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Management Summary

Slimstockis Europe's leading inventory optimization specialist. Slimssaokentorysoftware package
is an integrated solution for forecasting, demand plan@ndinventory control and is designed and
built to help their customers get the right inventory @ tight place at the right time. Big Benelux
DIY company isa customer of Slimstock and us&8mstocks inventory optimization software to
forecast demand and make ordering decisions for 4800 products in their central warehouse.

The problem that the DI¥ompany and Slimstock are facing is that thggect that for some products
they mbs their desired service performance. Service performance cawo bew such thatfewer
products are sold on time than targeted or service performance can high such thatob much
inventory is in place for the desired service performance. Service performance is indicated on
aggregated levédbr everyproduct groupHowevet it is na known which products have a lower service
performancethan desiredand it is often also not knawwhy this is the caselo research this the
following main research question was constructed:

How can Slimstock and the Big Benelux DIY commasyre thatthe desired service performance is
attained while minimizing inventory by getting insightoithe achieved service performance per
product and optimizing parameters in the oiidgrpolicy model such that they better correspontheo
reality for their 4800 producfs

The research started by armhg the current situation, a closer look at the inventory model of Slimstock
(Slim4) was takenwWhen taking a closer look at the currsittiation a lot of things that needed further
understanding were found. Thigll® the construction of the literatureview.

During the literature ndew, concepts,methods and formulaswere found thathelped to get an
understandingdf and made it possible to improveemand forecasting and the inventory moaolel
Slimstock which was in place at the DIY company.

After and during the literature review the knowledge which was foundliwasd to the current
situation. Understanding the conceptsnventory management enabled the understanding of Stim4.
is determined that Slim4 works according to a PeridtBuiew, OrdeiUp-to-Level (R, S) control
policy. For this control policy the variables on which inventory decisions dependdetzanine.
These variables are the base forecast, buffer éandkthe variables on which the bufferstock depends),
order quantities, review timandlead time. Then themas looked into how the actual ordering process
goes. The parameters that havdédilled in by hand were determined. And in the ehdcause the
year in which this research is conducted is a special year dDOWD-19, container cost and thus
transportcost rised significantly and demand was unpredictable due to unexpected shop cltsures.
impact of this on the supplychain was determined.

When thecurrent situation was cleaa dashboard is constructed to determine the achieved service
performance ovethe past 54 weeks attidis has beertomparedo the target service performance. It

was found out that the target service performasdetermined with a target fill ratevhich assumes

total backordersand that the indication of the attained fill rate on an aggregated level atstahkost

sales. This meathat these two variablesenot completely comparable. The target fill rate and attained

fill rates are bothrecalculated to KPIs which take tkame amount of backorders into account. The
dashboard constructed is split into an underperformers part for prelcatgisrformed below the target

fill rate andanoverperformers part for produdtgatperformed above the target fill rate. It westimaed

that the DIY company missed 0492.470,82 due to n
by overperforming the target fill rate over 54 weeksling in April 2021assuming a profit margin of

10% over the purchase pricetbe producs. Another interesting findings that the average inventory

cost over 54 weeks peranpnddupéer fwarsmerl.&émMd7 , 2 8 1
overperformer.
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After having a full picture of the current situation, we selesiggroducts with outstanding KPIs to
perform a indepth analysisFor these productthe parameterwithin the model were compared with
reality. In order to say something about the lead tirttess DIY company should save the date on which
an order is placedn order to say something about the review tithe past order levels should be
known. Both these things were not the ¢asieh that only the MOQ could be compared with reality.
For productl, a deviating MOQ could be found. For three produicidicationswere found that the
demand was highé¢han anticipated, howevghis could not be checked because the past forecasts were
not saved.

It is shown how the order levels of April 2021 are calculated. We showed that the buffer stock needs to
riseby 79% when the real MOQ was filled in for produktthis leads to an extra stock cost needed of

G 7 8 fodtBe month of April 2021We also showed that fawo of the selected six products it is

possible to order the EOQ and what the impact of this is on the buffer stock needed to attain the same

fill rate. Because of a reduction buffer stockwhich results from ordemy the EOQwe showed that in

the month ofApril 2021 for product 2and product 40 5, 42 and 048, 07 coul d be
respectively.

Lastly, the result of implementingraview/lead time ratiof 0,25 on the order levels of the six products

is shown.For products with a huge review time compared to the lead time a significant reduction in
orderlevel and stockcost for the month of April 2021 can be Sdenresult depends on the chosen
Review/kad time ratipbut the Review/lead time ratio makes sure that there is a constant ratio between
the inventory causkby lead time and the inventory cause by review time. Because the review time for
most products is set on one month this is especiallyiseproducts with reallghortlead times (for
example a few days).

When looking at the main research questibocan be concluded that during this research certain ways

to decrease inventory levathile attaining the same target fill ratgere foundor it is shown that in

reality more inventory was needed to attain the same target fillitieut changing the desired service
performance. It was difficult to compare the reality with the parameters filled in Slim4 due to a lack of
data. However thefore the impact of implementing the EOQ and implementing a Review/lead time
ratio on the safety stock needed to attain the same target fill rateis shown and are the corresponding
changes in stock cost for April 2021 calculated.
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Readers guide

Chapter 17 Introduction

In chapterone the introduction to the thesis is given. It contains the introduction of the company and
the problem context. Based on this the probssiving approach is mentioned and further elaborations
on why and how the research is done are made.

Chapter 27 Liter ature review

This chapter contains literature research about concepts, methodisformulas of inventory
management. This chapter contains the literature needed to understand the inventory solution module of
Slimstock.

Chapter 31 Current situation analysis

In this chapterthe literature found in chapter twolisked to the current situation of Slimstock and the
DIY company. Their order policy and the relation with Sliexddiscussed.

Chapter 47 Dashboard

In Chapter four the dashboard which is ¢amsted in order to show the achieved service performance
over 54 weeks is discussed. In this cha@kKPIs used in the dashboard and the overall findings of
the dashboard are discussed.

Chapter 57 Analysis of selected products

In this chapterfurther elaboration will be done about products #rat selected based on outstanding
KPIs constructed in chapter four. The parameters that are filled in for these products are compared with
reality.

Chapter 67 Result of parameter discrepancy

In thischapterit will be shown how the order levels for April 2021 are calculated and the results of the
parameter discrepancy on these order levels will be shown.tA&se wil be shown what the result on

the buffer stock is of ordering EOQs for the produatd there will be shown what the result is on the
order level of implementing a review/lead time ratio.

Chapter 771 Conclusions and recommendations

In this chapterthe conclusions and recommendations of this research will be presenteda Also
discussion will be made about the limitations of the researahsuggestions for further research will
be mentioned.
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1. Introduction

This chapteintroduces the research.description is provided dhe company anthe relevance of the
research is discussg®ection 1.1) After that the focus will be on describing the problem and
identifying the core problem, this is the basis for this resedihwill start with the management
problem(Section 1.2)after which we will continue to the problem clus{&ection 1.3)which will
dissect the management problem into multiple problems and shows their relation. Out of the problem
cluster, we will extracthe core probles (Section 1.4)The core problesxan be expressed in a norm
and reality After that Section 1,5vewill elaborate on the scope and in Sectidhtfie chosen problem
solving approach with corresponding research questidhbe explainel. After this, the limitations of
the researcliSection 1.7) andhe validity and reliabilitySection 1.8)of the research design will be
discussed. To end Section 1.9the deliverables will be evaluated.

1.1 Slimstock and thBig Benelux DIYcompany

This research will be conducted at the company Slimstock. Founded in 1993, Slimstock has become
Europe's leading inventory optimization specialist. Slimssiakentory model is an integrated solution

for forecasting, demand planniraqdinventay control and is designed and built to help their customers

get the right inventory to the right place at the right time.

Furthermore, this research will be conducted at a customer of SlimstigkBanelux DIY company.
This company serves a lot of pé®m the Benelux when it comes to-tleyourself equipment and other
equipment for in and around the house. This company has a central distributier{[@€ht Suppliers
deliver to this distribution cergand the company delivers to their retailers aetishop out of this DC.

1.2 Management problem

The models of Slimstoclse a certain desired service level as input of the safety stock calculations for
their customer's supply chain. This desired service level is seen as a benchmark for service performance
for supply chain manageveho use the software of Slimstockhis bexchmark determines ttamount

of inventory that is expected to be delivered directly out of inventomhe literaturethis service level

is called a target fill rate.

Based on the desired service level a certain safety stock is determined. Thisteakespould be able
to catch volatilities in demand and lead time and therefore prevent@itekBy choosing a certain
service level, the supply chain manager determines to whicht eiekouts should be tolerated, while
not having too higlmventay cost.Figure 2.1 shows how safety stock prevents stdk.

Stock Replenishment
Stock Replenishment

Units

Safety Stock
Order Cycle

Time

Figure 1.2: Stock levels over timeRéprinted fronSmirnoy 2020

11
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A customer of Slimstocka DIY company, has a central DC out of which they deliver products to their
retailers Slimstock helps the DIY company with inventory management for 4800 pradulescentral
DC but in reality there arenore products in stock in the warehouse.

Whendoing this they strive for a certain desired service level as mentioned above. However, they lack
insight into the achieved servitavel per product. When the achieved service performance is different
from the desired service performantds can be caesl by awrong amount of stocthat isin place

such thathe desired servidevel cannotbe achieved.

On aggregated levighis company has insighttmtheir achieved servigeerformanceThis means that
they have insight per product grodgecause of thighey know that in some product groups there are
problems with the achieved service level. Howetlee achieved serviggerformanceper product is
unknown.On aggregated level this done by estimating the missed demand for a group ofyote and
dividing it by the real demand. This is fraction of missed demahdn you substract this amount from
one you will get the fraction attained dematitk service levelon aggregated level as it is called by
Slimstock.

The company wants to get insight into the achieved seneigel per product in order tbetter spot
differences between desireddaachieved service performandehis will hopefully help to spot issues
causing these differenceBhese issues could be, for example, parameters put wrongly in the model of
Slimstock or certain factors that are not accounted for when determining the stock levels.

Not all issues are umlown,for example for some suppliers it is known that thaye not been able to
deliver product®n time or at allln that case, it is clear what the cause is for the bad service performance.
However unknown weak spots could be found when having a lettght into the achieved service
performance. An example of a potential unknown weak spot could be a constant underestimation of lead
times. It is easier to find a problem if you know there is one.

This results in the following management problem:

Slimstock and theBig Benelux DIY company suspect that they do not meet their desired service
performance for several products

1.3 Problem cluster

After defining the management problem the next step is to design a problem cluster based on the
management problemiA problem cluster is used to map all problems along with their connection. It

serves to bring order to the problem contextandtoidemtiye cor e pr obl emdo ( Heer Kk«
2017, p. 42 The problem cluster belonging to this managemeoitlemcan be éund inFigure2.2
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Figure 1.2: Problem cluster

The management problem is that the desired and the actual sggvicemance do not correspond
(problem9). Having a difference between the desired and actual service performance is caused by
different problemsThe first problem is that potential issues per product are not spotted (B) iisis

turn isbecause it isnknown which products perform differdythan their target service levels (2). This

is not known because there is no KPI defined for the achieved service performance per product (1).

Another cause for a difference between desired andla#tvice performance is that there could be an
incorrect amount of stock placeto reach the desired service levdlkis can be due to the fact that
there are parameters in the system which are not filled in correctly or optimally in comparisdityto rea
(7). One problem that could cause this discrepancy is that suppliers do not (tativene)(6). This

will cause the parameters filled in to not correspond with reality. When decisions are madeaidr
time of 5 weeks by the systebut in reality, the ordercomes after 10 weekthe inventorymodelis
suboptimal. However it is out of the scope of this researchsolve supplier issues due@®VID-19
because it is not solvable with the given materials.
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Anotherproblem that could¢au® the incorrect amount of stock is that there could be other unknown
causeghatc an o0t be extracted o.Uhis invdlvestmareial mistakes linalel e d a
warehouse for exampl&his falls also out of the scope of this research and is themdted in red.

The last problenis that the forecast could deviate from realdy [This will lead to an incorrect amount
of cycle stockand therefore will lead to different attained service performance than targéisd. T
problem isunsolvable and fallthereforeout of scope because the forecast is not saved in the data.

The blue problems are added for relevance in order to show the results of the desired and attained service
performance not correspondirdnd are therefore the results of the managemeoblem.

1.4 Core problem

In order to select the core problem, we have to go back in the problem cluster to come to the problems
which have no clear causes themselves. Also, problemdhabtbe influencedcannotbe a core
problem. This leaves us with the following core protdem

The achieved service performance per product for 4800 proguatt measured
And

There exists a possible discrepancy between parameters put in the stock calculations and real/optimal
parameters such that the desired and actual service performance do not correspond.

For the first problentlimstock and thdBig Benelux DIY company use iséce levels, put in their
models, ashe norm for their service performance. Howeue reality is that this benchmark is not
directly measurablgper product and is only estimated on aggregated levels, per product group for
example.

The norm for the smnd problem is that the parameters are filled in in the model as close to reality as
possible. However in reality it isuspectedhat parameters are not filled in optimally and therefore
suboptimalktock is takerio reach the desired service performance

1.5 Scope

Because of a limitation in time a scope has to be determined for this research. The initial scope of this
research will involveneasuring the achieved service performance fahalk800 products at the DC

of the Big Benelux DIY company. However, when dgifurther analysesnly the most interesting
products or product(s)(groups) with generalizable insighlisbe picked The number of products
picked depends on the amount of time left Hratesults obtained in the previous phase. When coming

on certainrecommendationbke switching supplies, therewill not be enough time to implement and
evaluate. Therefore, this will not be part of the scnfgis research.

1.6 Research questions anaplemsolving approach
Based on the two core problems the following main research question is constructed for this research

How can Slimstocknd the Big Benelux DIY company ensure that the desired service performance is
attained while minimizing inventory by getting insight into the achieved service performance per
product and optimizing parameters in the ordering policy model such thatettey torrespond to the
reality for their 4800 product’
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In order to answer the main research question. A prebl@wing approach with corresponding sub
guestionss constructed. The sutpuestions will be answered throughout the chapters.

Phase 1: Literature analysiSHapter?)

It is useful to look at the literature to get a better understanding of the subject. The theory will clarify
the most relevant terms, thesgiand formulas.

Subquestions:

What is the role of inventory in a supply chain?

Which inventory control policies are described in the literature?

What are factors that can have an influence on service performance accoliténgttoe?
Which inventory performance KPIs exist in the literature?

What are methods to forecast demand according to theuite?a

arwNE

Phase?: Researcleurrentsituation (Chapter3)

In this phase the current situation at Slimstock and Big Benelux DIY company isinalysed This

will help to get a better understandiafjthe management problem. Researching the current situation
will help get insightinto themodel of SlimstockAnd we will look at which parameters influence the
order policy and thus the service performance.

Subquestions:

6. What is the current order policy at the DIY company with the model of Slimstock?

7. How is demand forecasted with the model of Slimstock?

8. Which parameters influence when, how and how much of a product is ordered in the model of
Slimstock?

Phase 3Construct KPIs and implement them in a dashboard with other producCitetiaiér4).

When having a good picture of the current situation at Slimstock and the DIY company and after
providing an overview of the literature, the service performance & be constructedver a past

time frame These KPIs areneeded to look into the problemdich are not spotted becauselod lack

of insight into the achieved service performancess& KPIs will be constructed with the available data

and determined for all 4800 products of the DIY compditer this, we will compare the values of
these KPIs for the different products. A dashboard will be constructed in which products with
outstanding valuesan be grouped. In this dashboard, other data should be visible as well, suppliers,
lead timesand product groups for example. This way products can be grouped efficiently and service
performance can be linked to relevant data that has an influeneevaseperformance.

Subquestions:

9. Which quantitative data concerning inventory management is available at the DIY cangdany
Slimstock?

10. How can the data be made available as an input of the?KPI

11. How does thdargetservice levelput in the model of Slimstock relate to achieved service
performance?

12. What are the consequences on costs for the Big Benelux DIY company limwvibigh service
performance?
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Phased: Analysis of selected productSifapters)

It is out of the scope of this reseatohinvestigate all 4800 products, therefore, certain products will be
selected based on KPIs that differ from the benchmarks of the DIY confpamiyer analysis will be

done on these selected produdise currentmventory situation of these selected will be determined
andthere will be looked at the real procurement order lines of these products. With the help of the real
procurement order linethe parameters filled in by the DIY company in de model of Slimstock will be
compared to reality.

Subquestions:
13. Which products are interesting to select for further analysis based on the constructed KPIs and
the benchmarks of the DIY compahy
14. What is the arrent inventory situation of the selected products?
15. Which data can be extracted out of the procurement order lines?
16. How do the parameters put in the model of Slimstock compare to the paraimetersn the
dat&®

Phaseb: Resulton service performanas (possibl¢ parameter discrepané€hapter6)
After the analysis of the selected produats will makecalculations t@nalyse the result of the possible
parameter discrepancy on the service performance of the selected pabdletsurrent order levels.

Subquestions:
17. What are the formulas with which stock levels with a corresponding target service performance
are determine®l
18. What is the resultfahe service performance of parameters not corresponding with reality?
19. Can the achieved service performance be improved by adjusting parameters to reality?

Phaseb:Conclusions and recommendasafhapter7)
In the lastphase conclusions will be drawn and recommendations will be made based on the phases
mentioned before.

1.7 Limitations research design

The limitations of a research design are shortcomings conditions or influences that place restrictions on
its methodology and conclusions. Thiest limitation of this research is time, this research has to be
conducted in 10 weeks, which is relatively a short amount of time for this type of research.

Another limitation present during this research is that the formulas used by the model of Slimggock h
to remain confidential. Therefore tpeeciseformulasusedcannotbe usedin this bachelor thesis

Something that also should be consideredllimsitation is the possibility that contradicting information
is retrieved or that no data at all can é&ieved. This will have a significant impact on the outcome of
this research. For this research design, we expect that all necessary data is aMaigableost likely

the case, but due to certain unknown difficulties, some data might not be ableetddved.

1.8 Validity and reliability research design

According to Heerkens and Van Winden (2017) validity is about the extent to which is measured what
was intended to measure. Validity can be split up into three types of validity, internal/(@idityour
research design and your measuring instruments properly formulated?), external validity (Is your
research applicable to other groups?) and construct validity (Are your concepts properly operationalized,
logical related and were based on scfankinowledge?). This research should suffice to all these three
types of validity. Regarding internal validity, it is assumed that the data provide by Slimstock and the
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Big Benelux DIY company is correct. In this research, the data providers and the researcher have a
common interest. In order to minimize bittse finding will bewritten downand will be checled with

the st&eholders at Slimstock and thigig Benelux DIY compay. Alsg it is important to notice that

some of the formulas, KRIand definitions used in this research will differ from the ones used by
Slimstock. It is important to have an understanding of all used terms to make sure all used formulas,
KP1 6 s irdtiond arelunderstandable for every party.

Concerning eternal there should be noted th#tere isworked with 4800 different products, no
unjustifiable generalizations must be ma@enstruct validity is tackled by clearly defining constructs
in thisthesis.

Reliability is, according to Heerkens and Van Winden (2017), concerned with the stability of the
research result. This is with the corona pandemic in mind and the damage this has done to supply chains
everywhere a challenge. TBa Benelux DIY conpany has also been struck with the closure of retailers
which led to big changes in demand and therefochanges irservice performance. It should therefore

be mentioned that some conclusions and recommendations are only for the short termteXnshort
conclusion can be for example that a supplier is unreliable dD®Y8D-19 which was never the case

before the pandemic struck, therefore taking on a second supplier could be derghort
recommendation. A lonrterm conclusion can be that a supplier always has been unreliable, therefore a
long-term recommendation could be switwlp supplies altogether. This should be evaluated in the
conclusions and recommendations.

1.9 Deliverables
- Analysis of literature
- Overview ofthecurrentsituation.
- Definitions of constructed KPI(s)
- Dashboardwvith explanationin which achieved service performance can be linked to several
variables.
- Selected products with criteria.
- Inventory situation of selected products.
- Comparison parameters reality and model.
- Recommendations and conclusiamshow to change parameters.
- Recommendations on further research.
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2. Literature review

In this chapterrelevant theory to ik research will be discussethis literature focuses on inventory
management. Firsthere will be discussed what inventory is and what its role is in a supplyanin
we will elaborate on the different types of invent@®gction 2.1) After thiswe will look atlead time
(Section 22.1) and review timeg(Section 22.2), inventory control policiegSection 23), inventory
theory moded(Section 2), economic, minimaknd incremental order quant{{$ection ), inventory
performance indicatorSection 26), therelationbetween safety stock and cycle service I€8ektion
2.7), ABC-inventory qualification(Section 28) and forecasting demar{&ection 29). This theory is
needed to understand the current situation and construct fupein this research.

2.1Inventay

Before investigating the service performance of inventory, we discuss the concept of inventory, its role
within the supply chain and the different types of inventory.

Inventory are items kept in storadeventory exists in the supply chddecause of a mismatch between
supply and demand. Sometimes this mismatch is intentional, for example wkeacd@nomical to
produce in large lots or for a retail stareat wants to prepare for an increase in demand. In these
instancesinventory is heldo reduce cost or increase the level of product availability. Inventory affects

the assets held, the costs incurred, and responsiveness provided in the supply chain. High levels of
inventory in an apparel supply chain improve responsivehatalso leag the supply chain vulnerable

to the need for markdowns, lowering profit margidggherinventorylevels also facilitate a reduction

in production and transportation cqdiecause of improved economies of scale in both functions. This
choice, however, treases inventory holding ceslin general, managers should aim to reduce inventory

in ways that do not increadiee cost or reduce responsivené€iopra and Meindl, 2016)

Different types of inventory can be distinguished. These typé@svehtory are mentioneith the next
subsectionsThe different types of inventory are noted because there can be different reasons why
inventory is in place. To be able to make correct judgments about why inventory is in place it is useful
to have an understanding of the types of inventory. The difféypes of inventory are mainly found in
Silver etal. (2017, but are complemented with other literatlike Chopra and Meind[2016 Axséater

(2019 and Winston(2014.

2.1.1 Cycle inventory

Cycle inventory is the average amount of inventory used to satisfy demand between receipts of supplier
shipments. (Chopra and Meindl, 2016)cleinventory is the resultf an attempt to order or produce

in batches instead of one unit at a time. The amoilinventory on hand, at any point, that results from
these batches is called cycle stock. The amount of cycle stock in inventory is determined by management
which makes atradeoff between holding and ordering ceégilver et al., 2017).

2.1.2 Safetyinventory

Safety stock is the amount of inventory kept on hand, on average, to allow for the uncertainty

of demand and the uncertainty of supply in the short run. Safety stocks are not needed when the
future rate of demand and the length of time it takeget complete delivery of an ordeiknown

with certainty. The level of safety stock is controllable in the sense that this investment is directly
related to the desired level of customer service (Silver et al., 2D4féty stock acts ashaffer in case
of a stock out. This does not mean that safety stock is medimiioate all stockouts, just the majority
of them (King, 2011)Figure 2.1 illustrates this.
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Figure2.11 The role of safety stock in an inventory cycép(inted fromSmirnov, 2020

When demand is forecasted, demand uncertainty is lowered as much as possible, meaning that safety
stocks can be reduced. However, not all uncertainties can be taken away by trying to predict the future.
Therefore, even when forecasting, $afock is held; but only if the costs of understocking are higher

than costs of overstocking. To determine this safety stock, it must be known how uncertain the forecast
is, in other words, how large the forecast errors tend to be (Axsater, 2006).

2.1.3 Congestion inventory

Congestion inventorieare inventoriesarising due to items competing for limited capacity. When
multipleitems share the same production equipment, particularly when there are significant setup times,
inventories of these items ldiup as they wait for the equipment to become available (Silver et al.,
2017).

2.1.4 Anticipation inventory

Anticipation inventory consists of stock accumulated in advance of an expected peak in sales.
When demand is regularly lower than average durimgesparts of the year, excess inventory (above
cycle and safety stock) can be built up so that, during the period of high anticg@i@ements, extra
demand can be serviced from stock rather than from, for example, working overtime in tii8ijvlant

et al., 2017).

2.1.5 Pipeline inventory

Pipeline inventories include goods in transit (e.g., in physical pipelines, on trucks,

or in railway cars) between levels of a midtihelon distribution system or between adjacent work
stations in a factor{Silver et al., 2017).

2.1.6 Decoupling inventory

Decoupling inventory is used in a medithelon situation to permit the separation of decisiaking
at the different echelons. For example, decoupling inventory allows decentralized deckiog
atbranch warehouses without every decision at a branch having an immediate impact on, say,
the central warehouse or factory (Silver et al., 2017).

2.1.7 Strategic inventory
Strategic stock is the stock that is placed with a strategic reason, for examplthevBzexit occurred
this could have been a strategic reason to increase inventory (Dijk, Leeuw, Durlinger, 2017).

2.2 Lead time and review time
The time between an order that comes in and the next order to come in is the lead time plus the review
time. In thissection there will be elaborated on these concepts.
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2.2.1 Lead time

The leadiime is the time from the ordering decision until the ordered amount is availattie sirelf.

It is not only the transit time from an external supplier or the production ticasaof an internal order.
It also includes, for example, order preparatiore, transit time for the order, administrative

time at the supplier, and time for inspection after receiving the ¢ddséter, 2015)

2.2.2 Review time
The review time is the time that elapses between two consecutive moments at which we lasikek the
level. E.g, if we check stock levels once a month the review time is one niBiiler etal., 2017)

2.3 Inventorycontrol policies

Inventory control policies are about the questigighen should an order be placed and what quantity
should beordera? (Silver et al., 201,/p242).

When talking about the stock situation, it is natural to think of the physical stock on hand. But an
ordering decisiorcannotbe based only on the stock on hand. We must also include the outstanding
orders thahave not yet arrived and backorders. In inventory cgntinel stock situation is therefore
characterized by the inventory position (Axsater, 20k inventory position is determined according

to the following formula (Axséater, 2015)

The answer to the problem of how often the invenpasitionshould be determined is determined by

the review intervalR). In periodic reviewthe stock status is only determined every R time units, for
instance at the end of each daythe casethatthere is continuous review, the stock status is always
known. This means that in a continuoteview the review interval R = 0 (Silver et al., 2017).The four
mostcommoninventory control policies are the, Q) policy, the (s, S) policy, the (R, s) poliend the

(R, s, S) policy Silver et al., 2017 the nexisulsections these policies will be explained.

2.3.1 Orderpoint, OrderQuantity (s,Q) System

The (s,Q) system is a continuousview systemi(e., R=0). In this systenma fixed quantity is ordered
whenever the inventory drops to the reorder poifithe advantages of the fixed ordgrantity (s, Q)

system include that it is quite simple for the stock clerk to understand, that errors are less likely to occur
and the prodtion requirements for the supplier anerepredictable The primary disadvantagd an

(s, Q) system is that in its unmodified form, it may not be able to effectively cope widitiuagon

where individual transactions are lardithe transaction thdriggers the replenishment in an (s, Q)
system is large enough then the lot sizeiDnot even raise the inventory position above the reorder
point (Silver et al., 2017).The reorder point of the@3,System can be determined with the following
formula (Bernard, 2015)

Y oQz0o i (Equation2.2)

Where:

Y OYQéT RRQE O

0 O NOROE DDO'QI SOE®I QE Q
0 0 QuCQa Q

Yi i OQQowi 0 0Q
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2.3.2 OrderPoint, OrdetUp-to-Level (s,S) System

This system again assumesntinuous review and like the (s, Q) system, a replenishment is made
whenever the inventory position drops to the order point s or lower. However, in contrast to the (s, Q)
system, a variable replenishment quantity is used, ordering enough to raisetiterinposition to the
orderup-to-level S.

Level
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Figure 2.2: the (sQ) system (on top) and the &), system belowrgprinted fromSilver etal., 2017)

2.3.3 PeriodieReview, OrdetUp-to-Level (R,S) System

The control procedure of the periodieview, (R,S) system is that every R unité time enough is
ordered to raise the inventory position to leveB&8cause of the periodieview property, this system

is much preferred to order point systems in termeggfegatinghe replenishments of related items.

This enables a company to easier combine more products in oneFodexample, when ordering

from overseas, it is often necessary to fill a shipping container to keep shipping costs under control. The
aggregated oetingafforded by a perioditeview system can provide significant savirigstthermore,

the (R, S) system offers a regular opportunity (every R units of time) to adjust thaeiptddevel S,

a desirable property if the demand pattern is changing iwith(Silver et ., 2017).The order quantity
needed to raise the inventory level to S can be calculated by the following formula (Bernard, 2015):

0 QzY 0O i1 O (Equation 2.3)

Where:

O = Order quantity needed to get up to the orderlevel

Q=m0 Qi QWO nevEr a certain time period

Y=0Q QU Q@I Q¢ Q

[ F0QNAEEL0EDOUANDD OV 6 QQ6 Qa

GOQOG E O&E V' QEDHECD L Q& QQE U 'QE R ITHNQ cedd
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Figure2.3 The (RS) system. Ordeexeplaced every 1feriodswith a lead time of 2 periodstdprinted
from Silver etal., 2017)

2.3.4 The (Rs,S) system

This is a combination of (s, S) and (R, S) systems. The idea ifotleatery R units of time we check
the inventory position. If it is at or belowelreorder point s, we order enough to raise it to S. If the
position is above s, nothing is done until at least the next review i(Sibwtr etal., 2017)

2.4 Demandmodels

In order to optinie supply chaingt is important to calculate the desired stock levels. Howaverder

to do thatinventory situations have to be médd. Thereexistsno universal model, with a wide range

of factors affecting the inventory stock, and thus the situation here is closely related to the ability to
predict the future consumption induced by future demand (Bartmann and Beckamann, 1992). The
knowledge and chacter of demand are very important for the whole inventory managefrtést.
because the demand dencasvhich rate the products leave the inventdrigere are basically three
demand modéng methods (Polanecky and Lukoszova, 2016)

24.1 Deterministic @mand function as a model

One of the demand maddieg methods is the deterministic demand model, where its explicit expression
is known. The demand function may not only be a linear demand function, but also the polynomial of
general degree n function, any other known function. It merely depends on the real situation to be
modedl e d (,20Q56k § ¢
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2 4.2 Static stochastic demand description as a model

Stochastic inventory models differ from the deterministic ones only in the charademahd. Whilst
demand is fixed in the deterministic models, demand in the formesisdalfastic (probabilistic) nature,
which means it is a random variable with a probabdistribution. The stochastic models represent a
certain demand, where its exgliexpression is known. The demand function may include not only a
linear function, bualso a function with a polynomial of general degree n, or any other known function.
It is merely dependent on the real situation to be hoded ( KoSen§S 2010) .

As for static stochastic motlang, the main prerequisite here is the impossibility of further inventory
replenishment. Therefore, these are situations, where over a certain period it is necessary to satisfy the
needs from the stock that can be created only.dhttee generated stock is lower than the actual need,
certain costs from a shortage of stock will emerge. On the contrary, provided that the generated stock is
higher than the actual need, some additional costs will be incurred again, for after ththermzbdod,

the stock will not be usable (Polanecky and Lukoszova, 2016)

2.4.3 Dynamic stochastic demand description as a model

The most common assumption is that the demand distribution in a given period fallowrsnal

distribution withameanvallee Q) and a st andar dderdaedduriagaiparticulat 0 Q) .

l ead time (L) is normall yamnd sar v iWwhendacstechastitL a me
demand model is dynamic the probability function updatesy once in a while This means in the

situation mentioned above that the mean value and standard deviatiorsvLiphliatés done by fore

example forecasting on which is furtheaborated irsection2.10.When a demand model is dynamic

the model can be adjusted for trend and seasoii@ttgnecky and Lukoszova, 2016)

2.5 Economic¢ Minimal, and IncrementaDrder Quantity
When asking the question, how much shouldtmered? There are a few different concebpét are
useful to knowabout These concepts are described intthie section

2.5.1 Economic order quantity
When placing an order two questions are important

1. How large should the order be?
2. When shouldhe order be placed?

To answer these questions, companies often use the Economic Order Quantit{EDGlel
The economic order quantity is the order amount for which the sum of the order cost and holding cost
is minimal. Therefore this is the amount that can be ordered in order to minimize cost.

The formula for the economic order quantity\Wginston, 2004)

€ Z

0 — (Equation 2.5)

Where:

0°  O®é & ££61" NG & 0 QO

0 60Q QUOOE RDOQI 0OGBEQ QI & 'Q
0 01 QOE &I QQi

23



UNIVERSITY OF TWENTE.

Q "0¢ a Qe iR ¢ VO Do 'Q1 OOGIED O & Q
Holding cost(h)

This is the cost of carrying one unit of inventory for one time period. If the time period is a year, the
carrying costis usuallyexpressed ireurosper unit per year. The holding cost includes storage cost,
insurance cost, taxes on inventory, and a dostto the possibility of spoilage, theft, or obsolescence.
However, the most significant component of holding cost is the opportunity cost incurred by tying up
capital in inventory (Winston, 2004)

Order cos{K)

Many costs associated with placing anesrdr producing a good internally do not depend on the size
of the order or on the production run. Costs of this type are referred to as the order cost (Winston, 2004)

From the perspective of a managire optimal lot size is one that minimizes the total cost to their
company. The&eOQformula is used to find the minimum order cost plus the holdosf{Chopra and
Meindl, 2016) Figure2.4 shows this

-

Annual
total cost TCg)

Annual .
Annual holding cost bl 5 )

ol
|

| Annual i
| Minimum ordering cost 57
| L

0 q*

L ]
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Figure 2.4: Tradeoff between ordering and holdimgst ¢eprinted fromwinston, 2004)

Forthe EOQmodelto hold certain assumptions are required (Winston, 2004)

1. Demand is deterministidly modeled and occurs at a constant rate.

2. If an order of any size is placed, an ordering and setup cost K is incurred.
3. The lead time for each order is zero.

4. No shortages are allowed.

5. The cost per uniyear of holding inventory is h.

2.5.2 Minimal Order Quantity MOQ)
The minimum ordequantity MOQ) is the least amount of stock you can order from a supplier. If you
cannotbuy theMOQ of a product you need, the suppliei wot sell it to you.

Items with high value tend to cost more to produce and are likely to have M@@s. Lowervalue

items, on the other hand, are usually easy and inexpensive to produce and hence hav®©kdghkr

the former case, your suppliers can make a profit even by selling smaller quantities. In the latter case,
theyédre counti ng omanatusreedryau totbuwy morads well éHagita, 2019)
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2.5.3 Incremental Order Quantity (I0Q)

The Incremental Order Quantity is the quantity the order rises if we order more tHd®@eAn
example: A product is always sold per box and there are dp@dhe product in a bg¥an den Pol,
2021).

2.6 Inventory performance indicators

Inventory performance indicators are indicators that show the performance of the inventory. As a supply
chain managerit is important to track these indicators in order to see how the deaskimg
influences the performance of the inventory. The indicators are often also used to make decisions upon.
For example an order policy can be determined with as goal strifong certain cycle service level.

2.6.1 Cycle service level

The cycle service level (CSLis the fraction of replenishment cycles that end with all thecustomer
demand being met. A replenishment cycle is the interval between two successive replenishment
deliveries. The CSL is equal to the probability of not having a stockout in a replenishment cycle. CSL
should be measured over a specified number of replenishment cycles (Chopra and Meindl, 2016).

2.6.2 Fill rate

The fill rate measures tliection of orders/demand thatemet on time from inventory. Fill rate should

be averaged not over time but over a specified number of units of demand or the amount of orders met.
When talking about the amount of orders met we talk about the ordextdiland when we talk about

the units of demand met we talk about the product fill rate (Chopra and Meindl, 2016).

2.6.3 Ready rate

The ready rate measures the fraction of time that a partgtolzekeeping unihad zero inventory. This
fraction can beised to estimate the lost sales during the stockout period (Chopra and Meindl, 2016).

2.6.4 Averageinventory
The average inventomneasures the average amount of inventory carried. Average inveaiobg
measured in units, days of demand, and financial value (Chopra and Meindl, 2016)

2.7 Safety stockand cycle service levelfill rate when demand is normal and

backordering

Whensafety stock is knowrhecycle service level can be calculated by filling in safety stock faagul
which can be seen iRigure 2.5. When safety stock and lot size are known the fill rate can also be
determinedCycle service level depends on the safattor (z), but not on the lot siz) or onthe
demanduring review timewhile the fill rate doesThese formulas can only be used when the demand
for a product is normally distributeghd backordering is assum@hopra and Meindl, 2016igure

2.5 showghese different formulas for a periodic or continuous review policy.l@éae times can be
fixed or there can be assumed that the lead times follow a normal distritouiide lead time variability

into accoun{Wouter van Heeswijk, 2019)
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Computation safety stocks under Normal demand and backordering
I 1. When can we order? I

Continuously | Periodically (every T periods)
* ss=2°0 Replace: Q —» TD * ss=2%07,
* ROP=D, +ss L Tsl * QUL =Dy, +ss
* fixed lotsize Q ROP — QUL * Variable lot size, with average size T*D
2. How do | compute the
standard deviation of the
relevant demand for the
Fixed lead time L: Random lead time L: safety stock ss? Fixed lead time L: Random lead time L:
g= ot o, =.\JLoy + Ds} Croi = OV(T+1) G,.. = (T+L)o; + D's;
I 3. How do | find the safety factor 2? I
Service levels: Service levels:
Cycle Service Level Cycle Service Level
CSL = Fi(2) CSL = Fi(2)
z=F;(CSL) z=F;(CSL)
Fill rate: Replace: Fill rate:
a.G(z2) Q->T0 c:.,G(2)
fro=1-S202 S P Tk o2
0 LTl fr —
- T | B
G(2)= oa-Jr) G(2)= Q- fr)
o, Cra

Ready rate: rr = fr

Figure 2.5: Formulas for calculating safety stock, service lgeeld fill rate @dapted fromVan

Heeswijk, 2019)
The higher the service level géhe more inventory needs to be held onto to increase the service level.

Increasing the service level from 95 to 97% is vastly more expensive than increasing it from 85 to 87%.
Figure 2.6 illustrates the relationship between the service level and thatoryelevel (Schalit &
Vermorel, 2014)

120

o I

Added inventory to go from
80 - 95 to 37% service level

60 -
40
Aadded inventory 1o go from
BS to B7% senvice level

20 |
Q- L L T T f T T T T T T T T T

ER R R R R A EERREERARAL AR IR AR AR R AR

mmhhghhhthmWDSBﬁm &mmmmammmmmm

o

Figure 2.6: Relationship between service level and inventory pos{tieprinted from Schalit &
Vermorel, 2014)
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2.8 ABC-Inventoryqualification

A type of grouping that is common in many companiasgisalled ABGinventory analysis. This means

a grouping by dollar volume. Usuallg relatively small percentage of the items accounts for a large
share of the total volume. Typically 20 memt of the items can account for about 80qaet

of thedollar volume (Axséter, 2015)

Items with a high volume are often more important for the company andhereforeyeasonable to

expect that such items should require a more precise control and performance evaluation. Consequently,
many companies indlly group their items ito three classes. A, B, and C. Theckass consists of items

with avery high dollar volume. Typically the A class contains 10geett of the items. Likewis@bout

30 percent of the items with intermediate dollar volumes cadléssified as class B item&nally, the
remaining 60 pecent of the items with low dollar volumes are referred to as the C clasqAzséder,

2015).

100% 4

80% 4

60%

40%

Percent of total annual dollar usage

0% -

0% 20% 40% 60% 80% 100%
Percent of the total number of SKUs

Figure 2.7: Distribution of value of Stock keeping unitegrinted fromSilver etal, 2017)

2.9 Forecastinglemand Time seriesnethods

As uncertainty continues to grow in its fame with rapid change becoming the new normal, practitioners
need effective tools to navigate uncertainty. Forecasting is one such tool. Forecasting done well can
serve & a steadying foréeit can be seen as a standr a proxy for reality (Sankaranalt, 2019).

There are essentially two basic types of forecasting: qualitative (reliance on judgmental factors) and
guantitative (consisting of time series and causal ndsth@uantitative methods are (and should be)
steeped in science, whereas there is a heavy dose of art involved in qualitative methods. (Sankaran et
al., 2019).

Time-series forecasting is a form gbantitativeforecasting. Timeseries forecasting methods use
historical demand to make a forecast. They are based on the assumption that past demand history is a
good indicator of future demand. These methods are most appropriate when the basic demand pattern
does nowary significantly from one year to the next. These are the simplest methods to implement and
can serve as a good starting point for a demand forecast (Chopra and Meindl, 2016).
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In this chapterwe will elaborate on different types of tirseries forecdsg as these typeof
forecasting are used by Slimstock

2.9.1 Single exponential smoothinGES)

Single exponential smoothing is probably the most widely tiseelseriesmethod for shorterm
forecastingSilver etal., 2017)

In forecasting, in many cases, the most recent demand history or observations provide the best indication
of what future demand will be. Therefoiemakes sense to create a weighting scheme that introduces
decreasing weights as the observations get oldathier words, give more weight to the most current
observations or recent demand pesi¢@hase, 2013)The relative weights depend on the smoothing
constantuseil cal | ed U, aldp®a9) ( Sankaran et

The single exponential smoothing (SES3thod essentially takes the forecast for the previous demand
period and adjusts it using the forecast error. Then it makes the next forecas(@ease2013)

The simple exponential smoothing forecast is computed by usirfglibing formula (Chopra and
Meindl, 2016):

O 10 p 41O (Equation 2.6)
Where

"0 QL | QIEDIME QI QE Q

0 OO QG ORED 1 Qi MRI6QE Q

O F@MRT QUL NONOD VL R WTODHFDA 1| Qi MRI0QE Q
1 Y& EERARE ¢ i D d RHE O

An U close to 1 wildl have an a dfprecasts meensensitvatb ue t h
swings in past historical demand based on the pr
more reactive the future forecast will be, based on past defGhage, 2013)

2.9.2 Croston method

Whenthe demand for a product is sporadic, the exponential smoothing methmel$aton quite poorly
Croston (1972) highlighted that single exponential smoothing produces very large forecasting errors.
Thus, he proposed a forecasting method in which the epddthe demand estimations are performed
only after a norzero demand occurs (Sankaran, 2019).

In the case of positive demand, two averages are updated by exponential smoothing: the size of the
positive demand, and the time between two periods withip@giemand. This gives a moréable
forecast and also a better feeling for the structure of the defAasdter, 2015)

293 HoltWi nt er s 6 Met hod

The simple exponential smoothing and Croston method presented in the pseligetiors are based
onmodels without a trend and therefore aappropriate when the underlying demand pattern involves

a significant trend. A somewhat more complicated smoothing procedure is needed under such
circumstancedn 1957, Charles C. Holt expanded single exponestigothing to include a linear trend
component, enabling the ability to forecast data with trends (Chase, 2013)

I f there are indications of seasonalcanpothandler ns i n
the problem very well. Reviewof tt* ES model results and Holtbés abil
by accounting for the trend still indicates that theransdditional opportunity for improvement. In

1960, Peter R. Wi nters expanded on HodtWiters met hod
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method uses three equations to account for level, ,tramdi seasonalityThree complete years of
historical demand are recommended to truly capture the effects of seasonality. However, you can capture
seasonality with only two yeg(Chase, 203).
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3. Current situatiomnalysis

In this chapterthe current situation will be discussédlst, we will give a brief introduction (Section
3.1) then therwiill bediscusged howthe order process goes with the help oftfeglel of Slim4(Section
3.2). In Section 3.3 there is elaborated onpheametershat hae to be filled in manually. And finally
theimpact of COVID-19 on the supply chaiwill be discussedSection 3.4)

3.1 Introductiorof the currensituation

The DIY company currently holdslot ofitems in a central warehouse which they source from all over
the world. These products are distributed from the cemaeghouséo retailers all over the country. In
order to optinie the inventory sitationfor some of their products their central warehous¢he DIY
company gets help from Slimstock. The software package of Slimsbtiok, is used to make order
decisions in order to maintain optimal stock levels and reduceSiost is used on 4800 products in
their warehouse.

3.2 Order policy atheBig Benelux DIY companwsing Slim4

The Big Benelux DIY company uses the softevglatform of Slimstock which is called Slintd
determinewhen to place an ordeind what to ordefThis system works with an (8), order policyin

case there is no MOQ or EOQ in pladhis means thanh that caseveryreview periodR) a variable
amount is ordered to raise the inventory level up to the order. i&en the MOQ is larger than the
amount there needs to be ordered to raise the inventory level up to the order level the MOQ is ordered.
This is because the MOQ is the smdllsiount that can be ordered. There is no EOQ in place at the
DIY company but if there was the EOQ is the amount that is ordered when the EOQ is bigger than the
MOQ and the amount needed to raise inventory level up to the orderTibeekder level consgits of
thecycle stockwhich is the expected demand during the lead time and review time plus the safety stock
. In Slim4 the safety stock is called buffer stagkl the cycle stock is called base forecast.

3.2.1 Base forecast

The base forecast is thgpected demand during review time and lead tiflee demand during lead

time and review time is forecasted using differiamie-seriesmethods(based on past demandjhe
forecasting method depends on the demand class of the item, there are 11 different demand classes and
three different demand forecasting methods. Demand is forecastedingirgxponential smoothing

for the items with the most frequent demand. Whtgere exist periods of zero demand the Croston
method is appliedWhen demand is even more smaithe demand is forecasted using a Poisson
distribution.For new products and products wildemand historpf fewerthan 2 monthsa manual

forecast is in [ace which should be filled in by the planners. When there exist two years of data the
demand patterns will be tested for seasonality and trend. If there exists a trend and seasonality factors
will be added to adjust the forecast for the found trend aaslosality. This is done with formulas
inspired by the Holwi nt er s® met hod. The demand i s bhyfter ecast
review and lead time which yields the base foredastase of a month witkignificant deviating

demand in comparisoto other months this month is excluded in the simple exponential smoothing
calculation.

3.2.2 Buffer stock

The buffer stock is in place in order to catch up volatilities in demBpavever how much of the
volatilities are caught by the buffer stock is decided by managenreStim4this is done by setting a
target fill rate Thetarget fill rate assumes that there are no backorders. This means that the target fill
rate is the percentagefdtems that are sold from inventory on timeor example, management
determines that a product should have a 96% fill rate. This benchmark is filled in in Slim4 after which
a corresponding buffer stock is determined such that 96% of demand is fulfitietkarut of inventory.

The target fill rate is called service level in Slinidis should not be confused with the cycle service
level. The target fill rate in contrast to the cycle service level also tagegder quantity intaccount.
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After all, themore time spend close to 0 zero stock (which is the case with adosdearquantity the
bigger tle probability of missing demand and therefore the lower the fill rate.

To determine the target fill rates the ARfalification is in place Section2.8). This means that
products are divided 0 A, B, and C and that they gottarget fill rate per letter. For A products the
target fill rate is 96%, for B products this is 93% and for C products this is 85%.

The target fill rate that is filled in in Slim4 assumes total backorders, this means that it assumes that
every demand that is missed due to a stock out will be ordered anyway later on.

3.2.3 Order quantities

Theoretically the amount ordered is tHierecasteddlemand during lead time and reviéme . When
ordering the forecasted demattie 10Q should be taken into account. Orders should always be placed
in multiples of the 10Q.

If the MOQ is greater thn the amount oforecastedlemand during leatime and review timghis is
the amount ordered if the inventory position is below the reorder leveEDKRES not yet calculated
for products of the Big Benelux DIY company, therefore this amount is not orddreBOQusesthe
forecasted demand a9t and is therefore updated each month

3.2.4 Review Time

Currently, the planners othe Big Benelux DIY company have three different review periods fdr the
products.Some of he productswith high demandr productsthathave a low lead timare checked
once a weeland therefore have a review period (R) of 1 wéldglen there are some products with a
review period (R) of 2 weekihathave also high demand or have a lower lead time. The rest and the
majority of the producthave a review period (R) of 1 month

3.2.5 Lead times

The Big Benelux DIY company currently does not save historical lead times. Therefdeathgmes
filled in in Slim4 are estimations based on agreements with suppliesastimations of the time needed
to get an order on the shelf

3.2.6 The actual ordering

When the planners look at the inventory level once a review petieg create aarder if the inventory
position is below the order leveflowever in reality there are some more factors that should be taken
into account. When sourcing out of Asia the Big Benelux DIY company orders in full containers. The
containers are filled per sulgr and are not aggregated in the harbour. Thergioie lot of ordersa

surplus is ordered in order to fill off containers. This can leahtgherorder quantitthan optimal for

the given target fill ratesAnother influencethat should be taken into account is that sometimes the
supplier decides to offer a discount when a specifically large amount is ordered. This sometimes also
6s-optimall yd igoatiyat es t he orde

3.3 List of parameters that should be filled in manuallglim4

In Slim4, some parameters have to be filled in manulayhjthe DIY companywith which the model
calculates the optimal order polic¥he order policythat comes out ofSlim4 is betterwhen these
parameters correspomtbserwith reality. The parameters that have to be filled in manuallyt@rtee
found inTable3.1.
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Lead time Section2.2.1
Review time Section2.2.2
MOQ Section2.5.2
10Q Section2.5.3
EOQ (holding costorder cost) Section2.5.1
Target fill rate(based on AB&jualification) Section2.6.1 / 27 (Section2.8)

Table3.1: Parameters that have to be filled in manually in slim4.

3.4 COVID-19 andthe impact on the supply chain

The data on whicthe dashboard is built is based on data ranging from 15 April 2020 up to 29 April
2021. In this time frame, supply chains all over the world were disrupted due GOWMKD-19 virus

and other supply chain disrupting factors like risinghomdity prices and the Evergreen blocking the
Suez canal for 6 dayk1 Figure 3.1the Shanghai Containerized Freight Index can be seen, out of this
figure it can be noted that from the start of 2020 upthill eleventh ofunethe container prizes have
more thargquadrupledThis of course has a great impact on supply chains. Orderais& significantly

and therefore it becomes more optimal to order larger batch sizes. Thi®lhading morghanaverage
inventory in stok.

TheBig Benelux DIY company experienced during the coronascasrtain periods of really high peak
demand and periods of significantly lower demand. Due to lockdown a lot of people wianitad) on

their houses, whickignificantlyincreased demat But due to shop closureslot of demand fell away,
especially for items that are not purchasable in the web shop of the company. This led to difficulties in
demand forecasting.

Another issughatwas caused by the corona sisvas that a lot of supers could not get their hands

on commaodities or could not keep up with demand. Therefore there were a lot of supply issues during
the past year. When a supplier does not deliver, it is difficult to make sure the item is sufficiently on
stock andherefore it igifficult to reach the desired service performance.

Shanghai Containerized Freight Index
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4500 -
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3000 -
2300 -
2000 -
1500 -

1000 -

2020 2021

Figure3.1: Shanghai Containerized Freight Indegfrinted fromShanghai Shipping Exchange , 2021)
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4. Dashboard

In order to get insight o the service performance of the 4800 products ofBigeBenelux DIY
company a dashboard has been constructed. The dashboard has been built with the data extracted out
of Slim4. This datasetcontains the stock levels and achieved demand over a padrdime of 54
weeksup till April the 22hd. The data also contains the setsiag) which the product is currently set.

This dashboard is aimed at spotting prodtitasperformed differery from ther serviceobjectivesof

theBig Benelux DIY companyver the past 54 weels. this chapterwe will evaluate this dashboard.

This will be done by firstly discussing which KPIs are used in the dash{@ecton 4.1)After this a
separation in underperformers and overperforrtiecempare their target service performance will be
made(Section 4.2) Then the benchmarks that are currently in place at the DIY company will be
discussedSection 4.3)We will conclude with some overall findings of the dashbdSettion 4.4).

4.1 KPIs

In order to get insight to the serviceachievemenper producof the Big Benelux DIY company over
the past 54 week$7KPlIs areconstructed witltheavailabledata.In thissection there willbeelaborated
on these KPIsTable4.1shows thebbreviations for KPIs that are used in the formulas.

Abbreviation KPI

AD54 Achieved demand in 54 weeks

Ostock Days of 0 stock on hand in 54 weeks

RD54W Real demand 54 weeks without backorders

RD54BO Real demand 54 weeks with backorders

TFR Target fill rate

FR Fill rate

TPDF Target Percentage demand fulfilled

PDF Percentage demand fulfilled

DTPDF Difference percentage target demand fulfilled and percentage demand fu
MD54 Missed demand 54 weeks

aM Eurobds mi ss¢hdtargebp mpared t o
%CRRB Contribution revenue % real demand with backorders
AS Average stock

IC54 Inventory cost 54 weeks

AlV54 Average inventory Value 54

ATTW Average throughput time in weeks

A,MOQ Average order quantity or MOQ

Table4.1: Abbreviations for KPIs.

Achieved demanid 54 weeks

This KPI is extracted straight from the data. Because the demand per product per week is given in the
data set presented by tB&y Benelux DIY company, thachieved demantbr 54 weeks(AD54) could

be easily determined. This KPI is important because it is the input for other KPIs mentioned below.

Days of 0 stock on hanoh 54 weeks

This is a KPlthatis also extracted straight from the data, the dayerdstock(0Ostock)are given per
week. Therefore theumberof total days of zero stock on hand could also be determined. This KPI is
alsoaninput for other KPIs mentioned below.

Real demand 54 wesWithout backorders

The achieved demandnd the days of 0 stock on hand in 54 weeks together can be used to determine
therealdemand in 54 weeksithout backordergRD54W). However in order to do that the following
assumption must be madea:the days that there was 0 demand, the average demand per day over the
days that there was stock in place would have been in place. This KPI does not take back orders into
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accountTherefore to construct this KPI the days of zero demand are multiplied with the average demand
per day over the days that there was stock. This amount is then added to the achievedodeemied

the real demand in 54 weeks without backordéhe real demathof 54 weeks without backorders is
determined according to the following formula:

YO 0601 —27 06 ©Q (Equation 3.}

Real demand 54 weeks with backorders

In reality, it is unlikely that there are no backorders. Therefore a newwBIconstructedthe real
demand 54 weeks witipartial backorders (R54BO) which takes into account a percentage of
backorderg%BO). In consultation with the management of the big Benelux DIY comgaeye was
decidedthat probably 15% of the demand missed would be registered in the achieved .dEnimisl
due to the fact that when an item is ofitstock it is sometimestill ordered at later moment. Tén
assumption of 15% backorders changes#addemand achieved in 54 weeks. Now instead of adding
the average amount of demand during days of 0 stock, only 85% of this amount has to be added. Hence
15% of demand was fulfilled when tipeoduct become&stocked againBecause this KPI is closer to
reality than theealdemand without backorderthis KPI is the demand that is used as input for other
KPlIs.

YOBU0 6@t p P66 — 2001 AE (Equation3.2)

Targetfill rate

Each product has a target fill rfEFR) dependent oits demand class. This target fill rate determines

the percentage of demand that should be filled on time and directly out of stock. The target fill rate
assumeshat all demand missed is considered as backorder, it should be noted that in reality that is not
the case. Therefore this KPI indicates how much of the destamdd be meon time.This KPI used
asaservice objective for the produciEhe target fill rate is directly extracted out of the data.

Fill rate

The actual fill rate(FR) is difficult to determine out of thavailabledata sinceit is impossible to
determine which demand was met on time and which demand was @&ackordeil.herefore when
determining the achieved fill rate KRlackorders are neglected and the avedageandf the days of
zero demand is added to the real dem8&itichstockuseghis KPIto determine the achieved fill reded
thus to compare the service objective with the service performidoesver because of the difference
in backorder assumptipthese are not completely equ@his KPI is determined using the following
formula:

0oY p (Equation3.3)

Targetpercentage demand fulfilled

In order to determine the targettbe percentage of the demand that is actdalfiled (TPDF this

KPlis constructed. In order to determine this percenthgeercentage of backorders need to be known.

As mentioned before it is assumed that this percentage is 15%. The target fill rate indicates the amount
that is served on tim&his KPI assumes that of the amount not metimre 15% is still sold and the

other 85% is lost saleSherefore this KPI is determined using the following formula:

"YOOOp p YO¥ p PO (Equation3.4)

Percentage demand fulfilled

In order to determine the percentage of the demand actually met thigh€Rpercentage demand
fulfilled (PDF) is constructed. This is done by dividing tleal demand by the achieved demand. The
target fill rate determines how much of the demsimould banet on time (assuming total backorders)

34



UNIVERSITY OF TWENTE.

this KPI determines how much of the demand is met atlai. KPI is determined using the following
formula:

0 00— (Equation3.5)

Differencepercentagearget demand fulfilled angercentagelemand fulfilled

The difference between the percentage target demand fulfilled and percentage d€DEPDF

fulfilled says something about the demand that is not sold compared to the target level set by the target
fill rate. This KPI is determined using the following forraul

0"Y) 0°0Y) '0'd) 00 (Equation3.6)

Missed demand 54 weeks

When knowing the difference between the target of the demand fulfilled apdritentag of demand
actual fulfilled the demand missed over 54 we@dP54) can be determined. This is done with the
following formula

D1t OYOCGO®O 1 (Equation3.7)

Euros missed compared to target

When the amount of missed demand is kndisenamount of Euros missed compareth&target can

be determined. To do this, the unit pr{td) and the profit margiPM) should be known. Out of the
availabledata we can extract the purchase price for almost all products. For some products there was no
purchase price defined in order to get an approximation for the purchase price of these products, the
price was taken frorthe internet and divided by.Ras this was the case for products for which the
purchase price was defined. The profit margin on the purchase price had to be adssmeaunt is
assumed to be 1Q0%ut can be changed in the dashbodids KPI is detanined with the following
formula:

o0 O wrTYDzZO D (Equation3.8)

Contribution revenue %eal demand with backorders

In order to determine how importaaproduct is for the compaythe contribution of the product to the
revenug%CRRB) is constructed. The higher the contribution to revenue the more the company should
focus on improving service performance. If a produes been long out of stock it is logical that the
contribution to the revenue is smalleartif the product has not been out of stock. To balance for this
and show the real importance of a product for the complamyreal demand over 54 weeks with
backoders is taken (RD54B) and multiplied by the unit pricédssuming that the profit margin per
product on the purchase price is equal this KPI gives a good indication of the contribution % to the
revenue.This results in the following formula:

z

P6'Y'YO = (Equation3.9)

Average stock

The average stoqiAS) over a past timeframie important to determine thelding cost attained over

a past timeframe. The average stock can also be used to spot certain really high or low average stock
levels. This KPI is constructed in the following way: Out of the dammax and min stock per week

could be extracted. Bhaverage of the max stodkNIXS)and the min stockAM NS)is then takenover

the period of 54 weeks. These average are added and divided by 2. This means that the assumption is
madethat the demand wadivided equally over a weekndincoming orderscome inalways at the

same moment in timdhis results in the following formula:

oY —— (Equation3.10)
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Inventory cosb4 weeks

The inventory cosbver 54 weekglC54) is a KPI that denotes how much it has coshdawee kepta

product in inventory foa year. This is KPI is especially useful for produbtg perform better tan the

target fill rate / target percentage demand full filled. This because being better than your goal and having
high inventory costcould be a goothdication of having hadb much stock in inventory and the costs

this involved. To determine this KPhassumption has been matdibeassumption that has been made

is that the holding cost for a product is 25% of the purchase price pefTyeapercentage is then
determined for 54 weeks and multiplied with the unit price (UP). This holding cost is multiplied by the
average stock (8) over 54 weeks to give a good indication of the inventory aest 54 weeks.

06T —20 T2 VY028 Y (Equation3.11)

Average mventoryalue 54 weeks
Theaveraganventory valueover 54 week$AlV 54) indicates how much the average value ofathe
inventory in stock. To determine thtke purchase price R was multipliedby the average stoclAg).

O "Quor Y0z o Y (Equation3.12)

Average hroughput timen weeks

The average throughput tinie weeks(ATTW) is thenumberof weeks it tookon averageo sell the
inventory. This tells something about hovamyweeks of stock there was in stazmk averageA high
throughput time indicates that there has been edteo much. This KPI is calculated by dividing the
average stock (8) by the average demaper week (DW).

0 "Y'Yo— (Equation3.13

Average order quantitgr MOQ

This KPI, the arerageorder quantity oMOQ (A,MOQ), determines how much the DIY company
ordered on averagd&his KPI is introduced because the DIY company does not always order a constant
amount. They order up to the orderlevel when the amount needed to get to the ordgti€yes larger

than the MOQ but when the MOQ is larger the MOQ is ordérkdbig Benelux DIY company does

not calculate aicOQ thereforethe order quantity can be 2 factors, the average order quantity (AOQ)
or theMOQ. The average order quantity isthverage demand during review time in multiples of the
incremental order quantity. This amount is ordebegdause stock levels should be ordered every review
time up to the order level. If tHdOQ is bigger tlan the average order quantity this amount is ordered.
The MOQ is extracted out of the data directly and the average order quantity is calculated using the
following formula

arn v w0 OA Y A6 a0 THHNOO®ROEY 000 .
(o] VNV 550 OGO g\}h 560 (Equation3.14)

Where:
O0Q d0UQI GVWUMa we Q
Y1 QU MBO® Q'Q Qi

D00 a'QE QaRNG ©E 0 QO W
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4.2 Overperformers and underperformers

When comparing the target fill rate and the attained fill, rateomes to light that some products
performed bedr than the goal and some products performaethan the goal. Performing lower than
the goal, underperforming, is not desirable. This bedauser products are solgn time)than targeted
and therefore profit marginandalso service towards customers is lost.

Performing better than the goal, overperforming, is also not desi@deperformingmeans thait is
highly likely thatmore stock has been kept than was needed for the tahggefore high stock cast
could rave been experienced. Howew@rerperforming also yield the profit of selling more than
targeted.

In order to be able to get the right averages in the dashhbardashboard is split into two pieces, one

for overperformers and one for underperformerkisTis done because when there are a lot of
overperformers and a lot of underperformers the averages can sled@andifferentiations from the
target However in reality there are a lot of produtttatdo not correspond with their targétother
reasonto split the dashboard is that it is easier to compare certain KPIs. For example, for
overperformersit is interesting to sort the difference percentage target demand fulfilled from low to
high and for overperformers it is interesting to sort them fiah to low.The few products that perform

on target are in the overperformet of the dashboard.

4.3 Benchmarks for KPIef the Big Benelux DIY company
The Big Benelux DIY company Beébenchmarks for some KPIs when it comes to their inventory
management. These benchmarks are used to set goals for inventory management over time.

The first KPIthat isa clear benchmark is the target fill rate which is filled in in the syste§iito#.

This benchmark is for the service performance of the inventory system. As mentionegthefianget

fill rate assumes total backorders and the attained fill rate assumes total lost sales. This means that the
target fill rate is not really compaike with the attained fill rate. This is why the KPIs target percentage
demand fulfiled and percentage demand fulfilled are added. These benchmarks assume a certain
percentage of backorders and are therefore made comparable. The bemthhwaBig Benalx DIY

company for the service performance per product is therefore expressed in the target percentage demand
fulfilled KPI. The benchmark per product can be found in the data.

The next KPI with a benchmark is teeeragethroughput time in weeks. Thistehmark is important
especially in productthatperform better than their service objective because it can indicate significant
overstocking. This benchmark gives the desired period to sell the average stock on hand. The benchmark
for this KPI is four andh half week.

The last KPI with a benchmark is the averagentoryvalue. This KPI indicates how much capital is
locked in inventory. The benchmark for this KPI is 25 million sunocapital locked in in inventory.
However, not the whole inventory ss8im4, therefore the real valuecannotbe compared with the
benchmarklt is known that the Big Benelux DIY company is focussing on decreasing the capital locked
in inventory, therefore this benchmark is still mentioned.

4.4 Findingsdashboard overall situation

When constructing this dashboakdPls areconstructed to get insighttmthe total inventory situation.
This became interestingecausea way isfound to implement backorders in our KPAth which we
have been able to appimate the real demanth order to do thisa few assumptions had to be made.
These assumptions can be foundable4.1. The first two assumptions have been made in consultation
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with the management of the DIY company and the last assumption is a standard assuhmgtios

made by Shn4.
Profit margin ovepurchase price 10%
Percentage of backorders 15%

Holding cost per year as percentage of the purchase price| 25%

Table4.1: Assumptions Dashboard.

The

tot al

average

the reasons mentioned $®ction4.2.

4.4.1Underperfomers

In Table 4.2, the KPIs of the underperformetan be seenThese KPIs are constructed with the
assumptions mentioned Trable4.1.As can be seen in Table 4.2, during the past 54 weeks up to April

val ue of t he

i nventlThsrvglueishi ¢ h
the average amount of euros that was in stock during the year for all products that are forecasted by
Slim4. This valuecannotbe compared to the benchmarkcause this value does not represent the whole
inventory. For the nexsubsectionsve will split the KPls ito underperformers and overperformers for

2021 the amount of 04©Gemisdingofthe targevfdl sate oni 1849 prabucts.u e
The average throughput time in weeks is 35,32 weeks which is way higher than the benchmark of 4,5
weeks.
Numberof underperformer§products) 1340
Amount ofdemandmissedcompared to targétinits) 2.492.753
Average target fill rate 0,906
Averageattainedfill rate 0,783
Average targetatio demand fulfilled 0,920
Average ratio demand fulfilled 0,810
Lost salesn euroscompared to target 0492. 47
Average actual orderegliantity (units) 3672
Averagestandard deviation during lead time and review t{ongts) 870,05
Averageleadtime (weeks) 15,47
Average review time (weeks) 3,57
Inventory cosb4 weeksall products a 1.402
Average inventory cost 54 weeks per product al.047,
Average inventory value underperformers a 5.403
Average of the average throughput time (weeks) 35,23

Table4.2: KPIs dashboard overall situation underperformers

Figure 4.1 shows howthe difference percentage demand fulfiled (PDF) of the 134taljle 4.3)
underperformers is distributgur productlt is noticeable that the majority of the underperfornines
a difference which is greater then 0,1 whiclsignificantly miss of thetarget percentage demand

fulfilled.
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Distribution DPDF underperformers

Amount
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Figure 4.1: Distributiondifference percentage demand fulfilled underperformers

4.4.20verperformers

In Table 4.3 the KPIs of the overperformersan be seenThese KPIs are constructed with the
assumptions mentioned Table4.1.What is noticeable is that there are more products overperforming
than underperforming. The profit that is made ex
than the amount lost for the underperformers. Something that also stands outtie thaerage

inventory cost per product over 54 weeks is way higher for the overperformers than for the
underperformers (0 1.630,87 versus al1.047,28 re
weeks is also twice as high for the overperfornzerd way higher than the benchmark (35,23 versus
72,42).For example this could be due to the fact that demand is lower than expacted for overperformers

or due to high MOQs. This indicates that way more stock is in place for overperformers than for
underpeformers. Something that can be concluded is that the inventory cost for overperformers is way
higher than for underperformers however overperforming in itself leads to more sales and thus also to
more profit.

Numberof overperformergproducts) 1787

Amount of Demand extra met comparedttetarget(units) 457.522
Average target fill rate 0,87

Average Attained Fill rate 0,982

Average targetatiodemand fulfilled 0,893

Average ratio demand fulfilled 0,985
Profitextras al es i n eur oobds compared t o t|0243.807,90
Average actual ordered Quantity 839

Average standard deviation during lead time and review time 269

Average Lead time (weeks) 12,21

Average review time (weeks) 3,89

Inventory costveeks 02.914.360.16
Average inventory cost 54 weeks per product a 1.630
Average inventory value underperformers 09.111.638,71
Average of the average throughput time (weeks) 72,42
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Table4.3: KPIs dashboard overall situation overperformers

Figure 4.2 showshow theDifferrence grcentage demand fulfiledPDF) of the ¥87 (Table 4.3)
ovemperformers is distributeder productlt shows thathe differences lay among the same numbers,

this is declarable because most of te overperformers attained al there demand so they had a ratio of 1 for
the percentage of the demand fulfilled and the different differences can be declared due to the different
targets determined by the ABglialification.

Distribution DPDF overperformers
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-0,002342644
0,001287879
0,004487149
0,013072048

Difference percentage demand fullfilled

Figure 4.2: Distribution percentage demand fulfilled overperformers.

Out of the dashboardlata per supplier and per product group can also be extrateaver it is
decided in consultation with the management of the DIY company to not include this data in this
researchbecause there are insufficient resources to dive deeper into suppliEmsmmon factors of
product groups.

In this chapter we have defined KPIs to show the achieved service performance over a past time frame
and what this ment for the company for 54 weeks uptil April 2@2vay was found to conclude
backorders into thechievel service performance whi@nabledhe percentage of the demand fulfilled

to be estimatedA dashboard was constructed which was split in underperformers and overperformers,
overall average KPIs were found an mentioned. It can be concluded that the overperformers had a lot
higher inventory cost than underperformers. Due to missing the targateseperformance
underperformers missed an estimated amount 4f9 2 . 4off Wofit8 &d overperformers gained

024 3. &Iwkeiop&fOrming better than their target.
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5. Analysis of selected products

In this chapterproductsthat will be further analysedre seleted Section 5.1 will elaborate on what
criteria were used to select certain products. Then the inventory situation of these products over the past
54 weeks will be shown. To end this chapfarther analysis on the prorement ordefines of the

selected will be done and there will be lookifl the parameters of these products correspond to reality
(Section 22).

5.1 Selected products

There will be not enough time to investigate all 4800 products, therefore, wowdticthe criteria
mentioned below will be further analysed. For thpseducts a further dive into the procurement
orderliness will be donéA criterion that couns for all of the selectegroducts is thatheir demand is

tested for normality and is normally distributethe selected products are divided into overperformers
and underperformersThe inventory situation over the past 54 weeks of the selected products is
determined with the help ofhe following KPIs: Real demand 54 week with backorders (RD54BO),
target percentage demand fulfilled (TPDF), percentage demand fulfilled (PDF), difference percentage

demand fulfilled (DTPFD), euros missed compared

(ATTW), average order quantity or MOQ (A,Moq), lead time in months (L(M)), review time in months
(T(M)), contribution revenue % real demand with backorders (%CRRB), average inventory value 54
weeks (AlV54), and inventory cost 54 weeks (IC54).

5.1.1 Underperformers

Three underperforming products are selected. These products are selected based on the following
criteria.In this section, the inventory situation of the selected products over the past 54 weeks is
described.

Hi gh G4 Loss
Thisproductiss el ect ed based on the KPI Sectbin38D.6s mi ssed

Product 1 This product is selected because it is the product withitieest amount oéurosmissed
compared to theirtargeti( 9. 728, 85) .

A-article with a lot of demand with a big difference between percentage demand fulfilled and target
demand fulfilled

Product2: This product is selected because it is apréduct with a lot of demand (118.055) Also there

is a significant difference betwedme targepercentage (0,966) and the attained percentage (0,736)

An item with currently Guffer stock and highest loss or highest demand

Product 3 This product is selected because it has 0 buffer shothkattained a really high demand over
the past year (40.856).

Table 5.1 shows the KPIs for the selected underperformers over the past 54 weeks up to April.
Something that stands out is the high lead time (L (M)) of the first product. This makes thistpro

less responsive to possible shortages. All of these products quite severely missed their target of
percentage demand fulfilled.
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Product RD54B TPDF PDF DTPF G M ATT AMO L(M) T(M) %C AIV54 IC54
o) D w o) RR
1 26421 | 0,966 | 0554 | 0412 [u9. 72[699 |4272 [562 | 1,00 ,35 G16.31lu4. 234,
2 118.055 | 0,966 | 0,736 | 0,230 |G 1. 02| 2,11 | 8000 |3,22 | 0,99 0oA,)01 Gl.245/u323, 40
3 40.856 | 0,966 | 0,608 | 0,358 |1 29 2, | 10,31 | 6000 | 3,16 | 0,99 0oj,101 G914,6|u237, 47
(0]

Table 5.1: Inventorgituation underperformers 54 weeks.

5.1.2 Overperformers
Three underperforming products are selected. These products are selected based on the following
criteria.

Really highMOQ and high throughput time
Product4: This is also a product with a highOQ (7776) and a throughput time above the benchmark
of 4,5 (12,35) the yearly stock cost of this prodset| so high (04 23.690, 68) .

Product with high buffer stock comparedhetotal stock

Product 5 This product is selected because the buffer stock (12.647) ishodeof the total stock
(35.977) which is really high.

A-article with a high throughputtime

Product 6 This product is selected because it i\aarticle with a high throughput tim@9,16weeks.
The throughput time for A products is normally lower than avertggrefore this is still a high
throughput time for an A product but not compared to the overall average of the dashboard.

Table 5.2 shows that the KPIs for the overperformers of the dashboard over the past 54 weeks up to
April. Something that stands out for theepperformers is the first product in Table 5.2 has a high
average inventory and average throughput time compared to the contribution to revenue. Something that
also stands out is that for the first and the fourth product the lead time is almost astlwngeagew

time. This means, depending on the MOQ and the order cost, that it could be the case that half of the
stock is caused by the review time. This is excessive because the review time can be reduced by
management. In Section 6.4, we will discusslemgnting a review/lead time ratio which will make

sure that the review time is always a certain percentage of the lead time. Something that also stands out
that for all of the products the average throughput time in weeks is way higher than for the
under@rformers and all largely above the benchmark.

Article code RD54B TPDF PDF DTPF G M ATT AMO L(M) T(M) %CR AlV54 IC54
o) D w o) RB

4 227.160 | 0,966 | 1,000 [ -0,034 ] - 12,36 | 23328 [ 0,526 [ 1,00 [063% |94, 67/ G23. 69

5 34.452 | 0,966 | 1,000 | -0,034 iJ019'74, 52 16,50 | 4622 [ 3,78 |099 |004% |u8. 424 G2. 106

6 28.908 | 0,966 | 1,000 | -0,034 | -G 7 8, 6 29,16 | 5400 | 3,45 | 100 |003% |G12. 04/ u3. 011

Table5.2: Inventory situation overperformers 54

5.2 Reality versusviodel

In this sectionthe data of the procurement orderlinesfigestigate in order to spot discrepancies
between the parameters and the actions placed by the comftanyhis, the demand and stock levels
over timeare analysedn order tospotindications of forecast ssrs or other indications of bad
corresponding with the modéThe availabe categories of data éine amount ordered, the amount that
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is deliveredthe delivery datand stockand thedemandievelopment over tim&inceonly the delivery

date isknown nothing can be&leducedabout the lead time and the review tifF@ thelead timeghis

is the casbecause the order date is unkowothing about the review time can be sagn not when
assuming constant lead times. Thibézausehe (forecastd) demands not constant and differs each
month In this year therevereextra demand fluctuations because of the closure of shops. Because the
past demand forecasts are not satleslpast order levetsannot be determinedThereforeat cannotbe

seen if every review time there was ordered when inventory levels were below the order level. This is
made extra difficult by the fact that the DIY company has high M@@&h means that not every
review time there has to be ordered.

Because the datn order is delivered is knowit is necessaryo save the date on which the order is
placed to be able to compare #uallead times with the lead times in the moded.be able to also
compare the review time with realjtthe order levels over timare needed to be known. In order to
determine thes¢he past forecastzeed to be saved

Hence, the only possible comparisions between reality and the modieédvkOQ and the IOQThe
EOQ is not calculated by the DIY comparsp this amountannotbe compared with the model.
However the EOQ is calculated iBection6.3and the result of ordering the EOQ is shown.

The most relevant findings for this research are discussed in Section 5.2.1 for the rest of the analyses
can be found in Appendix C.

5.2.1 Findings reality versus model

In this sectiorthe most important findings of the comparisonhaf data of the procurement orderliness
are discussed. This is done for the prodaetscted based on the criteria mentioned in Section 5.1.1
and 5.1.20nly for product 1 significant findings could be done, the analyses of the rest of the products
can be found in Appendix C.

Product1

Figure 5.1 shows the demand per weekFigdre5.2 shows the stock development of the average stock
perweekfor productl. Something that is noticeable when looking at Figures 5.1 and 5.2 is that there
was a period of no stock while there was demand. This indicates an error in data submission. According
to the ERP of the DIY company, this product is out of Isteince 11/12/2020 up till now. While
according to the data extracted out of Slim4, this product is in inventory again since 28/12/2020 and was
out of stock a period before this date, as can be seen in Figure 5.2.

Demand Week REG_530597
1200
1000
800
600

400

Week demand

200

Week starting at date
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Figure5.1: Demand per week fproductl extracted out of Slim4.
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Figure5.2: Stock development per week for produextracted out of Slim4.

Table5.3 showsthe delivery scheme for the product. Something that is noticeable is that in the first few
orders the MOQ is ordereHowever later the amoustrdered started differing. Alsthe time between
delivery is fluctuating a lot. When looking at the stock levalsvided by Slim4 the orders of
19/08/2020 or 28/09/2024re not visiblewhile in the ERP data of the DIY compathey are present

We should therefore note that the data which is saved by Slim4 is not cHegver it is clear for

this product thait performed worse than targetdzbcause it has been out of stock since 11/12/2020
until 21/42021according to the DIY compadyERP data.

Delivery date Amount Amount delivered Days between Months between
ordered order delivery delivery

14/02/2020 4272 4272

15/06/2020 4272 4272 122 4,47

19/08/2020 4272 4272 65 2,38

28/09/2020 1980 1980 40 1,47

04/06/2021 4668 4668 249 9,12

Table5.3: procurement orderlinessf productl.

When we compare thelOQ and the 10Q with the amount orderéds noticeably possible for this
company to order less than the MOQ filled in in SlirAd.amount of 1980 is ordered on 28/09/2020.
The amount ordered is always a multiple of 6 so the IOQ seems to be correct.

Parameters Value parameter according to Slim4 |
MOQ 4272
10Q 6

Table5.4: Parameters as they are currently filled in in Slim4
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Appendix C shows thaof the other product&e have seen some indications of higher demand than
anticipatedor which sometimes could be confirmed by the DIY company. Furthermore, we have tried
to find parameter discrepancy by looking at the real procurement orderliness. However, only a closer
look at the MOQ and 10Q could be taken due to a lack of data. One deviant MOQ was found for product
1 this product had an MOQ of 4272 but an amount of 1980 was ordered during the last year. In the next

chapter there will be looked what this has for result enstifety stock needed to attain the fill rate for
this product.
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6. Resultof pammeter discrepancy

In the previous chapterthe inventory situation over the last 54 weiskdescribednd the parameters
in the modelre comparedith reality. This chaptedescribesow the order levslon April 2021 are
calculatedSection 6.1) After this, we will take a look at how theuffer stockneededwill differ for
the order levelif the MOQ of product 1lis filled in closer to realityfSection 6.2)In Section6.3 it is
lookedif it is possible to order the EOQ and what the resudtrdéring the EOQs on thebuffer stock
needed to attain the same fill raleo endin Section 6.4there is elaborated on whtte result of
implementing aeview/lead time ratio is

6.1 Current situation

As mentioned before the order level consists of the base forecast plus the buffé8ettiok3.2). The
buffer stock is calculated with thiellowing formula which can also be found Figure 2.5 (assuming
total backorders and normally distributed demand)

ii az, z WY D (Equation 6.1)
Where:

(i ©@6"QQQI i 0¢0Q

a | OQUHHGDO €O 61 a

. YO we W Ao REBQ QG e Q

Y I QUL OMNOGE £ £

0 aQ@Ma ¢ £

In this case théufferstock depends omsafety factoiz which is unknown. Theafety factor (zpften
depaends on the cycle service level (CSL). Howeverthe models offlimstock the target fill rate is
usedto determine corresponding buffer stock levdlke fill rate in comparison to the cycle service
level also takes lot size into accoumihe safety fadr can be determined with the help of the normal
loss function of z (G(z)). When G(z) is knowhe z corresponding to the chosen fill rate can be
determined with the help of the table in AppendixTA.come tahe G(z)corresponding to the chosen
fill rate the following equation is usgdssuming total backorders and normally distributed demand):

oI p /N (Equation 6.2)

Where:

'O "QAado Q

i YO 0e N UAQ@OEREBEQ Qa ©OE Q

Y I QU QMHO@ £ £

0 a0 Q@M ¢ £

"Oa "Oa azp Oa € €1 GOGENIQD € W@ QE €

oha ¢ N o0LQI QURODAR QL 'AD "AME @ Q¢ Q& N bE O "Y&gbation 3.14)

The base forecast is determined with the forecasting methods menti@estion3.2.1.Every month
the forecast updates and this is then multiplied with the review and lead timerder level is the sum
of the base forecast and the safety stdtks results inthe following formula for the order level:

S=D *(T+L) + SS (Equation 6.3)
Where:
Y 01 Q®hoQa
O QQ& ORI QwdiQa O ED
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Y i QU QGG ¢ £
0 0 QeME#H ¢ £
"YY Q0 QOQ1 i 0 OQ

In Tables6.1 and 6.2 the current parameters as determined by the formulas mentionegl@isbeevn

Product SS

1 10600 5,62 1,00 369.68 11132 532 4272 0,559 0,712 0,180 0,960
2 39299 3,22 0,99 1979,52 43518 4219 8000 0,962 0,832 0,077 E)OQ%%)
3 10958 3,16 0,99 83,44 10958 O 6000 0,000 0,5 0,399 (E)ZQ:SEB;

Table6.1: Tablewith the parameters filled for the underperformers.

Product Dy * L(m) T SS AMOQ Z CSL

(T+L)
5 23330 3,78 | 0,99 3614,36/ 35977 12647 4622 1,607 0,959 0,023 5)09%8)
6 13342 3,45 1,00 324,81 13465 123 5400 0,180 0,571 0,316 E)ZQZGZ

Table6.2: Tablewith the parameters filled in for the overperformers.

Between brackets in the last column of thiegdes we see the target fill rate with which the desired
amount of safety stock is determined. The fill rategiarduct 3is higher than the target because the
buffer stock is zero. The amountlffferstockis determined by the target fill rate but because lifjh
A,MOQ the fill rate is already larger without buffer stock. Theretbesbuffer stock is 0.

6.2 Resulbn buffer stock neededith new MOQfor productl

For product 1we found a deviating MOQ compared to the MOQ filled in in Slitn4his sectionthe

result of ordering the new MOQ on the bufferstock for the month of April BaZlculatel. Thebuffer

stock needed for the month of April 2021 to attain the sameaf#lwith a lower MOQ (as seen in
Section 5.3) is calculatedr productl. Theforecastedlemand during review time for producis still

lower than the MOQxhereforethis is the amount that should be filled in in Equation B2 parameters

are filled in n Equation6.2to determine the G(z)alue. With the help of the normal loss functtable

in AppendixA, the corresponding z value to the G(z) value is found. thiglis then again usdd
calculatethe newbuffer stockneeded for the new MOQn the second tdast column the percentage

with which the buffer stock changes is mention&dd in the last column the extra stock cost this
enhances for the month April are mentionedhis is calculated with the assumption that the holding
cost is 25% of the unit price per yeard the assumption that the bufferstock is on stock for the whole
month of April Also we use the assumptions mentioned in Appendix B. Hsefbrecast does not
change with ordering a new MOerefore when filling in the formula mentioned in Appendix B we

can calculate the change in stock cektving a new MOQneans that with the new MO%®% more
bufferstock is needed to attain te sameréiteThisleadtean ext r a st othdmustbest of
made for the month of April 2021 twld the extra bufferstockVith a lower MOQ more often can be
ordered, depending on the demand forecast therefore the decrease in stock cost is indepbrdent of
ordering costThe change in ordercost cannot be determined because forecasts in the future are not
known and not every review time there has to be ordéneatder to determine the optinratio between
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ordering and holding cost the EOQ shouldda¢culatedfor every moment that the next forecast is
known For other months thetockcostas a result of the lower MO®ill be higher as well but the exact
amountscannotyet be determined due to the fact that the forecasted demand for these mdiiths is s
unknown.There can béesscost due to the amount of stock that the inventory levellessabove the
order level due to orderinthe new MOQinstead othe old MOQ This cannot be determined because
future forecasts are not known and it is nadwn when there should be ordered.

Product L(m) T a, old New Fr SS SS % Mutation
AMOQ AMOQ Old new change stock

cost
April
2021

1 562 1,00 369.68 4272 1980 0,96 532 952 +79% +0U78,

Table6.3: Result on buffer stock needed with new MOQ for praduct

6.3 Economic order quantity

The DIY company does not calculate EEXQr their products because they assume that B@Qs in
reality will be higherFor this researchve calculated the EOQ with the help of Equation 2.5. In order
to do this a fewextraassumptionsvere needed next to the assumptions mentioned in section 2.6.1.
These assumptions are extraabed of Slim4. We used the following assumptions:

1. The holdig costis 25% of the unit price per yeasalculated per month.

2. The order copetordarmo unt as50,

3. The demand used in the formula is the forecasted demand which is also used to determine the
current order level.

4. The cost of inventory rising aboveetiorder level due to ordering mdEOQ, MOQ)than the
average demand during review time are neglected.

Table6.4 and 6.5show the results of the EOQ calculatiotfsthe EOQ is larger than th&verage
demand during review time and ) Q and thus can be orderale effect on the fill rate by changing

the A,MOQ to the EOQill beshown. It should be noted that the CSL will not change when a different
amount is ordered because only the fill iatdependent on the order siZde last olumn ofTable6.4

and 6.5 show the resslon the stock cost for the month of April 202h ordering the EOQ@vhile
maintaining the same target fill rat&hese calculations areadewith the help ofassumption Jand

Also we use the assumptions mentioned in Appendix B. The baseforecast does not change with ordering
a new MOQ therefore when filling in the formula mentioned in Appendix B we can calculate the change
in stock costThe amount of stock thathe inventory level rises above the order level due to ordering
EOQ instead of the average demand during leadwithdead to extra inventory codft.this happens

and how much hese costs amEan not be determindzbcause the future forecasts arekmmwnand it

is not known when there should be ordetddwever it should be noted thiais alwaysmore optimal

to order the EO@ue to the fact that EOQ minimizes holding cost plus order Thetefore we neglect
these cost in this thesis.
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Product Buffer % change Mutation
stock of stock cost
with bufferstoc April
A,MO 2021
Q
1 1980 0,96 928 No 952 - - a8, ¢
0

2 8000 0,96 1086 | Yes 4219 3534 | -16,2% a0, ¢-05, 4
0 1

3 6000 0,98 7968 Yes 0 0 - a0, z
9

Table6.4 EOQ for underperformers and their result on thefferstock while attaining the same fill
rate.

EOQ > Buffer % change Mutation
A MO stock of stock cost
Q with bufferstock April
A,MO 2021
Q
4 23328 0,96 7145 No 2642 - - al,
0
5 4622 0,96 9944 vyes 12647 | 9867 @ -21.9% ao, (-0 48,
0
6 5400 0,96 4240 No 123 - - ao,
0

Table6.5 EOQ for overperformers and their result on the bufferstock while attaining the same fill rate

We can see that switching tioe EOQ for the product®r which the EOQ is larger than tAeMOQ

results in dower safety stock for attaining the samerfite.This lower safetystock result in reduction

of stock cost for both product 2 and’dr the month of April 2021The stock cost foproduct 2 is
reduced by 05,42 and f or portoedmooth of April PO21Asothers r e d u
beneficial effect is that theum of theordering cost and holding costare now minimizedf all

assumptions and forecasts are corréberefore it isadvantageouor the DIY company to calculate

their EOQsandimplement them where possible (RG A,MOQ).

Something that also should be noted is thaadsaimption thahe MOQs are larger than their EG®
not correctfor a lot of productsin order to furtheimprove EOQ calculationsthe holding cost and
ordering cost can be determined moxteasivdy.

6.4 Implementing aeview/ lead time ratio

To make sure that for every product the review time consists out of the same percentage of stock in
comparison to the lead time a new ratio is constructed. The re@eintime ratio decideafter how

many lead times the inventosphould be evaluatedor products that have stock for a lead time of 2
weeks and for a review time of 1 month, a lot of the stock which is in place for this product is the result
of the long review timeTherefore tle review/lead time ratio is especially useful to lower the needed
stock levels for products with a low lead time (depending on the r@imjently the review timéor

the most products is set on one mai8hction 3.2.4)this is chosen out afonvenience
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The benchmarkor the review/ lead time ratis determinable bthemanagement of a supply chaind
can be set dependent on the order cost of a comgangompany endures high order cdtcan be
useful to order less frequent and #fere check the inventory level less frequent.

For this researclwe will show the result on the selected prodwdth a review lead time ratio of 0,25.
This means that every oifi@urth of the lead time the inventory level of a product shouldhaeked.
The new order level for April 2021 witheémew review time will be calculate®Vhen the review time
changes botlthe base forecastexpected demand during review time plus lead tiare) the buffer
stock changeas well.Forthe old situationthe situation mentioned in Section 6uill be used.

The newbaseforecast is calculated byiultiplying the demand forecasted per month with the lead time
plus new review time. The new buffer stock is calculated by fillingqnations6.1 and 6.2 (withite
help of the standard normal loss functtablein AppendixA) with the new review timezurthermore,

the buffer stock and base forecast are added to determine the new ordandetted percentage of
change of the old order level will be shovizastely, the result on the stock cost of tbleange of the
order level for the month of April 2021 will be showrhis will be done while using the following
assumptions: The buffer stogk on stock for the whole month of Apridn average half of the base
forecast is on stock during the month of Apilore detais on these calculations can be found in
Appendix B.We can not determine the order cost because only the forecasted denwaredrfamth is
known it is therefore not known if every review time there should be ordered.

Product Old Old Old L(m) Old New New New % Unit Mutation
Base SS  order T T base SS change price  stock cost
forecast level forecast order

level

1 10600 532 11132 5,62 1,00 1,41 11821 569 12390 +11,3% u8, ¢+u1l173

2 39299 | 4219 43518 3,22 0,99 0,81 37619 | 4053 41672 -4,24% uao, {-08, 62

3 10958 O 10958 3,16 0,99 0,79 10429 O 10429 -4,83% uao, ¢-01, 1¢C

Table6.6: Result on order level of implementiageview/ lead time ratio underperformers

Product Old Old L(m) OIld New New New % Unit Mutation
Base order T T base SS change price stock cost

forecast level forecast order April 2021
level

4 125843 2642 128485 0,526 1,00 0,13 54221 929 55150 -57,1% u1l, (-01477,
S 23330 12647 35977 3,78 0,99 0,95 23110 12531 35641 -09% uO0, (-3, 91
6 13342 123 13465 3,45 1,00 0,86 12930 115 13045 -39% uO0, (-3, 57

Table6.7: Result on ordelevel of implementing a review/ lead time ratio overperformers.

When looking at the percentegythe order levelshange there can beoticed that for a lot of products

the impact is not big. This is because the review time was already closeftudgheof the lead time.

The same changes in theutation of the stock costan be seerhowever herethe unit price plays a

bigger role When loolking at productl a severe reduction in the order leealn beseen This is due to

the fact that a lodf inventory was caused by the long review time in comparison tealdéme. When
implementing the review/lead time ratib 0,25the order level is significantly reduced while the only

thing that has to be doterealise this is to check the inventory level more often. Sectionfr@sénted

that this product had an i nyteisidadighyameuotsompacetdter 5 4
otherproductBy i mpl ement i ng a r7é5licaebedaledfardhe mantmefAprilat i o
2021 alone. And that is just for one produmt looking at figure 6.1 we can see that there exist more
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products with a low review/lead time rat®y implementing the review/lead time ratmmoreproducts
with a high revew time compared to the lead time more costshmisavedFigure 6.1 shows the
distribution for the current review/lead time ratio. In this figure can bethaéthe majority of products
have a higher review/lead time ratio than our chosen value ofTh2ge are even some products wih a
review/lead time ratio af2,5 on these products it can be expedtatd lot of stock cost could be saved
by lowering tle review timeThere are of course extra costs of checking the inventory moreawften
when impementing a standard ratiior some productsthe review time should be raised as well
(depending on the chosen ratido fully determine this a further cost analysis could be done to
determine the financial result of implementingeaiewlead time ration all productsHowever it can
be concluded that implementing a review/lead time ratio could be a useful tool toHevetodk while
still attaining the desired fill rate.

Distribution products current review/lead time ratio
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figure 6.1: Distribution of the current review/lead time ratio foe throducts at the DIY company.
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7. Conclusion and recommendations

In this chapter, theonclusions and recommendatiaighis researchvill be presentedAlso subjects
that are interesting for further reseavall bementioredand lastlyassumptions and limitations for this
research will be discussed

7.1 Conclusion
During this researcthefollowing main research questiovas in place

How can Slimstock and the Big Benelux DIY company ensure that the desired service performance is
attained while minimizing inventory by getting insight into the achieved service performance per
product and optimizing parameters in the ordering policy model such that they better correspond to the
reality for their 4800 product’

This research question consists out of two parts, getting insighthim achieved service performance
per product and optimizing parameters in the order policy such that they better correspond to reality.
Thereforethe conclusion is split into two parts.

7.1.1 Getting insight to achieved service performance

Duringthis researcha dashboard was btib get insight ito the achieved service performance. In this
dashboargthe KPIs mentioned iSectiord.1 were implementedVhen constructing thidashboard the
following findings were made.

1 Slimstock uses as servilmvel the fill rate (according to the definition in literature), with which
Slimstock calculates the safety stocks required to achieve this fill rate.

1 Thetarget fill rateassumes total backorders and the KPI that Slimstock uses to get ingight in
the achieved service level anaggregated levéhot per productassumes that every demand
misseds lost and thus that there are no backordEnsrefore in order to getreal insight io
the achieved service performance in comparison with the target service performance a new KPI
had to be constructdétattakes backorders into account.

1 The KPbktargetpercentage demand fulfilled and percentage demand fulfilled are constructed in
order to be able to compare the target fill rate and the attained fill rate.

1 When the difference between the target perceribdemand fulfilled and the demand fulfitle
is known the amount of demand missadgainedn comparison to the target can be determined.

This leads to the possibility of determining how much money wasotosarneddue to not
meetingthe target percentagdemand fulfilled.

9 Of the 4800 products in total340productsperformed below theirarget percentage demand
fulfilled and 1787 productperformed better than their target percentage demand fulfilles.
meansthat the suspection of the DIY company that they do not meet there target service
performance for some of there products is tithee amount of producthat does not meet the
target serice performance is quite high and higher than expected.

1 For the underperformeran amount ol 4 92 . 470, 82 was | ost due to
percentages demand fulfilled. For theerperformersan amount of 0243.807,
overperforming in comparison to the target percentage demand fulfilled.

1 Theaverage inventory cost per product over 54 weeks for underperformeiisivasO 4 7, 28 whi
for overperformers this was an amoun o f G This ®ieaifs that While there was saved
0 2 4 & ,9@ecause there were more products sold tdueverperformingthere were also
significantextra inventory cost due to having excess inventory on stock.

1 The average throughput time in weeks is twice as high for the overperformers than for the
underperformers and way higher than the benchmark of 4,5s{@®23 versus 72,42This
also indicats that for the overperformers excess stock was in place.
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7.1.2 Optimizing parameters in the order policy model

In this researclproductghathad outstanding KPhatstood out in the dashboangre selectedThen

a further analysis on these produets done in order to optimize the parameters filled in in Slim4. The
following findings were made:

91 In order to compare the attained lead times with the lead times filled in in,ShmDIY
company should save the date on which an order is placed.

1 Inorder to compare the review time with the review time filled in in Slitm&lorder levels over
the past should be saved. The order levels can be compared with the stock levelsthedethen
can be seen if an order is placed every review time the oxads ldrop below the stock level.

1 For multiple productsthere were indications of more demand than indicated and therefore an
incorrect forecast. This was probably caused by ungeddedemand patterns due @DVID-

19.

9 For productl, the data extractedut of Slim4 of the stock levels was incorrect and did not
correspond with the data extracted out the ERP system of the DIY company.

9 For productl, a MOQ that did not correspond with reality was found. In order to attain the same
fill rate for this produt with the new MOQ, 79% more safety stock needs to be in place
calculated for April2021T hi s | eads to an extra stock cost
2021

1 For all of the selected producen EOQ was calculate@ut of the six selected products, 2
products had a higher EOQ than MOQ and therefore for these products the EOQ could be
ordered.

1 When ordering the EOQignificant savings can be made on the buffer stock which needs to be
in place to reach the same tar{jk rate. For product 2ordering the EOQed to a decrease of
05,42 and for product 4 of 048,07 in stock coc

1 When implementing a review/lead time ratio the percentage of stock which exists out of lead
time will be linked with a constant ratio to the percentage of stock which exists out of review
time.

1 When calculating the order levels for the six selected products with the new review time
corresponding to the review/lead time rglo25)we can see thdhe order leveld lowered a
lot for the product with the lowest lead time. This re=diih lower inventory costfor most
products for the month of April 2021.

When looking at the main research questiazanbe concludel that during this researatertain ways

to decrease inventory level while attaining the same target fillwate found or it is shown that in
reality more inventory was needed to attain the same target fillni#tteut changing the desired service
performancelt was difficult to compare the reality with the parameters filled in Slim4 due to a lack of
data. However therefore the impact of implementing the EOQ and implememnéwew/lead time
ratio on the safy stock needed to attain the same target fillisasdownandare the corresponding
changes in stock cost for April 202a&lculated
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7.2 Recommendations
Based on the insights developed during this research, several recommendations can be made to the DIY
company and Slimstock. The recommendationsremetionedoer company.

7.2.1 DIY company
During this researghve found the following recommendatifor the DIY company.

1 The first recommendation is that it is useful to calculate the EOQ for all the 4800 products
forecasted with the help of Slimi.is useful toimplement this EOQ where the EOQ is bigger
than the demand during review time and MOQ.

9 It shouldbe checked that if an MOQ is filled in, this is also the amount ordered when demand
during review time is smaller than the MOQ. The MOQ has a big impact on the fill rate when
larger than the demand during review time. When less than the MOQ is oedereer fill rate
will be achieved with the amount of safety stock that is calculated for the higher MOQ.

9 Start saving the date on which an order is plasede ERP system of the DIY comparihis
enables the DIY company to compare lead tinfédked in in Slim4 with reality. This will also
enable the DIY company to implement the lead time variability module which is optional in
Slim4.

1 Implement areviewlead time ratio in order to lower review time foogucts with a low lead
time.

7.2.2 Slimstock
During this researchve found the following recommendation for Slimstock.

9 Start saving past forecasts in order to be able to determine what is the cause of not reaching the
target service performance. This wiklp indicataf missing target service performance is due
to missing of the forecast or due to the customer not handling the system well (wrong parameters
for example).

i Start saving the forecast error in order to dynamically adjust the smoothing fadtuwe o
forecasting. This enhances that when the forecast errors are high the last months get a higher
weight compared to months longer ago in order to determine the next forecast. Saving the past
forecasts will also enable comparing the past demand dugithgwr time and lead time to see
if the right amount is ordered.

1 Look into implementing KPIs in théower Bl tool (dashboard ovethe past period in
development bylimstock)which take backorders into account because currently the target fill
rate cannotbe compared with the achieved fill rate. This can be done for example by
implementing Target percentage demand fulfilled and percentage demand fulfilled mentioned
in section4.1. This will also enable Slimstock to express missing the target fill rate in euros.
This showdghe impact of missing the target fill rathis leadto being able to decide on which
produds to focusvhen trying to fix missing the target fill rate

1 When past forecasts are saviin real demandchieved over a past perican be approximated
more realisticallybecause trend and seasonality can be taken into actaimis beause you
can adjust the past average demand with the saved trend and seasonality facotrs.
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7.3 Assumptions and limitations
In this section the most important assumptions and limitatitheg came along during this research are
discussed.

i The exat formulas used by Slimstock could not be used during this research due to
confidentiaity. Therefore formulas out of the literature were used with which we came
approximately to the same results. This also resulted in the inability to say something about the
exact formulas used in the forecast because these formulas were adjusted to Ipyactice
Slimstock in the years they ukthem.

1 For about 300 products in the data of the DIY comptgre was no unit price defined. In order
to come to better estimatigribie price was taken of internet and divided by 2,5 because this
resulted in the uniprice for a lot of comparable items for which the unit price was filled in. It
should be noted that for EOQ calculatioBe¢tion6.3.1) it is also important that the unit price
is filled in.

1 Forthe EOQ calculations (Section 6.3.&¥sumptionsvere baed on the values in Slim4n
order to get to EOQs which better correspond with reatitig useful to approximate these
numberamore precisely

1 Becauseheforecast, review time and lead time all interaith each otherit is important to
savedata br all of these parameters to be able to precisely compare the model with reality.

1 Because the season and trend factors are not satreddatathe realpast)demandcannotbe
adjusted for season and trend. Therefore the real demand is calculated with the average demand
on days that there is no stock.

9 The supply chain of the DIY company was influencedC@VID-19. This meant that demand
was way more unpredablethan expatedand there were lots of supply issues. This can be an
explanation for lower achieved service performance than nofin@exact impact o€COVID-
19was not determined in this research

9 The holding cosis assumed to be 25% of the purchase price per year. In order to come to better
EOQand costalculations.

1 The warehouse situation of the DIY company is not taken into acdoecause it was not
possible to visit the warehouse and it was not possiblestikspith people which operated the
warehouse. Therefore it is not tested if inventory changes fit in the warehouse.

1 Political influences, pandemic influencaxsdhigher chances of supply chain disrupting events
are not taken into account for this research.

1 The effect of ordering more to fill of containers is not taken into account for the EOQ and order
level calculations.

7.4 Contribution to practice

The main goal of this research wasiiake sure that the desired service performance can be attained
while minimizing inventory. In this research, the current ordering and the model of slim4 have been
analysed. Then the inventory situation over the pastégks was determineBroducts were selected
based on certain outstanding KPIs which were found in the inventory situation over the past 54 weeks.
Then it was tried to find deviant parameters and corrections for parameters were done. Certain
recommendatios were done on changing parameters in the model.

7.5 Further Research
During this research certain subjects which could be interesting for further research werenftusd.
chapterthese subjects are mentioned.
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7.5.1 Implementing seasonality andrd in past real demand

The real demand must be known in order to determine the acHikbvatke. In this research, the real
demand is determined by adding the average demand on the days that there was stock for the days that
there was zero stock with taking backorders into account. This way of determining the real demand does
not take seasonality ametnd into account. Further research can be done into implementing seasonality
and trend into the past real demand.

7.5.2Implementing a target fill rate that takes backorders into account

Furtherresearchcould be doa to look if it is possible to implaent a target fill ratéhat considers
backorders The target fill rate is currently the percentage of demand that is filled directly out of
inventory on time however when it is measured in the amount of demand that is missed the target fill
rate can be nte quantifiable. Another benefit of this is that the target fill rate can be better compared
with the actual performance of inventory.

7.5.3 Saving lead times and implementing lead time variakitityforecasting

When the achieved lead times are savatthér research can be done into implementing lead time
variability and lead time forecasting. Adding lead time variability is a module in Shat4an be
chosen. The result of implementing this lead time variability module on the service performabee can
elaborated on in further research for the DIY company. When lead, imesality,seems to be really
unpredi¢ablethere could be even looked into lead time forecasting. This will enable the company to be
able to make better estimations of the real lead time.

7.5.4 Looking at the impact of overdering due to filling of containers

Another subject for further reseéris looking at the impact of overdering due to filling of containers.

The current order policy is based on the target fill rate which takes the quantity that is expected to be
ordered into account. Howevavhen due to filling of a container another@mt is orderegthis has

impact on the MOQ,With larger orders therwill be more time between orders fixed review times
throughtout products of the same supplier could be beneficial to easier combineTdrdesBects of

filling of containerscould be evaluatednore thoroughly.

7.5.5 Precise analysi$ ordering and holding cost

Thesecondast subject that could be interesting for further research is a precise anfatydesrmg and

holding cos$. Holding and orderingostsare important inputs to determine the economic order quantity.

In this researchassumptions were taken out®lim4. With the help of further researctine ordering

and holding cost could be determined more precisely such that the EOQ better corresponds with reality.

7.5.6 Implementing dynamic smoothing factor

When Slimstockstarts saving the past forecasts there can be looked into implementing a dynamic
smoothing factor. When using simple exponential smoothing to forecast demand (Section 2.10.1), a
smoothing factor is used. This smoothing factor is currently set at a stdadtar of 0,3. This means

that the relative weight of the last month demand is 0,3 and that the old forecasted demand has a weight
of 0,7 (Equation 2.6). When the past forecasts are saved the forecast error can be determined, this means
that the past facasts should be compared with the realised denkamdexample Wwen the forecast

error is high maybe the last demand should weigh higher than previous months thus the smoothing factor
should be higher. When the forecast error is low the last demand shayibe@ have a lower impact on

the forecast thus the smoothing factor should be lower. Further research could be done on implementing
a dynamic smoothing factor that changes with the forecast error. It should be evaluated if this increases
the forecast accacy.
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Appendix.

A. Standard normal loss functioable

UNIVERSITY OF TWENTE.

"Standard Normal Loss Function Table, L(z) (Concluded)

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
00  0.3989 0.3940 0.3890 0.3841 0.3793 0.3744 0.3697 0.3649 0.3602  0.3556
0.1 03509 0.3464 0.3418 0.2373 0.3328 0.3284 0.3240 0.3197 0.3154 03111
0.2 03069 0.3027 0.2986 0.2944 0.2904 0.2863 0.2824 0.2784 0.2745  0.2706
03 0.2668 0.2630 0.2592 0.2555 0.2518 0.2481 0.2445 0.2409 0.2374  0.2339
04 0.2304 0.2270 0.2236 0.2203 0.2169 0.2137 0.2104 0.2072 0.2040  0.2009
05 0.1978 0.1947 01917 0.1887 0.1857 0.1828 0.1799 01771 01742 01714
0.6 0.1687 0.1659 0.1633 0.1606 0.1580 0.1554 0.1528 0.1503 0.1478  0.1453
0.7 0.1429 0.1405 0.1381 0.1358 0.1334 0.1312 0.1289 0.1267 0.1245  0.1223
08 01202 0.1181 0.1160 0.1140 0,1120 0,1100 0.1080 0.1061 01042  0.1023
09 0.004 0.0986 0.0968 0.0950 0.0933 0.0916 0.0899 0.0882 0.0865  0.0849
1.0 00833 0.0817 0.0802 0.0787 0.0772 0.0757 0.0742 0.0728 0.0714  0.0700
1.1 0.0686 0.0673 0.0659 0.0646 0,0634 0.0621 0.0609 0.0596 0.0584  0.0573
1.2 0.0561 0.0550 0.0538 0.0527 0.0517 0.0506 0.0495 0.0485 0.0475  0.0465
1.3 0.0455 0.0446 0.0436 0.0427 0.0418 0.0409 0.0400 0.0392 0.0383  0.0375
1.4 00367 0.0359 0.0351 0.0343 0.0336 0.0328 0.0321 0.0314 0.0307  0.0300
1.5  0.0293 0.0286 0.0280 0.0274 0.0267 0.0261 0.0255 0.0249 00244  0.0238
1.6  0.0232 0.0227 0.0222 0.0216 0.0211 0.0206 0.0201 0.0197 0.0192  0.0187
1.7 0.0183 0.0178 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146
1.8 00143 0.0139 0.0136 0.0132 0.0129 0.0126 0.0123 0.0119 0.0116 0.0113
19 0.0 0.0108 0.0105 0.0102 0.0100 0.0097 0.0094 0,0092 0.0090  0.0087
20  0.0085 0.0083 0.0080 0.0078 0.0076 0.0074 0.0072 0.0070 0.0068  0.0066
21 0.0065 0.0063 0.0061 0.0060 0.0058 0.0056 0.0055 0.0053 0.0052  0.0050
22 0.0049 0.0047 0.0046 0.0045 0.0044 0.0042 0.0041 0.0040 0.0039  0.0038
23  0.0037 0.0036 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029  0.0028
24  0.0027 0.0026 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021  0.0021
25 0.0020 0.0019 0.0019 0.0018 0.0018 0.0017 0.0017 0.0016 0.0016  0.0015
26 00015 0.0014 0.0014 0.0013 0.0013 0.0012 0.0012 0.0012 0.0011  0.0011
2,7  0.001 0.0010 0.0010 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008  0.0008
28  0.0008 0.0007 0.0007 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006  0.0006
29  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004  0.0004
3.0 0.0004 0.0004 0.0004 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003  0.0003
3.1 0.0003 0.0003 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002  0.0002
3.2 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001 0.0001 0,0001  0.0001
33 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001  0.0001
34  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001  0.0001
3.5 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
3.6  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
3.7  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
38 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
39 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
40  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
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B. Calculationgnutation stock cost April 2021
The calcultationsof the mutation of stock cost for the month of April 2021 make use of the following
two assumptions:

1. The buffer stock is on stock for the whole month of April.
2. On average half of the baseforcast is on sthoing themonth of April

Theseassumptions lead to the following formula for the calculation of the mutation of the stock cost in
April 2021

D600 DELOBEQ oy ¥ Y02 —26 "Y' Y—zmir ¥ YOZ — (Equation B.1)
Where:

YO 6E0Ri QOQ

6 "Y'Y 8@ ¢ @b "\QQQI { 0€ 00

660 8@e ARIWI QOO o

In Tables B.1 and B.2 the result of filling in Equation B.1 can be found for the different prémtubis
new review/lead time ratio out of section 6.4

Product CBF Mutation
stock cost
April
2021
1790 37 08, {(+0173
2 -1846 | -166 U 0, { -0 &2
3 -529 0 ao, :-u1, 1¢C

TableB.1: Calculation mutation stock cost April 2021

Product CBF CSS Mutation
stock cost

April
2021

4 -71622 -1713 01, (-01477
5 -220 -116 (00, {(-031 9
6 -412 -8 a0, {-0357
Table B.2: Calculation mutation stock cost April 2021.
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C. Analyses of Selected products

Product 2

Figure 5.3 shows the demand per week for this product, and Figure 5.4 shows the stock development of
the average stock per week for this product. When looking at the stock levels of this product in Figure
5.4 and orders in Table 5.5, the orders did combunthat the stock levels really quickly went to zero

again. Figure 5.3 shows that when there was stock there are real high spikes in demand, this indicates a
higher demand than anticipated, which was also confirmed by the DIY company. This meares that th
forecasted demand probably did not correspond with reality. However, the past forecasts are not saved
so this cannot be checked.

Figure C.1: Demand per week for product 2 extracted out of Slim4.

Figure C.2 Stock evelopmemer week for product 2 extracted out of Slim4.
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