phase, inventory parameters analysed during
the previous stage are implemented and the procurement should stick to the set

Inventory levels as planned.
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Do

In the Do stage, the plan is executed according to the plan. In the do phase, it is
a good idea to start small first with a controllable workload. In this thesis, the in-

ventory parameters were defined and tested for a few suppliers.

Check

In the Check phase, the results are monitored, evaluated and/or review and an-
alysed. Each of the four steps does not need to last a certain time, but if a devi-
ation from the process is noticed it is recommended to directly move to the
check phase and find a root cause for the issue and make correction in the fol-

lowing act phase.

Act

In the Act phase, corrective steps are taken if needed. If there are no modifica-

tions to the plan defined in the Check phase, then continue with the plan.

*Make ] ( *Set goals and
changes if processes
necessary

«Act on the
plan

*Monitor,
evaluate and
analyse
process

Figure 3. PDCA cycle.
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5.3 ROP and Forecasting

While the ROP provides a simple and straightforward way to manage inventory
levels, there are situations where ROP alone is not sufficient. Example situa-
tions are highly variable demand, which is difficult to predict, long lead times, or
scarcity. In cases like these, forecasting methods can provide additional insights
into inventory related decision making when deciding appropriate stock levels

and when placing orders.

ROP can perform quite well with items with shorter lead time and with SKU with
low supply disruptions. When the lead time is long, there is a high risk for supply

disruptions.

Evaluating the use of ROP against forecasting needs is sometimes useful in-
ventory management practice when deciding between order policies, i.e.
whether material flow should flow continuously or based on ROP. Ordering
against forecasted needs has a higher risk for over-stocking if the existing stock
is not considered or there is still plenty of old stock left before placing and re-

ceiving new replenishment orders.

In conclusion, both ROP and forecasting strengths and weaknesses are differ-
ent and the methods can be used together to optimize inventory levels. To im-
prove forecasting, implementing the frozen planning method can stabilize the
different demand windows and help with forecasting, as it brings predictability

for the future demand buckets.

Different forecasting methods are explained under Forecasting chapter 2.10, in-

cluding different forecasting error measurements.
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6 Further Development Ideas

Already recognized further development ideas for the inventory management
are presented first. After that, more or less closely related development ideas
are explained. Some of these ideas are recognized on some level during the
making of the thesis but the majority of these ideas came from reference mate-

rial and their work implementation when writing the theory section.
Further stages of Inventory Planning

In the second stage, in-house manufactured SKUs are included in the analysis.
In the scope of in-house manufactured SKUs, a plan how to analyse and visual-
ize manufactured SKUs should be developed. Additionally, 2nd and 3rd class of
importance KPI metrics are implemented that fall outside the MVP of the Data
Model and PBI View.

The Inventory Planning project is later extended to cover all other purchased
SKUs excluding bulk SKU.

Tracking the Cycle / Inventory Turn Performance

Because Inventory Age is one of the non-first priority measures within the Bl re-
port scope, segmenting items based on the inventory turn performance for fur-
ther inventory performance management decisions is something that could be

done.

Items can be also grouped based on their inventory turns or cycle time. Then it
is possible to take the cumulative percentage of total item class occupied within
same inventory turn timeframe. When classifying items based on cycle time, it is
possible to see whether the inventory turn improves due to changes in material
management methods when comparing current results with historical data (Heta
Haikonen, 2021). Thus, tracking the inventory turn or cycle performance can be
a signal of good inventory performance or it can be a sign that there is room for

improvement.
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Tracking Order Specific Item ID growth

Two lists of parts can be analyzed: one includes unique parts used only once,
and the other contains engineering-specific parts initially designed for specific
customer orders but used infrequently. These lists can be examined later, if

needed, for better insight into engineered parts.

For the thesis work, it was not needed to track customer specific engineering
parts and how much of total Item ID count % these occupy. However, for later
analysis use cases it could provide some insights which item ID are customer

specific and could the created item be utilized in other scenarios.

Determining the Planning Horizon

The planning horizon is determined later when the frozen period or similar man-
agement policy is implemented, which is required for ERP ROP implementation
from the technical limitations perspective. Thus, further development ideas fo-
cus on the Frozen and slushy planning horizons in order to stabilize manufac-
turing operations. A current problem in BlueFors Oy is constant changes to the
production plan. This can be managed with a frozen and slushy period. Imple-
menting the Frozen Planning method would get rid of the ERP technical limita-

tions problem.

Forecasting is hard and stock-outs and overstocking should be treated as man-
ageable issues. Freezing order periods gives BlueFors Oy better resources to

manage issues regarding demand.

Multi-location Inventory Management

Challenges of multi-location SCM and warehousing should be accounted for.
Multi-stock management will bring opportunities but also challenges. When it
comes to Inventory optimization in the supply chain, the focus is on where to

hold inventory in the distribution network in order to deliver the desired level of
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customer service, considering restrictions and cost targets (Dave Turbide, 2018
B).

For example, multi-location inventory might consider SKUs that are stored in
larger quantities to be located closer to the supplier and distributed in smaller
guantities more often, while others want to keep inventory closer to the cus-
tomer for faster shipments (Dave Turbide, 2018 B). In these locations, the SKUs
might be consumed internally or shipped to customer. It could be more benefi-
cial to store SKUs closer to the customers location if it is viable for the company

to store and use said SKUs in the location closer to certain customer segments.

BlueFors Oy already has other locations in Finland and abroad, so managing in-
ventories in different locations and where it would it be best to store certain
SKUs is something that needs to be addressed. Regarding multi-location inven-
tory, authorization rights need to be re-considered, for example, who can pick

up material and from where.

Tracking on-order SKUs

Further development ideas include systematically tracking on on-order or pipe-
line inventory in order to gain better insights into incoming replenishments, i.e.
this could be viewed in an automated PBI report. Currently there is no “easy

and fast” way to track this.

Improving Forecasting

As it can be interpreted from the practical forecasting section, the forecasting
method currently in use has a very high error rate, which is the planning BOM or
average BOM. If forecasting is improved, the result could deliver predictions of
future demand with smaller forecast error rate. The demand is also calculated

wrongly due to the fact that material reservations are frequently changed.
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Often, the products BlueFors Oy manufactures are based on MTS, MTO or
ETO principle. Products that are highly complex with significant variability of

parts may require varying forecasting and sourcing strategies.

Adjusting the CODP and shifting between manufacturing models if possible can
improve forecasting, as the point where forecast vs. customer order driven ap-
proaches are separated shifts. If it is possible to stabilize the demand by shifting

the CODP, forecasting methods in use can be evaluated again.

Shifting Key Factors in “MAM” strategy

Shifting key factors regarding shifting from ETO to other manufacturing models
are presented in the ESTIMTE work. Repetition of demand, storage costs and
bargaining power of customer are factors in the shifting strategy (Aicha Amrani
et al. 2010). The characteristic presented in the ESTIMATE work could be con-
sidered when developing inventory planning or other supply chain activities in

the future.

For example, moving from ETO supply chain to ATO supply chain could be ben-
eficial in order to achieve performance objectives (Aicha Amrani et al. 2010).
This claim is similar to MC products shifting the product differentiation towards
the end of the supply chain. This requires changes in product design and the
subject itself is not relevant to inventory planning as it is more relevant for prod-
uct design. However, shifting between manufacturing models can improve in-

ventory management.

Exploring the Possibilities of Reducing Variation

Having high variation among products enhances inventory management issues
and stock management becomes less predictable. When variety is reduced,
SKUs can be produced as MTS with standard lead times. The benefits of reduc-
ing variation include better control over inventory as less components needs to

be controlled. On the other hand, order flexibility is reduced.
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When variety is reduced, customers are still able to order configured SKUs
based on their needs but with extra costs and the order progress for this kind of
order is only triggered by a confirmed order. The lead time for heavily custom-
ized products should thus be longer. Currently, the lead time for customized or-
ders is poorly controlled. There could also be a price increase to reflect the in-

creased efforts.

A longer lead time allows the company to source necessary components with-
out negatively affecting stock due to configured orders, which can directly affect

how other customers can be served.

Reducing variability by increasing modularity or product standardization as part
of transferring at the moment highly customized MTO SKUs to MTS manufac-
turing model that are commonly ordered could provide some benefits. By reduc-
ing the variety and only considering bestselling products, those SKUs can be
manufactured according to MTS and customer demand can be answered within
shorter notice. Asking customers for feedback what they would like and analys-
ing past orders is a good starting point going from MTO to MTS in some prod-

ucts.

By reducing the variety, SKUs might need to be modularized. BlueFors Oy’s
product offering is very configurable and manufactured SKUs heavily vary be-
tween different customer projects. Thus, SKUs might need to be standardized
to some average configuration options. For example, some sub-assemblies
have been problematic to BlueFors Oy and reducing the variety in these could

potentially remove many recurring problems.

Modular product design is one way to reduce variation as it offers a greater de-
gree of component reuse, when less components are used and same compo-
nents can be used in multiple assemblies. Modular design also reduces fixed
costs of developing individual product variants, increases responsiveness to

customers, enables higher product variety to customers, reduces of
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development lead time, and improves customer service (P. K. Hansen and H.
Sun, 2010).

For example, MTS SKUs reduces variability, forecasting errors and increases
the ability to meet customer demand with a reduced lead time, increasing sales
possibilities. MTO manufacturing model would still be available but handling

them should be done within the Frozen and slushy periods.

When product variation is decreased, so is variation in the manufacturing pro-

cess. Reducing variation in both product features and manufacturing processes
usually means decreased product defects and improved product quality. As the
product and production quality improves, less quality related costs are incurred

to the company. Quality related costs can be either internal or external costs.

Variety is known to decrease product defects and improve product quality,
which can lead to decreased production cost and re-work needed, which can
improve the manufacturing rate. At the same time, the operational efficiency in-

creases.

Preventing Stock Cannibalization

The impact of cannibalization on customer order delays should be assessed or

evaluated based on how many times products had to be cannibalized now that

BlueFors Oy is experiencing very high growth. There is a risk that the cannibali-
zation instances will happen more frequently. Cannibalized SKUs ID could be

collected and analyzed for better inventory control polices.

Cannibalization comes up every now and then during the weekly meetings,
when some parts need to be taken out of other assemblies to finalize final test-
ing stages, for example. Cannibalization can be prevented by improved fore-
casting practices or by improving internal processes regarding customer change
requests, where last minute changes to orders are accepted without considering

the consequences for other customers.
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One solution to prevent item cannibalization is to implement frozen period, extra
costs or longer lead time to the customer requesting change. Even if the canni-
balization process can provide short-term benefits by minimizing downtime, it is
not a sustainable solution in the long run. Cannibalization should only be tempo-

rary solution.

Establishing Available to Promise Levels

Available to promise (ATP) is the stock available which is not reserved or allo-
cated for any orders. Defining the ATP stock is important as it gives insight to
sales into how much of on-hand inventory can be promised to customer without

affecting other orders.

Defining the ATP clarifies definition of the customer lead time as well. Defining
the ATP requires coordination with sales and production. The available to prom-
ise stock does not remain stable and it should be reviewed periodically. Estab-
lishing more accurate customer lead times also disrupts the inventory less. Defi-
nition of ATP can help to keep lead times in check when it comes to customer
order deliveries. Currently, ATP is not established and knowing the ATP quan-

tity is not easily available.

The ATP can be implemented in every stage of the supply chain, including
downstream, midstream, and upstream and it should be connected to CODP
due to the fact that DP point separates the forecast-driven parts of a supply
chain from the order-driven part (Muhammad Saeed, 2012). Establishing the

ATP can smoothen operations.

In the midstream supply chain, which consist of ATO items, for example, the
components produced and purchased are driven by the forecast and final prod-
ucts are driven by customer orders. In ATO environments, the ATP can be
measured on component level based on the master plan (Muhammad Saeed,
2012), which in the case company could be the high level plan of final products,

under which the other manufacturing strategies fall.
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When considering the midstream supply chain and ATO environment, the avail-
ability of raw material, sub-assemblies, and the availability of existing capacity
of the processes for final products should be clearly defined (Muhammad
Saeed, 2012). While there are deparment specific capacity plans on top of ca-
pacity for final products, the ATP of these is not assessed and the information is

not easily available. In an ideal situation the ATP figure is frequently updated.

Segmenting Backorders

Backorders are orders that cannot be fulfilled due to insufficient stock levels.
For example, a customer making an order where some components are lacking,
different order scheduling strategies should be given to those customers.
Backorder situations can happen when demand exceeds supply and the sup-
plier lead time is long compared to time scale the SKU is needed in production,
Backorder situations can be put to hold and not to promise order before ade-
guate stock is available. Backorder management requires efficient communica-

tion with customer along with inventory management.

Backorder rate formula (David Luther, 2022):

Backorder Rate
= (delayed orders due to backorders

/ total orders placed) x 100

Backordering can offer some benefits, such as avoiding deadstock in cases
where the company only purchases goods required to fullfill an order only after
the order has been confirmed. However, it is not always the optimal choice due

to reasons such as long lead time and operational efficiencies.

From the inventory management perspective, segmenting SKUs that experi-
ence backorders can help formulate better inventory control strategies for those
SKUs.
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Hybridization of Supply Chain Strategy (Lean, agile and hybrid supply

chains)

Supply chain can be categorized into three different types, which are lean sup-
ply chain (LSC), agile supply chain (ASC) and hybrid supply chain (HSC). The
LSC is best for improving internal manufacturing efficiency when the demand is
stable and forecasting can be done accurately (Muhammad Saeed, 2012; Wang
et al. 2004). In responsive supply chains due to MC and varying customer de-
mands, having stable demand and good forecasting accuracy is not a default.

ASC on the other hand focuses on responding to more varying customer re-
quirements, enabling quicker delivery and lead time flexibility with the help of
various IT systems for information exchange. ACS puts more emphasis on
knowledge management and empowering employees. ASC also emphasises
having different supply chain strategies for different manufacturing models, also
accounting for their lifecycle (Muhammad Saeed, 2012; Wang et al. 2004).
More about knowledge intensive processes can be found from the dissertation
of Aldo Sante Duchi (2017). In the case company, further supply chain develop-
ments could be to develop the supply chain towards a more hybrid/agile ap-

proach, considering lean approach in the manufacturing operations.

HCS combines LCS and ACS. HCS is capable of creating a supply chain that
meets the needs of complex products. HCS enables MC by postponing product
differentiation into final assembly (Muhammad Saeed, 2012). This could be
combined by reducing variation. HCS would be ideal for the case company be-
cause the products are complex to manufacture. Postponing product differentia-
tion into the final assembly phase might require product modularization or de-
sign changes, and this is out of the scope of the thesis. In this situation,
ETO+’"MAM?” strategy can be considered (Aicha Amrani et al. 2010) to add sys-
tematization and predictability to production process and enhance item segmen-

tation.
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In customized supply chains with different manufacturing models, lean and agile
methods could be used, or a combination of these, leagile. Leagile is capable of
supporting mixed model production better than lean or agile methodology alone,
and Leagile can support mass production efficiency when a company produces
a variety of products. Leagile can enable efficient internal manufacturing opera-
tions (Muhammad Saeed, 2012). Leagile could be explored further in the case

company despite Lean being already practiced.

It is good to acknowledge the limitations of lean regarding its performance impli-
cations (Hackman and Wageman, 1995). Lean methods work the best when ap-
plied upstream from the CODP (Naylor et al. 1999) and agile methods are more
efficient when applied downstream from the CODP (Muhammad Saeed, 2012).
Thus, Lean processes could be implemented to processes upstream from the
decoupling point (DC) and agile to points that are downstream from the DC
(Naylor et al. 1999; Muhammad Saeed, 2012).

As BlueFors Oy operates according to the ETO model with personalized cus-
tomer demand, it is not easy to achieve the desired level of responsiveness in
supply chains solely based on inventory levels (Muhammad Saeed, 2012) . Var-
iable customer demands also increase the risk for inventory obsolesce. Further
studies for process improvement could include studying the CODP and bottle
necks in MC supply chains according to the TOC principle.
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7 Conclusions

The key to successful inventory planning consist of ability to accurately forecast
demand, optimize inventory levels, and implement effective replenishment strat-

egies. In this thesis, inventory planning is discussed as part of monthly S&OP.

In this thesis, data-driven approach was utilized. By adopting data driven ap-
proach, it is possible to achieve improved inventory optimization and improve
the competitiveness in the market due to the increased ability to serve custom-
ers on time. Inventory data provides valuable insight into this. Also, creating re-
ports for review meetings during the monthly S&OP is more convenient with

help of data driven tools.

This thesis work established the foundations for systematic inventory control for
BlueFors Oy. With the help of the DWH and PowerBI, inventory status, i.e.
stock projection, can be followed up daily. The stock projection records incom-
ing purchase orders, replenishments, consumption from BOM and outbound

shipments.

Replenishment strategy examples are Re-order point and Periodic stock replen-
ishment strategy. In this thesis, ROP is chosen. Once a method to implement
ROP on the ERP side is established, only then the ROP can be implemented in
practice as part of inventory management in a way that ROP triggers purchase
proposals. Implementing the ROP within the scope of the thesis project was not
done in practice, as that is an ERP related change discussed in different devel-
opment projects. However for reporting purposes, ROP calculations were estab-
lished.

The inventory parameters are updated once a month, based on changes in de-

mand and lead time.

For the chosen suppliers, items were segmented based on ABC-XYZ principle,
but within the thesis work no specific actions were implemented between the
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different segments. What was done included defining the inventory parameters

such as Safety Stock and Re-order point.

Before any forecasting improvements can be made, a firmed planning horizon
could be used. Without this in place, it is hard to grasp what the demand, once
stabilized for a certain period, would look like. Secondly, firming orders would
make the production planning more stable due to the exclusion of sudden de-
mand changes. For unexpected capacity requirements, safety capacity can be
used.

From inventory planning perspective, there is no need to forecast or keep on

stock customer order specific items.

Items that can be forecasted in order to decrease the customer order lead time
are items that either frequently or infrequently assembled into final products. For
these items, deciding whether to stock or not to stock should be established.
During the later phases of the inventory planning project, the inventory analysis
is implemented to cover the majority of stocked items, however if there will be
exceptions those were not defined during the project.

Stock parameters and demand forecast is based historical data. Different meth-
ods can be used to estimate the possible demand. In many cases assessing fu-
ture demand is important in order to secure parts and not to order too much or

too little of them.

The Proposed solution to add stability into inventory planning is to implement
the Frozen planning principle, but this was not implemented during the making
of the thesis, but it is observed that implementing this would alleviate many
problems. Because this is not something that can be completed within the time-
frame of the thesis, this part is moved in Further Development Ideas under the

chapter “Determining the Planning Horizon”.

Overall, this thesis provides insights into the importance of inventory planning

and its role in serving customers on time.
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Appendix 1: Supply Chain Shocks Risks and Countermeasures

Event Risks Countermeasures
COVID-19 | Disruption of production in af- Diversify sourcing and pro-
Pandemic | fected regions duction locations
Shortage of labour and con- Develop alternative suppli-
straints due to spread of the virus | ers
Transportation and logistics de-
lays Establish safety stock levels
Increased costs due to demand Strengthen communication
fluctuations within the supply chain
Border restrictions and customs | Implement real-time track-
delays ing and visibility
War in Identify secondary suppliers
Ukraine Disruption of raw material supply | or substitutes
Transportation and logistics dis- | Maintain safety stock for
ruptions critical components
Currency fluctuations and finan-
cial risks Hedge currency exposure
Political instability and regulatory | Collaborate with local part-
changes ners and authorities
Diversify shipping routes
Evergreen | Blockage of a major trade route and carriers
Delayed shipments and port con- | Optimize inventory and dis-
gestions tribution strategies
Insure high-value ship-
Loss and damage to cargo ments
Reputational damage to involved | Strengthen crisis manage-
companies ment and communication




Appendix 2: Safety Stock Methods Comparison

Method

Pros

Cons

Normal distribution
with uncertainty of de-
mand and lead time,
independent relation-
ship

Accounts for both de-
mand and lead time var-
iability

Easy to calculate with
historical data

Suitable choice when
there is variability in de-
mand and lead time

Variation in lead time
does not imply a varia-
tion in demand or the
other way around

Assumes normal distri-
bution of demand and
lead time

Assumes independence
between demand and
lead time

May not be accurate if
there is a relationship

between demand and

lead time.

May not accurately re-
flect real-world depend-
encies between lead
time and demand

Normal distribution
with uncertainty of de-
mand and lead time,
dependent relation-
ship

Accounts for both de-
mand and lead time var-
iability and potential de-
pendencies

Considers both demand
and lead time uncer-
tainty

Assumes that demand
and lead time are de-
pendent, which can be a
realistic assumption in
some cases

Variation in lead time
can imply variation or
demand or the other

way around

Assumes normal distri-
bution of demand and
lead time

May not be accurate if
there is no relationship
between demand and
lead time.

Requires knowing of
whether there is de-
pendency between lead
time and demand

Calculating correlation
between demand and
lead time can be com-
plex, depending on the
method (not included in
the equation)




Normal distribution,
Variability in Demand

Considers variability in
demand

Suitable when there is
only variability in de-
mand

Easy to calculate with
historical data

Does not consider varia-
bility in lead time

The formula can lead to
stock-outs if variability in
lead time is significant

Demand is assumed to
be normally distributed

Normal distribution,
Variability in Lead
Time

Considers variability in
lead time

Suitable when there is
only variability in lead
time

Easy to calculate with
historical data

Does not consider varia-
bility in demand

May lead to overstock-
ing if demand variability
is significant

Lead time is assumed to
be normally distributed

Max — Average For-
mula

Can provide a quick es-
timate of safety stock
levels

Easy to calculate with
historical data

No assumption of nor-
mal distribution for ei-
ther demand or lead
time

May not be as accurate
as other methods that
consider more factors
such as demand and
lead time uncertainty.

Does not account for
demand or lead time un-
certainty




Appendix 3: Segmentation Method Comparison

Inven-
tory Seg-
menta- Pros Cons
tion
Method
Effective in managing inventory Mav overlook slow-moving but
ABC by classifying products based vay ; 9
. . Important items.
on their cumulative cost %
Simplified Decision-Making Limited Perspective
Ignores items with lower value
but which are potentially im-
portant
Doesn't consider demand varia-
bility
Ignores consumption patterns
Overemphasis on High-Value
Items
Lack on context as sole focus
IS on monetary value
Considers consumption pat- Doesn't account for demand
FMSN S
terns. variability.
Identifies slow-moving and non- | Ignores value or importance of
moving items items.
Can aid in optimizing inventory | May not address items with ir-
turnover regular patterns.
Can helps reduce excess or
obsolete inventory Limited focus on criticality
Helps categorize items based
on consumption frequency
Potential to improve stock man-
agement and space usage
Doesn't consider value or im-
XYZ (1/2) | Accounts for demand variability | portance of items.
Addresses issues with unpre-
dictable demand.




ZYX Helps optimize stock levels for
(2/12) different items.
Effective in classifying products | Doesn't account for demand
HML based on their unit price variability
Can help to manage budget
and spending Ignores importance of items
Can supports cost-effective in- | May not address items with ir-
ventory management. regular patterns.
Doesn't account for demand
VED Focuses on criticality of items variability.
Effective in classifying inven-
tory based on its functional im- | Ignores value or importance of
portance items.
Helps prioritize inventory man-
agement efforts by highlighting | May not address items with ir-
critical and essential items regular patterns.
Requires careful consideration
Can improve supply chain resil- | and validation of categorization
ience through better planning for each item.
Only focusing on criticality
Can enables better planning might not provide a compre-
and replenishment strategies hensive view of overall inven-
for crucial inventory. tory management needs.
Potential to optimize costs by
investing more in vital and es-
sential categories and less in Determining criticality can be
the desirable class. subjective
Considers supply scarcity of Doesn't account for demand
SDE (1/2) | items. variability.

Helps prioritize items based on
availability.

Identifies items that may face
shortages.

Can assist in managing supply
chain risks.

Supports contingency planning
for shortages.

Ignores value or importance of
items.

May not address items with ir-
regular patterns.

each product needs to be man-
aged on an individual basis de-
spite classification




SDE
(2/2)

Future planning regarding
sourcing can be improved




Appendix 4: Manufacturing Model Comparison

Inven-
tory Ap-
proach Pros Cons
Engi-
neer-to- | Highly customized products
Order can satisfy unique customer | Longer lead times due to design
(ETO) requirements and engineering process
For some items, can mini-
mize inventory holding costs
if parts ordered on order ba- | Complex supply chain coordina-
sis tion and management
For some items, reduced risk
of excess inventory and ob-
solescence Production costs can be high
Greater customer satisfaction | Limited standardization may hin-
than MTO der economies of scale
Can improve cash flow due to | Limited ability to forecast and
reduced inventory or waste plan demand
Coordination challenges between
production and order manage-
ment can exist
May require additional inventory
for common components
Make-to-
Order Flexibility to accommodate Longer lead times for production
(MTO) customer preferences and delivery
For some items, can mini-
mize inventory holding costs | Coordination challenges between
if parts ordered on order ba- | production and order manage-
sis ment can exist
Unstable demand which can be
Can improve cash flow due to | hard to forecast due to several
reduced inventory or waste variations
Ability to offer customizations | May require additional inventory
without full ETO complexity for common components
Make-to- Higher risk of excess inventory
Stock Shorter lead times and holding costs




(MTS)

(1/2)
Limited flexibility for customiza-
Efficient production planning | tion and responding to unique de-
based on forecasted demand | mands
Higher costs associated with
Economies of scale in pro- managing and forecasting inven-
duction are possible tory levels
Faster response to sudden
increases in demand as there | Potential for stockouts if demand
iS no customization exceeds forecasts
Potential over overstocking
MTS Potential for inventory obsoles-
(2/2) cence if demand changes rapidly
Assem-
ble-to-
Order Faster delivery compared to Requires inventory of sub-assem-
(ATO) ETO and MTO blies and components

Reduced lead times due to
partial pre-assembly

basic parts of the product are
already manufactured but not
yet assembled.

Less risk of having unsold
units on hand

Better cost control compared
to ETO

Allows for some level of prod-
uct customization

Limited ability to offer highly cus-
tomized solutions

Lack of supply of inventory that is
ready to sell

Coordination challenges between
production and order manage-
ment can exist

May have higher production costs
due to smaller batch sizes (can-
not utilize economies of scale)

Difficulty in managing configura-
tions and variations




