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Management Summary

This research is conducted at Hortec Electronics. Hortec Electronics is located
in Oldenzaal and is specialized in the development and production of printed
circuit boards. The focus of this research is on reducing the inventory values
(i.e., the monetary value of the inventories in the warehouse). The current total
inventory value is 30% of the revenue. The management of Hortec considers
this too high. The inventory value per item is calculated by multiplying the
inventory level with the item price. The total inventory value is a summation of
the inventory values over all items. Reducing the inventory value leads to less
capital utilization and higher liquidity. The current purchasing strategy is solely
based on experience, instead of using decision rules. A clear decision-making
process for the purchasing strategy is desired so that no experience is needed
and the inventory values can be reduced. With this goal in mind, the following
main research question is composed:

How to control the raw materials inventory within Hortec to reduce
the tnventory value while satisfying the service level?

The inventory of the raw materials is investigated because the raw materials
have the highest impact on the total inventory value. The total inventory value
is approximately € 1,075,000 and the inventory value for all raw materials are
approximately € 750,000. So the raw materials account for almost 70% of the
total inventory value. The raw materials can be used in production or still
located in the warehouse. The focus of this research is on the latter, because
the raw materials used in production contributes to the revenue. The inventory
value of the raw materials located in the warehouse is more than € 500,000

As said before, the purchasing strategy is based on experience. No guidelines are
provided when and how much to order. For some orders, the items are purchased
when the order arrives. For other orders, the items are already purchased in
advance. The items that are purchased in advance are purchased by gut feeling.
The demand and price of an item are taken into account. For expensive items,
only the quantities needed are purchased. For cheaper items, larger quantities
are ordered to get quantity discounts. A trade-off between these decisions is
currently not taken into account.

Within Hortec, a distinction is made within three order types, first production
runs (FPRs), annual orders, and general orders. This research mainly focuses on
the purchasing strategy related to the annual orders. With annual orders, the
customer communicates a global demand planning for one year. It is unknown
when a customer wants to receive the products and in what quantity. For these
orders, Hortec needs to purchase raw materials in advance. The inventory value
of raw materials for annual orders is approximately € 250,000.



To determine when and how much to purchase, different inventory control poli-
cies are investigated. The four most common policies are the (s,Q), (s,9),
(R,s,Q), and (R,S)-policies. The policies can be categorized under the con-
tinuous or periodic review and a fixed or variable lot size. Those four policies
are static. The control parameters of static policies do not depend on the fac-
tors resulting in predictable variation in demand, such as trend or seasonality.
When these factors have a high impact (e.g., only sales in the summer), one
can choose for a dynamic policy to include predictable changes in demand. In
contrast to the static policy, a dynamic policy has parameters that can have
different values for different periods. For example, when an item is sold more
in the summer, the corresponding parameters are higher in the summer than in
the other periods.

Table 0.1: Policy of each category

| X Y Z
A (Rs,S)  (sk,S) (s,9) & (s,9)
Bl RS (,Q) (5Q) & (sx,Q)
Cl Q) Q) (5Q) & (5x,Q)

During this research, 675 raw materials are investigated. First, they are classi-
fied according to the ABC-XYZ classification. The ABC-XYZ classification is
based on the annual usage value and the demand uncertainty. The classification
is used to determine the most appropriate inventory control policy per class. For
some classes, multiple inventory control policies are considered to see which one
performs better. The considered policies for each class can be found in Table 0.1.

The control parameters are calculated using demand forecast and cycle service
levels. The demand is forecasted in the R software, using historical demand
data. The cycle service levels are chosen between 80% and 99%, depending on
the classification category.

After the control parameters are calculated, a simulation study is carried out to
see how the proposed policies performed. The results per class can be found in
Table 0.2. For the items with high demand variability, the dynamic policy only
works better for the AZ-items, items with high annual usage and high variabil-
ity. When the best performing policy per category is considered, the proposed
policy can reduce the total inventory value with almost € 33,000, which is a
reduction of approximately 13% of the total inventory value. All categories
with X-items show a negative change in inventory value. The main cause of the
increase in inventory value when applying the proposed policy is the demand
forecast. When the demand forecast is optimized, the policies will perform bet-
ter.
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Table 0.2: Total change in inventory value

] Classification category \ Change in inventory value ‘

AX-items -€319
AY-items €6043
. € 2799 (static)
AZ-tems € 6640 (dynamic)
BX-items -€4276
BY-items €6031
. € 5829 (static)
BZ-items €4768 (dynamic)
CX-items -€1014
CY-items € 3966
. €9691 (static)
CZ-items €9484 (dynamic)
Total € 32591

Since the dynamic policy did not perform as good as the static policy for the
Z-items, the static policy is also evaluated for the Y-items. The static worked
better than the dynamic for both the AY- and BY-items. Using a static policy
for those items, the inventory value can be reduced with almost € 50,000. This
is a reduction in inventory value of almost 20%. The selected inventory control
policies and the corresponding inventory value reductions can be found in Table
0.3.

In the end, the proposed model is verified and validated to check whether it
is realistic and representative of the current situation. To calculate the control
parameters, a demand forecast is needed. The accuracy of the demand forecast
is tested using four forecasting accuracy measured. Furthermore, a sensitivity
analysis is performed to see how the proposed model reacts to changes.

Table 0.3: Best policy for each category

| X Y 7
Al (Rs,S) (8,5 (sk,9)
B (RS) (sQ (sQ)
Cl Q) Q) (Q)

To conclude, the implementation of the inventory control policies proposed in
this theses can reduce 10% to 20% of the inventory value of the raw materials
analyzed during research.
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1 Introduction

The electronics industry is growing fast. Because of the rapid growth, the elec-
tronics industry can be a very competitive market which can be challenging
for companies. Companies have to deal with customization, which includes a
high amount of raw materials, especially in the electronics industry. Because of
this, inventory management has become an important element that determines
the achievement of important goals, such as achieving a high customer service
level and having low cost at the same time (Babiloni et al., 2010). Competitive
pressure made many firms review their production-inventory practices. These
practices especially concern maintaining low inventory levels and determining
when it is optimal to hold finished goods inventory (Arreola-Risa and DeCROIX,
1998).

This research is conducted at Hortec. Hortec is a production company located in
Oldenzaal (NL) and is specialized in the development and assembly of electronic
devices. The management of Hortec wants to review its production-inventory
practices since high inventory values were observed. Hortec has to deal with
a large variety of raw materials because their products are highly customized.
Large varieties of raw materials make inventory practices difficult. Therefore,
the focus of this research is to investigate the processes concerned with the
inventory value and find a way to reduce their inventories. At the moment,
decisions about when and how much to order are based on gut feelings and
experience. The solution of this research should include a clear decision-making
process to make these kind of decisions.

This first chapter introduces the research subject and elaborates on the research
plan. Section 1.1 introduces Hortec, the company where this research is con-
ducted. Section 1.2 describes the research motivation and Section 1.3 clarifies
the problem. In Section 1.4, the scope and limitations of this research will be
described. The research objective and the research questions are defined in Sec-
tions 1.5 and 1.6 respectively. The deliverables of this research are mentioned
at the end of Section 1.6.

1.1 The company - Hortec

Hortec is a production company founded in 1998, located in Oldenzaal (NL), and
employs approximately 25 people at the moment. Hortec is specialized in the
development and production of printed circuit boards (PCBs). A PCB serves
as a carrier for electronic components. Hortec can either supply subsystems or
fully tested and finished electronic systems. Furthermore, they can support the
customer during the entire product life cycle. Hortec distinguishes itself from
its competitors by combining flexibility, quality, and knowledge.



The company produces customized products by using a make-to-order (MTO)
policy. This means that they start producing after an order arrives (Mihiotis,
2014). Besides that, they start purchasing when an order is received. The dis-
advantage of this way of working is the long lead times. On the other hand, this
way of working has the advantages that they can quickly adapt to the wishes of
the customer and that little to no inventory is required.

The production process of Hortec consists of machine assembly, so-called surface-
mounted technology (SMT) assembly, and conventional hand assembly, so-called
through-hole (TH) assembly. SMT is a method in which the components are
mounted or placed directly onto the surface of a PCB. In contrast to TH-
assembly, which is used for components that are inserted into holes of a PCB
and soldered to pads on the opposite side. This is either done by manual assem-
bly (hand placement) or by the use of automated insertion mount machines. A
simplified version of this process is visualized in Figure 1.1. Within Hortec, most
of the PCBs need both SMT- and TH-assembly. The surface-mounted device
(SMD) components are first assembled. After that, the through-hole technique
is used for components not suitable for SMT such as large transformers (see
Figure 2.2a) and heatsinked power semiconductors. Years ago, TH-assembly
was the most common way. However, SMT is becoming more ubiquitous nowa-
days. Together with the customer, Hortec determines which components are
SMT and which TH.

Raw materials

SMT-assembly TH-assembly

Figure 1.1: Simplified SMD- and TH-assembly process

Finished
products

Semi-finished
products

Raw materials

1.2 Research motivation

Hortec is committed to improving its competitive position for its clients who
want to distinguish themselves in technology and quality. This is done by com-
bining flexibility, quality, and knowledge in the development and assembly of
electronics.

As illustrated in Table 1.1, Hortec has grown significantly in the last couple of
years. Although Hortec has grown, it operates more or less in the same way as
a couple of years ago. Purchasing decisions are made on gut feelings and expe-
rience instead of standard practices. The management of Hortec is wondering
if they can improve the way they operate and/or get more clear and standard
decision making process. An advantage of the MTO-policy Hortec applies is low
inventory levels. However, the management of Hortec experiences an inventory



value that is too high, which is surprising because of the MTO-policy. Opti-
mizing the inventory value leads to less capital utilization and higher liquidity.
The cause(s) for the high inventory will be analyzed in Chapter 2. Table 1.1
shows that the inventory value has increased over the years. At the moment,
the inventory value is around 1.1 million euros.

The management already experienced a high inventory value in 2011. The
causes for the high inventories were investigated at that time but unfortunately
did not make a difference. In fact, the inventory value has increased since then.
In 2011, the inventory value was 18% of the revenue, which is way lower than
the current percentage of around 30%.

Table 1.1: Revenue, inventory value, and service level per year (in million euros)

Year 2012 | 2013 2014 2015 2016 2017 2018 2019
Revenue 1.88 2.76 2.62 3.09 3.57 3.27 2.92 3.90
Inventory value || 0.514 | 0.645 | 0.853 | 0.765 | 0.869 | 0.838 | 1.027 | 1.191
Service level 92.8% | 97.5% | 92.4% | 77.6% | 95.7% | 90.0% | 84.5%

Within the inventory, a distinction can be made between raw materials, semi-
finished products, and finished products. Due to the high inventory levels, there
is little insight into the inventory. This is the main reason the management wants
to gain more insight into the inventory.

1.3 Problem statement

The main problem Hortec has experienced is that the inventory value is too
high. In this section, the causes of the problem are described. These causes are
also visualized in the problem bundle which can be found in Appendix A.1.

The first cause of the high inventory value is the minimum order quantity
(MOQ). An MOQ is an ordering requirement imposing that the amount of
units orders has to be at least a certain quantity (Park and Klabjan (2015)).
A lot of suppliers make use of an MOQ), especially for small and cheap items.
Because of the MOQ), items are on average longer in stock. Besides, it can lead
to excess inventory, because not all materials are needed later on.

The second cause of the high inventory value is the alignment of production
steps. Each order includes different production steps, which are not always
properly aligned. This has two causes. The first cause is that some production
steps have a fixed lead time of one or more days. In reality, the lead time is
only a couple of hours. Sometimes, this fixed lead time is needed because, for
example, the product needs to dry. However, most of the time this is not the



case. When the fixed lead time is not required, the difference between the fixed
lead time and the actual time needed is automatically waiting time. Because
of this, the production lead time increases, resulting in more work-in-progress
(WIP). The second cause is the changeover time at the first production stage,
SMT. The changeover time is on average one day, whereas the production time
is on average one week. Because of the long changeover time, the batch-size at
this stage is bigger than the batch-size at the TH-production. This means that a
lot of parts are waiting for the next production stage and therefore a higher WIP.

The third cause is the first production run (FPR). FPRs are customer or-
ders which contain products Hortec makes for the first time. This means that
there are some uncertainties accompanied by FPRs. Most of the time, there are
more materials purchased than needed. Besides, the wrong item(s) may be pur-
chased which are stored in the warehouse. This results in excess inventory. The
warehouse personnel does not know if the excess inventory needs to be stocked
again or can be discarded. Therefore all materials are placed in the warehouse
(on a random location).

The fourth cause are the annual orders. Annual orders are a service Hortec
provides where the customer communicates a global demand planning for one
year. However, it is unknown when a customer wants to receive the products.
When the orders need to be delivered is communicated a short period before
their desired delivery date. This period can vary from one day to two months.
Because Hortec has long lead times (approximately 10-12 weeks), it is not possi-
ble to start purchasing when the official order arrives. Therefore, Hortec keeps
inventory for these customers. The safety stock Hortec uses is based on ex-
perience and MOQs, instead of using demand forecasting. The annual orders
are planned based on the global demand planning of the customer. The end-
products of annual order could be in stock since the actual planning could differ
from the global planning.

The fifth cause is that a customer shifts the delivery date. Besides FPRs
and annual orders, Hortec has general orders. General orders should have a
fixed delivery date. However, a customer may shift this date. Because of this,
the planning needs to be adjusted to the new date. Most of the time, the mate-
rials are already purchased and sometimes even delivered. So when a customer
shifts the delivery date, the materials are longer in stock.

The sixth cause is the non-stationary demand. Non-stationary means that
the stochastic process is not constant over time. So a non-stationary process
does not possess a fixed mean and/or variance (Box and Tiao, 1965). Trend and
seasonality are possible causes for non-stationary demand (Tunc et al., 2011).
To deal with non-stationary demand in inventory control, dynamic policies are
needed. Unfortunately, the current inventory control policy is not dynamic and
is not robust to non-stationary demand. This causes the raw materials to be
longer in stock.



Table 1.2: Types of orders and their characteristics

’ Order type H FPRs \ Annual orders \ General orders ‘
Delivery date Fixed Variable Fixed
Order quantity Fixed Variable Fixed
Raw materials needed || Unknown Known Known
Impact on sales Low Moderate Moderate
Overall uncertainty Moderate High Low

1.4 Scope and limitations

It is clear from Section 1.3 that many different aspects affect the inventory level
at Hortec. To make sure this research can be conducted in the given time-frame,
the scope needs to be determined. Below, the aspects that are outside the scope
are discussed.

As can be seen from Table 1.2 and mentioned in Section 1.3, one type of order is
FPR. FPRs have some additional production steps in comparison to the other
two types of orders. These additional production steps have little to no impact
on the inventory. Therefore, only the production process of annual and general
orders is part of this research. The raw material purchasing policy of the FPR
orders will be investigated during this research.

When a product does not function properly, it may be possible that the customer
sends the PCB back to Hortec to be repaired (return merchandise authorization
(RMA)). Also, when a product does not pass the test during production and
cannot be repaired immediately, it becomes an internal merchandise authoriza-
tion (IMA). To conduct this research within the restricted time and because the
inventory value of these products is negligible, RMAs and IMAs are outside the
scope.

Within Hortec, a distinction is made between active and non-active inventory.
Active inventory is inventory that has been used at least once in the last three
years. Non-active inventory is inventory that has not been used in the last three
years and has been amortized. However, non-active inventory is still located in
the warehouses. The inventory problem of Hortec has nothing to do with space,
but with the monetary value of the inventory. Therefore, only the active inven-
tory is investigated during this research.

Hortec produces products that sometimes have to be coated or varnished. These
processes are outsourced. This is a production step with a fixed planned lead
time. Because this production step is a blackbox, it is outside the scope of this
research. Further in this research, coating or varnishing is a production step
with a fixed lead time.



1.5 Research objective

The goal of this research is to decrease the inventory value. The high inventory
within Hortec has three direct causes. Those will be explained below and are
visualized in the problem bundle in Appendix A.1. The first cause is the raw
materials that are longer in stock. The second cause is the excess inventory
and the third cause is that the WIP is higher than needed. The focus of this
research will be on the first cause because we assume that the raw materials
have the highest impact on the total inventory value. The raw materials are
longer in stock due to annual orders, the customer changes the delivery date,
the safety buffers before and after production, and the non-stationary demand.
These causes need to be investigated in Chapter 2.

Moreover, the current inventory control policy needs to be investigated. As well
as how to improve this policy to reduce the inventory. However, reducing the
inventory may harm the service level. Because the service level is already lower
than desired, the inventory needs to be reduced using a smart method. To do
this, the raw materials inventory control policy needs to be investigated and
come up with a smart solution to reduce the inventory but at the same time
does not reduce the service level. Therefore, the research objective is defined as
follows:

Determine how the control of the raw materials inventory within
Hortec can be adapted to reduce the inventory value while satisfying
the service level.

1.6 Research questions

The research objective in Section 1.5 leads to the following main research ques-
tion:

How to control the raw materials inventory within Hortec to reduce
the inventory value while satisfying the service level?

To answer this question, multiple research questions have been established.
These research questions are grouped under the different chapters of this thesis.

1. What is the current production-inventory strategy and the corresponding
performance of Hortec?

As concluded in Section 1.2, the inventory value is too high. Therefore,
in Chapter 2, the inventory control policy, the planning strategy, and the
effects of these strategies will be analyzed. Hortec claims to use the MTO-
policy. However, this is questionable since the inventory level is too high.
Besides, annual orders can have finished goods inventory, which is not
the case in the MTO-policy. Hortec has to deal with supply and demand
uncertainty, which is also clear from the problem bundle in Appendix



A.1. Tt needs to be investigated how Hortec currently deals with this
uncertainty. To answer this research question, multiple sub-questions are
designed:

(a) What inventory-production model is currently used by Hortec: make-
to-stock or make-to-order?

(b) How are the raw materials currently classified?

(¢) What raw materials inventory control policy is currently applied
within Hortec?

(d) How are the supply and demand uncertainty incorporated in the
current inventory control policy?

(e) What impact has the inventory of the raw materials, semi-finished
products, and the finished product on the total inventory?

(f) What are the causes of high inventory and what impact do different
causes have on the total inventory?

2. What methods are suggested in the literature to reduce the inventory
value?

After the current situation analysis, a literature study needs to be done to
investigate how the inventory value can be reduced. This literature study
can be found in Chapter 3 and it should include which inventory control
policies are available. Besides, how the corresponding control parame-
ters can be calculated needs to be determined and how non-stationary
demand can be included in the inventory control needs to be investigated.
To calculate the control parameters, demand needs to be modeled using
forecasts. Since Hortec does not use demand forecasting at the moment,
this also needs to be studied. In order to answer this research question,
multiple sub-questions are designed:

(a) What classification methods are available in the literature?
(b) What inventory control policies are available in the literature?

(¢) How do the control parameters of the inventory control policies need
to be determined?

(d) What methods are described in the literature that deal with non-
stationary demand?

(e) How can the demand be modeled from using forecasts?

3. What is the most suitable inventory control policy for Hortec and how can
it be designed?

In Chapter 4, inventory control policies most suitable for Hortec will be
designed. To do this, first the raw materials need to be classified and the



demand need to be forecasted. With this, the most suitable inventory con-
trol policies and the corresponding control parameters can be determined.
Furthermore, how to implement the inventory control policy within Hortec
needs to be investigated. In order to answer this research question, mul-
tiple sub-questions are designed:

(a) How are the raw materials of annual orders classified with the new
classification method?

(b) What policy is suitable for each classification?

(c) How can the existing data be used to determine the control parame-
ters of the inventory control policy?

(d) How can demand forecasting be used to determine the control pa-
rameters of the inventory control policy?

4. What is the effect and improvement of the proposed inventory control
policy after implementation?

The proposed inventory control policy has to be tested to investigate what
the improvement of the implemented policy is. For this, the results of both
the current and proposed policy need to be compared and evaluated. This
is done in Chapter 5 with the use of a simulation study. With the results
of the different policies, the most suitable inventory control policy needs
to be chosen for each classification category. Furthermore, it needs to
be checked whether the results are reasonable. In order to answer this
research question, multiple sub-questions are designed:

(a) Which raw material inventory control policy is most suitable for each
classification category?

(b) How is the performance of the proposed policy in comparison with
the current policy?

(c) How can the designed simulation study be validated?

s the proposed policy close to reality and does it take all restrictions
d) Is th d poli lose t lit dd it take all restricti
into account?

(e) How robust is the proposed policy?

(f) How can the inventory control policy be implemented within Hortec
so that it can be used efficiently?

Deliverables

After this research, a proposal to implement an inventory control policy which is
the result of the solution design in Chapter 4, will be delivered. Furthermore, a
master thesis will be written which includes the answers on the above-mentioned
questions and recommendations to reduce the inventory.



2 Current situation

This chapter elaborates on the current situation at Hortec and answers the first
research question: ” What is the current production-inventory strategy and the
corresponding performance of Hortec?”. In Section 2.1, the current production
process is described. The purchasing and planning strategies are described in
Sections 2.2 and 2.3 respectively. The different types of orders are covered in
Section 2.4. In Section 2.5, the current performance of Hortec is investigated.
The conclusion of this chapter can be found in Section 2.6.

2.1 Current production process

As mentioned in Section 1.1, Hortec can realize both SMT-assembly and TH-
assembly. Most of the PCBs need both types of assembly. Within Hortec,
separate production orders are created for SMT- and TH-production. In Figure
2.1, the production process within Hortec is graphically shown. The whole pro-
cess can be divided into three smaller processes: Sales/purchasing, warehouse,
and production. In Sections 2.1.1-2.1.3, these three processes are explained.

To detect where an order is in the production process, Hortec uses statuses
(e.g., when an order is in SMD-production, it either has the status 38 or 41,
depending on whether all materials (raw materials) needed are present or not).
These statuses and their description can be found in Appendix A.2.

2.1.1 Sales/purchasing

The production process starts with a customer placing an order. When an order
arrives, a sales order is created by the sales department. This is done in Isah, the
ERP system Hortec uses. After that, two production orders are created. One
for the SMD-production and one for TH-production. Then, the raw materials
are purchased. The purchasing department communicates the delivery date of
the raw materials with sales, so the sales department can confirm the shipping
date to the customer. The production orders are scheduled by the planning
department. How the orders are scheduled is elaborated in Section 2.3.

2.1.2 Warehouse

When the raw materials are delivered, the warehouse personnel checks if the
materials are needed for an order which is already picked. If this is the case, the
material is stored in the corresponding picking bin. Otherwise, the materials
are stored in warehouse 00 or 01, for SMD- and TH-components respectively.
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Figure 2.1: Flowchart of the production process within Hortec
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2.1.3 Production

When a sales order needs SMD, the materials are picked. The materials wait in
a bin until the production can start. When the order is finished at SMD-
production, the semi-finished products are stored in warehouse F until the
next production stage (TH-production) starts. When the sales order needs
TH-production, the required materials are picked from warehouse 01 approx-
imately one week before production starts. When the production is finished,
the products are tested. If a product needs repair, it is repaired immediately
when possible. If not, the product is stored in warehouse 01 to be repaired later
(IMA). When a product works properly, it is either shipped directly (when it is
the shipping date) or waits in warehouse 01 to be shipped.

2.2 Purchasing

In this section, the purchasing strategy is described. First, in Section 2.2.1, the
inventory control policy Hortec currently applies is explained. After that, in
Section 2.2.2, the effects of the minimum order quantity (MOQ) are explained.

2.2.1 Current inventory control policy

Shortly after a customer order arrives, a purchase order may be created (see
Figure 2.1). This means that Hortec uses a review period instead of a contin-
uous review. The reviews are triggered by a customer order and therefore the
review periods are not fixed. This type of inventory control is called transaction
reporting (Silver et al., 1998).

In principle, the quantity purchased is the difference between the needed quan-
tity and the amount already in inventory. However, some suppliers apply min-
imum order quantities, so a minimum quantity should be ordered. The MOQ
is further explained in Section 2.2.2. Some supplier apply quantity discounts,
which Hortec also sees as a sort of MOQ. So the order quantity can be fixed,
but a variable order quantity is also possible.

In the current inventory control policy, the purchaser takes the characteristics
of an item into account. Especially the demand and the price of an item. For
example, when 100 pieces are needed but the demand of the item is high and
there is a quantity discount when ordering more than 500 pieces, the purchaser
may consider buying the 500 pieces. When the item is expensive, the purchaser
will prefer to purchase the 100 pieces instead of getting a quantity discount.
The idea behind this approach is good. However, it is very time consuming and
done by experience.
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2.2.2 Minimum order quantity (MOQ)

An MOQ is the lowest quantity the supplier is willing to sell. This can be due
to practical reasons, to fit all items on a pallet. Other reasons why suppliers
apply MOQs are to be more profitable. The purchaser within Hortec can most
of the time purchase items at multiple suppliers. So where one supplier has
MOQs and a lower price, another supplier does not have MOQs but probably a
higher price. This is a trade-off the purchaser has to make.

As mentioned in Section 1.3, the MOQ of the supplier causes the (raw) mate-
rials to be longer in stock. For example, an item has an MOQ of 5000 but is
only needed for one order where 1100 pieces are required. This means that the
other 3900 pieces are waiting in the warehouse to be used. Most of the time, it
is possible to purchase items separately for a higher price at a different supplier.
However, for annual orders or products Hortec produces more often, the MOQ
of the materials is purchased because this is cheaper. The choice within Hortec
is solely based on the cost of the item instead of a trade-off between item cost
and inventory cost.

Besides the fact that the MOQ causes materials to be longer in stock, it some-
times causes excess inventory. This is mostly the case with general orders. If
50 pieces are needed, 60 pieces may be purchased when this is cheaper due to
the MOQ. The remaining pieces are placed in the warehouse.

2.3 Production planning

In this section, the most important factors concerned with the production plan-
ning are described. In Section 2.3.1, the planning strategy is explained. After
that, the safety buffers Hortec uses to make sure the orders are delivered on
time are covered in Section 2.3.2.

2.3.1 Tactical vs Operational planning

In essence, all production orders are planned at two moments. The first time is
when the order arrives, this can be called “tactical planning“. The second time
is when the production start date is close and is an adjustment of the “tactical
planning“, this can be called the “operational planning“. Below, these two will
be explained.

Tactical planning

When a production order is created, the order is planned as soon as possible
with the help of Isah. This is mainly done to make sure there is enough capacity.
The orders are planned using the backward planning strategy. With backward
planning, the last production step is scheduled first, working backward until all
production steps are planned (Wiese et al., 2016). All production steps have
a fixed lead time which is known by Isah. The completion date used by the
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planning department is one week before the delivery date. This week is used
as a buffer for unforeseen circumstances. This buffer is further elaborated in
Section 2.3.2.

Unfortunately, the planning is sometimes shifted for various reasons. One reason
is that the customer changes the delivery date. Another reason can be annual
orders. Annual orders are orders of customers who communicate their yearly
demand, but do not know yet when they want to receive the products. This is
already explained in Section 1.3. When the annual order arrives, the planning
department cuts the order in smaller orders and divides them over the year.
But most of the time, this does not match with the moment the customer needs
the products. More about annual orders can be found in Section 2.4.

Operational planning

When the start date of an order is near, the orders of the coming weeks are
written down on a whiteboard at the production department. The planner in the
production makes sure that all orders are produced in the right sequence. The
planning is done by hand and by experience. Sometimes the delivery date of an
order is taken into account and sometimes the planned start date. However, no
(machine) scheduling or assignment of jobs to machines is done while planning.

2.3.2 Safety buffer

The planner of Hortec uses for all production orders a two-week buffer before
and one-week buffer after the production. This means that the (raw) materials
need to be delivered two weeks before the production starts. Furthermore, ac-
cording to the planning, orders are ready one week before the orders need to be
delivered.

Two-weeks buffer (raw) materials

Within Hortec, a two-week buffer is used before production to make sure that all
(raw) materials needed are available. Hortec uses this two-week buffer, because
not all suppliers are reliable. Table 2.1 shows what percentage of the purchase
orders were delivered on time. So, the suppliers are reliable enough that the
two-weeks buffer is not needed.

Table 2.1: Reliability suppliers

2017 2018 2019 2020
95.7% 92.9% 93.0% 96.9%

One-week buffer finished products
Besides a two-week buffer before production, Hortec also uses a one-week buffer
for finished products. This buffer is used to make sure that the customer orders
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are delivered on time, even when there is a delay. Also, the one-week buffer
is used to have more flexibility in the planning. The service level at Table 1.1
shows that not all orders are delivered on time. Moreover, a lot of the orders
are not ready on time, this will be elaborated on in Section 2.5.3.

2.4 Types of orders

As mentioned in Section 1.3, the different types of orders have an impact on
the inventory value. Below, the effect of the order types on the inventory is
described.

First production run (FPR)

FPRs are orders for products Hortec makes for the first time. Because these
products are new, it is not always clear what items are needed and in what quan-
tity. Therefore FPRs are the reason why sometimes wrong items are purchased.
When these items are delivered, it is clear that the items are not needed. How-
ever, cheap items are stocked in the warehouse because sending it back takes to
much time.

Besides wrongly purchased materials, FPRs are the reason for some of the excess
inventory. When a product is produced for the first time, sometimes extra pieces
of certain (cheap) materials are purchased for unforeseen circumstances. When
these extra pieces are not used in production, they are stocked in the warehouse.

Table 2.2: Number of FPRs and orders

Year 2016 2017 2018 2019 2020
#orders || 818 606 610 517 79
#FPR 46 60 7 38 10

Talking to some employees of Hortec clarified that this occurred very occasion-
ally and is not a major problem. Furthermore, as can be seen in Table 2.2, the
number of FPRs is insignificant in comparison with the total number of orders.

Annual orders

In 2019, 24 of the 74 customers of Hortec places annual orders. In total, these
24 customers placed orders for 2.1 million turnover. This is 54.7% of the total
turnover in 2019. Furthermore, these customers are good for an inventory value
of more than €400,000, of which approximately €250,000 are for raw materials.
Hortec did not know that the annual orders had such a big impact. Therefore
this needs to be further investigated.

The hardest part of the annual orders is that Hortec does not know when an
order will be placed. In other words, the demand is stochastic. Most of the time,
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Hortec knows the global demand planning of the customer, which is used to plan
production orders. The purchase orders are created based on the production
orders. As stated in Section 1.3, the actual demand planning can differ from
the communicated demand planning. For example, it is possible that the global
demand planning of a customer is evenly spread over the year, when in real-
ity no order is placed during the first half year. When this happens, the (raw)
materials, and end products if already produced, are in inventory for a long time.

General orders

For general orders, Hortec uses the MTO-policy. So after a customer order
arrives, the production order(s) and purchase order(s) are created. Hence there
is no “safety stock“ for these orders. In principle, these orders are not a cause
for the high inventory. However, a customer may change the delivery date.
When this happens, it may be possible that the (raw) materials are delivered
as planned before and therefore are longer on stock than expected.

2.5 Current performance

In this section, the performance of the current production-inventory strategy
of Hortec is elaborated. First, the current inventory levels are provided and
explained in Section 2.5.1. After that, the usage of the inventory is described in
Section 2.5.2. In other words, it is investigated when the items were used last
and the last time they were purchased. In Section 2.5.3, the service levels are
calculated and described.

2.5.1 Current inventory

Hortec distinguishes three types of inventory. The first type is called raw mate-
rials. Raw materials are components that are not yet assembled on a PCB. An
example can be found in Figure 2.2a. The second type is called semi-finished
products. This are PCBs with only SMD components assembled on it. Most
of the time, Hortec does the SMD assembly itself. However, sometimes semi-
finished products are purchased. An example can be found in Figure 2.2b. The
third type is called finished products. Finished products are end products that
are delivered to the customer. An example can be found in Figure 2.2c.

From Figure 2.3, it can be concluded that the inventory of finished and semi-
finished products remained fairly the same over the years. The inventory of raw
materials is increasing a bit over the years. A decrease is seen in 2018 and an
increase in 2019. However, the inventory value of work-in-progress increased in
2018. This increase is further elaborated in Section 2.5.1. Below, each product
category is investigated separately with the the help of information in Table 2.3,
where the inventory is divided per order status and per product category.
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(a) Raw material (b) Semi-finished product (¢) Finished product

Figure 2.2: Different types of inventory

Raw materials

The raw materials account for almost 70 percent of the total inventory value
and have therefore the highest impact. Table 2.3 shows that the majority of the
raw materials is not yet linked to a status and is still stored in the warehouse.
Around € 30,000 is waiting in the warehouse to be used in production and ap-
proximately € 100,000 is used in production of which approximately € 50,000
in testing. In total, the raw materials account for more more than € 700,000 of
the total inventory value.
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Figure 2.3: Inventory value per product category
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Table 2.3: Inventory value per status per product category (in euros)

Order status H Finished products \ Semi-finished products \ Raw materials H Total

24
25
27
29
38
40
41
42
43
44
45
47
60
90
95
Total

72,000 103,000 535,000 709,000
2,000 : 4,000 5,000
4,000 9,000 13,000 26,000
6,000 - 3,000 9,000

. 21,000 19,000 40,000
- - 19,000 19,000
2,000 6,000 8,000 16,000
- . 10,000 10,000
. 47,000 25,000 72,000
. . 54,000 54,000
34,000 1,000 9,000 44,000
12,000 24,000 18,000 55,000
4,000 3,000 5,000 12,000
. 2,000 2,000 5,000
135,000 216,000 723,000 1,075,000

Semi-finished products

Table 2.3 shows that most of the semi-finished products are not yet linked to
status. This means that they are waiting in warehouse F for a production or-
der. These parts are waiting because the batch-size of the first production stage
(SMD) is larger than the batch-size of the second production stage (TH). Fur-
thermore, almost €50,000 of semi-finished products are already picked but still
waiting for TH-production. The rest, which is around €75,000, is in production.
In total, the semi-finished products account for €216,000 of the total inventory
value.

Finished products

Again, most of the finished products are not linked to a status. This means that
the products are waiting in the warehouse, ready to be shipped. Some finished
products are needed in other finished products and are waiting in production
or waiting for a test. In total, the finished products account for more than
€135,000 of the total inventory value.

Work-in-progress (WIP)

In total, there are more than €200,000 of the raw materials, semi-finished prod-
ucts, and finished products in production. A reason for this high WIP inventory
is that the different production steps are not aligned, causing a lot of waiting
times. Furthermore, there is a strong increase in WIP in 2018. The reason for
this increase was that one specific customer obtained some trouble and did not
want to receive the products for some time, while they were already in produc-
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tion. The products were delivered to the customer in the beginning of 2019.
Because of this, the products were long in production.

2.5.2 Usage of the inventory

The second column of Table 2.4 shows in which year which amount of inventory
was moved for the last time. From the €1,075,618 of total stock, €788,621
has been moved in this year (2020). Unfortunately, moved can mean multiple
things. It can mean that the material has been used for production. But it
is also possible that the warehouse personnel has moved it to another location
within the warehouse.

Table 2.4: Inventory last mutated and purchased per year (in euros)

Year ‘ last moved last purchased

2015 €26 €71
2016 €1,514 €1,476
2017 €16,242 €16,389
2018 €36,868 €36,918
2019 €232,345 €259,919
2020 €788,621 €760,843

The last column of Table 2.4, shows in which year which amount of inventory
was purchased for the last time. For example, more then €16,000 of inventory
is stocked for the last time in 2017. Besides, more than 760 thousand euros has
been stocked this year. Which means it is still needed. However, more than 250
thousand euros has been stocked in 2019. To get a better overview, in Table
2.5, the inventory of 2019 is divided over the months.

Table 2.5 shows that most of the materials are purchased at the end of 2019.
But still 25% of the inventory value purchased in 2019 was purchased in the
first half of this year.

The conclusion formed from Tables 2.4 and 2.5 is that most of the items, ap-
proximately 75%, are used in the last couple of months. However, the other
25% is already in stock for three months or more. It even raises the question
why some items are in stock since more than € 50,000 of the inventory value
has not moved after 2018, which is almost 5% of the total inventory value.
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Table 2.5: Inventory purchased per month in 2019 (in euros)

Month \ last purchased
January €18,726
February €12,350
March €8,645
April €4,630
May €13,031
June €9,871
July €21,392
August €15,396
September €36,129
October €31,288
November €44,429
December €44,026

2.5.3 Orders ready on time

Table 1.1 already showed that the service level of Hortec is not that high. In
this section, the number of the orders are ready on time will be investigated. A
distinction is made between the TH-assembly and the SMT-assembly. In Table
2.6, the percentage of orders on time of the conventional assembly is shown per
year. In Appendix A.4, the percentages are shown per month. The goal of
Hortec is to have at least 90% of the orders ready on time. However, this is
never the case. The year 2018 has the highest percentage with 83% and 2016
the lowest with 22%.

Table 2.6: Orders ready on time TH-assembly

2016 2017 2018 2019 2020
2%  36% 83% 68% 43%

In Table 2.7, the percentage of orders on time of the SMD assembly is shown
per year. In Appendix A.3, the percentages are shown per month. Just like the
TH orders, the goal is to have at least 90% of the orders ready on time. The
percentages of SMT are even lower than the percentages of TH-assembly. Once
again, the year 2018 has the highest percentage. However, it is still low with
47%. 2019 has the lowest percentage of 28%.

Table 2.7: Orders ready on time SMT-assembly

2016 2017 2018 2019 2020
35% 38% 4% 28% 29%
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2.6 Conclusion

In this chapter, the current situation within Hortec was investigated to get an
understanding of the process and to answer the first research question. In this
section, the first research question is answered by answering the corresponding
sub questions.

What inventory-production model is currently used by Hortec: make-to-stock or
make-to-order?

Within Hortec, a combination of the MTS- and MTO-policies are used. For
the first production runs and general orders, Hortec uses a MTO policy. For
annual orders, however, Hortec uses the MTS policy. The focus of this research
will be on the latter, because the annual orders are the main cause of the high
inventory. So from this moment on, we will only look at the raw materials of
MTS orders.

How are the raw materials currently classified?

There is no specific classification method used within Hortec. However, the
purchaser classifies items according to the item characteristics like demand and
price of the item. This looks a lot like the ABC-classification (Silver et al.,
1998), but it is all done by experience and not based on historical data and/or
calculations. Therefore, in the literature study, the ABC-classification will be
investigated more closely to see if this is a good classification method for Hortec.

What raw materials inventory control policy is currently applied within Hortec?
A production order triggers the purchase of items. When items are needed for
a production order, these are purchased. This means that Hortec uses, instead
of a fixed review period (e.g., one week), a variable review period called trans-
action reporting. Furthermore, the quantity purchased can be both fixed and
variable. In principle, the quantity needed for the order is purchased, so a vari-
able quantity. However, some suppliers apply MOQs, causing a fixed quantity
to be purchased. Furthermore, some suppliers give quantity discounts when
purchasing a larger quantity, which is a consideration for the purchaser.

How are the supply and demand uncertainty incorporated in the current inven-
tory control policy?

Hortec uses a two-week buffer for raw materials to overcome the supply uncer-
tainty. This buffer is used to make sure that all raw materials are available
when they start producing. Because of the buffer, supply uncertainty is not a
problem and will therefore not discussed further in this research.

To deal with demand uncertainty, the customer orders are evenly spread over the
year. This means that Hortec does not make use of demand forecasting. Also,
non-stationary demand is not taken into account. Non-stationary demand is
partly explainable with trend and/or seasonality and this can be taken into ac-
count by using dynamic inventory control policies. So this needs to be further
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investigated to improve the raw materials inventory control.

What impact has the inventory of the raw materials, semi-finished products, and
the finished product on the total inventory?

Most of the inventory value is because of the raw materials (approximately
€750,000). Approximately one-third of the raw materials are for customers
who place annual orders. Another one-third is customers who place general or-
ders and the rest is not linked to a customer. The semi-finished products have
after the raw materials the highest inventory value, with a value of more than
€200,000. Approximately half of this value is stored in warehouse F, waiting
for the second stage because the production batch-size in the first production
stage is higher than at the second stage due to set-up costs. The rest of the
value is used in production. The finished products have the lowest inventory
value, with a value of approximately €135,000. Two third of this value is for
annual orders and the rest for general orders. Half of the value is waiting in the
warehouse to be shipped, the other half is used in production. Furthermore,
there is approximately €250,000 WIP.

The raw materials are the focus of this research because in Section 1.5, the
assumption was made that the raw materials have the highest impact on the
total inventory value. Since the raw materials account for almost 70% of the
total inventory value, it can be concluded that this assumption is correct.

What are the causes of high inventory and what impact do different causes have
on the total inventory?

The high inventory is caused by different factors. The most important factors
are the planning and the purchasing policy of the raw materials. The impact
of these two will be explained below. Furthermore, purchasing items for FPR
orders also have a small impact on the inventory.

The planning has an influence on especially the amount of WIP, which is pretty
high. Furthermore, when a production order starts later than planned, raw
materials are longer in stock. Also, the purchasing policy has an influence on the
high inventory. No specific inventory control policy is used and all considerations
and classifications of raw materials are made by feeling. Because of this, larger
quantities are purchased to get quantity discounts and MOQs are purchased.
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3 Literature study

This chapter gives an overview of the literature that is useful for this thesis
and answers the second research question: ”What methods are suggested in the
literature to reduce the inventory value?”. In Section 3.1, some classification
methods are explained. The classification methods are used to determine the
appropriate control policies. The different inventory control policies and the
corresponding control parameters are described in Section 3.2. The can-order
system, a special control policy, is explained in Section 3.3. Section 3.4 describes
how to deal with non-stationary demand and Section 3.5 explains how demand
can be forecasted. In Section 3.6, this chapter is concluded by answering the
sub-questions of the second research question. In Appendix A.5, additional
literature can be found.

3.1 SKU classification

The goal of this research is to identify the best inventory control policy per
item. In the ideal situation, all inventory control policies are investigated per
item, to see which one performs best for each item. Hortec has a lot of different
items, so this would be very time consuming. For practical reasons, we will
apply classification to group different items. Each classification group will be
linked to a particular inventory control policy.

In this section, three methods to classify SKUs are introduced. The first method
is the ABC-analysis and will be described in Section 3.1.1. The ABC method is
analyzed because this classification method is based on the annual usage value
and the current inventory control policy is also based on the annual usage value.
The second method is the XYZ-analysis, which will be elaborated on in Section
3.1.2. This method is analyzed because it is based on the demand uncertainty,
which plays an important role in this research. In Section 3.1.3, the two methods
are combined.

3.1.1 ABC-analysis

The ABC-analysis is a method to classify items based on the annual usage value
(Silver et al., 1998). The goal of the ABC-analysis is to determine the amount
of control effort each item needs. The annual usage value is calculated with
Equation 1, where D; is the annual demand and v; is the item price of item i.

Annual usage value of item i = D; - v; (1)

The ABC-analysis is easy to use and simple to understand by an average ma-
terials manager. Relatively, there are a few items in class A but they form a
relatively large amount of the annual usage value. On the other hand, the num-
ber of items in class C is relatively large but the annual usage value is relatively
small. The items between classes A and C constitute to class B.
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A-items

Class A items account for the highest total annual usage value (approximately
80%) but include the lowest number of units (approximately 20%). Therefore,
A-items are the most important items. These items have to be controlled tightly
and monitored closely.

B-items

Class B items account for the second highest total annual usage value (approx-
imately 15%) and are therefore secondary important. Approximately 30% of
all SKUs fall into this category. The inventory management of these SKUs is
mostly done computer-based.

C-items

Class C items account for a minor part of the total annual usage value (approxi-
mately 5%). Overall, most items are in class C (approximately 50%). The main
interest of the low-value items (C items) is to avoid stock-outs and to reduce
costs like procurement, material handling, and order inspection costs. The in-
ventory management for these SKUs must be kept as simple as possible like a
computer-based reorder point (ROP).

3.1.2 XYZ-analysis

The XYZ-analysis is a method to classify items based on the demand uncertainty
(Dhoka and Choudary, 2013). In other words, the items are classified based on
the fluctuation in demand (Scholz-Reiter et al., 2012). The demand uncertainty
is determined with help of the coefficient of variation (CV). The CV is calculated
with Equation 2, where ¢ is the demand standard deviation and X the demand
average.

o

CV = < (2)
The SKUs will be ranked according to their CV. The SKUs with the lowest
CV (<0,5) are classified under X. These items are easy to forecast because they
have the lowest demand uncertainty. SKUs with the highest CV (>1), and
thus high demand uncertainty, are classified under Z. The demand for Z-items
fluctuates strongly or occurs sporadically. There are barely predictable causal
factors, making it hard to get a reliable demand forecast. The raw materials
with a CV between these two bounds are Y-items and have medium demand
uncertainty. The demand for Y-items is not steady, but the demand fluctuations
are usually caused by known factors such as seasonality. Therefore, variability
in demand can be predicted to a certain extend. The demand patterns of the
different classes can be seen in Figure 3.1.
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Figure 3.1: Demand patterns (Dhoka and Choudary, 2013)

3.1.3 ABC-XYZ analysis

The classification methods mentioned in Sections 3.1.1 and 3.1.2 can also be
combined into one method. Then both the annual usage value and demand
uncertainty are taken into account in the classification. This method has a
total of 9 classes, as can be seen in Table 3.1. The AX category needs the most
attention in inventory management since the value of these items is relatively
high. The items in this category account for the most revenue and are good to
forecast. The CZ category is the least important one, the items account for the
least revenue and are hard to forecast.

Table 3.1: Classification categories according to the ABC-XYZ analysis

X Y 7
A|AX AY AZ
B | BX BY BZ
C|CX CY Cz

3.2 Inventory control

The purpose of inventory control systems is to determine when and how much
to order (Axséter, 2015; van der Heijden, 2020c). This decision should be based
on the inventory position, (forecasted) demand, and different cost factors (e.g.,
holding cost). The decision should be based on the inventory position instead
of the inventory level. The difference between the two of them is that the
inventory level is only the physical on-hand stock. The inventory position also
takes the outstanding orders and backorders into account. Outstanding orders
are purchase orders that have not yet arrived. Backorders are customer orders
that have been demanded but are not yet delivered. So the inventory position
can be calculated with Equation 3.
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Inventory position = on hand stock + outstanding orders — backorders (3)

The four most common inventory control policies are presented in Table 3.2.
The policies can be categorized in continuous or periodic review. In continu-
ous review, the inventory is continuously tracked. When the inventory position
drops to the reorder point, an order is placed. An alternative to continuous
review is periodic review. In periodic review, the inventory position is only con-
sidered at certain points in time. The interval between the points is in general
constant, the review period. In periodic review, an order is placed when the
inventory position is equal to or lower than the reorder point at the beginning
of the review period. Another possibility is that in every review period an order
is placed (except when demand was 0) (Chopra et al., 2013).

The advantage of continuous review over periodic review is that less safety stock
is required in the continuous review policies (van der Heijden, 2020d), because
the safety stock only needs to cover the variation in lead time demand. In con-
trast, the safety stock in a periodic review policy needs to cover the variation in
demand over the lead time plus review period (Axséter, 2015). The advantage
of periodic review is that it is capable of multi-item coordination. Multi-order
coordination is that it is possible to order multiple items from the same supplier
at the same time (Silver et al., 1998). In continuous review policies, an order is
placed directly when the inventory position drops to or below the reorder point,
therefore it is hard to combine multiple purchase orders in the continuous review
policies.

Besides the continuous and periodic review categorization, the policies can be
categorized in fixed or variable lot size. In a fixed lot size, the order quantity
is always the same (or a multiplicity of the order quantity). When the policy
applies a variable lot size, the quantity purchased is variable and the goal is to
reach a certain inventory position. The advantage of a fixed lot size is that the
supplier is less prone to make mistakes in the quantity and a fixed lot size can
reduce the service level (Axséter, 2015; van der Heijden, 2020d). A (practical)
drawback of a variable lot size is material handling, because a lot of items are
purchased in boxes or pallets with a fixed number of units. However, the total
cost of a variable lot size policy will be smaller or equal to the fixed lot size policy.

Table 3.2: Inventory control policies (van der Heijden, 2020c)

’ \ Continuous review \ Periodic review ‘
Fixed lot size (s,Q) or (s,nQ) (R,3,Q) or (R,s,nQ)
Variable lot size | (s,S) (R,S) or (R,s,S)
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3.2.1 Inventory control policies

Below, the four inventory control policies, given in Table 3.2, will be described
in more detail.

(s,Q)- or (s,nQ)-policy

The (s,Q)-policy is a policy with continuous review and fixed lot size. Con-
tinuous review means that the inventory position is reviewed continuously to
determine whether a purchase order needs to be placed or not. When the in-
ventory position drops below the reorder point (s), a purchase order is made.
The reorder point is equal to the expected lead time during demand plus the
safety stock. Safety stock is explained in Section 3.2.3. The fixed lot size means
that when a purchase order is made, always the same quantity (Q) is purchased.
Sometimes it is possible to purchase a multitude of Q, then the policy is (s,nQ).

(s,S)-policy

The (s,S)-policy is a policy with continuous review and variable lot size. Just
like the (s,Q)-policy, when the inventory position drops below the reorder point,
a purchase order is made. The lot size in the (s,S)-policy is the difference be-
tween the order-up-to-level and the inventory position (Bartmann and Bach,
2012). The inventory position will never drop below the reorder point when the
order size is always 1, because an purchase order is placed when the invenotry
position is exactly the reorder point. So when the order size is always 1, the
(s,S)-policy is the same as the (s,Q)-policy. The order-up-to-level (S) is equal
to the reorder point (s) plus the fixed lot size (Q) (Silver et al., 2016).

(R,5,Q)- or (R,s,nQ)-policy

The (R,s,Q)-policy is a policy with a periodic review and fixed lot size. A pe-
riodic review means that the inventory position is checked periodically (every
R periods) whether a purchase order needs to be made or not. Same as with
continuous review, when the inventory position is lower or equal to the reorder
point (s), a purchase order needs to be made. In this policy, the lot size is fixed.
Every time an order is created, the quantity Q needs to be purchased. Also
here, it is possible to purchase a multiple of Q, then the policy is (R,s,nQ).

(R,S)- or (R,s,S)-policy

The (R,S)- and (R,s,S)-policies are policies with a periodic review and variable
lot size. Every R periods, the inventory position is reviewed. In the (R,S)-policy,
the inventory position is raised to the order-up-to-level in every review period.
In the (R,s,S)-policy, an order is placed when the inventory position drops to
or below the reorder point. The order quantity is the difference between the
order-up-to-level and the inventory position.
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3.2.2 Policy selection

A standard procedure for selecting the most appropriate policy for each SKU
does not exist. However, there are some rules of thumb one can use. In Table
3.3 a rule of thumb can be found for items classified in class A and class B (see
Section 3.1.1). A items are the most important and most of the time expensive
parts. Therefore, it is understandable that you do not want to order a fixed
quantity to prevent purchasing unnecessary items. Furthermore, when there
are enough parts, it is not needed to order every review period. So the (R,s,S)-
and (s,S)-policy are the most appropriate inventory control policies for A-items.
B items are less important than A items but still need to be monitored from
time to time.

Table 3.3: Rule of thumb for selecting the inventory policy (Silver et al., 1998)

] | Continuous review | Periodic review |
A items | (s,9) (R,s,S)
B items | (s,Q) (R,S)

C items are not included in Table 3.3, because a more simple approach is suffi-
cient. A simple approach can be an (s,Q)- or (R,S)-policy with parameters that
need little attention.

Besides using the above mentioned rule of thumb, it is possible to simulate the
different policies and rank them according to how they perform on different cri-
teria. Examples of criteria could be fill rate and holding costs. This is especially
a good method to consider when the customer demand is uncertain (Petrovic
and Petrovic, 2001).

3.2.3 Parameter selection

In this section, the parameters of the policies described in Section 3.2.1 will be
explained and how to select the proper values will be described.

Order quantity

The order quantity (Q) should be the maximum of the EOQ and the MOQ. An
optimal order quantity is where the ordering costs are equal to the holding costs
(Axséter, 2015).

With the EOQ model, the optimal order quantity can be calculated. The aim
of the model is minimizing the overall cost (total relevant costs TRC), including
holding and ordering cost, such that demand is met (Rezaei, 2014). The total
relevant cost can be calculated with Equation 4, where A is the fixed ordering
cost, D the demand rate, @ the order quantity, v the variable unit cost, and r
the carrying charge (Silver et al., 1998).
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TRC(Q):U+ 5 (4)
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Equation 5 is the formula to calculate the EOQ. Where A is the cost per order,
D the demand per year, v the price of the part and r the holding cost rate
(van der Heijden, 2020c).

Unfortunately, Equation 5 does not work when there is a quantity discount.
Quantity discount means that when the order quantity is sufficiently large, one
gets an all-unit discount on the purchase price (Axséter, 2015).

;o /12-A-D
Q= v -r (6)

For example, let )y be the coupling point. Meaning a quantity below Qg will
cost the normal price, v. When the order quantity is equal to or greater than
Qo, all units will have a discounted price of v’. The optimal solution can be
found using two steps:

1. Find the optimal order quantity for Q larger than @y with Equation 6,
which results in Q’. The corresponding TRC is calculated with Equation
4, where instead of using v, v’ is used.

2. When Q' is smaller than Qq, the optimal order quantity for the normal
price v needs to be determined. This can be done with Equation 5. When
TRC(EOQ) is lower than TRC(Qp), the best order quantity is the EOQ.
Otherwise, the best order quantity is Q.

When needed, the above procedure can be expanded to multiple coupling points.
The best order quantity is always at a coupling point or at a feasible EOQ.

Review period
According to Sezen (2006), the length of the review period (R) is affected by
two dimensions:

1. Demand variability: the higher the demand variability, the shorter the
review period should be.

2. Average demand: the higher the average demand, the shorter the review
period should be.

According to Van der Heijden (2020d), the review period should approximately
be the order quantity divided by the annual demand. This corresponds to
the second dimension of Sezen (2006). Demand between reviews must be large
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enough to place a replenishment order every review cycle (Babiloni et al., 2010).

The cycle time can be calculated with Equation 7. The optimal cycle time,
which can be seen as the review period, can be calculated by using Equation 8,
where T'x is the review period, Q* the optimal order quantity, and d the annual
demand (Axséter, 2015).

T= (7)

Tx =

SR

(8)

Undershoot

The undershoot is the amount below the reorder point to which the inventory
position has fallen when the order is placed (De Kok et al., 1996). In order
words, the undershoot is the difference between the reorder point and the in-
ventory position when an order is placed. An order cannot always exactly be
placed on the reorder point, but the formulas are based on the assumption that
the order is placed on exactly the reorder point. This is compensated by adding
the undershoot to the formulas.

The undershoot can be caused by two factors, the review period or the order
size. Figure 3.2 shows how the inventory position and the on-hand inventory
behave in a periodic review period. The inventory position is equal to the reorder
point between the second and third reorder point. However, an order can only
be placed on the second or the third reorder point. In this case, the order is
placed on the third reorder point, because that is the first reorder point when
the inventory position is equal to or below the reorder point. The undershoot
is the difference between the reorder point and the inventory position when the
order is placed.

Figure 3.3 shows how the inventory position and the on-hand inventory behave
in a continuous review period, with order sizes that can exceed 1 unit. Imagine
that the reorder point is 40 units and the current inventory position is 42 units.
When an order of 5 units is placed, the inventory position drops to 37 units,
which is below the reorder point and thus the undershoot is 3.

In Figure 3.4, an undershoot caused by both the order size and the review pe-
riod is shown. In the figure, R is the reorder point, y is the undershoot due to
the order size, and w is the undershoot caused by the reorder point.

In case of a continuous demand distribution, the expectation and variance of the

undershoot can be calculated with Equations (9) and (10) respectively, where
Z is the undershoot and Y is the order size (Hill, 1988).

ElZ] = (9)
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Figure 3.3: Undershoot due to order size (Guijarro et al., 2020)
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In case the demand distribution is discrete, the expectation and variance of the
undershoot can be calculated with Equations (11) and (12) respectively (Hill,
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Figure 3.4: Undershoot due to order size and review period (Hill, 1988)
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The first, second, and third moment of the demand need to be determined to
calculate the expectation and variance of the undershoot. The first moment
(E[Y]) is the expected value for the demand. The second moment (E[Y?]) can

be calculated by rewriting Equation (13) to Equation (14) (Larsen and Marx,
2005).

Var|Z) (12)

Var(Y) = E[Y?] — E[Y)? (13)

E[Y?] =Var(Y) + E[Y]? (14)

The third moment can be calculated by using moment generating functions
(MGF). To get the third moment, the MGF needs to be differentiated three
times (see Equation (15)). For example, the third moment of the Normal distri-
bution is given in Equation (16) and the third moment of the Poisson distribu-
tion is given in Equation (17). The elaboration of these equations can be found
in Appendices A.11 and A.12.

E[Y®] = M{P(0) (15)
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E[Y?] = p+ 3uo? (16)

E[Y3 =X +3\2 + ) (17)

Reorder point

The reorder point (s) should cover the lead time demand (for periodic review
this is lead time demand + review period demand). Therefore the reorder
point should be equal to the expected lead time demand plus the safety stock
(Moon and Choi, 1998). The safety stock is inventory carried to satisfy demand
when there is a product shortage, because the demand exceeds the amount
forecasted for a given period (Chopra et al., 2013). The safety stock is a safety
factor multiplied by the standard deviation of the lead time demand (Ouyang
et al., 1996). The calculation of the reorder point for continuous review is given
in Equation (18) (Pan et al., 2004) and for the periodic review in Equation
(19). Where Z is the expected demand, k the safety factor and /Var(z) the
demand variation (van der Heijden, 2020c). When the undershoot is taken
into account, Equations (20) and (21) are used for the continuous and periodic
policies respectively. Where E|[Z] is the expected undershoot and Var(Z) is the
variance of the undershoot.

s=2%r+k-or (18)

s =2%pyL +k-ortL (19)

s=2p 4+ E[Z]+k-/Var(zr) + Var(Z) (20)
s=dr r+ E[Z)+k-\/Var(zrir) + Var(Z) (21)

The expected demand during lead time (or lead time plus review period for pe-
riodic review) is given in Equation 22 (Equation 23). Furthermore, the demand
variation during lead time (lead time plus review period) is given in Equation
24 (Equation 25). Where pu is the expected demand, o the standard deviation
of the demand, L the lead time and R the interval between the review periods
(Moon and Choi, 1998).

Tryr=p-(L+R) (23)

or =/ Var(zr) =0 VL (24)

or+r=\Var(zryr) =0-vVL+R (25)
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The safety factor (k) can be calculated with Equation 26. Where C'SL stands
for cycle service level, the probability of not having a stock-out during the
replenishment cycle. The higher the cycle service level, the higher the safety
factor (van der Heijden, 2020c). For the (R,s,S)-policy, a more complicated
formula is needed to calculate the safety factor. Equation (27) is used for the
(R,s,9)-policy to calculate the safety factor.

k= ¢ Y(CLS) (26)

Ju(k) _ 2(1—P2)$§1§{SL—S+E[Z]) (27)
+

Order-up-to-level

The order-up-to-level is the maximum inventory position. If the inventory po-
sition drops to or below the order point, it will be replenished to this level. The
order-up-to-level minus the reorder point is the order quantity. So when the pol-
icy has a reorder point, the order-up-to-level can be calculated with Equation
(28). When the undershoot needs to be taken into account, the order-up-to-level
can be calculated with Equation (29). Figure 3.5 shows an order cycle when a
reorder point is used.

S=s+(S—s)=s+EOQ (28)
S =s+FEOQ - E|Z] (29)

Net stock S

Inventory §-5 Order size =

Position

S — s + Undershoot

f Undershoot

!

replenishment cycle

Demand during lead time

Figure 3.5: Order-up-to-level continuous review (van der Heijden, 2020d)

When no reorder point is used in the policy, the order-up-to level should be
calculated differently. This is only the case in a periodic review policy. The
order-up-to-level for a periodic review should be sufficient to cover all demand
until the arrival of the next replenishment order (see Figure 3.6). In other
words, it should cover demand during the lead time plus review period. When
no undershoot needs to be taken into account, the order-up-to-level can be
calculated with Equation (30). When the undershoot is taken into account, the
order-up-to-level is calculated using Equation (31).
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S=%ryr+k-vVar(zr+r) (30)

S=irir+E[Z)+ k- \/Var(erir) + Var(Z) (31)
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Figure 3.6: Order-up-to-level periodic review (van der Heijden, 2020d)

3.3 Can-order system

Besides the policies described in Section 3.2, there exists another policy, the can-
order system. A can-order system is specifically designed to save setup costs
like ordering costs. The system is a continuous review system for controlling
coordinated items (Silver et al., 1998). The can-order policy is a variation on
the continuous review, variable quantity policy

Whenever the inventory position of item i drops to or below the must-order point
(si), a replenishment order is triggered that will raise the inventory position of
item i to its order-up-to-point S;. When the inventory position of an item in the
same family (from the same supplier) drops below its can-order point (c), the
replenishment of this item is included. In Figure 3.7, the behavior of an item
under the can-order system can be found.
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Figure 3.7: Behaviour of an item in a can-order system (Silver et al., 1998)

3.4 Non-stationary demand

The customer demand for Hortec is highly variable. The static policies given
in Sections 3.2 and 3.3 may not be suitable considering non-stationary demand.
Although most of the models investigated in the literature assume stationary
demand, some work considers non-stationary demand. Most of this literature
is based on the work of Scarf (1959) and Karlin (1960), who showed that the
optimal policy for non-stationary demand is a dynamic (s,S)-policy.

Graves (1999) proposed an adaptive base-stock policy for inventory in a single-
item inventory system with a deterministic lead-time and non-stationary de-
mand. He observed that the safety stock required for non-stationary demand is
much greater than for stationary demand.

Babai and Dallery (2006) proposed two forecast-based (dynamic) inventory con-
trol policies for a single-stage and single-item system with non-stationary de-
mand. The (si,Q)-policy and the (si,Qx)-policy. To compute the parameters of
the policies, a sequential approach is used. In this approach, the order quantity
is computed first, ignoring the impact of the reorder point. The cycle service
level is used to calculate the safety factor.
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3.4.1 (sk,Q)-policy

The (sk,Q)-policy works almost the same as the static (s,Q)-policy. If the in-
ventory position at the beginning of period k is below the reorder point sy, a
quantity Q is ordered. In the dynamic policy, the reorder point is different for
each period. How the inventory of this policy evolves over time is visualized
in Figure 3.8. The safety stock is equal to the sum of the replenishment lead
time and a single forecast period, because the policy uses a discrete time review.
This means that the reorder point (syx) should be equal to the cumulative fore-
cast and the maximum cumulative forecast uncertainty over this period (L+1).
The reorder point is calculated with Equation 34. The first part of the equa-
tion (Ef:ll Fi4j—1) is the cumulative demand forecast over period L+1. The
second part is the maximum cumulative forecast uncertainty over period L+1.
The standard deviation of the cumulative forecast uncertainty over inverval L+1
(0cruL,, ) is assumed to be fixed over all periods. The forecast uncertainty is the
difference between the forecast and actual demand (see Equation (32)). With
the standard deviation of these forecast errors (o), the standard deviation
of the cumulative forecast errors can be calculated with Equation (33) (Babai
and Dallery, 2006). The order quantity Q can be calculated with Equation 35,
which is in principle equivalent to the EOQ formula.

—— Net inventory

————— Inventory position
A

Figure 3.8: The (si,Q)-policy (Babai and Dallery, 2006)

e = Dy — 34 (32)
O'CFUL+1:UFU'VL+1 (33)
L+1
Sk = Z Fk+j_1 + ¢71(CSL)UCFUL+1 (34)
j=1
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AHE R
R (3)

The (sx,Qx)-policy is an extension of the (si,Q)-policy. In this extension, not
only the reorder point is variable, but also the order quantity. How the inventory
of the (sk,Q)-policy evolves is visualized in Figure 3.9. Again, the reorder
point is calculated with Equation 34. The order quantity for period k (Qy) is
calculated by using a heuristic based on the Silver-Meal heuristic, which is not
further discussed into detail.

— Net inventory

Inventory level
A

---- Inventory position

Sj

Ve

Figure 3.9: The (sk,Qx)-policy (Babai and Dallery, 2006)

The study of Babai and Dallery (2006) showed that when the forecasts are
reliable, it is beneficial to use forecast based inventory control policies. Unfor-
tunately, when the forecast uncertainty is high, the standard deviation of the
cumulative forecast uncertainty is also high. Because of this, it is better to use
the static (s,Q)-policy when the forecasts uncertainty is high.

3.4.2 Yield and lead time uncertainty

In Babai and Dallery (2006), these dynamic inventory control systems are ex-
tended by including yield and lead time uncertainties. Yield uncertainty is the
uncertainty that when a quantity is ordered, the received quantity is random.
The yield uncertainty only impacts the order quantity. The order quantity in-
creases with the expected yield uncertainty, under the assumption that the yield
uncertainty is normally distributed with mean mgq and standard deviation ogq

(see Equation 36).
241 F,
Q= e 2
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On the other hand, lead time uncertainty only impacts the reorder point. The
higher the uncertainty of the lead time, the reorder point will become higher
(Song et al., 2010). The reorder point can be calculated with Equation 37.
FDp, 1 is the camulative forecasted demand over period L; +1 and ¢rp, ,,(.)
the cumulative distribution function. The proof of this equation can be found
in the paper of Babai and Dallery (2006).

Zpi¢FDLi+1(rk) = CSL (37)

3.4.3 (R,Sy)-policy

Babai and Dallery (2009) introduced dynamic inventory control systems based
on the corresponding static inventory control system (R,S), the (R,Sk)-policy.

Where R is the review period and Sy the dynamic order-up-to-level. The order-
up-to-level at period k is equal to the cumulative forecasts plus the maximal
cumulative forecast uncertainty over L+R periods that satisfies the target cycle
service level. The order-up-to-level for this policy calculated with Equation 38.

L+R
Sk = Z Frogrj—1+ ¢ (CSL)ocru,, n (38)

j=1

Just like for the (sk,Q)-policy, the (R,Sy)-policy is advantageous to use if the
forecasts are reliable. If the forecast uncertainty is high, it is more beneficial to
use the static inventory control policy.

3.5 Demand forecasting

A demand forecast is needed to calculate the control parameters of the inven-
tory control policies. The better the forecast, the lower the forecast error and
the less safety stock is required.

There are two forecasting approaches (Axséter, 2015):

e Extrapolation of historical data
In this approach, the forecast is based on previous demand data which
is the most common approach to obtain forecasts. This approach will be
explained further in this section in more detail.

e Forecasts based on other factors
Besides historical data, forecasts can be based on other factors such as
promotions or the demand for other items.

Forecasting can be done over a short, medium, or long time horizon. In a short
time horizon, only a couple of months of demand is forecasted. In a medium
time horizon, demand for a couple of months to 1 or 2 years is forecasted. A

39



couple of years of demand are forecasted in a long time horizon.

The forecast depends on four components. The level, trend, seasonality, and
random fluctuations. The latter is random and therefore not predictable. The
other three are predictable (van der Heijden, 2020a).

Demand model
The first step in demand forecasting is to choose the demand model. There are
three general demand models:

e Constant model
This is the simplest model since it only consists of a level component and
random fluctuations. The average of this random fluctuation is assumed
to be stable (i.e., mean is zero). The demand in period t can be calculated
with the following equation:

Ty = a + €t (39)

Where z; is the demand in period t, a is the average demand per period
(i-e., level), and ¢, the random fluctuation.

e Trend model
The trend model consists of a level, trend, and random fluctuations. The
demand in the trend model can be calculated with the following equation:

xt:a—i—bt—i—et (40)
Where b; is the trend in period t.

e Trend-seasonal model
In this model, all the components are included. The demand can be
calculated with the following equation:

Ty = (aert)Ft + € (41)
Where F; is the seasonal index in period t.

Forecasting methods
Depending on the demand model, different forecasting methods can be appro-
priate. Below, some forecasting methods are explained.

Moving average

Moving average is a good method to estimate the parameters of a constant
model in a short time horizon. The idea of the moving average method is to
focus on the N most recent values of x;. Since the random fluctuation cannot
be predicted, only the level needs to be predicted. The level is calculated as
follows:
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N T+ 21+ T2+ ... + Te_N11
ay = N

(42)

Single exponential smoothing

The simple exponential smoothing (SES) method is a time series forecasting
method for data without a trend or seasonality. In the SES method, the level
needs to be estimated with Equation 43.

dr = (1 — a)ap—1 + axy (43)

Where a; is the estimated level at period t, « is the smoothing factor and x;
is the observed demand data in period t. The forecast of h periods ahead is
calculated with Equation 44.

Brnt = (44)
The smoothing factor « is a value between 0 and 1. The smoothing factor lin-
early smooths the differences between the predicted and actual demand (Ferbar
et al., 2009). A smoothing factor close to 1 means that the most recent ob-
servations have a greater influence on the forecast than older observations. A
smoothing factor close to 0 means that past observations have a large influence
on the forecast.

The SES method is simple to use since it only requires the last demand forecast
and the actual demand of the last period. Moreover, the smoothing factor can
be easily changed. For this reason, the SES method is a good method for fore-
casting intermittent demand (Sani and Kingsman, 1997).

Double exponential smoothing

The double exponential smoothing method is an extension of the SES method.
The double exponential smoothing method is for time series that include a trend.
First the level needs to be predicted with Equation 45.

ar = (1 —a)(a—1 + by—1) + az, (45)
The level is used to predict the trend:

by = (1 — B)by—1 + B(ay — ar—1) (46)

Where b; is the estimated trend at period t and B is the smoothing factor to
control the change in trend. When the level and the trend are estimated, the
forecast of h periods ahead is calculated with Equation 47.

.’)Ai't+h’t == &t + h . I;t (47)

Holt-Winters’ method
This is another variant of the SES method. The Holt-Winters’ method can
model trend and seasonality. This method generally works well in practice, and
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is particularly suitable for producing short-term forecasts (Chatfield and Yar,
1988).

This method can be applied either in an automatic or non-automatic way. In
the automatic way, no subjectivity is used during the forecast. In the non-
automatic way, the forecaster can use its subjective judgement to improve the
forecast (Chatfield and Yar, 1988).

First the level needs to be estimated for period t with Equation 48. Where F,
is the seasonal index for period t and P is the number of periods in a season
(e.g., P is twelve for monthly seasonality).
. . - x
ar = (1 — ) (-1 +b—1) + a(=——) (48)
t—P

The level estimation is used to estimate the trend and seasonal index for period
t, with Equations 49 and 50 respectively. Where + is the smoothing factor for
the seasonality. The seasonal index should be normalized such that the sum of
all seasonal indexes is equal to P.

b, = (1- 6)31571 + B(Gr — a¢—1) (49)

x
Fo=n(3) + (1= )Fip (50)
t
The demand forecast made at time t of the demand h periods ahead is calculated

with Equation 51.
N (P Bt) : Ft—P+h (51)

3.6 Conclusion

In this chapter, a literature study was performed to answer the second research
question. In this section, the second research question is answered by answering
the corresponding sub-questions.

What classification methods are available in the literature?

In this literature study, only ABC-classification, XYZ-classification, and a com-
bination of the two are considered. ABC classifies items on their annual usage
value and XYZ classified items on their demand uncertainty. The combination
of the two takes both aspects into account. Using a combination of the two
classification methods would be the best option for Hortec, because there is
uncertainty involved in the demand and the current inventory control system
already takes the annual usage value into account. This means that the items
will be classified in one of the nine categories. The inventory of the items in
each category will be controlled differently, which will be discussed in Chapter 4.
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What inventory control policies are available in the literature?

There are four common inventory control policies, that can be distinguished in
two ways. A distinction can be made between continuous review policies and pe-
riodic review policies. Another distinction can be made between the quantities
purchased. Each time a purchase order is placed, a fixed quantity or a variable
quantity can be purchased. The most suitable control policy depends on the
item characteristics and different items can have different control policies. An-
other policy is the can-order policy, which is designed to safe ordering costs. The
can-order policy is a variation on the continuous review, variable quantity policy.

How do the control parameters of the inventory control policies need to be de-
termined?

The control parameters can be calculated with the equations in Section 3.2.3.
To be able to use these equations, characteristics of the item are needed. These
characteristics include demand per unit of time, lead time and item price.

What methods are described in the literature that deal with non-stationary de-
mand?

Little literature is devoted on non-stationary demand. However, some papers do
take non-stationary demand into account. It is possible to adjust the static in-
ventory control policies to make them dynamic. Up till now, the benefits of the
dynamic inventory control policies are only investigated for small variations in
demand. For this reason, it is interesting to investigate how the static inventory
control policies can be adjusted to be able to use them when high variations in
demand are experienced.

How can the demand be modeled from using forecasts?

Demand data can be forecasted using historical data. First, the demand model
needs to be determined. The demand model is input for choosing an appropriate
forecasting method. Simple forecasting methods are available for the constant
model. More elaborated methods are available for the trend and trend-seasonal
model.
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4 Solution design

In this chapter, a proposed inventory control policy for raw materials of annual
orders is described. These items account for approximately € 250,000, which is
almost a quarter of the total inventory value. This chapter answers the third re-
search question: ”What is the most suitable inventory control policy for Hortec
and how can it be designed?”. The goal of the proposed inventory control policy
is to make decisions based on the same principle as the current policy, thus on
the demand and price of an item. As mentioned in Section 2.2.1, the current in-
ventory control policy is made by experience, the proposed policy will be based
on calculations. The demand Hortec faces includes uncertainty, therefore the
XYZ-analysis is also added to the proposed inventory control policy.

This chapter is designed according to the flowchart in Figure 4.1. First, the
demand of the end products is forecasted in Section 4.1. The historical demand
data of end products is used to forecast the demand of these items. In Section
4.2, this forecast is converted to an estimated demand for the raw materials
using the bill of materials (BOM). For some end products it is impossible to
forecast demand, because these products show low demand (or no demand).
For this reason, these products are excluded. The corresponding raw materials
are also excluded, because it is also impossible to forecast the demand of the
corresponding raw materials. An ABC-XYZ classification is performed in Sec-
tion 4.3 on the remaining raw materials. This classification will be input for the
corresponding inventory control policies, which will be selected in Section 4.4.
Section 4.5 explains how the control parameters will be calculated.

l BOM

Historical

demand data Section 4.1 Section 4.2 X
Demand forecasting Estimating demand Inventory confrol policy with
end products raw materials l corresponding control parameters
per raw material
Section 4.5
Control parameter ——
s

Historical selection

demand data Section 4.3 Section 4.4 T
—¥ ABC-XYZ » Selecting inventory

Item purchase classification control policies

prices

Figure 4.1: Flow diagram of Chapter 4
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4.1 Demand forecasting end products

To train the forecasting model, the historical demand data of the years 2014 to
2018 are used. The demand data of 2019 is used to test the model in Chapter 5.
First, the demand model needs to be determined for each end product. When
the demand model is determined, an appropriate forecasting method can be
selected. R software is used for the demand forecasting.

4.1.1 Demand model

The different demand models were explained in Section 3.5. To identify the ap-
propriate demand model for each end product, the trend and seasonality need
to be determined. This can be done in multiple ways. One method is using ACF
plots (Eni et al., 2015). ACF plots can easily be generated in the R software.
In Figure 4.2, an example of a time series plot of a constant line with trend
(left) and the correlogram, an autocorrelation plot, of its ACF (right) is shown.
As can be seen, the correlogram of a constant line is a linearly decreasing func-
tion over time. In Figure 4.3, a time series plot of a discrete sine wave with
clear seasonality (left) and the correlogram of its ACF (right) is shown. The
correlogram is also a sine wave whose amplitude decreases linearly over time.
In Figure 4.4, a time series plot with both trend and seasonality and its ACF
plot are shown. A correlogram with a sine wave whose amplitude and center
decreases over time signals a trend with seasonality. Unfortunately, it takes a
lot of work to analyze the plot for each product separately.

Next to the ACF plots, it is possible to fit the different demand models us-
ing the built-in HoltWinters function in R. This function determines the un-
known parameters by minimizing the squared prediction error (Kleiber and
Zeileis (2008)). The HoltWinters function returns among others the sum of
squared errors (SSE). Among the three models, the model with the lowest SSE
is selected for each product. Since this method can be automatized, it is more
efficient to use then the ACF plots.

According to Eni et al. (2015), the ACF plots are a good method to identify
trend and seasonality. However, the use of ACF plots is not preferred, because
it is very time consuming to analyse all plots. The ACF plots are compared
with the outcome of the HoltWinters function to see if there was a difference.
The two methods resulted in the same conclusion. In the remainder of this
section, only the results of the HoltWinters function are presented for the sake
of simplicity.
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Figure 4.2: Time series and ACF plot with trend (Holmes and Ward (2020))

Trend

A trend in time-series is a systematic increase or decrease per period (Axséter
(2015)). With the HoltWinters function in R, a S-value is determined. The
beta is the parameter used to determine the trend component. The HoltWin-
ters function applies some kind of significance, which makes a zero-value for the
beta possible. When this beta is a non-zero value, it is assumed that the prod-
uct has a trend. The number of products with and and the number of products
without a trend can be found in Table 4.1.

Table 4.1: Number of products with trend

Number of products
Trend 64
No trend | 113

Seasonality

Seasonality is a predictable pattern in the demand data which recurs every cal-
endar year. Just like for the trend, the HoltWinters function in R is used to
identify the seasonality. This function determines a ~-value, which is the pa-
rameter used for the seasonal component. The HoltWinters function applies
some kind of significance, which makes a zero-value for the gamma possible.
When gamma is a non-zero value, the product has seasonality. The number of
products with and the number of products without seasonality can be found in
Table 4.2.
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Figure 4.3: Time series and ACF plot with seasonality (Holmes and Ward
(2020))

Table 4.2: Number of products with seasonality

Number of products
Seasonality 58
No seasonality | 119
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Figure 4.4: Time series and ACF plot with trend and seasonality (Holmes and
Ward (2020))
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Demand model

The demand model can be determined with help of the trend and seasonality.
The number of products with a constant model, trend model, and trend-seasonal
model can be found in Table 4.3.

Table 4.3: Number of products with constant, trend, and trend-seasonal model

Number of products
Constant model 71
Trend model 48
Trend-seasonal model | 58

4.1.2 Forecasting method

For the constant model, the simple exponential smoothing method will be used
to forecast the demand. This is the most simple method and a constant model
is easy to forecast. For the trend model, double exponential smoothing (i.e.,
exponential smoothing with trend) will be used to forecast the demand. The
Holt-Winters’ method will be used to forecast the trend-seasonal models.

4.1.3 Forecasting parameters

When the forecasting methods are clear, the forecasting parameters need to
be defined. First, the initial parameters for the level and the trend (if the
product has a trend) need to be estimated. The initial parameters for the level
and trend can be calculated with Equation (52) and Equation (53) respectively
(Silver et al. (2016)), where x; is the deseasonalized demand, n the number of
observations and P the number of periods in a cycle. In our case, the periods
are months and therefore P is equal to twelve with a cycle of one year. The
equations are based on linear regression.

do:zﬂ_w (52)

= 2
G oty .
0 n(n?-1)/P

The z; in Equations 52 and 53 is the deseasonalized demand, so before we
can calculate the initial parameters, we need to determine the deseasonalized
demand. This is done with the centered moving average (CMA). When P is
an even number, as in our case, the CMA is calculated as the average of the
two adjacent uncentered moving averages. The CMA can be calculated with
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Equation 54, where g; is the centered moving average at period t, y; is the
demand at period t, and P is the number of periods in a cycle.

b = Ye—(P/2) T 2Ys—(P/2)41 t o T 20t + oo + 211 (P/2)—1 t Yt (P/2)
;=
2p

(54)

When the g; for each time period is calculated, the ratio per time unit needs to be
calculated. The ratio is calculated by dividing the actual demand of that period
by the CMA (ratio = y:/7:). The average of the ratios of the same period (e.g.,
month July) gives the unadjusted seasonal factor per period. In the end, the
seasonal factors should sum up to the number of periods (in this case twelve), so
the factors need to be adjusted. The demand can be deseasonalized by dividing
the actual demand with the adjusted seasonal factors (van der Heijden (2020Db)).

4.1.4 Forecasting

The initial parameters and the forecasting method are used to obtain a forecast
of twelve months (in this case March 2019 till March 2020) in the R software.
Examples of the forecasting plots for each forecasting method can be found in
Figures 4.5-4.7. The blue line is the forecast and the gray area indicates a 95%
confidence interval. When a product does not have a trend or seasonality, the
forecast is a flat line. This is shown in Figure 4.5. When a product has a trend,
the forecast is a linear increasing or decreasing line. This can be seen in Fig-
ure 4.6. The forecast of a product with seasonality is fluctuating, see Figure 4.7.
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Figure 4.5: Forecast simple exponential smoothing
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Figure 4.6: Forecast double exponential smoothing
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Figure 4.7: Forecast Holt-Winters

4.2 Estimating demand raw materials

The demand forecast of the end products can be used to determine the demand
forecast of the raw materials. The quantity of the raw materials needed to
produce and end product is known, this quantity is multiplied with the demand
forecast of the end product. This gives the demand forecast for the raw materials
per product. If a raw material is needed for multiple products, these demand
forecasts are added. In total, there are 675 raw materials needed to produce the
177 end products. For those 675 raw materials, an inventory control policy will
be developed further in this research. In the remainder of this thesis, the raw
materials will be called items.
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4.3 TItem classification

In this section, the items are classified according to the ABC-XYZ analysis de-
scribed in Section 3.1.3. The ABC-analysis is solely based on the annual usage
value and the XYZ-analysis is based on the demand uncertainty. So the ABC-
XY7Z analysis is based on both the annual usage value as well as the demand
uncertainty.

First, the ABC-analysis is performed for the raw materials of annual orders.
After that, the items are classified according to the XYZ-analysis. Table 4.4
shows the number of items in each category.

Table 4.4: Number of items classified by ABC-XYZ analysis

X Y Z Total

A 25 25 11 |61
B 15 54 27 | 96
C 64 180 274 | 518

Total | 104 259 312 | 675

4.3.1 Applying ABC-analysis

The annual demand and price of an item are needed for the ABC-analysis.
Historical data of the last year is used to calculate the annual demand. The
purchase price is used as item price since the raw materials do not have a selling
price.

100%
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Figure 4.8: Pareto curve ABC-analysis
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The annual demand is multiplied with the price, which results in the annual
usage value. The values are sorted from largest to smallest and the cumula-
tive annual usage value is calculated. The items are classified according to the
Pareto curve (see Figure 4.8). A-items are items of which the annual usage
value is the highest. The A-items are approximately 20% of the total items
and account for 80% of the total annual usage value. B-items are the items
with moderate demand and the next 30% of the items which account for 15% of
the total annual usage value. The last 50% of the items are C-items and have
low demand. C-items account for the last 5% of the total annual usage value
(Pandya' and Thakkar (2016)).

As can be seen from Table 4.4, A small part (less than 10%) of the raw materials
are classified as A-items. These items overall have a high demand rate, which is
clear from Appendix A.7. Most of them have a demand rate higher than 2000
units. The items with a lower demand rate are relatively expensive. Fourteen
percent of the raw materials are classified as B-items. These items have an
average demand and price. The remaining raw materials (almost 80%) are
classified as C-items. Those items have low to zero demand and/or are relatively
cheap.

4.3.2 Applying XYZ-analysis

For the XYZ-analysis, the demand per period is needed to calculate the stan-
dard deviation and the average of the demand. With these two, the coefficient
of the variance can be calculated. A month is taken as period, because the
annual orders are placed at most once a month. Historical demand data of the
last five years is used to calculate the demand per period. The average demand
per month for each year is calculated. An example is given in Appendix A.8.

As mentioned in Section 3.1.2, the raw materials with a CV lower than 0.5 are
classified as X-items. Raw materials with a CV between 0.5 and 1 are Y-items
and raw materials with a CV higher than one are Z-items. X-items are items
that have relatively constant demand. The ability to schedule or obtain a correct
predication is very high. Y-items are items that show substantial fluctuations
in demand because of trend and/or seasonality factors. The ability to schedule
or obtain a correct prediction is medium. Z-items are items with very irregular
demand. The ability to schedule or correctly predict is very low (Pandya! and
Thakkar (2016)).

Table 4.4 shows that most of the C-items are classified as Z-items. This makes
sense because these items mostly show intermittent demand, which is low and
unpredictable. What also can be seen is that least of the A-items are classified
as Z-items. Most A-items have a high demand rate, which makes it better to
predict their demand. When the item is expensive, A-items also can have a low
demand rate.
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4.4 Selecting inventory control policies

In this section, inventory control policies are chosen for each classification cat-
egory based on the characteristics of the category. The policies linked to each
category can be found in Table 4.5. Below, the reasoning will be given.

The A-items are, as mentioned in Section 4.3, the most important items and the
inventory of these products should be closely monitored. Therefore, the inven-
tory of the A-items should be monitored with the most sophisticated policies,
like (s,S) and (R,s,S). The C-items on the other hand, are the least important
items. The demand and price of C-items are relatively low. One does not want
to invest a lot of time in monitoring the inventory of these items, but stock-outs
needs to be avoided for these items. So, for C-items a simple policy is good
enough, like (s,Q).

X-items are easy to forecast. Therefore, the forecast-errors should be small re-
sulting in small safety stocks. Because these items are easy to forecast and have
relatively small demand variability, a static inventory control policy is appropri-
ate for these items. Furthermore, a periodic review policy has more advantages
than a continuous review policy because of the low demand variability. The
demand variability of Y-items is somewhat larger than of X-items. However, as
mentioned in Section 3.1.2, the variability can be predicted to a certain extend.
Therefore, dynamic policies will work best for Y-items. The Z-items have high
demand variability. To find out whether the static or dynamic policy works best
for high demand variability, both policies are simulated. Because of the high
demand variability, a continuous review policy is used.

Table 4.5: Chosen policies for each category

| X Y Z
Al (R3S (s6,5)  (8,9) & (sk,9)
B | (RS) (sQ (5Q) & (sx,Q)
C (SaQ) (SvQ) (SvQ) & (Ska)

4.5 Calculation of the control parameters

In Chapter 3, the formulas needed to calculate the control parameters were
provided. Section 4.5.1 explains how the control parameters for each classifica-
tion can be calculated. In Section 4.5.2 the demand distribution is determined
to be able to calculate the expectation and variance of the undershoot. The
calculations and input values for the order quantity are explained in Section
4.5.3.
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4.5.1 Calculations control parameters

For the (R,s,S)-policy, the review period, reorder point, and the order-up-to-
level need to be calculated. When we look at Table 4.5, the (R,s,S)-policy is
selected for the AX-items only. The AX-items are the most important items
and need to be monitored carefully. Therefore, a small review period is chosen.
The items are delivered at most once a week, so we take a review period of
one week for the (R,s,S)-policy. The undershoot can be ignored since demand
arrives maximum once a week and thus the probability of two orders arriving in
the same week is negligible. The reorder point (s) is calculated with Equation
(19). The safety factor (k) in this Equation is calculated with Equation (27).
The order-up-to-level (S) is calculated with Equation (28).

The (sk,S)-policy is the dynamic variant of the (s,S)-policy. The reorder point
(sk) is calculated with Equation (34), the standard deviation of the cumulative
forecast errors can be calculated with Equation (33). The order-up-to-level is
calculated with Equation (28).

For the (s,S)-policy, the reorder point (s) and the order-up-to-level (S) needs to
be calculated. The reorder point is calculated with Equation (20) and order-
up-to-level is calculated with Equation (29).

The (R,S)-policy is only selected for the BX-items. The review period (R) can
be calculated with Equation (8) and the order-up-to-level with Equation (30).

For the (sk,Q)-policy, the reorder point and order quantity need to be calcu-
lated. This is done with Equations (34) and (5) respectively.

For the (s,Q)-policy, the reorder point (s) is calculated with Equation (18). The

order quantity (Q) is the economic order quantity, which can be calculated with
Equation (5).

Table 4.6: Control parameter formulas per policy

Reorder point \ Order-up-to-level \ Review period \ Order quantity ‘
s=dper+hk-oper | S=s+(S—s)=s+EOQ 1 week Q*:\/%“%
sk= I Fipyor+ 67 H(CS)ocru,,, | S=s+(S—s)=s+EOQ N/A | Q= \/ 2A-D
s=3p+ E[Z]+k-/Var(zr) + Var(Z) S =s+ FEOQ — E[Z] N/A Q*:\/z'ﬁ;‘D
N/A | S=drr+k-/Var(zrig) Tx=% N/A
st = Y1 Fepjor + 07 (CSL)ocru, ., N/A N/A | Qi= /2D
s=a2r+k-or N/A N/A Q*:\/Z:ﬁ}D
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4.5.2 Demand distribution

The expectation and variance of the undershoot need to be determined to be
able to calculate the control parameters of each policy. To do this, the demand
distribution of each item needs to be clear. The demand distribution represents
the demand of the random fluctuations. As mentioned in Section 3.2.3, the un-
dershoot is the amount below the reorder point to which the inventory position
has fallen when the order is placed. The undershoot is caused by the review
period and/or the order size.

According to Ramaekers et al. (2008), the Normal distribution is frequently
used for fast moving items and the Poisson distribution is a good fit for low
demand. As a rule of thumb, Silver and Peterson (1985) recommend the Nor-
mal distribution for items when the average lead-time demand is higher than
ten units. However, according to Silver et al. (2016), the Normal distribution is
only appropriate when the coefficient of variation of demand is lower or equal
to 0.5. Otherwise, the Gamma distribution is a better fit.

To conclude, when the average lead-time demand is lower than 10, the item is
slow moving and the Poisson distribution will be used to simulate the random
fluctuations. When the average lead-time demand is higher than 10 and the
coefficient of variation of demand is higher than 0.5, the Gamma distribution
is used. Otherwise, the Normal distribution will be applied. The average lead-
time demand and coefficient of variation of demand over R+L are calculated
with Equations (55) and (56) respectively.

Tryp=2*(R+L) (55)
CVipyp = 2B+L (56)
TR+L

As mentioned in Section 3.2.3, to calculate the variance of the undershoot, the
third moment needs to be calculated. The third moment of the Poisson, Normal,
and Gamma distributions can be calculated with Equations (16), (17), and (57)
respectively.

ala+1)(a+2)

B ===

(57)
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4.5.3 Economic order quantity

The economic order quantity (EOQ) is used to determine the optimal order
quantity. The EOQ is the optimal order amount that minimizes the holding
and ordering cost and is calculated with Equation (5). To calculate the EOQ,
we need to know the annual demand, the cost per order, the item price, and the
holding cost.

The historical demand is known and the most recent annual demand is used to
determine the annual demand. In Section 5.4, a simulation study is performed
for the year 2019. The EOQ for 2019 is calculated with demand data of 2018. To
calculate the EOQ, the cost per order needs to be determined. Unfortunately,
this is not known for each item. The total annual order cost per supplier and
the total annual orders per supplier are known. The total annual order costs are
divided by the total annual orders to obtain the order cost per supplier. The
price of each item is known and can be found in the ERP system used by Hortec.
Different kinds of prices are known per item, of which the purchase price is used
to calculate the EOQ. The average carrying cost (r) is unknown. The average
carrying cost lies between 20 and 30 percent. To calculate the EOQ, a carry-
ing cost of 22% is used. This approach is used to calculate the EOQ for all items.

As explained in Section 2.2.2, Hortec has to deal with MOQs for certain items.
When the EOQ is lower than the MOQ, the MOQ is used as order quantity
instead of the EOQ.

4.6 Conclusion

In this chapter, a solution model was designed. To answer the second research
question, in this section the corresponding sub-questions are answered.

How are the raw materials of annual orders classified with the new classification
method?

The items are classified according to the ABC-XYZ analysis. The ABC-analysis
is based on the annual usage value and the XYZ-analysis is based on the demand
uncertainty. The number of items per category can be found in Table 4.7.

Table 4.7: Number of items classified by ABC-XYZ method

X Y Z Total

A 25 25 11 |61
B 15 54 27 | 96
C 64 180 274 | 518

Total | 104 259 312 | 675
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What policy is suitable for each classification?

In Table 4.8, the policies chosen for each category are shown. For the Z-items,
both the static and dynamic policies are simulated. In Chapter 5, the results of
these policies will be discussed.

Table 4.8: Policy of each category

| X Y Z
Al (RsS)  (s6,5) (8,9) & (sk,9)
B| (RS) (:,Q (5Q) & (s1,Q)
C (SﬂQ) (SvQ) (SvQ) & (SkaQ)

How can the existing data be used to determine the control parameters of the
inwventory control policy?

The historical demand data of the end products of approximately four years is
used to forecast the demand of the corresponding raw materials. The price and
demand of the raw materials is used to classify each item, this classification is
used to determine the most appropriate inventory control policy.

How can demand forecasting be used to determine the control parameters of the
inventory control policy?

To calculate the control parameters, the expectation and variance of the de-
mand during lead time (for periodic review lead time plus review period) is
needed. The demand forecast and BOM are used to determine these values.
The demand is forecasted per week because items can be delivered at most once
a week. The lead times and review periods are also determined in weeks.
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5 Solution test

In this chapter, the results of the proposed policy are analyzed and the model
is tested. This chapter answers the fourth research question: ” What is the
effect and improvement of the proposed inventory control policy after implemen-
tation?”. First, the values for the control parameters are calculated in Section
5.1. In Section 5.2, the simulation model used to get results is explained. The
results of the model are presented and analyzed in Section 5.4. The model is in
Section 5.5 tested to see if the results are realistic and the model is resistant to
changes. A small description of how the proposed model can be implemented is
given in Section 5.6. The conclusion can be found in Section 5.7.

5.1 Values of the control parameters

In this section, the control parameters for each item are calculated. The inven-
tory control policies were determined in Section 4.4 and the formulas needed
per policy are described in Section 4.5. The decision is made to use cycle service
levels between 80% and 99%. The service levels can be found in Table 5.1. The
more important (according to the ABC-classification) and the easier to forecast
(according to the XYZ-classification) an item is, the higher the cycle service
level. In Section 5.5.2, an analysis is performed to test how the results are af-
fected when the service levels are changed.

Table 5.1: Target service level per category

X Y Z
A 1099 097 0.95
B|097 095 09
C|109 09 038

The values for the control parameters for each item can be found in Appendix
A.14. Below, the parameters of the A-items are shortly analyzed. In Section 5.4,
the control parameters and corresponding results of some items are explained
in more detail. The higher the annual demand, the higher the control param-
eters of the AX-items. This can be explained by the fact that the expected
demand is higher when the annual demand is higher. The control parameters
of the AX-items depend on the expected demand. The AY-items have dynamic
reorder points. For most items, the start and end reorder points differ a lot,
which means that there is a significant trend and/or seasonality. Both a static
and a dynamic policy are used for the AZ-items. The two policies show for
a lot of items a big difference in the reorder points. The reorder point of the
static policy depends partly on the undershoot. The expectation and variance
of the undershoot are for some items very high, which results in a high reorder
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point. The reorder point of the dynamic policy depends partly on the standard
deviation of the forecast error. When this value is high, the reorder point is also
high. For the dynamic policy, the start reorder point is for most items (almost)
the same as the end reorder point. So the trend and/or seasonality do not have
a large influence on the control parameters.

5.2 Simulation model

The model designed in Chapter 4 will be tested in this chapter. To test the
model, a simulation model is created which is explained in this section. The
simulation is performed in Excel and is deterministic, so it contains no random-
ness. The goal of the simulation is to determine the average inventory level with
the proposed policy. The simulation is performed over the period April 2019
till March 2020, each week representing one period. The simulation model is
discreet, since each period a decision needs to be made. The decision is how
much to order that period. The decision is dependent on the control parameters
and the inventory position. The control parameters are calculated in Section
5.1. The inventory position is dependent on the inventory level (i.e., net stock),
the order release, the demand, and the number of items in the pipeline. The
simulation needs the inventory level of the first period and the demand of all pe-
riods as input. The inventory level of the first of April 2019 is used as inventory
level of the first period. The weekly demand during the period April 2019 till
March 2020 is used as demand of all periods. In the end, the average inventory
levels can be calculated. The average inventory level is multiplied with the unit
price to calculate the average inventory value of the proposed policy. This value
is compared to the current inventory value, which is obtained from the ERP
system.

5.2.1 Input parameters

To be able to perform the simulation, the starting inventory levels need to be
known. The actual inventory levels are used to obtain a realistic simulation.
The inventory levels of the first of April 2019 is used because that is the first
week of the simulation. Besides the actual inventory levels, the realized demand
of the period April 2019 till March 2020 is used in the simulation. The realized
demand is also known in the ERP system. To determine whether or not to order
and the order size, the control parameters calculated in Section 5.1 are used.
To know when the purchase orders arrive, the lead time is also an input value
for the simulation model.

5.2.2 Output parameters

The most important outputs of the simulation model are the average inventory
levels. The average inventory level per item is the summation of the inventory
levels over all periods divided by 53 (the number of periods). The average
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inventory level is multiplied with the unit price to get the average inventory
value. The average inventory value of the proposed policy can be compared to
the current average inventory value. The other outputs of the proposed policy
are:

e Which period to order and how much
e Number of weeks with stockout
e Number of orders placed

e Inventory value improvement

5.2.3 Simulation visualization

An example of the simulation for one item is visualized in Figure 5.1. The
first twelve weeks of the simulation model of item 399.002455 are performed.
This item has a reorder point of 143 units. In the second period, the inventory
position drops below the reorder point and an order is placed. The order size
is the order-up-to-level minus the inventory position. The order-up-to-level of
item 399.002455 is 286 units. The purchase lead time of this item is one period,
so the order is delivered in the third period. The next order is placed in period
ten.

Time (weeks) 55 2 3 4 5 6 GF 8 9 10 11 12
Net Stock 200 200 50 285931 2850931 285931 2350931 235931 185931 185931 8509308 285931
Startday  |Order Release 0 0 235931 0 0 ] 0 0 0 0 200 0
Demand 0 150 ] 0 0 50 0 50 0 100 0 0
Pipeline 0 0 0 0 0 0 0 0 0 0 0 0
End day Order Release 0 235931 o 0 o 0 o 0 0 200 0 0
Inventory pasition 200 50 285931 285931 285931 235931 235931 185931 185931 859308 285931 285,931

Figure 5.1: Simulation item 399.002455 first 12 weeks

5.3 Forecast accuracy

During this research, demand forecasting was performed in Section 4.1. De-
mand forecasting was needed to calculate the control parameters which is done
in Section 5.1. The more accurate the forecast, the better the control parame-
ters. Therefore, we need to test the forecast accuracy. In Table 5.2, the average
value of four forecast accuracy measures per classification group are shown. In
Appendix A.15, the variance is shown. The forecast accuracy measures per item
can be found in Appendix A.16.

To analyze the forecast, we used four forecast accuracy measures. The Mean
Absolute Percentage Error (MAPE) is calculated per item by Equation 58,
where A; is the actual demand of period i, F; the demand forecast of period i,
and n the total number of periods. MAPE is one of the most common measures.
Unfortunately, our demand contains a lot of zeros. The MAPE does not perform

61



well with a lot of extremes, so also not with zeros. When the actual demand is
zero, the error will be divided by zero which is not possible. So when the actual
demand is zero, we used an APE (‘ %‘) of zero. So the MAPE is way lower
because of all the zeros.

A; — Fi

T (58)

1 n
MAPE = - ;

Table 5.2: Average forecasting accuracy measures

MAPE(%) MAD MSE Bias
AX-items | 16 278 3837581  -161
AY-items | 11 53 156650  -23
AZ-items | 9 43 11298 -8
BX-items | 18 177 324146  -31
BY-items | 8 213 60168764 -163
BZ-items | 7 32 20151 4
CX-items | 18 99 381380  -31
CY-items | 9 37 173546  -22
CZ-items | 21 24 2424450  -10

Another measure we used is the Mean Absolute Deviation (MAD). The MAD
is calculated with Equation 59 and is a good measure to analyze the forecast
error of a single item since it does not make a distinction between high- and low-
volume products. So the high-volume products probably have a higher MAD.

1 n
MAD = — ; — Fi
=S 1A~ i) (59)
i=1
The third measure we used is the Mean Squared Error (MSE). The MSE is
almost the same as the MAD, but instead of the absolute value, the squared
value is used (see Equation 60). The MSE is sensitive to large errors. All errors
are squared, so the large errors become even larger. So the MSE puts more
weight on the larger errors.
1 n
MSE = =) (A; — Fi)? 60
PR (60)
The last measure we used is the bias. The bias can be used to identify over-
forecasting or under-forecasting. In over-forecast, the forecast is higher than the
actual demand. In under-forecast, the forecast is lower than the actual demand.

n

Bias = % > (F— Ay (61)

=1

62



Table 5.2 shows that the AX- and BY-items have relatively high values for the
MAD and MSE. The bias for these items is very low, which means that the
forecast of the items is (way) lower than the actual demand. The forecast of
the BZ-items is good in comparison with the other items when we look at the
accuracy measures. The bias is for all categories negative, which means that
there is under-forecast.

5.4 Results

To test the policy proposed in Chapter 4, the simulation study explained in Sec-
tion 5.2 is performed. The current and the proposed policies can be compared
using different performance measures. The first performance measure we used
is the inventory value since this is the measurement Hortec currently uses. The
average inventory levels over the 53 weeks for both policies are determined. The
total inventory value is calculated with Equation (62), where ¢, is the cost of
item n and I, is the average inventory level of item n. The inventory value per
item or per classification group can be calculated by changing the summation
index so only the corresponding items are used.

675
Total inventory value = Z cp * I, (62)

n=1
The results of this measurement can be found in Table 5.3. Three policies show
negative performance, meaning the current policy performs better in this sim-
ulation than the proposed policy. The classification categories with X-items
all show a negative performance. The inventory value of the AX-items for the
proposed policy is a little bit higher than the inventory value with the current
policy. The main reason for this increase is the demand forecast. The BX-items
show an increase in the inventory value of €4276 with the proposed policy.
The main reason for this increase is that the order-up-to-level for some items
is too high. The reason CX-items show an increase in inventory value is that
some items have a realized demand of 0 in 2019, while they did have demand
in 2018. Although some classes show negative performance, the total inventory
value shows a reduction of € 32,591 with the proposed policy. The current in-
ventory value of raw materials for annual orders is approximately € 250,000 (see
Section 2.4). A reduction of € 32,591 is thus a reduction of approximately 13%.

A paired t-test is performed to determine whether the differences in Table 5.3
are statistically significant. The rightmost column of Table 5.3 shows the p-
value of the t-test. The T-test says whether or not two inventory values are
statistically significantly different, so the test is two-tailed. There is a statisti-
cally significant difference if the p-value is lower than 0.025. A p-value larger
than 0.025 means no statistically significant difference between the inventory
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values.

Most classification categories have a p-value higher than 0.05. This means that
there is no statistically significant difference and the increase or decrease in in-
ventory value is due to coincidence. All B-items, the CY-items, and CZ-items
have a p-value lower than 0.025. These difference between the proposed and
current policy for those items is statistically significant.

Table 5.3: Total change in inventory value

Category \ Difference P-value
AX-items €319 0.491
AY-items €6043 0.108

. €2799 (static) 0.268 (static)
AZAtems | g 6610 (dynamic)  0.171 (dynamic)
BX-items -€4276 0.014
BY-items €6031 0.000

€ 5829 (static) 0.000 (static)

BZ-items €4768 (dynamic) 0.000 (dynamic)
CX-items -€1014 0.180
CY-items € 3966 0.001
. | €9691 (static) 0.000 (static)
CZ-items €9484 (dynamic) 0.000 (dynamic)
Total € 32591

The second performance measure is the total annual cycle-inventory and order-
ing cost, consisting of the holding and ordering cost. This can be calculated
with Equation (63). Where C is the total annual cycle-inventory and order-
ing cost, @ the lot size, H the holding cost per unit per year, D the annual
demand, and S the ordering cost per order. The results of the second mea-
surement are visualized in Table 5.4. The proposed policy can reduce the total
annual cycle-inventory and ordering cost with € 6108.

C:%*H+g*5 (63)

In the following sections, the results per classification category are explained.
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Table 5.4: Improvement in total annual cycle-inventory and ordering cost

Total annual cycle-inventory

Category and ordering cost improvement P-value
AX-items 1710 0.295
AY-items 1660 0.072

. €196 (static) 0.428 (static)
AZ-items €1323 (dynamic) 0.191 (dynamic)
BX-items -€1019 0.029
BY-items -€1579 0.002

. € 2854 (static) 0.006 (static)
BZ-items -€ 3257 (dynamic) 0.002 (dynamic)
CX-items 951 0.004
CY-items 2933 0.000

. € 3386 (static) 0.388 (static)
CZ-items €2621 (dynamic) 0.413 (dynamic)

Total €6108

5.4.1 AX-items

All AX-items are categorized under the (R,s,S)-policy. The results of this pol-
icy can be found in Appendix A.17.1. The proposed policy increases the total
inventory value of the AX-items with €319 (see Table 5.3). The goal of this
research is to decrease the inventory value, so this policy does not performs
worse compared to the current policy. The corresponding p-value (see Table
5.3) is lower than 0.05, so the difference in inventory value between the current
and proposed policy is due to coincidence.

In Table 5.5, the items with the highest increase in inventory value are pre-
sented. In total, these items cause the inventory value to increase with more
than €17000. All three items have a high reorder point in comparison to the
annual demand. The reorder point of item 399.002382 is even higher than the
annual demand. A high reorder point is closely related to a high average in-
ventory level, which leads to high inventory value. The high reorder points are
caused by a high expected demand. For example, item 399.002383 has an ex-
pected demand during lead time of 104 units, while the annual demand in 2018
was ‘only’ 98 units. This would mean that a positive trend is forecasted. The
reorder point should be equal to the expected demand plus a safety stock. This
means the average inventory of the proposed policy is much higher than the
current policy. The expected demand is derived from the demand forecast, so a
more accurate forecast would lead to a more realistic and hopefully better result.
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Table 5.5: AX-items with highest increase in inventory value

Item number 335.000761  365.000334  399.002383
Inventory control policy (R,s,9) (R,s,9) (R,s,S)
Review period (weeks) 1 1 1
Reorder point 76 59 119
Order-up-to-level 88 89 144
Average inventory level proposed policy | 68 64 109
Average inventory level current policy 48 44 64
Difference in inventory value -€ 3843 -€1821 -€11499
Number of stockouts 0 0 0
Number of orders placed 4 2 3
Realized annual demand (2019) 68 68 68
Annual demand (2018) 98 98 98

Lead time (weeks) 6 5 10
Expected demand (R+L) 63 51 104
Variance demand (R+L) 13 5 21
Expected undershoot 10 10 10
Variance undershoot 2 1 2

Table 5.6 shows the forecast accuracy measures of item 399.002383. The most
important accuracy measure for this item is the bias since this measure gives
an insight into whether the item is over- or under-forecasted. The bias of item
399.002383 is 9.15 which is positive. A positive bias means over-forecast and
thus the forecast is higher than the actual demand.

Table 5.6: Forecast accuracy measures 399.002383

Ttem MAPE (%) MAD MSE Bias
399.002383 | 2 9 98  9.15

In Appendix A.18.1, the results of the total annual cycle-inventory and ordering
cost for the AX-items can be found. The holding and ordering costs of the pro-
posed policy are compared to the current policy, see Table 5.7. For three items,
the ones in Table 5.5, the annual cycle-inventory and ordering cost increased.
For the other AX-items, these costs decreased with the proposed policy. This
resulted in a total decrease of € 1710 for the AX-items with the proposed pol-
icy compared to the current policy. The ordering costs are the reason for this
decrease. Overall, the holding costs increased a bit (€70), which was already
concluded based on the inventory value. The ordering cost decreased a lot.
The ordering cost of the current policy were € 3190, the ordering cost of the
proposed policy would be € 1410.
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Table 5.7: Cycle inventory cost AX-items

Holding cost proposed policy €14370
Ordering cost proposed policy €1410
Total inventory cost proposed policy | € 15780
Holding cost current policy € 14300
Ordering cost current policy €3190
Total inventory cost current policy €17490

5.4.2 AY-items

The results of the AY-items under the proposed policy, (sk,S), can be found in
Appendix A.17.2. A negative performance can be seen for 11 of the 25 items.
For these items, the inventory value increases. In Table 5.8, the two items with
the worst performance are shown. Item 399.002428 has a high reorder point
compared to the expected demand during lead time. Furthermore, the order-
up-to-level is higher than the annual demand, so the demand for a whole year
is bought at once, resulting in high inventories. The average inventory of the
proposed policy is almost the same as the annual demand. Item 399.001521 has
a high lead time resulting in a high reorder point. However, the (start) reorder
point is 150 units more than the expected demand. This means that the safety
stock is 150 units, which is very large. The high safety stock is due to the high
standard deviation of the forecast error. The safety stock is calculated by mul-
tiplying the safety factor and the standard deviation of the forecast error (see
Equation 34). The safety factor is approximately 4 because of the service level
of 97%. The realized demand in the simulation is smaller (802 units) than the
demand a year before (1102 units). But the demand forecast showed a positive
trend, because the end parameters are higher than the start parameters. Al-
though eleven items have a negative performance with the proposed policy, the
policy can decrease the total inventory value with € 6043.

The results of the holding and ordering cost for the AY-items can be found
in Appendix A.18.2. For 8 items, these costs have increased. For most items,
this is due to the high(er) holding cost. As can be seen in Table 5.4, with the
proposed policy, the total cycle inventory cost for the AY-items can be decreased
with €1660. Overall, both the holding and the ordering cost decrease with the
proposed policy, as can be seen in Table 5.9.

5.4.3 AZ-items

For the AZ-items, a dynamic and static policy of the (s,Q)-policy are performed
and the results are in Appendix A.17.3. Both policies have four items with neg-
ative performance. When we use the inventory value as measure, the dynamic
policy is better. However, this policy has more stockouts. Remarkable is that in
the static policy, 41 orders are placed for item 350.002469. This means that it is
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Table 5.8: AY-items with highest increase in inventory value

Item number 399.001521  399.002428
Inventory control policy (Sk,S) (sk,S)
Start reorder point 507 100
Start order-up-to-level 531 208
End reorder point 755 125
End order-up-to-level 779 234
Average inventory level proposed policy | 259 160
Average inventory level current policy 199 83
Difference in inventory value -€1762 -€2013
Number of stockouts 3 0
Number of orders placed 12 2
Realized annual demand 802 180
Annual demand (2018) 1102 165
Lead time (weeks) 18 5
Expected demand (L) 346 37
Stdev forecast error 40 16

Table 5.9: Cycle inventory cost AY-items

Holding cost proposed policy € 9556
Ordering cost proposed policy €1330
Total inventory cost proposed policy | € 10886
Holding cost current policy € 10885
Ordering cost current policy €1660
Total inventory cost current policy €12545

purchased almost every week (only 12 weeks without an order). The proposed
policy works best for item 399.002741. It shows a big improvement in inventory
value and zero stockouts, in both the static and dynamic policy. The proposed
policy improves the total inventory value with € 6651 for the dynamic policy
and €2799 for the static policy. The item with the best performance and the
item with the worst performance can be found in Tables 5.10 and 5.11 for the
static and dynamic policy respectively. Item 399.000063 has the worst perfor-
mance, with an increase in inventory value of € 2427 and € 2204 for the static
and dynamic policies respectively. The reorder points of this item are high rela-
tively high compared to the expected demand. The difference in inventory level
for the proposed and current policy is small, only seven units for both policies.
This means that the item is very expensive, approximately € 350.

The results for the total annual cycle-inventory and ordering cost for the AZ-
items can be found in Appendix A.18.3. For the static policy, 5 out of 11 items
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Table 5.10: Important results AZ-items static

Item number

399.000063  399.002741

Inventory control policy

Reorder point

Order-up-to-level

Average inventory level proposed policy
Average inventory level current policy
Difference in inventory value (euro)
Number of stockouts

Number of orders placed

Realized annual demand

Annual demand (2018)

Lead time (weeks)

Expected demand (L)

Variance demand (L)

Expected undershoot

Variance undershoot

5)
11

25

14

7
-2427

w = oW

=)
37
31
27
40
3135
0

3

20
10

4

14

1

7

17

Table 5.11: Important results AZ-items dynamic

Item number

399.000063  399.002741

Inventory control policy

Start reorder point

Start order-up-to-level

End reorder point

End order-up-to-level

Average inventory level proposed policy
Average inventory level current policy
Difference in inventory value

# out of stock

# orders

Realized annual demand

Annual demand (2018)

Lead time

Expected demand (L)

Stdev forecast error

(Sk,S)

9

24

9

24

14

7
-€2204

12
12

(Sk,s)
14

15

22

23

15

40
€6073
0

9

20

10

4

14

0
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have an increase in holding and ordering costs. The static policy can reduce
these costs with € 196. The ordering costs are doubled with the proposed policy.
The holding costs decreased with €616. For the dynamic policy, 4 out of 11
items show an increase in holding and ordering costs. This policy can reduce




the costs with € 1323. In Table 5.12, the total holding and ordering costs of the
AZ-items can be found. For both proposed policies, the ordering costs increased
a bit. However, the holding cost showed a larger decrease causing the annual
cycle-inventory and ordering cost to decrease.

Table 5.12: Cycle inventory cost AZ-items

AZ-static AZ-dynamic
Holding cost proposed policy €4196 € 3349
Ordering cost proposed policy €770 €490
Total inventory cost proposed policy | € 4966 € 3839
Holding cost current policy €4812 €4812
Ordering cost current policy €350 €350
Total inventory cost current policy €5162 €5162

5.4.4 BX-items

As discussed in Section 4.4, the BX-items have the (R,S)-policy. The results
of this policy can be found in Appendix A.17.4. From the 15 BX-items, the
inventory value of 8 items increased. The proposed policy increases the total
inventory value of the BX-items with €4276. The results of the four most inter-
esting items can be found in Table 5.13. The first two items, item 350.000176
and item 350.001374, show a lot of stockouts. So, either the review period
should be lower or the order-up-to-level should be higher. The review period
depends on the order quantity, so when the order quantity is lower, the review
period will also be lower. The order-up-to-level depends on the forecast. The
order-up-to-level is already high because of the high variance of demand. The
proposed policy increased the inventory value of the items in the two righmost
columns of Table 5.13. To inventory level of the proposed policy is for both
items approximately four times the inventory level of the current policy. For
item 399.001968, the realized annual demand for 2019 is 68 units, which is way
lower than the 3120 units in 2018. For item 399.002483, only one order is placed
during the simulation, but this order is placed in the first week. The order-up-
to-level of this item is very high because the expectation and variance of the
demand forecast are very high.

The results of the total annual cycle-inventory and ordering cost for the BX-
items can be found in Appendix A.18.4. The proposed policy will increase
the holding and ordering cost with € 1019 because 9 out of 15 items have an
increase. As can be seen from Table 5.14, the highest increase is due to the
holding cost. The holding cost of the current policy is € 1369, the holding cost
with the proposed policy is €2738. The increase in holding costs was expected
due to the increase in inventory value. The ordering cost decreased with € 350
when using the proposed policy. Unfortunately, this does not compensate for
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Table 5.13: Results interesting BX-items

Item number 350.000176  350.001374  399.001968  399.002483
Inventory control (R,S) (R,S) (R,S) (R,S)
Review period (weeks) 21 12 8 7
Order-up-to-level 1266 930 123 63325
Average inventory level proposed policy | 876 770 110 45860
Average inventory level current policy 3122 1146 26 10283
Difference in inventory value €281 €132 -€1341 €889
Number of stockouts 25 18 0 0
Number of orders placed 3 2 6 1
Realized annual demand (2019) 5590 2720 68 32100
Annual demand (2018) 5650 3120 3120 28800
Lead time (weeks) 0 7 7 1
Expected demand (R+L) 1099 930 105 56864
Variance demand (R+L) 1724 0 21 2593016
Table 5.14: Cycle inventory cost BX-items

Holding cost proposed policy €2738

Ordering cost proposed policy €330

Total inventory cost proposed policy | € 3068

Holding cost current policy € 1369

Ordering cost current policy €680

Total inventory cost current policy €2049

the high holding cost.

5.4.5 BY-items

The results of the proposed policy can be found in Appendix A.17.5. From the
54 BY-items, 9 have a negative performance. Furthermore, 18 items have some
stockouts. Most of the items have a couple of stockouts. Of them, 6 items show
stockouts in more than 10 weeks. The item with the worst performance and the
item with the best performance can be found in Table 5.15. When the proposed
policy is implemented, the total inventory value of the BY-items can be reduced
by € 6031.

In Appendix A.18.5, the total annual cycle-inventory and ordering cost for each
BY-item can be found. The holding and ordering cost of 18 out of 54 items are
higher with the proposed policy. For 4 items, this is due to higher holding costs.
8 items have higher ordering costs as reason. 6 items have higher holding and
ordering costs. From Table 5.16 shows that the holding costs are reduced with
€ 1279 and the ordering costs with € 300. So in total, the proposed policy can
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Table 5.15: Results interesting BY-items

Item number 315.000563  350.000735
Inventory control policy (sk,Q) (sk,Q)
Start reorder point 0 276
Order quantity 32 255
End reorder point 0 261
Average inventory level proposed policy | 159 492
Average inventory level current policy 64 1030
Difference in inventory value -€445 €592
Number of stockouts 12 0
Number of orders placed 1 2
Realized annual demand (2019) 260 1023
Annual demand (2018) 260 934
Lead time (weeks) 12 0
Forecast lead time 0 15
Stdev forecast error 0 76

reduce the total annual cycle-inventory and ordering cost with € 1579 for the
BY-items.

Table 5.16: Cycle inventory cost BY-items

Holding cost proposed policy €4315
Ordering cost proposed policy € 1830
Total inventory cost proposed policy | € 6145
Holding cost current policy €5594
Ordering cost current policy €2130
Total inventory cost current policy €7724

5.4.6 BZ-items

For the BZ-items, the static and dynamic policies are simulated to see which
one performs better. In Appendix A.17.6, the results of both policies can be
found. Both policies perform well when the inventory value is the measurement.
For the dynamic policy, 2 out of 27 have a negative improvement. For the static
policy, this is 0 out of 27 items. For both policies, seven items have a lot of
stockouts (more than 40 weeks). So the reorder point for these items is way to
low. In Table 5.17, the two items with the highest improvement with the static
policy are shown. In Table 5.18, the items with a negative performance and the
item with the best performance with the dynamic policy are shown. The total
inventory value can be reduced by € 5829 for the static policy and €4768 for
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the dynamic policy.

Table 5.17: Results interesting BZ-items static

Item number 335.000409  365.000008
Inventory control policy (s,Q) (s,Q)
Reorder point 1049 2
Economic order quantity 1044 10
Average inventory level proposed policy | 1584 10
Average inventory level current policy 7283 53
Difference in inventory value €1140 €887
Number of stockouts 0 0
Number of orders placed 2 1
Realized annual demand (2019) 5200 20
Annual demand (2018) 4000 19
Lead time (weeks) 6 3
Expected demand (L) 951 2
Variance demand (L) 670 0

Table 5.18: Results interesting BZ-items dynamic

Item number 315.001444 365.000008 399.002423
Inventory control policy (sk,Q) (sk,Q) (sk,Q)
Start reorder point 628 2 200
Economic order quantity 1154 10 422
End reorder point 714 3 229
Average inventory level proposed policy | 1111 10 424
Average inventory level current policy 936 53 209
Difference in inventory value €28 €887 -€86
Number of stockouts 0 0 0
Number of orders placed 3 1 3
Realized annual demand (2019) 3748 20 1253
Annual demand (2018) 3748 19 1253
Lead time (weeks) 0 3 0
Expected demand (L) 111 2 37
Stdev forecast error 150 0 47

The results for the total annual cycle-inventory and ordering cost of the BZ-
items can be found in Appendix A.18.6. 15 of the 27 items have higher holding
and ordering costs with the proposed policy. In total, the static policy increases
these costs with € 2854 for the BZ-items. The ordering cost of the current policy

73




is € 820, the proposed policy has an ordering cost of € 4930. This is a significant
increase. The holding costs, however, are decreased with € 1256. The dynamic
policy also has 15 items with higher holding and ordering costs. The total
holding and ordering costs are even higher than the static policy, namely an
increase of €3257. The ordering costs are €5100. The corresponding holding
costs are € 1987, which is a decrease of € 1023. After analyzing why the ordering
costs are this high, we found out that the EOQ is for some items 0 because the
demand for those items was 0 in 2018. The order quantity became 1 or larger
because the MOQ is at least 1. So for these items, every time the inventory
position drops to or below the reorder point, only one unit was ordered.

Table 5.19: Cycle inventory cost BZ-items

BZ-static BZ-dynamic
Holding cost proposed policy €1754 €1987
Ordering cost proposed policy €4930 €5100
Total inventory cost proposed policy | € 6684 € 7087
Holding cost current policy €3010 € 3010
Ordering cost current policy €820 €820
Total inventory cost current policy € 3830 € 3830

5.4.7 CX-items

All CX-items are simulated with the (s,Q)-policy. 22 out of 64 items have an
increase in inventory value and the total inventory value increases with € 1014
with the proposed policy. This is mainly due to the items 399.001221 and
365.000357. The results of these items can be found in Table 5.20. The items
have an increase in inventory value of € 466 and € 1111 respectively. Both items
have no demand during the simulation, but an order is placed for both. With
the current policy, no order is placed. All other items have a small positive or
negative improvement between €0 and € 100.

In Appendix A.18.7, the results for the annual cycle-inventory and ordering
cost of the CX-items can be found. 12 out of 64 items have higher annual cycle-
inventory and ordering cost with the proposed policy. Only two of them have
a higher increase than €20. From Table 5.21 we see that the holding cost are
increased but the ordering has decreased. In total, the policy can reduce the
total annual cycle-inventory and ordering cost of the CX-items with € 951.

5.4.8 CY-items

The results of the proposed policy for the CY-items can be found in Appendix
A.17.8. The inventory value of 65 items (out of 180) increased. With the pro-
posed policy, the total inventory value can be reduced with € 3966. Most items
have (almost) no stockout, but item 399.000266 has in 23 weeks a stockout. The
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Table 5.20: Results interesting CX-items

Item number 365.000357  399.001221
Inventory control policy (s,Q) (s,Q)
Reorder point 22 18
Order quantity 58 10
Average inventory level proposed policy | 63 21
Average inventory level current policy 12 12
Difference in inventory value -€1111 -€ 466
Number of stockouts 0 0
Number of orders placed 1 1
Realized annual demand (2019) 0 0
Annual demand (2018) 114 114
Lead Time 5 4
Expected demand (L) 17 11
Variance demand (L) 1 3

Table 5.21: Cycle inventory cost CX-items

Holding cost proposed policy €1109
Ordering cost proposed policy €400
Total inventory cost proposed policy | € 1509
Holding cost current policy €860
Ordering cost current policy € 1600
Total inventory cost current policy € 2460

reason for the stockouts is that the order sizes are larger than the order quan-
tity (Q). Item 340.000137 has the highest reduction in inventory value (€ 445)
because the item has no demand and therefore the proposed average demand is
zero.

The results of the holding and ordering cost can be found in Appendix A.18.8
for each CY-item. From the 180 CY-items, 44 items have higher holding and
ordering costs. Table 5.23 shows that the holding and ordering costs are lower
with the proposed policy. The total cost can be reduced by € 2933.

5.4.9 CZ-items

The proposed policies for the CZ-items work well, which can be seen in Appendix
A.17.9. The inventory value of 41 out of 274 items for the dynamic policy and 42
out of 274 items for the static policy have a higher inventory value. Most items
have a small difference in inventory value. The total inventory value can be
reduced with € 9489 and € 9691 for the dynamic and static policy respectively.

()



Table 5.22: Results interesting CY-items

Item number 340.000137  375.000295  399.002150
Inventory control policy (s,Q) (s,Q) (5,Q)
Reorder point 0 20 69
Order quantity 59 2634 1828
Average inventory level proposed policy | 0 2520 1142
Average inventory level current policy 156 14816 430
Difference in inventory value €445 €235 -€70
Number of stockouts 0 0 0
Number of orders placed 0 1 1
Realized annual demand (2019) 0 12349 660
Annual demand (2018) 0 14316 660
Lead Time (weeks) 1 0 0
Expected demand (L) 0 1 26
Variance demand (L) 0 26 134

Table 5.23: Cycle inventory cost CY-items

Holding cost proposed policy € 2398
Ordering cost proposed policy € 1540
Total inventory cost proposed policy | € 3938
Holding cost current policy €3111
Ordering cost current policy € 3760
Total inventory cost current policy €6871

There are, however, items with high stockout rates (more than 30 weeks).

In Table 5.25, the item with the worst improvement and two items with very
good performance with the dynamic policy are shown. Item 335.000411 has the
worst improvement, i.e. highest increase in inventory value. However, this in-
crease is € 155, which is relatively low. Item 345.000327 has an inventory value
decrease of €597. No order is placed because the item has no demand in 2019.
However, with the current policy, two orders are placed resulting in a higher
inventory level. Item 350.001279 has a lot of stockouts, namely in 36 weeks.
The results of the same items with the static policy can be found in Table 5.24.

With both proposed policies, the total annual cycle-inventory and ordering costs
are increased by approximately € 10,000. This is due to the high ordering cost.
As mentioned in Section 5.4.6, some items have an EOQ of 0. For these items,
the order size is always 1 which is way to low for the items, especially C-items.
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Table 5.24: Results interesting CZ-items static

Item number 335.000411  345.000327 350.001279
Inventory control policy (s,Q) (s,Q) (5,Q)
Reorder point 1671 1 4
Order quantity 2113 24 1
Average inventory level proposed policy | 2219 11 7
Average inventory level current policy 800 27 31
Difference in inventory value €155 €597 €44
Number of stockouts 0 0 36
Number of orders placed 1 0 38
Realized annual demand (2019) 0 0 47
Annual demand (2018) 1750 0 134
Lead time (weeks) 6 1 3
Expected demand (L) 1176 1 3
Variance demand (L) 20524 0 0
Table 5.25: Results interesting CZ-items dynamic
Item number 335.000411  345.000327  350.001279
Inventory control policy (sk,Q) (sx,Q) (sk,Q)
Start reorder point 873 1 3
Order quantity 2113 24 1
End reorder point 2159 1 5
Average inventory level proposed policy | 2219 11 7
Average inventory level current policy 800 27 31
Difference in inventory value €155 €597 €45
Number of stockouts 0 0 36
Number of orders placed 1 0 38
Realized annual demand (2019) 0 0 47
Annual demand (2018) 1750 0 134
Lead time (weeks) 6 1 3
Expected demand (L) 845 1 3
Stdev forecast error 8 0 0

5.5 Model test

The proposed model should be tested to see if the results are realistic and if the
model is robust to changes. In Section 5.5.1, the proposed model is verified and
validated. A sensitivity analysis is performed in Section 5.5.2.
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Table 5.26: Cycle inventory cost CZ-items

CZ-static CZ-dynamic
Holding cost proposed policy €6475 € 6520
Ordering cost proposed policy €12630 € 13350
Total inventory cost proposed policy | €19105 € 19870
Holding cost current policy €7484 € 7485
Ordering cost current policy €1930 €1930
Total inventory cost current policy €9414 €9414

5.5.1 Verification & validation

In this section, the simulation study is verified and validated to check whether
it is realistic and representative for the current situation. Verification is used
to ensure that the proposed model is correctly implemented with respect to the
conceptual model. Validation is used to ensure that the model represents the
reality accurately (Law et al. (2000)).

Verification

To verify the proposed model, the model needs to be checked if it meets all
requirements. To do so, we will check if the MOQ is used correctly, the forecast
is non-negative, and whether the orders are placed in the right period.

To determine the order quantity, the MOQ needs to be taken into account. The
MOQ is the minimum quantity which can be ordered. The EOQ is used as
the order quantity for most items. However, when the EOQ is smaller than
the MOQ), the order quantity is equal to the MOQ. So, the MOQ is taken into
account in the proposed model.

To determine the control parameters, the demand forecast was used. To get
non-negative control parameters, the forecast also needs to be non-negative.
This was not the case at first. For this reason, the negative demand forecast
was set to zero. After this transformation, all control parameters were non-
negative (See Appendix A.14).

To check whether the simulation works correctly, we need to check if the orders
are placed on the correct moment and if the order size is of the right size. A
small part of the simulation of item 399.002455 can be found in Figure 5.1. The
item has an (R,s,S)-policy with a one week review period, the reorder point
is equal to 143 units and the order-up-to-level is 286 units (both rounded to
integers). When we look at Figure 5.1, we see that the inventory position is
lower than the reorder point in the second week and an order is placed this
week. The size of the order is the difference between the order-up-to-level and
the inventory position. So, the simulation works properly.
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Validation

To validate the proposed model, the control parameters should be validated.
Unfortunately, no control parameters are used in the current situation. So we
can not compare these. To validate the control parameters, the average inven-
tory levels of the current and proposed policy are compared.

The goal of this research was to decrease the inventory values. Most of the time,
the inventory values of the proposed policy are smaller than the inventory levels
of the current policy. Unfortunately, the dimensions of the items are unknown.
So we cannot say with certainty that the items fit in the warehouse. However,
when we look at Table 5.27, we see that with the proposed model fewer items
are in stock. We assume that the A-items need the most space per item be-
cause those are the most expensive items. All A categories have lower total
inventories with the proposed model. The BX-, CX- and CX-items have more
items in stock with the proposed model than with the current model. However,
overall the proposed model has lower inventories, so we assume that it fits in the
warehouse. Furthermore, as mentioned in Section 1.4, this research is initiated
because of the high inventory value and not because the inventories do not fit
in the warehouse.

The simulation is made realistic by using real data from the previous year instead
of probability distributions. The starting inventory value of 31 March 2019 is
used, since the first data point of the simulation is 1 April 2019. Furthermore,
the demand data of April 2019 till March 2020 is used.

Table 5.27: Total units in inventory

Category | Proposed policy Current policy
AX 40098 107329
AY 8107 18145
AZ 4754 6638
BX 135640 55616
BY 129721 145647
BZ 9454 17320
CX 200967 183563
CY 281649 232452
CZ 248476 423177

Total 929145 1189887

5.5.2 Sensitivity analysis

The proposed model should be robust enough to withstand changes. To check
if the model is indeed robust, changes are made to check whether the results
changes a lot. Below, the results of these changes are outlined.
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Change start value for inventory

The results in Section 5.4 are obtained by performing a simulation. For this
simulation, a starting value for the inventory was needed. Real data was used
as starting value. However, the inventory is probably higher than required. An-
other simulation is performed with other starting values for the inventory, to
see what the impact on the results is. In Table 5.28, the results are given with
a starting inventory of zero.

Table 5.28: Total change in inventory value start inventory 0

Inventory value Mean stockout
Category . .
improvement in days
AX-items €1104 9.12
AY-items €10205 5.08
AZ-items | €12265 (static) €8713 (dynamic) 6.81 (static) 5.72 (dynamic)
BX-items -€1909 11.33
BY-items €10296 5.30
BZ-items | €11094 (static) €10074 dynamic  19.70 (static) 19.37 (dynamic)
CX-items -€850 0.65
CY-items €5661 1.33
CZ-items | €16550 (static) €16457 (dynamic)  5.58 (static) 5.54 (dynamic)
Total €64416

The proposed policy works even better when the starting inventory is equal
to zero. However, this is not completely fair because the starting value of the
current policy still has a high value.

Change cycle service level

For the different classification categories, different service levels are used. How-
ever, the service levels of the current policy are unknown. So the simulation is
performed again, but with a service level of 9% and another simulation with a
service level of 80% for all items. In Tables 5.29 and 5.30, results are shown if
all service levels were 99% and 80% respectively.

As expected, the inventory values increase in comparison with the results in
Section 5.4.1. The inventory value will increase with approximately € 20,000 in
comparison with the current situation. A service level of 99% does not work
well for the CY-items, because the inventory value will increase with more than
€60000. The service level has a high impact on the CY-items.

An 80% service level performs well. The inventory value can be reduced with
almost € 50,000, while the inventory value can be reduced with approximately
€ 25,000 when using the service levels from Table 5.1. A lower service level
means a lower safety stock. A lower safety stock results in fewer inventories
s0 it is no surprise that an 80% service level has a lower total inventory value.
However, a lower safety stock means more stockouts, which is a disadvantage.
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Table 5.29: Total change in inventory value CSL 99%

Inventory Mean
Category yalue §tock0ut
improvement in days
(CSL 99%) (CSL 99%)
AX-items -€638 5.08
AY-items € 5838 2.28
AZ-items | €9303 (static) €6588 (dynamic) 4.18 (static) 3.81 (dynamic)
BX-items -€4294 4
BY-items €5201 2.67
BZ-items €5809 (static) €4726 dynamic  16.78 (static) 16.22 (dynamic)
CX-items -€1014 0.28
CY-items -€61713 7.62
CZ-items | €10051 (static) €9824 (dynamic) 3.69 (static 3.66 (dynamic)
Total -€19867

Table 5.30: Total change in inventory value CSL 80%

Inventory Mean
Category yalue §tockout
improvement in days
(CSL 80%) (CSL 80%)
AX-items €4227 5.4
AY-items €7893 3.24
AZ-items | €9500 (static) € 7041 (dynamic) 4.18 (static) 4 (dynamic)
BX-items -€4151 4.07
BY-items €6031 2.70
BZ-items €5839 (static) €4768 dynamic 16.78 (static) 16.22 (dynamic)
CX-items -€£1014 0.29
CY-items €4012 0.91
CZ-items | €15846 (static) € 15640 (dynamic) 4 (static) 4 (dynamic)
Total €48183

Static policy for Y-items

From Table 5.3, we see that the static policy works in most cases better for the
Z-items than the dynamic policy. Therefore, it would be good to investigate
how static policies perform for the Y-items. As the CY-items already have a
static policy, only the AY-items and BY-items need to be tested. The results
can be found in Table 5.31.

When we compare the improvement in inventory value with the results of the
dynamic policy, we can conclude that the static policy performs better. When

81




Table 5.31: Static policy Y-items

Category | Policy Improvement inventory value Mean stockout
AY (s,S) €17796 5.56
BY (s,Q) €9952 5.94

the dynamic policy is only used for the AZ-items and the static policy is used for
all other items, the proposed policy can reduce the inventory value with almost
€50,000. This is 20% of the total inventory value.

Policy selection per item

In Section 3.1 was decided that the items are classified to choose an inventory
control policy for each class. However, it may be better to determine the optimal
policy per item by doing trial-and-error. For the AX-, BX-, CX-, and BZ-items,
the simulation is performed with trial-and-error. All policies are simulated for
each item and the policy with the best performance (i.e., lowest inventory value)
is selected per item.

In Table 5.32, the improvement in inventory value and the best performing in-
ventory control policy are shown. Remarkable is that for only 2 of the 25 items
th chosen inventory control policy was equal to the selected policy in Section 4.4.
Selecting the best performing policy can reduce the total inventory value of the
AX-items with € 4313. When the (R,s,S)-policy is selected for all AX-items, the
inventory value will increase with € 319 (see Table 5.3). The average number of
weeks of stockout is somewhat higher when the best policy is selected (accord-
ing to the inventory value). The average number of weeks of stockout for the
(R,s,S)-policy is 5.08 weeks, for the best selected policy this is 7,76 weeks. The
results for the BY-items can be found in Appendix A.19. The total improve-
ment in inventory value is € 18120 compared with the current situation with an
average stockout of 6,91 weeks. The (si,Q)-policy selected in Section 4.4 has a
inventory value improvement of € 6031 compared to the current situation and
3 weeks stockout.

Selecting an inventory control policy per item is also tested for the BX- and
CX-items, since those are the categories with a negative performance. For the
BX-items, the (R,S)-policy selected in Section 3.2.2 is for 2 of the 15 items the
best policy. For two other items, the (s,S)-policy performs the best. For 8 items,
the (s,Q)-policy is the best fit. For the other three items, all policies perform
the same, so there is no preference there. Choosing a policy per item can re-
duce the inventory value with € 1205, instead of an increase of € 4276 when
selecting a policy per category. For the CX-items, the selected (s,Q)-policy is
for 25 of the 64 items the best policy. The (R,S)-policy is for 11 items the best
performing policy. 2 items perform best with the (R,s,S)-policy. The remaining
26 items perform equal for all policies. Choosing a policy per item increases the
inventory value with €859, instead of an increase of €1014 when selecting a
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Table 5.32: Results AX-items best policy selection

Item number | Improvement (euro) Best inventory control policy
395.000226 293 (R,s,S)
365.000029 412 (R,s,9)
345.000163 270 (R,9)
399.001703 423 (R,S)
399.001705 160 (R,9)
395.000384 3974 (R,S)
335.000692 385 (s,Q)
370.000206 703 (s,Q)
365.000334 -1739 (R,S)
335.000761 -3312 (s,Q)
399.001967 564 (s,Q)
399.002383 -11226 (s,Q)
315.000062 849 (R,9)
399.002455 1286 (s,Q)
399.002456 2441 (s,Q)
399.002457 832 (R,9)
399.002461 2175 (s,Q)
399.002462 2704 (s,Q)
399.002463 259 (R,S)
399.002464 76 (s,Q)
399.002465 231 (s,Q)
399.002467 401 (R,S)
399.002468 547 (R,9)
399.002470 1521 (R,9)
399.002471 86 (R,S)

policy per category.

For comparison, the BZ-items are also tested to see whether the selected (s,Q)
policy performs best for most items. For 17 of the 27 items, the (s,Q)-policy
performs best. For 3 items, the (R,S)-policy works better than the other poli-
cies. For the remaining 7 items, all policies perform equally. Selecting a policy
per item can reduce the inventory value with €6065. Selecting a policy per
category reduces the inventory value with € 5829.
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Selecting the policy per item works for all tested categories better than select-
ing the policy per category. For the AX-, BX, and CX-items, it often occurred
that a policy other than the selected one performed best. For the BZ-items,
the selected policy almost always performed best. For all items, it is better
to try all policies and select the best performing policy. However, selecting
the best policy is time-consuming because four policies needs to be simulated
and the best policy need to be selected. A trade-off needs to be made to deter-
mine whether it is beneficial to select the best policy or use a pre-selected policy.

5.6 Implementation

The proposed model is designed in Excel. The model determines the control
parameters for a given inventory control policy. Besides the control parameters,
the model can determine what policy is most applicable in terms of inventory
value. Purchasing is done in the ERP-system Hortec uses. In this system,
the characteristics of all items are stored. The inventory control policy and
corresponding control parameters can be added to this list.

5.7 Conclusion

Which raw material inventory control policy is most suitable for each classifica-
tion category?

A simulation is performed in Section 5.4 with dynamic policies for the Y-items.
For the Z-items, both the static and dynamic policies were simulated. The AZ-
items have lower inventory values when using the dynamic policy. The static
policy performed better for the BZ- and CZ-items. This was the reason that in
Section 5.5.2 a simulation for the Y-items was performed using a static policy.
The static policies showed better results than the dynamic policies. The best
policies are shown in Table 5.33.

Table 5.33: Best policy for each category

| X Y 7z
Al (Rs,S) (8,5 (sk,9)
Bl RS Q) (sQ)
Cl Q) (Q (sQ)

In the sensitivity analysis in Section 5.5.2, a trial-and-error simulation was per-
formed to see if the best policies were selected. The simulation showed better
performances according to the inventory value than the policies in Table 5.33.
This means that, when using the inventory value as accuracy measure, it is
probably better to select the policy per item instead of per classification cate-
gory. However, this is more time-consuming so a trade-off needs to be made.
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How is the performance of the proposed policy in comparison with the current
policy?

The raw materials inventory value for the annual orders of the current policy
is approximately € 250,000. The proposed policy performs well in comparison
with the current policy. The inventory value can be reduced with approximately
€ 42,000, which is a reduction of 15%. The total annual cycle-inventory and or-
dering cost can be reduced by approximately € 6000. However, it is hard to
compare the proposed policy with the current, because assumptions needed to
be made. For example, we approximated the service levels, while in the current
policy no service levels are used (and known). In addition, data of the current
situation was used, such as the start value for the inventory. This can give a
somewhat unrealistic performance.

How can the designed simulation study be verified and validated?

The designed simulation study needs to be verified and validated to check
whether it is realistic and representative of the current situation. A model
can be verified if it meets all requirements. The simulation study designed dur-
ing this research is verified by checking whether the MOQ is used correctly, the
forecast is non-negative, and the orders are placed in the right period. A model
can be validated when it is an accurate representation of the real world. The
simulation study is validated by comparing the inventory levels of the current
policy with the inventory levels of the proposed policy.

Is the proposed policy close to reality and does it take all restrictions into ac-
count?

To make the simulation as realistic as possible, actual data such as demand and
inventory data are used. The items can be stocked in the warehouse because
most inventory levels are lower with the proposed policy than with the current
policy. The MOQ is taken into account during the simulation because ordering
a lower quantity is not possible.

How robust is the proposed policy?

To check how the proposed policy reacts to changes, multiple modifications are
done. The start value for the inventory level is changed to zero, which resulted
in an improvement of inventory value of almost €65,000. The cycle service
levels are changed. First, all service levels are set to 99%. A cycle service level
of 99% increased the inventory value. After that, a cycle service level of 80%
for all items was used. This resulted in a decrease in inventory value since the
safety stock is lower with a lower CSL.

How can the inventory control policy be implemented within Hortec so that it
can be used efficiently?

Hortec uses the ERP system Isah where the characteristics of all items can be
found. The inventory control policy and corresponding parameters can be added
to these characteristics. The purchaser can use this information to make more
thoughtful decisions.
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6 Conclusions & recommendations

This final chapter concludes the research. The main research question will
be answered in Section 6.1. The research questions per chapter will also be
elaborated. In Section 6.3, some recommendations are provided.

6.1 Conclusion

The assignment of this thesis was initiated because the management of Hortec
experienced a high inventory value and they were curious whether they can
reduce this and how. The main research question attempted to answer during
this study was:

How to control the raw materials inventory within Hortec to reduce
the tnventory value while satisfying the service level?

To control the inventory of the raw materials, inventory control policies can
be used. With the use of these policies, clear decisions about when and how
much to order can be made instead of decisions from experience. In this thesis,
items are classified according to the ABC-XYZ classification and inventory con-
trol policies are chosen per classification category. The proposed policy shows
promising results considering the inventory value. It is also possible to choose
an inventory control policy per item, which may result in a better performance
but it is time-consuming. Therefore, a trade-off needs to be made. Below, the
research questions per chapter are answered.

What is the current production-inventory strategy and the corresponding perfor-
mance of Hortec?

Within Hortec, both the MTS- and MTO-strategies are used. The MTO-
strategy is used for first production runs and general orders. For the annual
orders, the MTS-strategy is applied. Currently, Hortec does not use a specific
classification method or inventory control policy. They take some characteris-
tics per item into account. The most important characteristics are the demand
and value of the items. The purchase and planning departments have some
built-in buffers of a couple of weeks, which results in higher inventories for raw
materials and/or work-in-progress. In total, Hortec has an inventory value of
more than € 1,000,000. Most of the inventory are raw materials (approximately
€723,000). The inventory values can be found in Table 6.1. The inventory value
of the WIP is also distributed over the raw materials, semi-finished products,
and end products.
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Table 6.1: Inventory values

Total €1,075,000
Raw materials € 723,000
Semi-finished products € 216,000
End products € 135,000
(work-in-progess) € 200,000

What methods are suggested in the literature to reduce the inventory value?
Four (static) inventory control policies are suggested in the literature to reduce
inventories. These policies make sure that purchasing is done according to a
clear procedure were no experience is required. Besides static policies, dynamic
policies are described in the literature. When demand is non-stationary, it can
happen that static policies do not work as expected. The control parameters of
dynamic policies can differ between the periods of a cycle, whereas the control
parameters of static policies are the same in each period.

What is the most suitable inventory control policy for Hortec and how can it be
designed?

In total, 675 raw materials are investigated. The items are classified accord-
ing to a ABC-XYZ classification. An inventory control policy was chosen for
each classification class. For some items, multiple policies were simulated to
see which one performed better. The policies selected per class can be found in
Table 6.2.

Table 6.2: Policy of each category

\ X Y 7
A (Rs,S) (sk,S) (8,5 &
B (R.S) (5,Q)  (5,Q) & (51,Q)
Cl Q) (Q Q&

What is the effect and improvement of the proposed inventory control policy af-
ter implementation?

According to our simulation study, the inventory control policies in Table 6.3
are most suitable. Remarkable is that for only the AZ-items, the dynamic policy
better performs. This means that the non-stationary aspects such as trend and
seasonality do not have a great impact on the inventories.

With the inventory control policies from Table 6.3, the proposed policy can re-
duce the inventory with approximately € 42,000. The proposed policy does not
perform well for all items. A possible cause for negative performance of these
items is the demand forecast. The expected demand, and thus the safety stock,
is for some items higher than the annual demand. Another possible cause can
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Table 6.3: Best policy for each category

| X Y Z
Al Rs,S) (5,9 (sk,9)
B (RS) (sQ (sQ)
Cl Q (Q Q)

be the reduction in demand. The control parameters are calculated with help
of the data of 2018. During the simulation, these parameters were not updated.
For some items, the demand in 2019 is way less than the demand in 2018. The
changes in demand are not incorporated in the proposed policy. In the current
policy these changes in demand are incorporated.

6.2 Discussion

Although the proposed policy shows a better performance considering the in-
ventory value than the current policy, this research still contains some flaws.
Below, this will be elaborated.

The demand forecast is an input for the control parameters. When the demand
forecast is inaccurate, the control parameters are also inaccurate. Forecast ac-
curacy measures are used to check the accuracy of the demand forecast. The
results show some evidence that the demand forecast is not optimal. When the
demand forecast is optimized, the control parameters will be more accurate and
the policies will give a more realistic view.

Besides the demand forecast, the cycle service level is also an input for the con-
trol parameters. Unfortunately, the current cycle service levels are unknown, so
it is unknown whether the used cycle service levels are close to reality. Because
the used cycle service levels can differ from the current, the performances of the
proposed policy and the current policy are hard to compare.

To run the simulation. The inventory level needs a start value in the first pe-
riod. For this, the realized inventory level of April the first in 2019 is used. This
start value is probably larger than needed, because it is obtained by using the
current policy. Therefore, an analysis is done to see how the proposed policy
works when the start inventory level is zero. This analysis shows better results
in comparison when the realized inventory level is used. Because of this, the
proposed policy will show improving results when time proceeds.

In this research, inventory control policies are chosen per classification category.

However, although it can be time consuming, it may be better to choose an
inventory control policy per item. The results in this thesis are based on the
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chosen inventory control policies per classification category. When one chooses
the best policy per item, it may result in a better performance.

6.3 Recommendations

The goal of this research was to reduce the inventory value. Besides, the man-
agement of Hortec wanted a clear decision-making process for the purchasing
strategy. With the help of inventory control policies, both would be feasible. In
this section, recommendations formed during this research are explained.

Improve the demand forecast

During this research, the demand is forecasted to calculate the control param-
eters. However, forecasting the demand was hard because of the intermittent
demand. Because of the time-frame, the demand forecast is not optimal. This
can also be concluded from the results. The results showed that the proposed
policy did not always work well due to the demand forecast. Therefore, when
implementing inventory control policies, it would be helpful to improve the de-
mand forecast and take intermittent demand into account during the forecast.

Automize purchasing

As made clear in this thesis, purchasing is done manually and is very time-
consuming. Unfortunately, this research will not directly result in an automa-
tized purchasing strategy. However, it can help in the decision-making process.
Since purchasing will still take a lot of time, it can help to investigate whether
the current ERP-system can automatize purchasing. This can save a lot of time.
However, before the purchasing can be automated, a check must be done to see
whether the proposed policy performs better in practice than the current policy.

Investigate the can-order policy

A small part of the literature study is dedicated to the can-order policy. This
policy takes ”family-grouping” into account. When items are purchased at the
same supplier, it can be more beneficial to order more items although the reorder
point of some items is not yet reached. Due to the time-frame of this research,
the can-order policy was not investigated further. Since Hortec already tries to
purchase multiple items at the same time, this is interesting to consider.

Improve the production planning

Hortec currently makes decisions based on experience and gut feelings. Not only
the purchasing strategy but also the planning strategy is based on experience.
In fact, no operational planning is used within Hortec. A recommendation re-
sulting from this research is to realize an operational planning and improve the
tactical planning.
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Invest in more reliable data

A lot of data is stored in the ERP system. Unfortunately, most of the data is
not reliable enough to use in research. For example, each employee needs to
clock themselves in and out when they are working on a production order. In
this way, the working hours are known. However, clocking is not always done
correctly which results in unreliable data that can not be used. A way to make
clocking more likeable is to purchase scanners.
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Appendices
A.1 Problem bundle

Flanning uses 2

Annual orders with Customer changes weeks buffer before
uncertainty delivery date and 1 week after
production
.| Planning changes
"l multiple times
k.
. | Safety stockbased |
No demand forecast * ™ on experience .
Raw materials |
™ longeronstock | MoQ
Non-stationary
demand due to trend
and seasonality
Current inventory A y
control policy is not ||
robust to non- Highinventory | Excess inventory
stationary demand
No dynamic inventory 3 A

control policy

More WIP than
needed

A

Production steps not
properly aligned

T

Some production
steps have & fixed
lead time of (at least)
one day

Baich size differs per
production stage

1

Long changeover
times at SMD stage
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A.2 Status descriptions

’ Status \ Status Description
10 New production file
11 Work preparation - new product check
13 Work preparation - work description
20 Warehouse - to pick conventional
21 Warehouse - to pick SMD
24 In pick
25 Warehouse - picked conv. incomplete
27 Warehouse - pick external production complete
29 Warehouse - picked conv. complete
30 RMA
31 IMA
38 Production - SMD incomplete
40 Production - conv. incomplete
41 Production - SMD complete
42 Production - conv. complete
43 Production - AOI
44 Production - External
45 Production - final test
47 Quality - visual test
50 Development
60 Warehouse - finalize and clean up
80 Work preparation - recalculation
90 Recalculation
95 History

A.3 Orders ready on time SMT-production

2016 SMD
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
59%  33% 39% 10% 43% 62% 35% 15% 27% 31% 29% 3%
2017 SMD
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
32% 48% 26% 28% 50% 20% 38% 50% 40% 15% 41% 69%

97




2018 SMD

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
53% 50% 48% 23% 68% 30% 38% 27% 68% 82% 2% 53%
2019 SMD
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
30% 48% 1% 4% 5%  25% 11% 11% 44% 14% 28% 62%

2020 SMD
Jan  Feb
25%  33%
A.4 Orders ready on time TH-production
2016 conv.

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
58% 32% 9% 16% 18% 2% 6% 5% 13% 16% 29% 33%
2017 conv.

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
1% 31% 18% 36% 2% 2% 52% 30% 46% 40% 49% 63%
2018 conv.

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

59% 68% 64% 80% 63% 88% 95% 96% 82% 100% 100% 97%
2019 conv.

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

3%  92% 92% 94% 81% 50% 26% TT% 8% 69% 54% 6%
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2020 conv.

Jan  Feb
35% 51%

A.5 Additional literature

Inventory-production models: make-to-stock vs make-to-order

As stated in Section 1.2, Hortec uses an MTO-policy. To know if this is indeed
applied within Hortec, the different between an MTS- and MTO-policy need to
be clear. In Figure A.1, a comparison is made between the characteristics of
MTS and MTO companies.

Make-to-stock (MTS)

A make-to-stock (MTS) product is produced and stored in the warehouse based
on its market demand forecast (Ghalehkhondabi and Suer (2018)), therefore it’s
most suitable in markets with predictable demand (Stevenson® et al. (2005)).
Within an MTS-policy, low customization is possible. This is because up to the
point the products are stocked, no customer preferences are taken into account
(Mihiotis (2014)). For MTS products, finished goods inventory (FGI) is held
(Arreola-Risa and DeCROIX (1998)). This FGI ensures that the products are
delivered fast, because (most of the time) they can be delivered from stock.
However, because of the FGI, the MTS-policy may lead to obsolete stock (Mi-
hiotis (2014)).

Make-to-order (MTO)

In a make-to-order (MTO) production, the trigger for creating a manufacturing
order is a customer’s order (Hopp and Spearman (2011) Lodding (2012) Suri
(1998)). Production begins when a customer’s order is received and confirmed
(Mihiotis (2014)). The advantage of an MTO system is that no inventory is
needed (Rajagopalan (2002)). However, this is at the same time also a dis-
advantage. Because there is no FGI (Arreola-Risa and DeCROIX (1998)), the
lead times are long(er) (Stevenson® et al. (2005)). Most of the time, MTO items
are items with lower demand and high product variation, and forecasting the
demand is not/hardly possible (Stevenson* et al. (2005)).

Costs considered in inventory management

Decisions in inventory management influence the corresponding cost. The goal
of inventory management is to reduce these costs as much as possible, but at the
same time have a good service level. Below, the considered costs are explained
(Axséter (2015)).

Holding costs
The holding costs are all the variable costs that are affected by the inventory
level. The largest part of the holding costs are opportunity costs for capital tied
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Table 1

A comparison of make-to-order and make-10-stock companies

Characteristic Make-to-stock Make-to-order
companies companies

Product mix  Many standard Few standard
products products

Resources Specialist machinery  Multi-task machinery
and workforce and Mexible workforce

Product Demand for standard Demand is volatile

demand products can be and can rarely be
forecast predicted

Capacity Based on forecast Based on receipt of

planning demand. Planned well customer orders.
in advance. Adjusted Cannot be planned far
later if necessary n advance

Product Unimportant to Vital for customer

lead times customer. Can be set  satisfaction. Agreed
internally with customer

Prices Fixed by the Agreed with customer
producer before production

commences

Figure A.1: MTO vs MTS (Hendry and Kingsman (1989))

up in inventory. Other parts of the holding costs are material handling, storage,
damage and obsolescence, insurance and taxes. The holding cost per unit and
time unit is often determined as a percentage of the unit value. This percentage
can vary per product.

Ordering costs

When items are purchased, most of the time various fixed costs are associated
with the replenishment. Think about transportation, material handling, costs
for order forms, and handling of invoices from the supplier. When combining
purchase orders, the ordering cost can be reduced.

Shortage costs

If an item is demanded and cannot be delivered due to a shortage, various costs
can occur. The customer may agree to wait, so the order is backlogged. When
this happens, often price discounts are incurred for late deliveries. Besides, there
are often extra costs for administration, material handling, and transportation.
Next to that, it is also possible that the customer goes to another supplier and
the sale is lost.
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A.7 Results ABC-analysis
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ABC-analyse

SKU

399.001521
399.002383
399.002462
335.000761
350.002075
399.002461
399.002456
350.002078
350.002076
395.000384
350.002077
399.002470
399.002455
365.000334
350.002089
399.002628
315.001070
399.002457
399.002524
399.001703
345.000317
399.002428
399.002670
350.002088
399.000063
399.001848
399.002467
315.000062
350.001298
365.000342
320.000069
399.002465
350.001485
399.002529

Unit price

29,45
253
4,1535
187
6,45
6,383
6,02
5,25
5,04
46,1
4,45
4,79
3,72
50,89
1,95
71,15
0,2863
1,15
19,54
3,0687
5,43
26,3
34,25
1,11
345,16
9,9
0,27
0,0127
1,4
13,55
0,58
0,674
1,99
17,9

Annual demand (2019) Annual value

1102
98
4803
98
2428
2400
2400
2445
2404
238,47
2463
2408
2406
98
3758
102
20439
4300
245
1560
799
165
125
3754
12
407
14400
304643,9
2515
252
S600
4801
1497
165

32453,90
25284,00
19949,26
18326,00
15660,60
15319,20
14448,00
12836,25
12116,16
10993,47
10960,35
10330,32
8950,32
8907,22
7328,10
7257,30
5851,69
5520,00
4787,30
4787,17
4378,52
4339,50
4281,25
4166,34
4141,92
4029,30
3333,00
3868,98
3521,00
3414,60
3243,00
3235,87
2979,03
2953,50

Cumulative ABC-code

0,071276623 A
0,12680641 A
0,170619817 A
0,21086815 A
0,24526262 A
0,278907293 A
0,3106386 A
0,338830113 A
0,365440134 A
0,38958445 A
0,413656033 A
0,436343917 A
0,456000987 A
0,475563399 A
0,491657681 A
0,507396469 A
0,520448188 A
0,532571445 A
0,543085515 A
0,553599304 A
0,5632155594 A
0,572746187 A
0,582148848 A
0,591300458 A
0,600397117 A
0,609246435 A
0,617785425 A
0,626282637 A
0,634015605 A
0,6415148594 A
0,648648288 A
0,655755051 A
0,8662297722 A
0,668784323 A

Figure A.7: Results ABC-analysis

104




A.8 Coefficient of variation

Demand per month

Standard deviation 11,90150551 2547100067  9,42930936 13,83197533  7,99271804 3,093227369 3,093227369 2,343593513 0,276385399 16,74877276  8,65307829

Average 17,95 40,575 4,775 13,475 6,025 1,383333333 1,383333333 1,991666667 0,083333333 31,78333333  9,341666667
Months 350.000779  350.000780  350.000781  350.000783  350.000794  350.000795  350.000796  350.000798  350.000814  350.000815  350.000817

1 286 35,7 57 21,4 0 0 0 0 0 28,6 0

2 41,4 286 0 0 2,1 0 0 7 o 2,9 ]

3 18,6 75 o 63 14,3 0 0 2,1 o [} 24,9

4 333 45,8 83 25 16,7 83 83 23 0 50 ]

5 14,3 17,7 [ 97 ] 0 0 0 1 343 1,7

6 5 99,7 83 16,7 20,8 83 83 0 o 16,7 85

7 16,7 25 o [} [ 0 0 1,7 0 34 17

8 83 16,7 08 67 1,7 0 0 42 [} 333 16,7

9 5 50,3 34,2 0 [ 0 0 0 o 50 ]

10 0 59 o 483 [ 0 0 08 [} 50 18,3

11 21,7 16,7 o 33 16,7 0 0 o o 333 16,7

12 225 16,7 0 243 [ 0 0 5.8 0 483 83

Coefficient of variation 0,663036518 0,627751095 1,974724473 1,026491676 1,326592206 2,236067977 2,236067977 1,176699672 3,31662479 0,526967155 0,926288488

Figure A.8: Example of CV calculation

A.9 Results XYZ-analysis

XYZ-code monthly
SKU cov XYZ-code
315.000084 0,84341 Y
315.000088 1,93204 Z
320.000095 0,888 Y
330.000006 0,48937 X
345.001719 1,73926 Z
350.000174 0,43207 X
399.000010 0,85996 Y
399.000014 0,90132Y
399.000316 0,88681 Y
315.000080 1,13559 Z
395.000226 0,41077 X
310.000347 2,31719 2
365.000008 1,06026 Z
365.000040 1,06026 Z
370.000043 1,80419 Z
375.000030 1,06026 Z
375.000031 1,06026 Z

Figure A.9: Results XYZ-analysis
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A.10 Results AX-items without undershoot

| ltem Number out of stock Proposed inventory Current inventory Improvement (euro)
:395.000225 0 250 292 293
| 365.000029 0 1030 1379 412
| 345.000163 41 27 40 98
|399.001703 3 233 284 157
| 399.001705 13 524 549 16
395.000384 20 19 100 3734
| 335.000692 0 49 56 172
370.000206| 0 22 62 665
:355.000334 0 69 44 -2222
| 335.000761 0 76 48 -5356
|399.001967 0 46 58 304
| 399.002383 0 112 64 -12376
| 315.000062 3 23268 86997 809
399.002455 0 324 508 683
| 399.002456| 0 293 547 1531
399.002457 0 1283 1940 756
:399.002451 0 289 515 1444
|399.002462 0 590 990 1662
| 399.002463 0 394 479 97
| 399.002464 8 507 444 -57
| 399.002465 5] 925 957 22
399.002467 0 2748 3789 281
| 399.002468| 0 783 1278 296
399.002470| 0 314 540 969
399.002471 8 5897 5367 -34
Figure A.10: Results AX-items
A.11 Third moment Normal distribution
My (t) = eht+(o”t?)/2
MO (1) = (0% + )™= T4
MO (1) = (o442 2 2 oy 222 4
v ()= ("t +2uct+ 0“4+ p)e 2

o242
MP (@) = (02t + p)(0*1? + 2u0>t + 307 + p2)e ™2+

E[Y®) = M{P(0) = p(30® + 1i%) = pu + 3o
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A.12 Third moment Poisson distribution

My (t) = &'
Mi(/l)(t) P
M) (8) = A (het + 1) e+t
M (£) = X (A% + 3he! + 1) XA
ElY? = MP(0) =2 (A2 +3A+1) = X* + 332 + A

A.13 Third moment Gamma distribution

53—t
M’(f)()a(a—i_l)(ﬁjt)

(t—p)

a(a+1)(a+2)(i_)

3) _ p-t

M= (t-5)°

ala+ 1)(a+2

ElY?) = Mi?(0) = - e
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A.14 Proposed policies including parameters

A.14.1 Proposed policy AX-items

Table A.4: Control parameters AX-items (R,s,S)-policy

Annual
Reorder Lead Expected Variance

Ttem point OUTL  EOQ ?26 gig;ld time demand (R+L) demand (R+L)
315.000062 22 28927 28905 304644 1 14 3
335.000692 36 52 16 98 3 29 3
335.000761 76 88 12 98 6 63 13
345.000163 4 20 15 210 12 2 1
365.000029 82 299 217 1800 4 67 35
365.000334 59 89 31 98 5 51 5
370.000206 16 35 19 98 0 10 1
395.000226 3 63 60 276 5 3 0
395.000384 1 16 15 238 5 1 0
399.001703 49 199 150 1560 1 24 0
399.001705 343 842 500 3120 6 294 0
399.001967 30 46 16 98 2 21 4
399.002383 119 144 26 98 10 104 21
399.002455 143 286 143 2406 0 61 231
399.002456 145 262 117 2400 0 61 231
399.002457 585 1084 499 4800 3 365 2770
399.002461 143 297 154 2400 0 61 231
399.002462 300 570 270 4803 0 122 923
399.002463 426 642 217 2400 5 304 1154
399.002464 901 1144 243 2400 12 729 2770
399.002465 1829 2228 399 4801 12 1458 11081
399.002467 4772 6200 1428 14400 10 3645 83109
399.002468 286 998 711 4800 0 122 923
399.002470 138 429 291 2408 0 61 231
399.002471 10260 18017 7757 26400 12 8019 335208

A.14.2 Proposed policy AY-items
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Table A.5: Control parameters AY-items (sg,S)-policy

Ttem Start  Start End End dA(:lrE;lzli Lead Expected Eotii‘z;s +
ROP OUTL ROP OUTL time demand (L)
(2018) error

315.001070 6 1568 8 1570 20439 0 6 0
325.000179 0 336 0 336 2074 5 0 0
345.000317 425 601 549 725 799 14 270 39
350.001298 824 1314 1133 1623 2515 10 428 99
350.001485 232 579 263 610 1497 1 43 47
350.001571 271 335 271 335 527 4 121 37
350.002075 513 595 914 996 2428 9 163 87
350.002076 547 640 1069 1161 2404 12 229 79
350.002077 534 639 934 1039 2463 9 163 93
350.002078 548 785 1070 1306 2445 12 229 80
365.000337 127 187 128 188 368 3 38 22
365.000342 0 18 0 18 252 0 0 0
365.000378 83 120 83 120 180 3 24 15
365.000379 70 104 71 104 235 3 14 14
365.000415 51 76 71 96 90 5 33 5
399.000608 34 44 61 71 1074 1 33 0
399.001521 507 531 755 779 1102 18 346 40
399.001848 134 183 138 187 407 2 47 22
399.001850 549 707 549 707 1095 2 146 100
399.001946 105 150 123 168 243 3 34 18
399.001948 17 102 17 102 105 5 15 0
399.002428 100 208 125 234 165 5 37 16
399.002524 105 132 123 150 245 3 34 18
399.002529 98 121 119 143 165 4 30 17
399.002628 46 50 63 66 102 4 27 5

A.14.3 Proposed policy AZ-items

Table A.6: Control parameters AZ-items static

Annual
Item | Policy Rep rder Order-up-to-level demand Lead
point (2018) time
320.000069 (s,9) 4 204 5600 1
350.002088 (s,9) 1237 1266 3754 6
350.002089 (s,9) 1237 1202 3758 6
350.002469 (s,S) 903 734 1935 7
Continued on next page
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Table A.6 — Control parameters AZ-items static

Annual
Item | Policy Re.o rder Order-up-to-level ~demand L.ead
point (2018) time
365.000380 (s,9) 13 64 381 4
399.000063 (s,9) 11 25 12 8
399.001601 (s,9) 9 32 204 2
399.002328 (s,9) 53 134 211 4
399.002670 (s,9) 3 12 125 3
399.002741 (s,9) 37 31 10 4
399.002748 (s,9) 29 25 1900 0
Table A.7: Control parameters AZ-items dynamic
Ttem | Polic Start  Start End End dA;rE;iil Lead
ROP OUTL ROP OUTL (2018) time
320.000069 | (sk,S) 372 572 372 573 5600 1
350.002088 | (sk,S) 798 1058 1100 1360 3754 6
350.002089 | (sk,S) 798 994 1100 1296 3758 6
350.002469 | (sk,S) 391 393 391 393 1935 7
365.000380 | (sk,S) 4 57 4 57 381 4
399.000063 | (sk,S) 9 24 9 24 12 8
399.001601 | (sk,S) 2 26 4 28 204 2
399.002328 | (sk,S) 21 112 30 121 211 4
399.002670 | (sk,S) 0 8 1 9 125 3
399.002741 | (sk,S) 14 15 22 23 10 4
399.002748 | (sk,S) 482 483 489 490 1900 0

A.14.4 Proposed policy BX-items

Table A.8: Control parameters BX-items

Item | Policy gee;/iloe(zv Order-up-to-level (A;(l)lig?l demand ;??nde
315.000574 R,S) 34 754 98 2
330.000006 R,S) 27 957 55430 0
335.000009 R,S) 15 270 5650 0
350.000174 R,S) 23 2784 3123 2

Continued on next page
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Table A.8 — Control parameters BX-items

Item | Policy Il)%jior;der Order-up-to-level (A;Srlng?l demand I’I‘?Iani
350.000176 | (R,S) 21 1266 726 2
350.001374 | (R,S) 12 930 3120 7
350.001399 | (R,S) 19 466 98 0
370.000229 | (R,S) 14 182 196 2
370.000249 | (R,S) 14 180 3188 3
399.000664 | (R,S) 41 780 13258 1
399.001219 | (R,S) 26 1297 98 3
399.001968 | (R,S) 8 123 392 5
399.002481 | (R,S) 120 48129 14400 1
399.002483 | (R,S) 7 63325 28800 1
399.002490 | (R,S) 24 1824 2400 1

A.14.5 Proposed policy BY-items

Table A.9: Control parameters BY-items
Ttem | Policy Start  Order End  Annual demand Lead
ROP quantity ROP (2018) Time
310.000994 | (sk,Q) 947 291260 2347 861131 1
310.001593 | (sk,Q) 64 78 64 150 8
315.000034 | (sk,Q) 11 171 1 440 0
315.000084 | (sk,Q) 768 236 769 1235 1
315.000563 | (sk,Q) 0 32 0 260 12
315.001050 | (sk,Q) 96 1337 143 2328 0
315.001051 | (sk,Q) 197 403 229 775 3
315.001053 | (sk,Q) 371 262 372 825 1
315.001416 | (sk,Q) 34 185 61 1100 1
320.000186 | (sk,Q) 104 106 104 524 14
335.000408 | (sk,Q) 2511 1601 2461 5750 4
335.000676 | (sk,Q) 205 256 206 450 3
335.000759 | (sk,Q) 752 393 955 1422 8
335.000760 | (sk,Q) 830 458 1070 1487 8
345.000019 | (sk,Q) 67 26 65 160 0
345.000053 | (sk,Q) 19 524 1 1584 0
345.000161 | (sk,Q) 57 15 48 160 12
345.000162 | (sk,Q) 57 15 48 160 12
345.000164 | (sk,Q) 78 19 58 142 12
345.000165 | (sk,Q) 77 19 59 107 12
345.000166 | (sk,Q) 77 19 59 107 12
Continued on next page
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Table A.9 — Control parameters BY-items

Ttem | Policy Start  Order End  Annual demand Lead

ROP quantity ROP (2018) Time

345.000315 | (sk,Q) 197 466 229 805 3
345.000318 | (sk,Q) 198 257 208 1002 20
350.000556 | (sk,Q) 0 121 0 504 0
350.000735 | (sk,Q) 276 255 261 934 0
350.000780 | (sk,Q) 210 594 267 1348 3
350.001185 | (sk,Q) 0 208 0 511 3
350.001197 | (sk,Q) 32 619 48 1075 1
350.001204 | (sk,Q) 64 657 96 1454 1
350.001225 | (sk,Q) 64 824 96 1550 1
350.001308 | (sk,Q) 457 530 571 1571 6
350.001526 | (sk,Q) 125 40 125 250 4
350.001629 | (sk,Q) 18 191 27 240 0
355.001113 | (sk,Q) 55 63 55 150 3
370.000021 | (sk,Q) 20 230 4 232 2
370.000267 | (sk,Q) 106 535 158 1020 2
370.000283 | (sk,Q) 86 134 104 170 3
399.000010 | (sk,Q) 524 95 527 1142 6
399.000014 | (sk,Q) 111 55 113 468 5
399.000154 | (sk,Q) 99 251 33 232 15
399.000159 | (sk,Q) 112 63 112 230 14
399.000160 | (sk,Q) 52 67 52 240 6
399.000213 | (sk,Q) 27 171 39 415 2
399.000265 | (sk,Q) 2 23 0 167 0
399.000691 | (sk,Q) 119 83 119 504 35
399.000700 | (sk,Q) 0 248 0 1260 4
399.001695 | (sk,Q) 132 234 132 300 3
399.001929 | (sk,Q) 32 263 58 1101 0
399.001941 | (sk,Q) 18 185 27 244 0
399.001942 | (sk,Q) 59 328 85 795 0
399.001945 | (sk,Q) 95 53 113 240 3
399.002430 | (sk,Q) 86 65 104 165 3
399.002431 | (sk,Q) 86 58 104 165 3
399.002530 | (sk,Q) 86 50 104 165 3

A.14.6 Proposed policy BZ-items
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Table A.10: Control parameters BZ-items static (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)

315.001444 124 1154 3748 0 7 161
335.000409 1049 1044 4000 6 951 670
335.000651 5 162 2735 4 4 0
340.000507 28 15 3800 1 21 4
345.001719 9 1 907 1 8 0
350.001282 3 1 55 0 2 0
350.002372 10 66 115 6 9 0
350.002444 73 1 1933 6 64 6
350.002445 73 1 1903 6 64 6
350.002446 73 1 1900 6 64 6
350.002447 73 1 1903 6 64 6
355.000212 11 16 44 4 10 0
355.001017 1 3 29 3 1 0
355.001043 1 1 22 4 1 0
355.001053 1 1 23 4 1 0
355.001307 1 57 194 3 1 0
365.000008 2 10 19 3 2 0
365.000040 2 44 19 4 2 0
399.000060 2 12 19 4 2 0
399.001770 599 355 2500 10 498 715
399.002219 1 153 391 0 1 0
399.002423 41 422 1253 0 26 18
399.002665 5 11 130 2 4 0
399.002666 5 24 130 2 4 0
399.002667 3 20 130 1 2 0
399.002668 5 23 130 2 4 0
399.002750 237 5 3800 10 213 40

Table A.11: Control parameters BZ-items dynamic (sg,Q)-policy
Stdev
Ttem Start  Order End  Annual demand Lead Expected forecast
ROP quantity ROP (2018) Time demand (L) orror

315.001444 628 1154 714 3748 0 111 150
335.000409 | 5562 1044 5813 4000 6 999 1322
335.000651 4 162 7 2735 4 4 0
340.000507 849 15 862 3800 1 35 236
345.001719 699 1 700 907 1 16 198

Continued on next page
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Table A.11 — Control parameters BZ-items dynamic (sx,Q)-policy

Ttem Start  Order End  Annual demand Lead Expected ?jiec‘;s ¢
ROP quantity ROP (2018) Time demand (L) orror
350.001282 4 1 5 55 0 4 0
350.002372 8 66 12 115 6 8 0
350.002444 350 1 374 1933 6 64 83
350.002445 350 1 374 1903 6 64 83
350.002446 350 1 374 1900 6 64 83
350.002447 350 1 374 1903 6 64 83
355.000212 11 16 14 44 4 11 0
355.001017 1 3 2 29 3 1 0
355.001043 1 1 2 22 4 1 0
355.001053 1 1 2 23 4 1 0
355.001307 2 57 2 194 3 2 0
365.000008 2 10 3 19 3 2 0
365.000040 2 44 3 19 4 2 0
399.000060 2 12 3 19 4 2 0
399.001770 749 355 1051 2500 10 421 95
399.002219 2 153 2 391 0 2 0
399.002423 200 422 229 1253 0 37 47
399.002665 6 11 8 130 2 6 0
399.002666 6 24 8 130 2 6 0
399.002667 4 20 5 130 1 4 0
399.002668 6 23 8 130 2 6 0
399.002750 | 1671 5 1746 3800 10 204 425
A.14.7 Proposed policy CX-items
Table A.12: Control parameters CX-items (s,Q)-policy
Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)

310.000060 31 1419 585 6 11 24
310.000249 0 4878 404 1 0 0
310.000545 2 18938 21135 0 2 0
310.000719 19 63560 135448 1 13 3
310.000727 3 27931 32739 0 2 0
310.000978 2 15629 13654 0 2 0
315.000091 3 501 407 0 0 0
315.000134 3 272 471 0 0 0
315.000209 62 1311 1380 3 42 25

Continued on next page
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Table A.12 — Control parameters CX-items (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)
315.000614 2 448 176 1 0 0
320.000061 279 1697 878 10 228 164
330.000020 60 964 1133 1 23 85
340.000251 1 220 303 1 0 0
350.000043 19 722 462 0 9 6
350.000135 27 385 584 2 12 14
350.000534 34 3286 1138 0 27 3
350.000535 55 2163 2348 0 30 40
350.000718 72 3515 2995 0 20 175
350.000724 57 2864 3702 0 33 35
350.000866 20 864 235 0 6 14
350.000964 78 70 98 7 68 6
350.001373 42 1989 1810 0 41 0
365.000335 60 9238 98 5 51 5
365.000357 22 58 0 5 17 1
370.000204 51 1386 392 0 38 12
375.000014 108 2820 854 0 78 57
375.000044 198 14579 4479 0 126 337
375.000046 2 2740 1131 0 1 0
375.000057 11 445 5 1 0 7
375.000063 21 8424 2974 0 1 26
375.000064 171 5387 1637 0 122 155
375.000071 299 14032 7170 0 224 357
375.000081 77 2913 2459 0 56 30
375.000106 406 9724 8993 0 307 622
375.000152 227 2658 2541 0 165 249
375.000200 221 4273 4831 1 150 328
375.000246 27 1654 208 0 20 4
375.000291 159 3140 1281 0 116 122
375.000350 23 2033 765 0 2 27
375.000382 27 1132 208 0 20 4
375.000386 13 286 104 0 10 1
375.000389 190 2069 1484 0 138 178
375.000408 72 3954 2480 0 41 60
395.000518 12 4583 519 5 11 0
399.000022 10 369 330 0 5 1
399.000163 157 7603 3635 1 97 228
399.000299 10 1507 380 1 5 1
399.000300 9 1692 330 1 5 2
399.000331 17 294 80 0 5 10
399.001221 18 10 0 4 11 3
399.001222 13 474 98 0 10 1

Continued on next page
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Table A.12 — Control parameters CX-items (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)
399.001868 11 9239 2086 0 9 0
399.001870 34 4741 6258 0 26 4
399.002459 121 2385 2400 1 61 231
399.002460 121 6614 2400 1 61 231
399.002469 121 7317 2400 0 61 231
399.002473 121 7317 2400 0 61 231
399.002474 121 7317 2400 0 61 231
399.002475 121 8522 2400 1 61 231
399.002476 362 12053 7200 1 182 2078
399.002479 121 6601 2400 1 61 231
399.002480 121 5390 2400 1 61 231
399.002485 121 7010 2400 0 61 231
399.002494 121 7255 2344 0 61 231

A.14.8 Proposed policy CY-items

Table A.13: Control parameters CY-items (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)
310.000002 5 343 160 8 1 1
310.000003 5 343 160 8 1 1
310.000004 5 210 161 8 1 1
310.000011 37 153 232 5 37 0
310.000113 45 772 253 6 45 0
310.000204 3 2403 875 1 2 0
310.000210 1 6204 712 1 0 0
310.000211 25 2521 788 1 22 1
310.000229 3 1587 106 0 3 0
310.000327 0 471 283 0 0 0
310.000372 1 447 176 0 0 0
310.000717 12 44488 70912 0 8 1
310.000721 5 26270 22667 1 3 0
310.000871 0 25325 60685 0 0 0
310.001008 1 10885 2390 1 1 0
310.001077 25 5725 2090 0 17 4
310.001079 6 22721 25002 1 4 0
310.001393 71 1138 1550 0 41 60
310.001394 106 1733 2325 0 62 134

Continued on next page
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Table A.13 — Control parameters CY-items (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)
310.001395 1 703 850 0 1 0
310.001397 1 216 75 0 1 0
310.001398 1 348 150 0 1 0
310.001399 1 187 75 0 1 0
310.001400 1 501 225 0 1 0
310.001446 1 390 225 0 1 0
310.001594 7 345 309 0 7 0
310.001595 3 703 150 0 3 0
310.001596 7 1312 300 0 7 0
310.001609 0 4 0 0 0 0
315.000030 36 1247 2856 0 22 15
315.000131 1 97 164 1 0 0
315.000132 50 448 240 8 37 12
315.000155 0 1327 71 3 0 0
315.000211 7 335 250 0 7 0
315.000214 1 137 176 0 0 0
315.000285 3 174 352 1 0 0
315.000359 2 853 467 0 0 0
315.000564 0 75 252 0 0 0
315.000581 2 14829 15310 1 2 0
315.000599 24 492 1100 1 24 0
315.000624 2 3963 11569 1 1 0
315.000666 16 198 80 0 5 10
315.000690 0 312 264 4 0 0
315.000693 0 164 257 0 0 0
315.000817 3 12606 24920 0 2 0
315.000821 4 2405 1540 1 2 0
315.000949 10 1192 475 1 8 1
315.000988 2 4364 2101 1 2 0
315.001080 1 215 225 0 1 0
315.001252 52 1397 723 0 32 27
320.000025 101 4716 1143 2 90 10
320.000095 42 179 1217 5 41 0
320.000384 7 257 310 0 7 0
320.000729 0 769 554 0 0 0
325.000180 0 48 279 2 0 0
330.000021 0 204 1 2 0 0
330.000088 0 241 276 0 0 0
330.000100 49 1780 3404 1 49 0
330.000105 1 158 241 0 1 0
330.000109 7 577 330 0 7 0
335.000011 1 541 313 0 0 0

Continued on next page
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Table A.13 — Control parameters CY-items (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)
335.000021 0 676 386 1 0 0
335.000052 10 792 319 0 2 4
335.000071 706 1283 1200 6 669 98
335.000662 9 1805 4350 2 6 0
335.000798 11 6274 990 0 8 0
335.000799 11 6274 990 0 8 0
340.000137 0 59 0 1 0 0
340.000252 1 249 295 1 0 0
345.000024 13 433 960 0 2 8
345.000043 3 45 160 4 1 0
345.000045 3 45 170 4 1 0
345.000052 16 222 242 2 9 3
350.000046 2 1188 1945 0 1 0
350.000131 9 93 339 2 3 3
350.000132 9 83 244 2 4 2
350.000136 9 146 244 2 4 2
350.000213 59 6316 2002 1 8 185
350.000246 0 240 70 2 0 0
350.000251 0 842 753 1 0 0
350.000256 3 412 70 1 2 0
350.000271 1 93 160 1 0 0
350.000288 0 3143 3031 0 0 0
350.000290 9 947 1520 0 1 4
350.000590 16 299 80 0 5 10
350.000604 48 1126 202 1 13 87
350.000611 17 670 80 0 6 10
350.000700 9 294 130 0 7 0
350.000752 0 370 252 3 0 0
350.000779 16 557 80 1 5 10
350.000815 0 448 524 3 0 0
350.000858 103 1274 560 1 30 375
350.000912 21 45 55 9 19 0
350.000934 112 1463 560 1 34 428
350.001115 134 276 80 17 84 176
350.001116 134 251 80 17 84 176
350.001117 300 316 160 17 200 708
350.001186 0 165 252 3 0 0
350.001206 1 248 75 1 1 0
350.001207 1 209 75 1 1 0
350.001227 1 203 150 1 1 0
350.001228 1 176 75 1 1 0
350.001229 1 168 75 1 1 0

Continued on next page
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Table A.13 — Control parameters CY-items (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)
350.001303 96 843 1107 3 69 52
350.001545 6 6120 1043 0 4 0
350.001546 6 6120 1043 0 4 0
350.002136 17 118 240 1 11 3
370.000055 0 30 20 0 0 0
370.000284 34 313 165 3 25 6
375.000007 15 557 200 1 11 1
375.000017 0 1445 176 0 0 0
375.000018 0 1 0 0 0 0
375.000028 0 580 398 0 0 0
375.000039 2 1011 187 0 1 0
375.000050 28 679 327 0 5 38
375.000065 9 1907 1503 0 2 4
375.000107 20 7997 1886 0 1 26
375.000118 42 2277 1704 0 27 15
375.000203 27 1786 286 0 4 38
375.000276 19 4212 500 0 9 6
375.000295 20 2634 14316 0 1 26
375.000353 0 2554 275 0 0 0
375.000422 151 4834 3740 1 91 251
375.000463 19 1394 500 0 9 6
375.000473 11 2156 2096 0 9 0
375.000474 22 3395 4548 0 17 2
375.000475 22 6871 4511 0 17 2
375.000553 8 726 675 0 7 0
375.000554 15 1343 675 2 13 0
375.000555 8 2703 675 0 7 0
395.000233 0 2132 252 0 0 0
395.000480 17 182 240 0 11 3
399.000023 1 268 334 1 0 0
399.000033 1 188 250 1 0 0
399.000074 1 564 23 0 1 0
399.000101 35 393 471 0 22 12
399.000137 29 1283 696 0 6 37
399.000156 15 542 460 0 15 0
399.000157 7 348 230 0 7 0
399.000247 17 284 80 0 6 10
399.000263 9 797 320 8 3 3
399.000266 13 46 139 7 8 2
399.000310 4 1419 185 1 2 0
399.000316 6 115 368 2 5 0
399.000330 16 185 81 1 5 10
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Table A.13 — Control parameters CY-items (s,Q)-policy

Ttem Reorder Order Annual demand Lead Expected Variance

point quantity  (2018) Time demand (L) demand (L)
399.000413 7 927 2200 0 46 69
399.000702 0 275 252 0 0 0
399.000703 0 189 518 1 0 0
399.000877 0 293 62 0 0 0
399.001396 46 86 80 4 22 39
399.001464 17 213 80 0 6 10
399.001525 2 875 450 0 2 0
399.001526 6 539 450 1 5 0
399.001527 4 510 450 1 3 0
399.001815 3 127 166 0 3 0
399.001842 0 95 260 1 0 0
399.001849 24 118 250 2 24 0
399.001853 49 4264 500 2 49 0
399.001858 24 3015 250 2 24 0
399.001859 24 3015 250 2 24 0
399.001860 24 3015 250 2 24 0
399.001861 24 3015 250 2 24 0
399.001862 24 3015 250 2 24 0
399.001863 24 3015 250 2 24 0
399.001864 24 2132 250 2 24 0
399.001865 24 3015 250 2 24 0
399.001867 6 6120 1045 0 4 0
399.001871 6 6120 1043 0 4 0
399.001900 6 255 160 1 6 0
399.001901 3 221 178 1 3 0
399.001943 69 688 960 0 43 47
399.001944 44 150 242 3 32 9
399.002021 24 3015 250 2 24 0
399.002022 24 3015 250 2 24 0
399.002023 24 3015 250 2 24 0
399.002041 12 671 300 1 12 0
399.002150 69 1828 660 0 26 134
399.002477 236 9923 4800 1 122 923
399.002484 84 5209 1741 0 44 116
399.002488 33 4597 627 0 17 20
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Table A.14: Control parameters CZ-items static

Reorder Order Annual Lead
Item | Polic . . demand .

point quantity (2018) time
315.000088 (s,Q) 4.8 1 198 0
399.000067 (s,Q) 29,9 25 0 1
315.000080 (5,Q) 6,2 1 1104 0
310.000347 (s,Q) 0,0 1 0 0
370.000043 (s,Q) 3,9 2 0 1
375.000030 (s,Q) 0,7 656 19 0
375.000031 (s,Q) 0,7 42 19 0
375.000099 (s,Q) 3,0 138 19 5
375.000111 (s,Q) 1,3 365 38 0
375.000112 (s,Q) 2,0 388 58 0
399.000061 (s,Q) 0,0 1 0 10
399.000065 (s,Q) 2,4 27 19 3
399.000066 (s,Q) 0,1 14 3 0
310.000342 (s,Q) 0,0 1 7 0
310.000349 (s,Q) 0,4 28 12 0
310.000346 (s,Q) 0,0 1 0 0
399.000064 (5,Q) 2,3 15 0 10
310.000188 (5,Q) 0,1 730 220 0
310.000206 (5,Q) 0,1 572 0 0
310.000222 (s,Q) 0,2 3529 282 1
310.000234 (s,Q) 5,9 5393 0 1
310.000236 (s,Q) 0,1 500 0 0
310.000238 (s,Q) 0,5 3917 110 0
310.000257 (5,Q) 0,1 3686 0 0
310.000353 (s,Q) 0,1 390 235 1
310.000397 (s,Q) 0,1 144 0 1
310.000398 (s,Q) 0,1 415 0 0
310.000680 (s,Q) 0,1 376 0 0
315.000064 (5,Q) 1,0 1125 27 0
315.000154 (s,Q) 0,5 575 0 0
315.000284 (s,Q) 0,1 3761 0 0
320.000026 (s,Q) 0,2 4845 27 1
320.000043 (s,Q) 0,4 1062 0 0
330.000019 (s,Q) 0,1 400 0 1
330.000023 (5,Q) 0,0 615 0 0
335.000002 (s,Q) 0,8 236 417 3
335.000386 (s,Q) 0,2 331 0 1
340.000130 (s,Q) 0,1 92 30 1
340.000213 (s,Q) 0,1 150 75 1
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Table A.14 — Control parameters CZ-items static

Reorder Order Annual Lead
Item . . demand .

point quantity (2018) time
340.000301 (s,Q) 0,1 190 0 0
340.000304 | (s,Q) 0,1 73 0 0
340.000305 (s,Q) 0,1 285 0 0
345.000001 (s,Q) 0,1 139 0 1
350.000206 (s,Q) 0,1 65 0 1
350.000209 (s,Q) 0,1 94 0 1
350.000244 | (s,Q) 0,0 202 0 2
355.000100 (s,Q) 0,2 16 0 3
375.000021 (s,Q) 0,1 695 0 0
375.000045 (s,Q) 0,1 1086 0 0
399.000158 (5,Q) 0,0 70 0 16
399.000165 (s,Q) 0,0 44 0 10
399.000167 | (s,Q) 0,0 29 0 6
399.000261 (5,Q) 0,1 621 0 0
399.000410 (s,Q) 0,1 70 0 1
375.000145 (s,Q) 0,0 380 0 0
310.000066 (s,Q) 0,0 586 0 0
315.000210 (s,Q) 0,0 139 0 0
350.000004 | (s,Q) 0,0 1368 0 0
375.000464 | (s,Q) 0,0 600 0 0
310.000082 (5,Q) 7,5 947 240 0
350.001126 (s,Q) 0,0 29 0 1
350.001620 (s,Q) 0,0 1 0 0
350.001621 (s,Q) 0,1 6 0 0
345.000327 | (s,Q) 0,7 24 0 0
350.001205 (s,Q) 1,3 99 150 1
350.001222 (s,Q) 1,3 144 0 1
350.001223 (s,Q) 0,7 162 0 1
350.001224 | (s,Q) 0,7 192 0 1
350.001230 (s,Q) 0,7 103 0 1
350.001231 (s,Q) 0,7 91 0 1
375.000109 (s,Q) 2,0 1216 0 0
375.000110 (s,Q) 5,9 2114 81 0
375.000187 | (s,Q) 3,3 932 81 0
375.000233 (s,Q) 2,0 3941 0 0
375.000411 (s,Q) 2,0 146 0 0
375.000413 (5,Q) 0,7 106 81 0
375.000414 | (s,Q) 3,9 780 81 0
399.001522 (s,Q) 0,7 26 80 0
399.001540 (s,Q) 3,3 356 0 1
399.001541 (s,Q) 2,0 301 0 1
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Table A.14 — Control parameters CZ-items static

Reorder Order Annual Lead
Item . . demand .

point quantity (2018) time
350.001956 (s,Q) 36,9 354 296 0
399.000555 (s,Q) 36,9 1 0 0
315.001143 (s,Q) 0,0 1 0 1
350.001044 | (5,Q) 0,0 14 0 1
350.001524 | (s,Q) 40,2 903 1256 1
310.000259 (s,Q) 4.9 1806 110 0
310.000263 (s,Q) 315,1 1620 998 9
335.000073 (s,Q) 160,0 1081 0 6
310.000224 | (s,Q) 0,0 1 0 0
310.000261 (s,Q) 0,0 679 55 0
370.000037 | (s,Q) 0,0 2 0 1
320.000178 (s,Q) 0,0 1 1 0
335.000422 (s,Q) 1,1 1 60 1
355.000913 (5,Q) 0,0 1 1 2
370.000050 (s,Q) 0,0 40 0 0
375.000421 (s,Q) 0,0 1 2 0
335.000411 (s,Q) 1670,7 2113 1750 6
350.000865 (s,Q) 3,1 102 100 0
350.001585 (s,Q) 3,1 168 100 1
370.000194 | (5,Q) 0,0 3 0 1
350.000601 (5,Q) 0,0 1719 11068 1
350.000605 (s,Q) 0,0 154 17 1
370.000110 (s,Q) 0,0 1 0 0
335.000621 (s,Q) 0,3 1 0 0
370.000205 (s,Q) 0,0 1 0 8
375.000043 (s,Q) 0,0 1 0 0
375.000383 (s,Q) 0,0 1 0 1
375.000384 | (s,Q) 0,0 1 0 1
375.000416 (s,Q) 219.,8 3466 1584 0
399.001707 | (s,Q) 1,7 1 0 1
310.001743 (s,Q) 0,2 34 25 1
310.001744 | (5,Q) 0,2 34 25 1
315.001242 (s,Q) 0,6 123 75 0
340.001759 (s,Q) 0,2 12 25 1
340.001760 (s,Q) 0,2 45 40 1
365.000348 (s,Q) 1,1 145 50 3
365.000349 (5,Q) 1,1 456 50 3
315.001341 (s,Q) 27,7 365 550 0
320.000978 (s,Q) 6,2 196 50 0
335.000663 (s,Q) 12,4 287 100 0
375.000530 (s,Q) 249 573 260 0
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Table A.14 — Control parameters CZ-items static

Reorder Order Annual Lead
Item . . demand .

point quantity (2018) time
399.002127 | (s,Q) 30,6 290 230 3
399.002128 (s,Q) 30,6 849 232 3
340.000253 (s,Q) 0,0 5 15 0
350.002091 (s,Q) 6,4 466 200 0
350.002475 (s,Q) 0,0 1 0 0
350.002476 (s,Q) 0,0 1 0 3
350.002478 (s,Q) 0,0 1 0 3
365.000431 (s,Q) 0,0 25 0 5
365.000432 (s,Q) 0,0 25 0 5
370.000301 (s,Q) 0,0 1 0 3
399.002787 | (s,Q) 0,0 1 0 3
399.002788 (s,Q) 0,0 1 0 3
399.002789 (s,Q) 0,0 1 0 3
399.002792 (5,Q) 0,0 1 0 16
350.001164 | (s,Q) 0,0 1 0 1
375.000038 (s,Q) 0,0 1121 0 0
350.000033 (s,Q) 0,0 74 0 0
399.001536 (s,Q) 0,0 1 0 0
350.001280 (s,Q) 3,1 1 55 0
350.001323 (s,Q) 3,1 24 55 1
399.001594 | (s,Q) 3,1 1 55 0
399.001597 | (s,Q) 3,1 1 55 0
310.001082 (s,Q) 5,7 9392 14962 1
310.001421 (s,Q) 4,3 127 173 0
310.001422 (s,Q) 14 1 57 0
310.001423 (s,Q) 2,8 5 114 0
315.000943 (s,Q) 18,2 4 439 2
315.001071 (s,Q) 7,1 1 328 0
350.001278 (s,Q) 3,7 1 72 3
310.001454 | (s,Q) 4,0 739 407 2
315.000113 (s,Q) 2,1 992 1245 0
350.001277 | (s5,Q) 2,1 200 77 0
350.000065 (s,Q) 9,5 1 190 0
325.000722 (s,Q) 6,2 544 475 0
350.001279 (s,Q) 4,0 1 134 3
350.001332 (s,Q) 4,0 25 70 2
315.001117 | (s5,Q) 8,6 2058 732 0
315.001118 (s,Q) 6,2 2281 127 2
315.001119 (s,Q) 3,4 1 121 0
315.001120 (s,Q) 3,4 1 121 0
315.001121 (s,Q) 3,1 2380 301 2
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Table A.14 — Control parameters CZ-items static

Reorder Order Annual Lead
Item . . demand .

point quantity (2018) time
315.001122 (s,Q) 3,4 1132 351 0
315.001123 (s,Q) 1,7 1278 534 0
315.001124 | (s,Q) 1,7 1 314 0
315.001125 (s,Q) 1,7 674 404 0
315.001126 (s,Q) 1,7 1 61 0
350.001369 (s,Q) 1,7 1 77 0
399.002710 (s,Q) 6,0 146 105 0
350.001796 (s,Q) 2,0 226 120 1
350.002381 (s,Q) 1,3 205 80 0
350.002382 (s,Q) 0,7 137 40 0
315.001580 (5,Q) 1,3 50 80 1
350.002384 | (s,Q) 0,7 59 40 0
355.001822 (s,Q) 5,4 1 40 2
399.002672 (5,Q) 23,3 230 520 0
399.002673 (s,Q) 5,8 234 520 0
399.002675 (s,Q) 5,8 145 260 0
399.002676 (s,Q) 5,8 947 260 1
399.002678 (s,Q) 8,7 619 390 1
399.002679 (s,Q) 14,6 731 650 1
399.002680 (s,Q) 5,8 478 260 1
399.002681 (5,Q) 23,3 925 1040 1
399.002682 (s,Q) 14,6 1023 650 1
399.002740 (s,Q) 5,8 1651 260 1
350.000777 | (s,Q) 16,4 2236 80 1
310.000420 (s,Q) 7,0 40 11 0
399.001974 | (5,Q) 27,9 143 0 0
350.001999 (s,Q) 4.7 132 0 0
350.002000 (s,Q) 4.7 96 0 0
375.000356 (s,Q) 18,6 175 100 0
350.000031 (s,Q) 0,1 18 0 1
399.002758 (s,Q) 0,4 5 73 1
399.002805 (s,Q) 0,0 5 35 1
350.000121 (s,Q) 0,0 63 10 1
350.000956 (s,Q) 0,0 89 10 0
350.000960 (s,Q) 0,0 184 0 0
310.001608 (s,Q) 0,2 5 0 0
335.000724 | (s,Q) 5,9 1 0 0
310.001643 (s,Q) 1,9 1394 1444 0
335.000723 (s,Q) 0,0 1 7260 0
350.001528 (s,Q) 0,0 1 0 10
350.001529 (s,Q) 0,0 1 0 10
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Table A.14 — Control parameters CZ-items static

Reorder Order Annual Lead
Item . . demand .

point quantity (2018) time
350.001547 | (s,Q) 0,0 1 5 1
395.000432 (s,Q) 0,3 1 0 0
395.000435 (s,Q) 0,1 1 0 3
395.000436 (s,Q) 0,2 1 0 4
395.000437 | (s,Q) 0,1 1 0 0
395.000438 (s,Q) 5,4 1 0 0
350.001958 (s,Q) 10,1 1 0 2
395.000425 (s,Q) 0,3 1 0 0
395.000434 | (s,Q) 0,5 5 0 0
395.000439 (s,Q) 0,5 5 0 0
395.000440 (5,Q) 0,1 5 0 0
395.000449 (s,Q) 0,3 1 0 1
395.000484 | (s,Q) 0,2 12 0 0
395.000486 (5,Q) 2,5 75 0 3
395.000487 | (s,Q) 4.8 15 0 3
395.000488 (s,Q) 5,4 1 0 0
365.000435 (s,Q) 2,7 1 6 0
399.001964 | (s,Q) 0,8 1 0 0
399.002106 (s,Q) 0,0 1 0 0
399.002193 (s,Q) 0,7 1 0 0
399.002210 (5,Q) 0,1 1 0 0
399.002205 (s,Q) 0,7 1 0 0
399.002207 | (s,Q) 0,2 1 0 0
399.002212 (s,Q) 0,1 1 0 0
399.002213 (s,Q) 0,2 1 0 0
399.002239 (s,Q) 5,2 1 0 0
395.000543 (s,Q) 1,1 12 0 0
399.002267 | (s,Q) 0,0 2132 0 0
399.002354 | (s,Q) 0,0 2132 0 0
399.002356 (s,Q) 0,0 2132 0 0
399.002358 (s,Q) 0,0 1 0 0
399.002426 (s,Q) 7,3 9511 900 0
335.001823 (s,Q) 526,4 1 15000 0
335.001824 | (s,Q) 526,4 1 15000 0
335.001825 (s,Q) 456,2 1 187200 0
399.002427 | (s,Q) 13,5 2132 150 0
350.000719 (5,Q) 5,4 527 0 0
350.001666 (s,Q) 5,4 520 0 1
350.001667 | (s,Q) 5,4 515 0 1
350.001668 (s,Q) 23,7 101 0 5
399.001374 | (8,Q) 5,4 357 0 1
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Table A.14 — Control parameters CZ-items static

Reorder Order Annual Lead
Item . . demand .

point quantity (2018) time
399.002004 | (s,Q) 10,1 3729 0 2
350.001961 (s,Q) 2,6 72 0 0
399.002329 (s,Q) 2,6 91 0 0
399.000279 (s,Q) 4.5 230 385 0
399.002536 (s,Q) 4.5 343 364 0
350.002474 | (s,Q) 1,2 2 416 3
325.000928 (s,Q) 2,1 143 100 0
345.001653 (s,Q) 2,1 74 105 0
399.000478 (s,Q) 2,1 335 100 1
399.002559 (s,Q) 2,1 174 100 0
399.002560 (5,Q) 2,1 169 104 0
365.000409 (s,Q) 0,8 1 0 1
399.002223 (s,Q) 17,4 14460 3200 0
399.002442 (5,Q) 0,8 1 0 0
350.001262 (s,Q) 2,1 107 100 1
350.002003 (s,Q) 8,3 447 400 0
399.002367 | (s,Q) 2,1 47 105 0
399.001391 (s,Q) 1,1 1 0 0
399.002491 (s,Q) 1,1 1 0 0
399.002808 (s,Q) 112,1 1 1400 0
399.002795 (5,Q) 0,1 1 355 1
399.002820 (s,Q) 0,1 1 0 0
345.001624 | (s,Q) 3,5 221 0 0
350.000781 (s,Q) 3,5 551 0 1
399.002534 | (s,Q) 47,9 985 0 0
315.001596 (s,Q) 14,1 7 1900 0
320.001182 (s,Q) 14,1 5 1970 0
350.002448 (s,Q) 14,1 5 1901 0
399.002747 | (s,Q) 6,3 1 700 0
399.002749 (s,Q) 14,1 2 1900 0
399.002534 | (s8,Q) 32,2 97 0 0
315.001596 (s,Q) 10,7 10 1900 0
320.001182 (s,Q) 10,7 10 1970 0
350.002448 (s,Q) 10,7 10 1901 0
399.002747 | (s,Q) 4.8 7 700 0
399.002749 (s,Q) 10,7 10 1900 0
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Table A.15: Control parameters CZ-items dynamic

| poy S Ot Bt
ROP quantity ROP (2018) time

315.000088 | (sk,Q) 7 1 9 198 0
399.000067 | (sk,Q) 50 25 30 0 1
315.000080 | (sk,Q) 764 1 764 1104 0
310.000347 | (sk,Q) 0 1 0 0 0
370.000043 | (sk,Q) 6 2 7 0 1
375.000030 | (sk,Q) 1 656 1 19 0
375.000031 | (sk,Q) 1 42 1 19 0
375.000099 | (sk,Q) 8 138 8 19 5
375.000111 | (sk,Q) 2 365 2 38 0
375.000112 | (sk,Q) 3 388 4 58 0
399.000061 | (sk,Q) 0 1 0 0 10
399.000065 | (sk,Q) 2 27 3 19 3
399.000066 | (sk,Q) 0 14 0 3 0
310.000342 | (sk,Q) 0 1 0 7 0
310.000349 | (sk,Q) 1 28 1 12 0
310.000346 | (sk,Q) 0 1 0 0 0
399.000064 | (sk,Q) 2 15 3 0 10
310.000188 | (sk,Q) 0 730 0 220 0
310.000206 | (sk,Q) 0 572 0 0 0
310.000222 | (sk,Q) 326 3529 326 282 1
310.000234 | (sk,Q) 11 5393 12 0 1
310.000236 | (sk,Q) 0 500 0 0 0
310.000238 | (sk,Q) 1 3917 1 110 0
310.000257 | (sk,Q) 0 3686 0 0 0
310.000353 | (sk,Q) 0 390 0 235 1
310.000397 | (sk,Q) 0 144 0 0 1
310.000398 | (sk,Q) 0 415 0 0 0
310.000680 | (sk,Q) 0 376 0 0 0
315.000064 | (sk,Q) 1 1125 2 27 0
315.000154 | (sk,Q) 1 575 1 0 0
315.000284 | (sk,Q) 0 3761 0 0 0
320.000026 | (sk,Q) 0 4845 0 27 1
320.000043 | (sk,Q) 1 1062 1 0 0
330.000019 | (sk,Q) 0 400 0 0 1
330.000023 | (sk,Q) 0 615 0 0 0
335.000002 | (sk,Q) 161 236 161 417 3
335.000386 | (sk,Q) 0 331 0 0 1
340.000130 | (sk,Q) 0 92 0 30 1
340.000213 | (sk,Q) 0 150 0 75 1
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Table A.15 — Control parameters CZ-items dynamic

Annual

Item | Policy Order End demand Lead

ROP  quantity ROP (2018) time

340.000301 | (sk,Q) 0 190 0 0 0
340.000304 | (sk,Q) 0 73 0 0 0
340.000305 | (sk,Q) 0 285 0 0 0
345.000001 | (sk,Q) 0 139 0 0 1
350.000206 | (sk,Q) 0 65 0 0 1
350.000209 | (sk,Q) 0 94 0 0 1
350.000244 | (sk,Q) 0 202 0 0 2
355.000100 | (sk,Q) 0 16 0 0 3
375.000021 | (sk,Q) 0 695 0 0 0
375.000045 | (sk,Q) 0 1086 0 0 0
399.000158 | (sk,Q) 0 70 0 0 16
399.000165 | (sk,Q) 0 44 0 0 10
399.000167 | (sk,Q) 0 29 0 0 6
399.000261 | (sk,Q) 0 621 0 0 0
399.000410 | (sk,Q) 0 70 0 0 1
375.000145 | (sk,Q) 0 380 0 0 0
310.000066 | (sk,Q) 0 586 0 0 0
315.000210 | (sk,Q) 0 139 0 0 0
350.000004 | (sk,Q) 0 1368 0 0 0
375.000464 | (sk,Q) 0 600 0 0 0
310.000082 | (sk,Q) 5 947 15 240 0
350.001126 | (sk,Q) 0 29 0 0 1
350.001620 | (sk,Q) 0 1 0 0 0
350.001621 | (sk,Q) 0 6 0 0 0
345.000327 | (sk,Q) 1 24 1 0 0
350.001205 | (sk,Q) 2 99 2 150 1
350.001222 | (sk,Q) 2 144 2 0 1
350.001223 | (sk,Q) 1 162 1 0 1
350.001224 | (sk,Q) 1 192 1 0 1
350.001230 | (sk,Q) 1 103 1 0 1
350.001231 | (sk,Q) 1 91 1 0 1
375.000109 | (sk,Q) 3 1216 4 0 0
375.000110 | (sk,Q) 8 2114 11 81 0
375.000187 | (sk,Q) 5 932 6 81 0
375.000233 | (sk,Q) 3 3941 4 0 0
375.000411 | (sk,Q) 3 146 4 0 0
375.000413 | (sk,Q) 1 106 1 81 0
375.000414 | (sk,Q) 6 780 7 81 0
399.001522 | (sk,Q) 1 26 1 80 0
399.001540 | (sk,Q) 5 356 6 0 1
399.001541 | (sk,Q) 3 301 4 0 1
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Table A.15 — Control parameters CZ-items dynamic

Item | Policy Start Order. End 3;112;211 Ijead

ROP  quantity ROP (2018) time

350.001956 | (sk,Q) 34 354 61 296 0
399.000555 | (sk,Q) 34 1 61 0 0
315.001143 | (sk,Q) 0 1 0 0 1
350.001044 | (sk,Q) 0 14 0 0 1
350.001524 | (sk,Q) 200 903 229 1256 1
310.000259 | (sk,Q) 7 1806 9 110 0
310.000263 | (sk,Q) 1249 1620 1320 998 9
335.000073 | (sk,Q) 187 1081 187 0 6
310.000224 | (sk,Q) 0 1 0 0 0
310.000261 | (sk,Q) 0 679 0 55 0
370.000037 | (sk,Q) 0 2 0 0 1
320.000178 | (sk,Q) 0 1 0 1 0
335.000422 | (sk,Q) 2 1 2 60 1
355.000913 | (sk,Q) 0 1 0 1 2
370.000050 | (sk,Q) 0 40 0 0 0
375.000421 | (sk,Q) 0 1 0 2 0
335.000411 | (sk,Q) 873 2113 2159 1750 6
350.000865 | (sk,Q) 6 102 6 100 0
350.001585 | (sk,Q) 6 168 6 100 1
370.000194 | (sk,Q) 0 3 0 0 1
350.000601 | (sk,Q) 29 1719 29 11068 1
350.000605 | (sk,Q) 0 154 0 17 1
370.000110 | (sk,Q) 0 1 0 0 0
335.000621 | (sk,Q) 0 1 0 0 0
370.000205 | (sk,Q) 0 1 0 0 8
375.000043 | (sk,Q) 0 1 0 0 0
375.000383 | (sk,Q) 0 1 0 0 1
375.000384 | (sk,Q) 0 1 0 0 1
375.000416 | (sk,Q) 526 3466 612 1584 0
399.001707 | (sk,Q) 1 1 0 0 1
310.001743 | (sk,Q) 0 34 0 25 1
310.001744 | (sk,Q) 0 34 0 25 1
315.001242 | (sk,Q) 1 123 1 75 0
340.001759 | (sk,Q) 0 12 0 25 1
340.001760 | (sk,Q) 0 45 0 40 1
365.000348 | (sk,Q) 1 145 1 50 3
365.000349 | (sk,Q) 1 456 1 50 3
315.001341 | (sk,Q) 140 365 147 550 0
320.000978 | (sk,Q) 42 196 42 50 0
335.000663 | (sk,Q) 83 287 83 100 0
375.000530 | (sk,Q) 167 573 167 260 0
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Table A.15 — Control parameters CZ-items dynamic

Item | Policy Start Order. End 3;112;211 Ijead

ROP  quantity ROP (2018) time

399.002127 | (sk,Q) 92 290 90 230 3
399.002128 | (sk,Q) 92 849 90 232 3
340.000253 | (sk,Q) 0 5 0 15 0
350.002091 | (sk,Q) 8 466 11 200 0
350.002475 | (sk,Q) 0 1 0 0 0
350.002476 | (sk,Q) 0 1 0 0 3
350.002478 | (sk,Q) 0 1 0 0 3
365.000431 | (sk,Q) 0 25 0 0 5
365.000432 | (sk,Q) 0 25 0 0 5
370.000301 | (sk,Q) 0 1 0 0 3
399.002787 | (sk,Q) 0 1 0 0 3
399.002788 | (sk,Q) 0 1 0 0 3
399.002789 | (sk,Q) 0 1 0 0 3
399.002792 | (sk,Q) 0 1 0 0 16
350.001164 | (sk,Q) 0 1 0 0 1
375.000038 | (sk,Q) 0 1121 0 0 0
350.000033 | (sk,Q) 0 74 0 0 0
399.001536 | (sk,Q) 0 1 0 0 0
350.001280 | (sk,Q) 4 1 5 55 0
350.001323 | (sk,Q) 4 24 5 55 1
399.001594 | (sk,Q) 4 1 5 55 0
399.001597 | (sk,Q) 4 1 5 55 0
310.001082 | (sk,Q) 186 9392 189 14962 1
310.001421 | (sk,Q) 5 127 7 173 0
310.001422 | (sk,Q) 2 1 2 57 0
310.001423 | (sk,Q) 3 5 5 114 0
315.000943 | (sk,Q) 17 4 26 439 2
315.001071 | (sk,Q) 8 1 12 328 0
350.001278 | (sk,Q) 3 1 5 72 3
310.001454 | (sk,Q) 4 739 6 407 2
315.000113 | (sk,Q) 3 992 4 1245 0
350.001277 | (sk,Q) 3 200 4 7 0
350.000065 | (sk,Q) 6 1 8 190 0
325.000722 | (sk,Q) 7 544 11 475 0
350.001279 | (sk,Q) 3 1 5 134 3
350.001332 | (sk,Q) 3 25 5 70 2
315.001117 | (sk,Q) 9 2058 14 732 0
315.001118 | (sk,Q) 5 2281 9 127 2
315.001119 | (sk,Q) 4 1 6 121 0
315.001120 | (sk,Q) 4 1 6 121 0
315.001121 | (sk,Q) 3 2380 4 301 2
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Table A.15 — Control parameters CZ-items dynamic

Annual

Item | Policy Order End demzid Lead

ROP  quantity ROP (2018) time

315.001122 | (sk,Q) 1132 6 351 0
315.001123 | (sk,Q) 1278 3 534 0
315.001124 | (sk,Q) 1 3 314 0
315.001125 | (sk,Q) 674 3 404 0
315.001126 | (sk,Q) 1 3 61 0
350.001369 | (sk,Q) 1 3 77 0
399.002710 | (sk,Q) 146 7 105 0
350.001796 | (sk,Q) 226 3 120 1
350.002381 | (sk,Q) 205 2 80 0
350.002382 | (sk,Q) 137 1 40 0
315.001580 | (sk,Q) 50 2 80 1
350.002384 | (sk,Q) 59 1 40 0
355.001822 | (sk,Q) 1 8 40 2
399.002672 | (sk,Q) 230 41 520 0
399.002673 | (sk,Q) 234 10 520 0
399.002675 | (sk,Q) 145 10 260 0
399.002676 | (sk,Q) 947 10 260 1
399.002678 | (sk,Q) 619 15 390 1
399.002679 | (sk,Q) 731 26 650 1
399.002680 | (sk,Q) 478 10 260 1
399.002681 | (sk,Q) 925 41 1040 1
399.002682 | (sk,Q) 1023 26 650 1
399.002740 | (sk,Q) 1651 10 260 1
350.000777 | (sk,Q) 2236 11 80 1
310.000420 | (sk,Q) 40 0 11 0
399.001974 | (sk,Q) 1 143 1 0 0
350.001999 | (sk,Q) 0 132 0 0 0
350.002000 | (sk,Q) 0 96 0 0 0
375.000356 | (sk,Q) 0 175 1 100 0
350.000031 | (sk,Q) 0 18 0 0 1
399.002758 | (sk,Q) 0 5 1 73 1
399.002805 | (sk,Q) 0 5 0 35 1
350.000121 | (sk,Q) 0 63 0 10 1
350.000956 | (sk,Q) 0 89 0 10 0
350.000960 | (sk,Q) 0 184 0 0 0
310.001608 | (sk,Q) 0 5 0 0 0
335.000724 | (sk,Q) 2 1 9 0 0
310.001643 | (sk,Q) 1 1394 3 1444 0
335.000723 | (sk,Q) 0 1 0 7260 0
350.001528 | (sk,Q) 0 1 0 0 10
350.001529 | (sk,Q) 0 1 0 0 10
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Table A.15 — Control parameters CZ-items dynamic

Annual

Item | Policy Order. Fnd demand Ijead

ROP  quantity ROP (2018) time

350.001547 | (sk,Q) 0 1 0 5 1
395.000432 | (sk,Q) 0 1 0 0 0
395.000435 | (sk,Q) 0 1 0 0 3
395.000436 | (sk,Q) 0 1 0 0 4
395.000437 | (sk,Q) 0 1 0 0 0
395.000438 | (sk,Q) 7 1 10 0 0
350.001958 | (sk,Q) 1 1 15 0 2
395.000425 | (sk,Q) 0 1 0 0 0
395.000434 | (sk,Q) 1 5 1 0 0
395.000439 | (sk,Q) 1 5 1 0 0
395.000440 | (sk,Q) 0 5 0 0 0
395.000449 | (sk,Q) 0 1 0 0 1
395.000484 | (sk,Q) 0 12 0 0 0
395.000486 | (sk,Q) 3 75 3 0 3
395.000487 | (sk,Q) 5 15 6 0 3
395.000488 | (sk,Q) 7 1 10 0 0
365.000435 | (sk,Q) 4 1 5 6 0
399.001964 | (sk,Q) 2 1 2 0 0
399.002106 | (sk,Q) 0 1 0 0 0
399.002193 | (sk,Q) 1 1 1 0 0
399.002210 | (sk,Q) 0 1 0 0 0
399.002205 | (sk,Q) 1 1 1 0 0
399.002207 | (sk,Q) 0 1 0 0 0
399.002212 | (sk,Q) 0 1 0 0 0
399.002213 | (sk,Q) 0 1 0 0 0
399.002239 | (sk,Q) 0 1 10 0 0
395.000543 | (sk,Q) 1 12 2 0 0
399.002267 | (sk,Q) 0 2132 0 0 0
399.002354 | (sk,Q) 0 2132 0 0 0
399.002356 | (sk,Q) 0 2132 0 0 0
399.002358 | (sk,Q) 0 1 0 0 0
399.002426 | (sk,Q) 7 9511 12 900 0
335.001823 | (sk,Q) 453 1 856 15000 0
335.001824 | (sk,Q) 453 1 856 15000 0
335.001825 | (sk,Q) 27 1 622 187200 0
399.002427 | (sk,Q) 24 2132 26 150 0
350.000719 | (sk,Q) 7 527 10 0 0
350.001666 | (sk,Q) 7 520 10 0 1
350.001667 | (sk,Q) 7 515 10 0 1
350.001668 | (sk,Q) 22 101 29 0 5
399.001374 | (sk,Q) 7 357 10 0 1
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Table A.15 — Control parameters CZ-items dynamic

Annual

Item | Policy Start . Fnd demand Ijead

ROP  quantity ROP (2018) time

399.002004 | (sk,Q) 11 15 0 2
350.001961 | (sk,Q) 4 5 0 0
399.002329 | (sk,Q) 4 5 0 0
399.000279 | (sk,Q) 5 8 385 0
399.002536 | (sk,Q) 5 8 364 0
350.002474 | (sk,Q) 0 2 416 3
325.000928 | (sk,Q) 2 4 100 0
345.001653 | (sk,Q) 2 4 105 0
399.000478 | (sk,Q) 2 4 100 1
399.002559 | (sk,Q) 2 4 100 0
399.002560 | (sk,Q) 2 4 104 0
365.000409 | (sk,Q) 2 2 0 1
399.002223 | (sk,Q) 32 34 3200 0
399.002442 | (sk,Q) 2 2 0 0
350.001262 | (sk,Q) 3 4 100 1
350.002003 | (sk,Q) 11 15 400 0
399.002367 | (sk,Q) 3 4 105 0
399.001391 | (sk,Q) 1 2 0 0
399.002491 | (sk,Q) 1 2 0 0
399.002808 | (sk,Q) 72 175 1400 0
399.002795 | (sk,Q) 0 0 355 1
399.002820 | (sk,Q) 0 0 0 0
345.001624 | (sk,Q) 4 6 0 0
350.000781 | (sk,Q) 4 6 0 1
399.002534 | (sk,Q) 50 81 0 0
315.001596 | (sk,Q) 425 432 1900 0
320.001182 | (sk,Q) 441 5 448 1970 0
350.002448 | (sk,Q) 425 5 432 1901 0
399.002747 | (sk,Q) 171 1 174 700 0
399.002749 | (sk,Q) 425 2 432 1900 0
399.002534 | (sk,Q) 50 5 81 0 0
315.001596 | (sk,Q) 425 7T 432 1900 0
320.001182 | (sk,Q) 441 5 448 1970 0
350.002448 | (sk,Q) 425 5 432 1901 0
399.002747 | (sk,Q) 171 1 174 700 0
399.002749 | (sk,Q) 425 2 432 1900 0




A.15 Variance forecasting accuracy measures

Table A.16: Variance forecasting accuracy measures

MAPE (%)  MAD MSE Bias
AX-items 280 759525 354246447606609 77390
AY-items 67 12469 578753282142 13134
AZ-items 69 2414 219366006 818
BX-items 411 73530 644206554867 26211
BY-items 42 1920756  195469419875227000 1497150
BZ-items 16 2778 3918809542 308
CX-items 546 65629 7324287078753 69443
CY-items 51 12404 1860204808354 12426
CZ-items 93031 50614  1593351722551030 43047

A.16 Forecast accuracy measures

A.16.1 Forecast accuracy measures AX-items

Table A.17: Forecast accuracy measures AX-items

Ttem MAPE MAD MSE Bias
395.000226 | 34 5 123 -4
365.000029 | 22 32 3907 -13
345.000163 | 7 3 119 -3
399.001703 | 12 44 4354 -1
399.001705 | 12 87 17417 -2
395.000384 | 29 4 80 -3
335.000692 | 2 9 84 8
370.000206 | 2 9 84 8
365.000334 | 2 9 92 9
335.000761 | 2 9 98 9
399.001967 | 2 9 98 9
399.002383 | 2 9 98 9
315.000062 | 87 4372 94173127 -4361
399.002455 | 16 76 9720 10
399.002456 | 16 76 9720 10
399.002457 | 16 152 38879 21
399.002461 | 16 76 9720 10
399.002462 | 16 152 38887 21
399.002463 | 16 76 9720 10
399.002464 | 16 76 9720 10
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Table A.17 — Results inventory ordering cost AX-items

Item MAPE MAD MSE Bias
399.002465 | 16 152 38879 21
399.002467 | 16 457 349911 62
399.002468 | 16 152 38879 21
399.002470 | 16 76 9720 10
399.002471 | 16 837 1176090 113
Average 16 278 3837581 -161
Variance 289 759525  354246447606609 766390

A.16.2 Forecast accuracy measures AY-items

Table A.18: Forecast accuracy measures AY-items

Ttem MAPE MAD MSE Bias
399.001521 | 12 32 1423 8
345.000317 | 9 26 1017 10
399.000608 | 43 32 1417 8
325.000179 | 9 39 16269 -39
365.000342 | 9 5 240 -5
350.001298 | 15 80 11674 3
350.001485 | 16 46 3932 0
365.000415 | 4 7 46 6
399.002628 | 5 7 46 6
315.001070 | 16 573 3808157  -568
399.001946 | 7 13 211 7
399.001948 | 3 4 35 2
399.002524 | 7 13 211 7
399.002428 | 6 10 173 5
399.002529 | 6 10 173 5
365.000337 | 9 11 159 5
365.000378 | 3 7 56 )
365.000379 | 10 6 79 0
350.001571 | 6 28 978 17
399.001848 | 7 20 693 10
399.001850 | 6 57 4250 32
350.002075 | 17 76 16215 -21
350.002076 | 17 75 15655 -21
350.002077 | 17 7 16976 -23
350.002078 | 17 76 16161 -22
Average 11 53 156650 -23
Variance 66,6 12469 5,79E+11 13134
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A.16.3

A.164

Forecast accuracy measures AZ-items

Table A.19: Forecast accuracy measures AZ-items

Item MAPE MAD MSE Bias
320.000069 | 30 92 43512 -91
399.000063 | 5 1 1 0
350.002469 | 8 76 13014 12
350.002088 | 15 120 25997 6
350.002089 | 15 120 26056 6
399.002741 | 2 4 13 3
399.001601 | 4 7 938 -5
399.002670 | 2 0 0 0
399.002328 | 2 7 213 3
365.000380 | 7 10 1193 -9
399.002748 | 9 38 13343 -19
Average 9 43 11298 -8
Variance 69 2414 219366006 818

Forecast accuracy measures BX-items

Table A.20: Forecast accuracy measures BX-items

Item MAPE MAD MSE Bias
330.000006 | 12 65 19162 -13
350.000174 | 64 204 107564 -58
350.000176 | 23 94 35240 -42
399.000664 | 44 50 5927 -37
335.000009 | 0 11 147 11
350.001374 | 12 87 17417 -2
370.000229 | 2 9 84 8
399.001219 | 2 35 1351 34
350.001399 | 2 18 367 18
370.000249 | 2 9 98 9
399.001968 | 2 9 98 9
315.000574 | 53 620 2915458 -595
399.002481 | 16 457 349911 62
399.002483 | 16 914 1399644 123
399.002490 | 16 76 9720 10
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Table A.20 — Forecast accuracy measures BX-items

Item MAPE MAD MSE Bias
Average 18 324146 -31
Variance 411 73530 644206554867 26211

A.16.5 Forecast accuracy measures BY-items

Table A.21: Forecast accuracy measures BY-items

Item MAPE MAD MSE Bias
315.000084 | 12 24 4713 -10
399.000010 | 12 23 3961 -9
399.000014 | 10 10 308 0
370.000021 | O 4 18 4
399.000154 | 0 5 23 )
399.000159 | 0 7 56 7
399.000160 | 0 7 56 7
399.001929 | 12 32 1416 8
315.001050 | 9 7 9186 30
315.001051 | 9 26 1017 10
315.001053 | 6 14 2850 -9
335.000676 | 6 7 839 -5
345.000315 | 9 26 1074 10
345.000318 | 15 15 1288 -12
350.001197 | 12 31 1621 4
350.001204 | 7 49 3568 24
350.001225 | 9 51 4070 20
350.001308 | 9 51 4076 20
315.001416 | 12 32 1418 8
345.000019 | 7 3 119 -3
345.000053 | 7 31 11661 -28
345.000161 | 7 3 119 -3
345.000162 | 7 3 119 -3
350.000735 | 11 20 4100 -18
399.000265 | 7 3 119 -3
315.000034 | 6 15 3495 -10
345.000164 | 6 5 326 -3
345.000165 | 6 4 187 -2
345.000166 | 6 4 187 -2
315.000563 | 9 5 256 -5
320.000186 | 9 10 1045 -10
350.000556 | 9 10 959 -10
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Table A.21 — Forecast accuracy measures BY-items

Item MAPE MAD MSE Bias
350.001185 | 9 10 986 -10
399.000691 | 9 10 959 -10
399.000700 | 9 24 5992 -24
350.000780 | 15 39 2929 1
335.000408 | 8 208 112521 15
335.000759 | 7 70 6142 38
335.000760 | 7 78 7878 40
350.001629 | 7 13 211 7
370.000267 | 7 52 3376 27
399.000213 | 9 16 706 4
399.001941 | 7 13 217 7
399.001942 | 7 41 2100 23
399.001945 | 7 13 211 7
370.000283 | 6 10 173 5
399.002430 | 6 10 173 5
399.002431 | 6 10 173 5
399.002530 | 6 10 173 5
399.001695 | 3 13 190 10
310.001593 | 7 5 45 1
355.001113 | 7 5 45 1
310.000994 | 49 10206 3248903564 -8988
350.001526 | 6 14 244 8
Average 8 213 60168764 -163
Variance 42 1920756  195469419875227000 1497150

A.16.6 Forecast accuracy measures BZ-items

Table A.22: Forecast accuracy measures BZ-items

Ttem MAPE MAD MSE Bias
345.001719 | 12 23 3952 -9
365.000008 | 9 1 1 0
365.000040 | 9 1 1 0
399.000060 | 9 1 1 0
399.001770 | 15 79 11519 3
315.001444 | 15 120 25886 6
399.002423 | 15 40 2897 2
335.000409 | 3 245 324716 60
355.000212 | 5 4 40 1
340.000507 | 9 76 53400 -38
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A.16.7

Table A.22 — Forecast accuracy measures BZ-items

Item MAPE MAD MSE Bias
350.001282 | 3 3 22 1
355.001053 | 4 1 5 0
355.001017 | 5 1 5 0
335.000651 | 7 21 12685 -19
355.001043 | 4 1 5 0
350.002372 | 4 3 133 -1
399.002665 | 2 3 32 1
399.002666 | 2 3 32 1
399.002667 | 2 3 32 1
399.002668 | 2 3 32 1
355.001307 | 7 5 305 -4
399.002219 | 7 10 1244 -9
350.002444 | 9 39 13570 -19
350.002445 | 9 38 13427 -19
350.002446 | 9 38 13343 -19
350.002447 | 9 38 13427 -19
399.002750 | 9 76 53373 -37
Average 7 32 20151 -4
Variance 16 2778 3918809542 308

Forecast accuracy measures CX-items

Table A.23: Forecast accuracy measures CX-items

Item MAPE MAD MSE Bias
350.000724 | 22 63 15629 -25
310.000249 | 9 6 471 -5
315.000614 | 7 3 144 -3
340.000251 | 17 6 198 -5
350.000135 | 10 12 658 -2
375.000044 | 80 139 31430 51
375.000071 | 68 214 51021 106
375.000106 | 152 254 73626 159
375.000200 | 8 163 35620 85
399.000022 | 5 6 46 3
399.000299 | 6 6 86 2
350.000043 | 0 9 92 9
350.000534 | 16 31 1825 11
350.000535 | 42 38 2061 -4
399.000163 | 16 96 11879 51
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Table A.23 — Forecast accuracy measures CX-items

Item MAPE MAD MSE Bias
310.000060 | 9 7 282 -3
399.000300 | 5 6 45 3
330.000020 | 55 34 4605 1
315.000209 | 19 29 1825 -8
320.000061 | 9 26 1168 8
375.000408 | 14 68 9072 2
315.000091 | 7 7 576 -6
315.000134 | 7 7 613 -7
350.000718 | 23 58 12940 -33
375.000081 | 17 68 8708 14
350.001373 | 11 56 5235 11
350.000964 | 2 9 84 8
370.000204 | 2 33 1256 33
375.000014 | 2 70 5415 67
375.000152 | 6 151 25320 127
375.000246 | 2 17 338 17
375.000291 | 2 103 11858 99
375.000382 | 2 17 338 17
375.000386 | 2 9 85 8
375.000389 | 2 123 16765 118
399.001221 | 0 3 9 3
399.001222 | 2 9 84 8
365.000335 | 2 9 92 9
375.000064 | 2 109 13219 105
350.000866 | 14 10 299 -1
365.000357 | 0 3 12 3
310.000719 | 48 2019 21826079  -2007
310.000727 | 43 423 1004331 -421
310.000545 | 47 383 779749 -382
310.000978 | 41 196 216380 -194
399.000331 | 5 7 188 1
375.000057 | 2 1 7 0
375.000063 | 17 54 20262 -52
375.000350 | 15 14 1131 -10
399.001868 | 16 28 2790 -13
399.001870 | 16 82 25116 -40
395.000518 | 16 7 174 -3
375.000046 | 13 16 2438 -13
399.002459 | 16 76 9720 10
399.002460 | 16 76 9720 10
399.002469 | 16 76 9720 10
399.002473 | 16 76 9720 10
399.002474 | 16 76 9720 10
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A.16.8

Table A.23 — Forecast accuracy measures CX-items

Item MAPE MAD MSE Bias
399.002475 | 16 76 9720 10
399.002476 | 16 228 87478 31
399.002479 | 16 76 9720 10
399.002480 | 16 76 9720 10
399.002485 | 16 76 9720 10
399.002494 | 15 75 9658 11
Average 18 99 381380 -31
Variance 546 65629 7.32E+12 69443

Forecast accuracy measures CY-items

Table A.24: Forecast accuracy measures CY-items

Item MAPE MAD MSE Bias
320.000095 | 12 25 4721 -10
399.000316 | 10 8 432 -3
375.000050 | 11 9 539 -2
399.000074 | 12 1 9 0
310.000204 | 14 17 2391 -14
310.000210 | 6 11 2090 -10
310.000229 | 5 6 193 0
315.000155 | 4 1 59 -1
320.000025 | 8 66 15277 12
340.000137 | 0 0 0 0
350.000213 | 28 36 6668 -24
350.000246 | 9 2 34 -2
350.000251 | 26 12 1565 -12
375.000017 | 8 3 146 -3
375.000065 | 21 31 7494 -28
399.000413 | 12 63 5667 16
310.000011 | O 7 56 7
345.000052 | 0 5 23 5
375.000276 | 0 9 92 9
375.000463 | 0 9 92 9
399.000137 | 0 6 78 6
335.000021 | 9 7 535 -7
315.000132 | O 5 23 5
335.000052 | 0 2 9 2
375.000353 | 9 5 304 -5
310.000113 | 0 7 56 7
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Table A.24 — Forecast accuracy measures CY-items

Item MAPE MAD MSE Bias
315.000211 | O 7 56 7
375.000118 | 6 36 2331 14
399.000156 | 0 15 224 15
399.000157 | 0 7 56 7
350.001303 | 12 32 1416 8
310.001393 | 9 51 4070 20
310.001394 | 9 77 9157 30
310.001395 | 15 13 1061 -11
310.001397 | 6 2 34 -1
310.001398 | 6 4 137 -2
310.001399 | 6 2 34 -1
310.001400 | 6 3 210 -2
310.001446 | 6 3 210 -2
315.000030 | 16 53 8641 -17
315.001080 | 6 3 210 -2
330.000105 | 6 4 241 -3
350.001206 | 6 2 34 -1
350.001207 | 6 2 34 -1
350.001227 | 6 4 137 -2
350.001228 | 6 2 34 -1
350.001229 | 6 2 34 -1
375.000422 | 11 119 20496 37
399.001525 | 6 10 1250 -7
399.001526 | 5 13 1218 -4
399.001527 | 6 11 1232 -5
310.000002 | 7 3 119 -3
310.000003 | 7 3 119 -3
310.000004 | 7 3 119 -3
310.000372 | 7 3 144 -3
315.000131 | 7 3 119 -3
315.000214 | 7 3 138 -3
315.000285 | 7 7 576 -6
335.000011 | 14 6 337 -6
340.000252 | 17 5 166 -5
345.000024 | 11 23 5251 -19
345.000043 | 7 3 119 -3
345.000045 | 7 3 135 -3
350.000131 | 11 9 694 -6
350.000271 | 7 3 119 -3
350.000290 | 7 22 5822 -20
399.000023 | 17 6 215 -6
399.000033 | 13 5 233 -5
399.000263 | 7 6 475 -6
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Table A.24 — Forecast accuracy measures CY-items

Item MAPE MAD MSE Bias
350.000132 | 7 9 931 -5
350.000136 | 7 9 931 -5
399.000266 | 6 5 326 -3
310.000327 | 9 5 303 -5
315.000359 | 13 9 663 -9
315.000564 | 9 5 240 -5
315.000690 | 9 5 264 -5
315.000693 | 9 5 250 -5
320.000729 | 9 10 1158 -10
325.000180 | 9 5 302 -5
330.000088 | 9 5 288 -5
350.000752 | 9 5 240 -5
350.000815 | 9 10 959 -10
350.001186 | 9 5 240 -5
375.000018 | 0 0 0 0
399.000702 | 9 5 240 -5
399.000703 | 9 10 1013 -10
375.000028 | 17 7 338 -7
395.000233 | 9 5 240 -5
399.001842 | 9 5 256 -5
330.000100 | 12 92 20726 -7
350.000700 | 5 11 349 3
310.000211 | 11 41 6956 -2
335.000071 | 4 171 132692 44
370.000055 | 6 0 4 0
330.000021 | 0 0 0 0
375.000203 | 7 10 808 -4
350.000046 | 16 39 16370 -37
399.000877 | 2 0 0 0
350.000912 | 3 3 22 1
399.000310 | 11 4 50 0
310.001008 | 11 37 25950 -35
310.001077 | 27 46 10046 -15
315.000817 | 27 695 4689364 -692
315.000949 | 6 12 474 2
315.000581 | 23 216 701152 -214
315.000988 | 16 30 10720 -27
310.001079 | 32 378 1043815 -372
315.000624 | 30 174 207296 -172
335.000662 | 6 56 49472 -50
310.000717 | 41 1012 16663666 -1001
310.000721 | 34 357 1089060 -353
315.000821 | 9 22 6765 -18
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Table A.24 — Forecast accuracy measures CY-items

Item MAPE MAD MSE Bias
375.000007 | 2 13 390 9
315.001252 | 7 39 1899 21
350.002136 | 7 13 211 7
395.000480 | 7 13 211 7
399.000101 | 10 24 810 12
399.001943 | 7 52 3376 27
399.001944 | 7 13 211 7
370.000284 | 6 10 173 5
315.000666 | 5 7 188 1
350.000590 | 5 7 188 1
350.000604 | 6 19 1600 4
350.000611 | 5 9 382 1
350.000779 | 5 7 188 1
350.000858 | 5 43 5385 12
350.000934 | 5 51 9718 11
350.001115 | 5 7 188 1
350.001116 | 5 7 188 1
350.001117 | 5 17 1528 3
399.000247 | 5 9 382 1
399.000330 | 5 7 188 1
399.001396 | 5 9 382 1
399.001464 | 5 9 382 1
375.000107 | 8 37 21906 -35
375.000295 | 26 222 281320 -221
399.001900 | 3 7 51 5
399.002041 | 3 13 190 10
310.001594 | 7 9 198 3
310.001595 | 7 6 131 0
310.001596 | 7 9 182 3
320.000384 | 7 10 208 2
330.000109 | 7 10 217 2
399.001815 | 8 5 48 1
399.001901 | 7 6 139 0
310.000871 | 43 643 5984538 -643
350.000288 | 9 44 25474 -44
310.001609 | 0 0 0 0
350.001545 | 16 14 698 -7
350.001546 | 16 14 698 -7
375.000473 | 16 28 2805 -14
375.000474 | 17 59 13416 -31
375.000475 | 17 58 12921 -30
399.001867 | 16 14 704 -7
399.001871 | 16 14 698 -7
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A.16.9

Table A.24 — Forecast accuracy measures CY-items

Item MAPE MAD MSE Bias
335.000798 | 14 17 910 -3
335.000799 | 14 17 910 -3
315.000599 | 13 35 1810 6
399.001849 | 6 14 244 8
399.001853 | 6 28 978 17
399.001858 | 6 14 244 8
399.001859 | 6 14 244 8
399.001860 | 6 14 244 8
399.001861 | 6 14 244 8
399.001862 | 6 14 244 8
399.001863 | 6 14 244 8
399.001864 | 6 14 244 8
399.001865 | 6 14 244 8
399.002021 | 6 14 244 8
399.002022 | 6 14 244 8
399.002023 | 6 14 244 8
350.000256 | 5 3 31 1
375.000039 | 7 5 192 -2
399.002150 | 6 34 2237 13
375.000553 | 11 20 1875 -9
375.000554 | 11 20 1875 -9
375.000555 | 11 20 1875 -9
399.002477 | 16 152 38879 21
399.002484 | 15 64 6808 8
399.002488 | 12 26 1324 3
Average 9 37 173546 -22
Variance 51 12404 1860204808354 12426

Forecast accuracy measures CZ-items

Table A.25: Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
315.000088 | 2 5 104 3
399.000067 | O 20 406 20
315.000080 | 10 22 4698 -11
310.000347 | 2 0 0 0
370.000043 | 0 3 11 3
375.000030 | 9 1 1 0
375.000031 | 9 1 1 0
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Table A.25 — Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
375.000099 | 9 1 1 0
375.000111 | 9 2 5 0
375.000112 | 9 2 13 0
399.000061 | 2 0 0 0
399.000065 | 9 1 1 0
399.000066 | 9 0 0 0
310.000342 | 4 0 1 0
310.000349 | 5 1 1 0
310.000346 | 0 0 0 0
399.000064 | 0 0 0 0
310.000188 | 0 0 0 0
310.000206 | 0 0 0 0
310.000222 | 6 8 1150 -7
310.000234 | 0 6 33 6
310.000236 | 0 0 0 0
310.000238 | 4 5 1177 -5
310.000257 | 0 0 0 0
310.000353 | 8 4 272 -4
310.000397 | 0 0 0 0
310.000398 | 0 0 0 0
310.000680 | 0 0 0 0
315.000064 | 2 1 14 0
315.000154 | 0 0 0 0
315.000284 | 0 0 0 0
320.000026 | 4 1 30 -1
320.000043 | 0 0 0 0
330.000019 | 0 0 0 0
330.000023 | 0 0 0 0
335.000002 | 6 6 599 -6
335.000386 | 0 0 0 0
340.000130 | 4 1 31 -1
340.000213 | 2 2 114 -1
340.000301 | 0 0 0 0
340.000304 | 0 0 0 0
340.000305 | 0 0 0 0
345.000001 | 0 0 0 0
350.000206 | 0 0 0 0
350.000209 | 0 0 0 0
350.000244 | 0 0 0 0
355.000100 | 0 0 0 0
375.000021 | 0 0 0 0
375.000045 | 0 0 0 0
399.000158 | 0 0 0 0
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Table A.25 — Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
399.000165 | 0 0 0 0
399.000167 | 0 0 0 0
399.000261 | 0 0 0 0
399.000410 | O 0 0 0
375.000145 | 0 0 0 0
310.000066 | O 0 0 0
315.000210 | O 0 0 0
350.000004 | 0 0 0 0
375.000464 | 0 0 0 0
310.000082 | 0 7 56 7
350.001126 | 0 0 0 0
350.001620 | 0 0 0 0
350.001621 | 0 0 0 0
345.000327 | 0 1 0 1
350.001205 | 6 4 137 -2
350.001222 | 0 1 1 1
350.001223 | 0 1 0 1
350.001224 | 0 1 0 1
350.001230 | 0 1 0 1
350.001231 | 0 1 0 1
375.000109 | 0 2 3 2
375.000110 | 5 6 50 3
375.000187 | 5 4 40 1
375.000233 | 0 2 3 2
375.000411 | 0 2 3 2
375.000413 | 6 2 40 -1
375.000414 | 5 4 42 2
399.001522 | 6 2 39 -1
399.001540 | O 3 7 3
399.001541 | 0 2 3 2
350.001956 | 11 27 910 16
399.000555 | 5051 23 554 23
315.001143 | 0 0 0 0
350.001044 | 0 0 0 0
350.001524 | 15 40 2897 2
310.000259 | 3 6 244 1
310.000263 | 5 53 18354 7
335.000073 | 0 27 711 27
310.000224 | 0 0 0 0
310.000261 | 2 1 68 -1
370.000037 | 0 0 0 0
320.000178 | 0 0 0 0
335.000422 | 0 1 1 1

Continued on next page

148




Table A.25 — Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
355.000913 | 0 0 0 0
370.000050 | O 0 0 0
375.000421 | 0 0 0 0
335.000411 | 0 196 41848 196
350.000865 | 4 6 364 -1
350.001585 | 4 7 364 -1
370.000194 | 0 0 0 0
350.000601 | 6 202 1085791 -202
350.000605 | 2 0 0 0
370.000110 | O 0 0 0
335.000621 | 0 0 0 0
370.000205 | 0 0 0 0
375.000043 | 0 0 0 0
375.000383 | 0 0 0 0
375.000384 | 0 0 0 0
375.000416 | 2 144 23380 142
399.001707 | O 0 0 0
310.001743 | 2 1 12 0
310.001744 | 2 1 12 0
315.001242 | 2 2 105 -1
340.001759 | 2 1 12 0
340.001760 | 4 1 16 -1
365.000348 | 2 1 47 -1
365.000349 | 2 1 47 -1
315.001341 | 5 17 989 5
320.000978 | 4 2 26 0
335.000663 | 4 4 103 0
375.000530 | 5 8 452 -1
399.002127 | 7 7 157 1
399.002128 | 7 7 157 1
340.000253 | 2 0 4 0
350.002091 | 2 6 192 3
350.002475 | 0 0 0 0
350.002476 | 0 0 0 0
350.002478 | 0 0 0 0
365.000431 | 0 0 0 0
365.000432 | 0 0 0 0
370.000301 | 0 0 0 0
399.002787 | 0 0 0 0
399.002788 | 0 0 0 0
399.002789 | 0 0 0 0
399.002792 | 0 0 0 0
350.001164 | 0 0 0 0
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Table A.25 — Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
375.000038 | 2 2 228 -2
350.000033 | 2 0 3 0
399.001536 | 0 0 0 0
350.001280 | 3 3 22 1
350.001323 | 3 3 22 1
399.001594 | 3 3 22 1
399.001597 | 3 3 22 1
310.001082 | 1 196 963658 -189
310.001421 | 4 5 145 1
310.001422 | 4 2 16 0
310.001423 | 4 3 64 0
315.000943 | 4 12 953 1
315.001071 | 8 9 410 0
350.001278 | 4 2 22 0
310.001454 | 9 9 2065 -6
315.000113 | 9 20 8927 -17
350.001277 | 5 3 22 1
350.000065 | 2 5 160 2
325.000722 | 6 10 705 -2
350.001279 | 4 2 21 0
350.001332 | 4 2 51 0
315.001117 | 7 13 1268 -3
315.001118 | 5 4 60 1
315.001119 | 4 4 60 1
315.001120 | 4 4 60 1
315.001121 | 9 8 726 -6
315.001122 | 5 8 1040 -4
315.001123 | 7 11 2712 -9
315.001124 | 4 2 15 0
315.001125 | 7 3 72 -1
315.001126 | 4 2 15 0
350.001369 | 4 2 30 0
399.002710 | 4 5 94 1
350.001796 | 2 4 269 -1
350.002381 | 2 2 119 -1
350.002382 | 2 1 30 0
315.001580 | 2 2 119 -1
350.002384 | 2 1 30 0
355.001822 | 2 3 32 1
399.002672 | 2 20 703 15
399.002673 | 2 7 479 1
399.002675 | 2 6 129 3
399.002676 | 2 6 129 3
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Table A.25 — Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
399.002678 | 2 9 290 4
399.002679 | 2 14 804 7
399.002680 | 2 6 129 3
399.002681 | 2 23 2059 12
399.002682 | 2 14 804 7
399.002740 | 2 6 129 3
350.000777 | 5 9 382 1
310.000420 | 0 0 4 0
399.001974 | 0 1 61 1
350.001999 | 0 0 2 0
350.002000 | O 0 2 0
375.000356 | 0 1 27 1
350.000031 | O 0 0 0
399.002758 | 4 2 51 -1
399.002805 | 2 1 23 -1
350.000121 | O 0 0 0
350.000956 | 0 0 0 0
350.000960 | 0 0 0 0
310.001608 | 0 0 0 0
335.000724 | 0 6 35 6
310.001643 | 4 20 11621 -18
335.000723 | 2 137 994483 -137
350.001528 | 0 0 0 0
350.001529 | 0 0 0 0
350.001547 | 2 0 0 0
395.000432 | 0 0 0 0
395.000435 | 0 0 0 0
395.000436 | 0 0 0 0
395.000437 | 0 0 0 0
395.000438 | 0 4 18 4
350.001958 | 0 4 18 4
395.000425 | 0 0 0 0
395.000434 | 0 0 0 0
395.000439 | 0 0 0 0
395.000440 | 0 0 0 0
395.000449 | 0 0 0 0
395.000484 | 0 0 0 0
395.000486 | 0 1 1 1
395.000487 | 0 1 2 1
395.000488 | 0 4 18 4
365.000435 | 1 2 5 2
399.001964 | 0 1 1 1
399.002106 | 0 0 0 0
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Table A.25 — Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
399.002193 | 0 1 0 1
399.002210 | 0 0 0 0
399.002205 | 0 1 1 1
399.002207 | 0 0 0 0
399.002212 | 0 0 0 0
399.002213 | 0 0 0 0
399.002239 | 0 ) 27 5
395.000543 | 0 1 0 1
399.002267 | 0 0 0 0
399.002354 | 0 0 0 0
399.002356 | 0 0 0 0
399.002358 | 0 0 0 0
399.002426 | 4 13 1921 -4
335.001823 | 0 322 107041 322
335.001824 | 0 322 107041 322
335.001825 | 2 3684 660751430 -3378
399.002427 | 4 14 225 9
350.000719 | O 4 18 4
350.001666 | 0 4 18 4
350.001667 | 0 4 18 4
350.001668 | 0 4 18 4
399.001374 | 0 4 18 4
399.002004 | 0 4 18 4
350.001961 | 0 2 4 2
399.002329 | 0 2 4 2
399.000279 | 4 8 691 -2
399.002536 | 4 8 638 -2
350.002474 | 2 8 3264 -8
325.000928 | 4 3 91 0
345.001653 | 4 3 101 -1
399.000478 | 4 3 91 0
399.002559 | 4 3 91 0
399.002560 | 4 3 99 -1
365.000409 | 0 1 1 1
399.002223 | 11 92 73508 -63
399.002442 | 0 1 1 1
350.001262 | 4 3 91 0
350.002003 | 4 14 1456 -1
399.002367 | 4 4 100 0
399.001391 | O 1 0 1
399.002491 | 0 1 0 1
399.002808 | 10 75 9284 24
399.002795 | 6 7 1119 -7
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Table A.25 — Forecast accuracy measures CZ-items

Item MAPE MAD MSE Bias
399.002820 | 0 0 0 0
345.001624 | 0 3 7 3
350.000781 | 0 3 7 3
399.002534 | 0 32 1060 32
315.001596 | 9 38 13343 -19
320.001182 | 9 39 14220 -20
350.002448 | 9 38 13349 -19
399.002747 | 6 15 1958 -6
399.002749 | 9 38 13343 -19
Average 21 24 2424450 -10
Variance 93031 50614 1593351722551030 43047

A.17 Results total inventory value proposed policies
A.17.1 Results AX-items
A.17.2 Results AY-items

Table A.27: Results AY-items

# out of Inventory — Inventory Annual Improvement
Ttem proposed current # orders
stock : . demand (euro)
policy policy

399.001521 | 3 259 199 12 802 -1762
345.000317 | 3 313 450 4 575 750
399.000608 | 5 132 700 5 801 1051
325.000179 | 9 793 698 2 2074 -110
365.000342 | 0 15 7 5 252 848
350.001298 | O 611 547 5 2515 -90
350.001485 | 0 416 310 4 1517 -213
365.000415 | 0 58 40 4 60 -385
399.002628 | 0 47 44 10 72 -200
315.001070 | O 2179 11325 5 30274 2618
399.001946 | 0 187 235 1 210 434
399.001948 | 0 72 79 1 60 189
399.002524 | 0 182 231 1 210 961
399.002428 | 0 160 83 2 180 -2013
399.002529 | 0 103 117 5 180 260
365.000337 | O 140 105 4 266 -156
365.000378 | O 111 94 2 90 -194
365.000379 | O 75 98 4 197 241
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Table A.27 — Results AY-items

# out of Inventory  Inventory Annual Improvement
Item proposed current # orders
stock . . demand (euro)
policy policy
350.001571 | O 326 337 2 400 52
399.001848 | 2 168 158 6 355 -98
399.001850 | 1 653 262 5 855 -582
350.002075 | 8 253 451 12 2884 1273
350.002076 | 15 234 463 12 2850 1153
350.002077 | 8 279 518 11 2965 1064
350.002078 | 9 340 522 9 2910 954
A.17.3 Results AZ-items
Table A.28: Results AZ-items static
Inventory Inventory
# out of Annual Improvement
Item proposed current # orders
stock h . demand (euro)
policy policy
320.000069 | O 1719,54717  2518,964 0 5048 463,6617615
399.000063 | 2 14,17523774 7,143 1 12 -2427.247179
350.002469 | 11 549,4111154  1010,833 41 1935 530,6351673
350.002088 | 0 779,0959213 625,444 11 3754 -170,5536327
350.002089 | 4 802,5210396 624,158 11 3758 -347,8079273
399.002741 | 0 27,04513913 40 3 20 3135,076331
399.001601 | 2 75,27372518 164,4 2 316 891,2627482
399.002670 | 0 6,333740149 11,5 1 5 176,9443999
399.002328 | 0 113,8459998 54,5 2 105 -474,7679986
365.000380 | 16 56,53151022 90,5 5 506 208,9062121
399.002748 | 0 930,0754717  1490,8 0 1800 813,050566
Table A.29: Results AZ-items dynamic
Inventory Inventory
# out of Annual Improvement
Item proposed current # orders
stock h . demand (euro)
policy policy
320.000069 | O 1720 2519 0 5048 464
399.000063 | 2 14 7 1 12 -2204
350.002469 | 14 296 1011 6 1935 823
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Table A.29 — Results AZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement

policy policy
350.002088 | 4 766 625 11 3754 -156
350.002089 | 6 760 624 10 3758 -265
399.002741 | 0 15 40 9 20 6073
399.001601 | 2 72 164 2 316 927
399.002670 | O 3 12 1 5 278
399.002328 | 0 95 55 2 105 -327
365.000380 | 16 45 91 4 506 282
399.002748 | 0 970 1491 3 1800 755

A.17.4 Results BX-items
Table A.30: Results BX-items
Inventory Inventory
# out of Annual Improvement
Item proposed current # orders
stock h . demand (euro)

policy policy
330.000006 | 11 205 3604 2 2824 408
350.000174 | 6 3586 4715 1 10083 34
350.000176 | 25 876 3122 3 5590 281
399.000664 | 0 27392 14971 0 2755 0
335.000009 | O 396 902 0 0 238
350.001374 | 18 770 1146 2 2720 132
370.000229 | 0 158 28 4 68 -651
399.001219 | O 1076 527 3 272 -698
350.001399 | O 419 100 3 136 -446
370.000249 | 0 167 33 4 68 -669
399.001968 | 0 110 26 6 68 -1341
315.000574 | O 14632 8900 0 38263 0
399.002481 | 0 38827 6389 1 16050 -616
399.002483 | 0 45860 10283 1 32100 -889
399.002490 | 0 1167 870 3 2675 -57

A.17.5 Results BY-items
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Table A.26: Resuls AX-items

Inventory Inventory

Item # out of proposed current #Orders Annual = Improvement
stock : . demand (euro)
policy policy
395.000226 | 0 250 292 0 267 293
365.000029 | O 1030 1379 0 1780 412
345.000163 | 41 15 40 5 160 194
399.001703 | 3 246 284 5 1360 117
399.001705 | 9 553 549 4 2720 -3
395.000384 | 20 19 100 7 203 3730
335.000692 | O 43 56 4 68 311
370.000206 | O 28 62 3 68 568
365.000334 | 0 64 44 2 68 -1821
335.000761 | O 68 48 4 68 -3843
399.001967 | O 37 58 4 68 508
399.002383 | 0 109 64 3 68 -11499
315.000062 | 3 23696 86997 3 248123 804
399.002455 | 4 227 508 10 2675 1046
399.002456 | 4 204 547 10 2675 2069
399.002457 | 2 1298 1940 4 5350 739
399.002461 | 5 240 515 9 2675 1756
399.002462 | 4 451 990 10 5351 2240
399.002463 | 2 298 479 9 2675 207
399.002464 | 8 379 444 9 2675 60
399.002465 | 6 689 957 9 5350 181
399.002467 | 4 2654 3789 9 16050 306
399.002468 | 2 601 1278 7 5350 405
399.002470 | 3 311 540 7 2675 983
399.002471 | 7 6588 5367 4 29425 -79
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Table A.31: Results BY-items

Inventory Inventory

Ttem ﬁoc::llit of proposed cur'rent # orders dAeanl:zii {;?lli‘ic;vement
policy policy
315.000084 | 0 819 385 6 976 -130
399.000010 | 7 467 469 13 911 1
399.000014 | 0 216 389 1 314 154
370.000021 | O 133 253 0 0 153
399.000154 | 0 120 205 0 0 162
399.000159 | 0 258 282 0 0 90
399.000160 | O 151 147 0 0 0
399.001929 | 0 236 551 1 800 397
315.001050 | 2 792 1180 2 1728 49
315.001051 | O 353 641 2 575 303
315.001053 | O 501 293 2 825 -177
335.000676 | O 244 295 2 450 86
345.000315 | O 371 353 2 593 -14
345.000318 | 19 82 320 4 902 345
350.001197 | 1 386 423 2 875 21
350.001204 | 1 448 715 2 950 264
350.001225 | 1 448 702 2 1150 129
350.001308 | O 611 791 3 1151 34
315.001416 | 1 156 361 3 800 100
345.000019 | O 71 59 8 160 -92
345.000053 | O 209 T 3 1584 216
345.000161 | 13 29 73 12 160 369
345.000162 | 15 25 55 14 160 252
350.000735 | O 492 1030 2 1023 592
399.000265 | 2 13 37 7 160 99
315.000034 | 3 69 203 5 684 126
345.000164 | 21 48 56 14 211 61
345.000165 | 7 39 52 13 172 106
345.000166 | 7 30 56 13 172 221
315.000563 | 12 159 64 1 260 -445
320.000186 | 23 96 273 6 524 224
350.000556 | O 108 221 3 504 65
350.001185 | 9 56 170 3 511 157
399.000691 | O 564 454 0 504 0
399.000700 | O 791 870 0 1260 29
350.000780 | O 464 492 2 1348 21
335.000408 | 0 2776 4600 5 5750 260
335.000759 | O 977 1222 2 1135 174
335.000760 | O 1005 1160 3 1296 76
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Table A.31 — Results BY-items

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement

policy policy
350.001629 | 0 121 233 0 210 175
370.000267 | O 992 1903 0 840 574
399.000213 | 0 246 404 1 385 182
399.001941 | 0 151 268 0 214 181
399.001942 | 0 576 873 0 660 502
399.001945 | 0 183 224 1 210 272
370.000283 | 0 182 179 0 180 0
399.002430 | 0 98 130 4 180 83
399.002431 | O 140 118 1 180 -72
399.002530 | O 94 123 6 180 134
399.001695 | O 224 102 1 150 -264
310.001593 | 0 222 202 0 125 0
355.001113 | O 73 29 3 125 -194
310.000994 | 2 111495 120071 2 518626 8
350.001526 | O 115 110 7 200 -26

A.17.6 Results BZ-items
Table A.32: Results BZ-items static

Inventory Inventory

Item # out of proposed current # orders Annual = Tmprovement
stock : . demand (euro)

policy policy
345.001719 | 50 0 421 53 907 290
365.000008 | O 10 53 1 20 887
365.000040 | 0 41 39 0 20 0
399.000060 | O 40 38 0 20 0
399.001770 | 11 353 717 8 2500 145
315.001444 | 0 676 936 3 3748 42
399.002423 | 2 185 209 3 1253 9
335.000409 | 0 1584 7283 2 5200 1140
355.000212 | 8 17 17 6 74 15
340.000507 | 44 106 1397 45 3600 191
350.001282 | 30 4 16 35 47 74
355.001053 | 25 2 8 25 23 319
355.001017 | 16 2 8 11 27 291
335.000651 | 4 377 783 1 1085 70
355.001043 | 24 2 12 24 22 533
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Table A.32 — Results BZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement

policy policy
350.002372 | 6 17 59 2 115 257
399.002665 | 0 195 200 0 40 57
399.002666 | 0 195 200 0 40 11
399.002667 | 0 195 200 0 40 16
399.002668 | 0 195 200 0 40 13
355.001307 | 13 33 54 5 256 137
399.002219 | 0 59 196 4 516 164
350.002444 | 44 28 676 53 1833 109
350.002445 | 44 73 653 53 1803 229
350.002446 | 44 51 692 53 1800 226
350.002447 | 44 66 726 53 1803 192
399.002750 | 44 56 1527 53 3600 413

Table A.33: Results BZ-items dynamic

Inventory Inventory

# out of Annual Improvement
Item proposed current # orders
stock h . demand (euro)

policy policy
345.001719 | 50 0 421 53 907 290
365.000008 | 0 10 53 1 20 887
365.000040 | O 41 39 0 20 0
399.000060 | 0 40 38 0 20 0
399.001770 | O 544 717 9 2500 69
315.001444 | 0 1111 936 3 3748 -28
399.002423 | 0 424 209 3 1253 -86
335.000409 | 0 5564 7283 7 5200 344
355.000212 | 8 17 17 6 74 15
340.000507 | 44 152 1397 53 3600 184
350.001282 | 29 4 16 37 47 72
355.001053 | 25 2 8 25 23 319
355.001017 | 15 2 8 12 27 276
335.000651 | 4 377 783 1 1085 70
355.001043 | 24 2 12 24 22 533
350.002372 | 6 17 59 2 115 257
399.002665 | 0 195 200 0 40 57
399.002666 | 0 195 200 0 40 11
399.002667 | 0 195 200 0 40 16
399.002668 | 0 195 200 0 40 13
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Table A.33 — Results BZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement

policy policy
355.001307 | 13 33 54 5 256 137
399.002219 | 0 59 196 4 516 164
350.002444 | 44 28 676 53 1833 109
350.002445 | 44 73 653 53 1803 229
350.002446 | 44 51 692 53 1800 226
350.002447 | 44 66 726 53 1803 192
399.002750 | 44 56 1527 53 3600 413

A.17.7 Results CX-items
Table A.34: Results CX-items

Inventory Inventory

Item # out of proposed current # orders Annual = Improvement
stock h . demand (euro)

policy policy
350.000724 | O 1199 1767 1 3560 13
310.000249 | 0 5600 5287 0 297 0
315.000614 | 0 541 537 0 176 0
340.000251 | O 111 133 1 314 2
350.000135 | 2 222 518 1 413 59
375.000044 | 1 7854 4210 1 4003 -12
375.000071 | 1 8232 5565 1 6290 -12
375.000106 | 0 5038 6945 1 7884 21
375.000200 | 0 2973 5863 0 3435 93
399.000022 | 0 341 415 0 100 18
399.000299 | 0 267 345 0 150 7
350.000043 | O 1141 490 0 0 0
350.000534 | 0 1011 1514 0 816 8
350.000535 | 0 1276 3039 1 1812 62
399.000163 | 0 7451 7028 0 2788 0
310.000060 | O 5554 5305 0 277 0
399.000300 | 0 304 328 0 100 2
330.000020 | 1 476 980 1 1198 41
315.000209 | 0 750 1269 1 1180 78
320.000061 | 0 655 947 1 658 20
375.000408 | 1 2652 1581 1 2080 -11
315.000091 | O 1111 1104 0 352 0
315.000134 | 0 171 526 2 363 49
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Table A.34 — Results CX-items

Inventory Inventory

Item jtéo(:lit f proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
350.000718 | 1 1448 1841 1 2805 8
375.000081 | 0 1469 1243 1 2235 -4
350.001373 | 1 967 1444 1 1560 17
350.000964 | 0 252 239 0 68 0
370.000204 | 0 268 408 0 272 5
375.000014 | 0 503 1190 0 598 9
375.000152 | 0 2904 3711 0 2031 34
375.000246 | 0 737 709 0 148 0
375.000291 | 0 1021 2199 0 892 20
375.000382 | 0 590 LY 0 148 0
375.000386 | 0 94 861 0 74 124
375.000389 | 0 1635 1778 1 1030 6
399.001221 | 0 21 12 1 0 -466
399.001222 | 0 214 200 0 68 0
365.000335 | 0 8208 35 1 68 -8
375.000064 | 0 824 1686 0 892 5
350.000866 | 0 1172 1155 0 360 0
365.000357 | O 63 12 1 0 -1111
310.000719 | 1 28783 47638 1 112035 30
310.000727 | 0 13471 15136 1 22571 2
310.000545 | 0 9696 6420 1 20637 -7
310.000978 | 1 7092 14106 1 10462 28
399.000331 | 1 75 128 1 170 7
375.000057 | O 120 120 0 5 0
375.000063 | O 5905 2441 1 2831 -20
375.000350 | 1 1173 353 1 645 -11
399.001868 | 0 389 919 0 1334 1
399.001870 | 0 2844 2841 1 4002 0
395.000518 | 5 4097 265 1 331 -4
375.000046 | 0 426 995 0 774 18
399.002459 | 0 1132 1646 1 2675 14
399.002460 | 0 3295 1655 1 2675 -6
399.002469 | 0 4945 512 1 2675 -4
399.002473 | 0 5364 851 1 2675 -5
399.002474 | 0 5858 656 1 2675 -5
399.002475 | 1 4987 1748 1 2675 -39
399.002476 | 0 6628 4737 1 8025 -34
399.002479 | 0 3295 1909 1 2675 -28
399.002480 | 0 2579 1884 1 2675 -21
399.002485 | 0 5606 771 1 2675 -5
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Table A.34 — Results CX-items

# out of Inventory — Inventory Annual Improvement
Item proposed current # orders
stock . . demand (euro)
policy policy
399.002494 | 1 5884 837 1 2619 -5

A.17.8 Results CY-items

Table A.35: Results CY-items

# out of Inventory  Inventory Annual Improvement
Item proposed current # orders

stock . . demand (euro)

policy policy

320.000095 | 12 127 490 3 978 51
399.000316 | O 85 156 0 287 7
375.000050 | O 665 699 0 329 2
399.000074 | O 914 906 0 44 0
310.000204 | 1 1648 459 1 830 -12
310.000210 | 0 4586 4320 0 542 0
310.000229 | 0 1477 342 1 172 -28
315.000155 | O 694 31 1 65 -27
320.000025 | 1 3740 500 1 1743 -23
340.000137 | O 0 156 0 0 445
350.000213 | O 1991 1502 0 1720 0
350.000246 | O 125 163 0 82 8
350.000251 | O 770 783 0 652 2
375.000017 | O 3539 3546 0 176 0
375.000065 | O 966 1015 1 1580 1
399.000413 | 1 548 458 2 1600 -10
310.000011 | O 57 208 0 0 105
345.000052 | O 525 496 0 0 0
375.000276 | O 983 464 0 0 0
375.000463 | 0 1524 464 0 0 0
399.000137 | O 1623 997 0 0 0
335.000021 | O 1885 1835 0 361 0
315.000132 | 0 199 331 0 0 88
335.000052 | O 289 362 0 0 7
375.000353 | O 497 426 0 275 0
310.000113 | O 1396 1308 0 0 0
315.000211 | O 188 233 0 0 6
375.000118 | 0 842 1017 0 704 5
399.000156 | O 252 382 0 0 38
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Table A.35 — Results CY-items

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
399.000157 | O 265 300 0 0 12
350.001303 | 0 414 308 1 800 -15
310.001393 | 1 732 1850 1 1150 130
310.001394 | 0 1003 1410 1 1725 31
310.001395 | 1 350 265 1 750 -12
310.001397 | 1 158 48 1 75 -23
310.001398 | 0 243 110 1 150 -22
310.001399 | 0 134 55 1 75 -23
310.001400 | 1 208 76 1 225 -16
310.001446 | 1 172 70 1 225 -20
315.000030 | O 563 1354 1 2436 49
315.001080 | 0 68 83 0 225 10
330.000105 | O 75 92 0 241 11
350.001206 | 0 36 32 0 75 0
350.001207 | 1 102 175 1 75 37
350.001227 | 0 109 101 0 150 0
350.001228 | 1 78 86 1 75 5
350.001229 | 0 67 63 0 75 0
375.000422 | 1 3113 2621 1 2860 -7
399.001525 | 1 441 265 1 450 -7
399.001526 | 0 244 206 1 450 -23
399.001527 | O 217 191 1 450 -14
310.000002 | O 281 333 0 160 5
310.000003 | O 322 337 0 160 1
310.000004 | 0 944 903 0 160 0
310.000372 | 0 1859 1856 0 176 0
315.000131 | 2 49 53 2 160 4
315.000214 | 0 1190 1187 0 172 0
315.000285 | 2 104 463 2 352 43
335.000011 | O 328 343 0 323 2
340.000252 | 1 108 98 1 255 -1
345.000024 | 3 192 469 3 1130 60
345.000043 | 12 38 499 3 160 419
345.000045 | 12 29 486 3 170 416
350.000131 | 4 91 243 3 413 85
350.000271 | 0 529 522 0 160 0
350.000290 | 2 497 1477 2 1120 14
399.000023 | 2 92 191 2 330 66
399.000033 | 2 97 170 2 285 28
399.000263 | 0 635 620 0 320 0
350.000132 | 5 66 256 3 383 161
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Table A.35 — Results CY-items

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
350.000136 | 4 74 218 2 383 42
399.000266 | 23 26 148 5 211 215
310.000327 | 1 186 121 1 283 -4
315.000359 | 0 438 151 1 467 -32
315.000564 | 0 120 192 1 252 59
315.000690 | 4 101 352 1 264 67
315.000693 | 0 245 163 0 257 0
320.000729 | 1 261 178 1 5H4 -4
325.000180 | 5 93 112 3 279 15
330.000088 | 2 132 754 2 276 54
350.000752 | 0 184 203 0 252 4
350.000815 | 3 220 232 1 504 3
350.001186 | 3 141 116 1 252 -27
375.000018 | O 300 300 0 0 0
399.000702 | 0 114 129 1 252 12
399.000703 | 3 126 148 3 518 6
375.000028 | O 244 526 1 354 11
395.000233 | 0 1848 1793 0 252 0
399.001842 | 6 37 301 3 260 221
330.000100 | 1 661 1285 1 2964 28
350.000700 | O 173 56 1 219 -58
310.000211 | 1 1502 953 1 1308 -5
335.000071 | O 6412 5408 0 3600 0
370.000055 | O 110 54 0 20 0
330.000021 | O 37 32 0 0 0
375.000203 | 0 277 552 0 407 11
350.000046 | O 5915 931 1 2046 47
399.000877 | O 742 764 0 2 0
350.000912 | O 36 23 1 47 -2
399.000310 | 0 714 593 0 130 0
310.001008 | 1 7772 4221 1 2126 -3
310.001077 | O 4169 4069 0 1736 0
315.000817 | 2 11252 12861 2 36773 10
315.000949 | 0 892 766 0 281 0
315.000581 | 1 8582 13653 1 12306 13
315.000988 | 0 896 3033 0 1529 8
310.001079 | 1 12259 10415 1 20104 -3
315.000624 | 2 2680 4722 2 9195 19
335.000662 | 2 1147 1378 2 4800 8
310.000717 | O 27917 19888 1 54982 -11
310.000721 | 1 10960 10678 1 23591 0
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Table A.35 — Results CY-items

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
315.000821 | 0 5301 4853 0 1070 0
375.000007 | O 298 454 0 132 31
315.001252 | 0 567 802 0 630 18
350.002136 | 0 93 415 1 210 332
395.000480 | 0 256 188 0 210 0
399.000101 | O 339 799 0 511 127
399.001943 | 0 475 1404 1 840 217
399.001944 | 0 176 223 0 210 37
370.000284 | 0 182 186 0 180 3
315.000666 | 1 65 158 1 170 66
350.000590 | 0 157 145 1 170 -8
350.000604 | 1 213 324 1 450 18
350.000611 | 1 360 167 1 220 -28
350.000779 | 1 93 319 1 170 46
350.000858 | 0 740 536 1 950 -49
350.000934 | 1 390 585 1 1210 42
350.001115 | 0 173 245 1 170 9
350.001116 | O 130 119 2 170 -2
350.001117 | 0 313 430 2 440 27
399.000247 | 0 159 156 1 220 -1
399.000330 | O 162 148 2 170 -11
399.001396 | 5 67 174 3 220 244
399.001464 | 0 82 216 1 220 95
375.000107 | 1 6412 2250 1 1886 -24
375.000295 | 0 2520 14816 1 12349 235
399.001900 | 0 165 112 0 85 0
399.002041 | O 274 201 0 150 0
310.001594 | 0 209 101 1 259 -19
310.001595 | 0 427 46 1 174 -15
310.001596 | 1 818 128 1 250 -16
320.000384 | 1 132 89 1 265 -15
330.000109 | 0 183 160 0 275 0
399.001815 | O (0] 31 1 141 -52
399.001901 | 1 98 119 1 194 5
310.000871 | 0 25521 32571 0 34482 11
350.000288 | 1 1684 1605 1 2328 -3
310.001609 | 0 5389 5389 0 0 0
350.001545 | O 3706 417 1 667 -3
350.001546 | 0 3706 397 1 667 -3
375.000473 | O 799 1017 0 1344 10
375.000474 | 1 1926 1188 1 2920 -22
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Table A.35 — Results CY-items

# out of Inventory  Inventory Annual Improvement
Item proposed current # orders
stock . . demand (euro)
policy policy
375.000475 | 1 3166 1469 1 2883 -12
399.001867 | 0 5172 214 1 669 -5
399.001871 | 0 5022 340 1 667 -5
335.000798 | O 321 611 0 690 0
335.000799 | O 275 546 0 690 0
315.000599 | 2 164 565 2 990 38
399.001849 | 0 79 119 1 200 32
399.001853 | 0 3758 171 1 400 -4
399.001858 | 0 2693 83 1 200 -3
399.001859 | 0 2693 83 1 200 -3
399.001860 | O 2693 83 1 200 -3
399.001861 | 0 2693 83 1 200 -3
399.001862 | 0 2699 89 1 200 -3
399.001863 | 0 2703 93 1 200 -3
399.001864 | 0 1887 93 1 200 -2
399.001865 | 0 2693 83 1 200 -3
399.002021 | 0 2693 83 1 200 -3
399.002022 | 0 2061 133 1 200 -2
399.002023 | 0 2693 83 1 200 -3
350.000256 | O 650 667 0 70 1
375.000039 | O 333 352 0 187 0
399.002150 | 0 1142 430 1 660 -70
375.000553 | 2 349 467 2 800 46
375.000554 | 2 732 460 1 800 -31
375.000555 | 1 1955 509 1 800 -44
399.002477 | 0 5393 3524 1 5350 -24
399.002484 | 0 4101 265 1 1929 -4
399.002488 | 0 3019 282 1 750 -3
A.17.9 Results CZ-items
Table A.36: Results CZ-items static
Inventory Inventory
Item # out of proposed current # orders Annual = Improvement
stock . . demand (euro)
policy policy
315.000088 | O 5414 5409 0 72 0
399.000067 | O 9933 10000 0 72 4888
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Table A.36 — Results CZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
315.000080 | 50 308 430 51 912 17
310.000347 | 0 1 1 2 1 -1
370.000043 | 0 322 322 0 0 0
375.000030 | O 479 477 0 20 0
375.000031 | O 116 114 0 20 0
375.000099 | O 138 137 0 20 0
375.000111 | O 42 37 0 40 0
375.000112 | 0 75 63 0 61 0
399.000061 | 0 5 4 0 1 0
399.000065 | 0 42 40 0 20 0
399.000066 | 0 42 41 0 3 0
310.000342 | 0 4 2 0 7 0
310.000349 | 1 20 5 1 12 -41
310.000346 | 0 4 9 0 0 13
399.000064 | 0 3 34 0 0 11309
310.000188 | 0 149 o974 0 0 7
310.000206 | 0 168 170 0 0 0
310.000222 | 0 3681 3536 0 402 0
310.000234 | 0 1714 1714 0 0 0
310.000236 | 0 878 878 0 0 0
310.000238 | 0 1548 1314 0 260 0
310.000257 | O 685 685 0 0 0
310.000353 | 0 174 136 0 230 0
310.000397 | 0 100 100 0 0 0
310.000398 | 0 144 144 0 0 0
310.000680 | 0 1502 1502 0 0 0
315.000064 | 0 172 137 0 27 0
315.000154 | 0 84 84 0 0 0
315.000284 | 0 380 369 0 0 0
320.000026 | 0 1750 1674 0 57 0
320.000043 | 0 262 262 0 0 0
330.000019 | O 278 278 0 0 0
330.000023 | O 760 595 0 0 0
335.000002 | 3 90 172 1 425 36
335.000386 | 0 80 80 0 0 0
340.000130 | 0 77 35 1 45 -12
340.000213 | 1 33 81 1 78 11
340.000301 | O 5 105 0 0 36
340.000304 | 0 2 2 0 0 0
340.000305 | 0 50 100 0 0 8
345.000001 | O 107 157 0 0 32
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Table A.36 — Results CZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
350.000206 | O 1 1 0 0 0
350.000209 | 0 74 148 0 0 20
350.000244 | 0 150 93 0 0 0
355.000100 | O 30 30 0 0 0
375.000021 | O 312 300 0 0 0
375.000045 | O 195 195 0 0 0
399.000158 | 0 460 307 0 0 0
399.000165 | 0 158 4 0 0 0
399.000167 | 0 157 ) 0 0 0
399.000261 | 0 912 912 0 0 0
399.000410 | O 20 16 0 0 0
375.000145 | 0 812 477 0 0 0
310.000066 | 0 239 74 0 0 0
315.000210 | 0 185 129 0 0 0
350.000004 | 0 357 247 0 0 0
375.000464 | 0 670 335 0 0 0
310.000082 | 0 192 0 0 0 0
350.001126 | 0 322 329 0 0 14
350.001620 | 0 696 707 0 0 4
350.001621 | O 2576 2576 0 0 0
345.000327 | 0 11 27 0 0 597
350.001205 | 2 40 7 2 150 56
350.001222 | 0 153 153 0 0 0
350.001223 | 0 83 134 0 0 29
350.001224 | 0 65 121 0 0 23
350.001230 | 0 ol o1 0 0 0
350.001231 | O o6 o6 0 0 0
375.000109 | 0 261 251 0 0 0
375.000110 | O 431 425 0 81 0
375.000187 | 0 341 336 0 81 0
375.000233 | 0 174 174 0 0 0
375.000411 | O 221 221 0 0 0
375.000413 | O 151 146 0 81 0
375.000414 | 0 417 429 0 81 1
399.001522 | 3 10 33 4 80 36
399.001540 | 0 53 203 0 0 105
399.001541 | 0 147 350 0 0 99
350.001956 | O 701 613 0 396 0
399.000555 | O 100 32 0 0 0
315.001143 | 0 631 649 0 0 27
350.001044 | 0 59 184 0 0 89
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Table A.36 — Results CZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
350.001524 | 0 394 382 2 1256 -3
310.000259 | 0 3381 3326 0 143 0
310.000263 | 0 1480 3105 1 1339 34
335.000073 | O 3000 3000 0 0 0
310.000224 | 0 3243 3243 0 0 0
310.000261 | O 145 45 1 60 -2
370.000037 | O 142 154 0 60 4
320.000178 | 0 4 ) 0 0 0
335.000422 | 0 128 698 0 0 51
355.000913 | 0 1 3 0 0 48
370.000050 | O 23 23 0 0 0
375.000421 | 0 987 976 0 0 0
335.000411 | 0 2219 800 1 0 -155
350.000865 | 0 98 33 2 200 -49
350.001585 | 0 130 50 1 200 -58
370.000194 | 30 20 33 31 200 940
350.000601 | 5 1825 5776 5 10723 40
350.000605 | 0 125 126 0 2 0
370.000110 | O 68 70 0 2 19
335.000621 | 0 1 1 0 0 0
370.000205 | 0 16 16 0 0 0
375.000043 | O 475 467 0 0 0
375.000383 | 0 1295 1273 0 0 0
375.000384 | 0 845 845 0 0 0
375.000416 | 0 4009 4248 0 1088 4
399.001707 | 0 210 189 0 0 0
310.001743 | O 89 75 0 25 0
310.001744 | 0 28 63 1 25 34
315.001242 | 1 58 51 1 75 -5
340.001739 | 2 5 23 2 25 67
340.001760 | 1 24 44 1 40 51
365.000348 | 0 112 175 1 50 41
365.000349 | 0 400 475 1 50 6
315.001341 | 0 302 100 2 350 -47
320.000978 | 0 156 28 1 50 -32
335.000663 | 0 203 220 0 100 1
375.000530 | O 367 180 1 260 -15
399.002127 | 1 161 67 1 180 -61
399.002128 | 1 688 119 1 180 -44
340.000253 | 1 5 43 4 15 5
350.002091 | O 155 144 1 100 -1
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Table A.36 — Results CZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
350.002475 | 20 20 20 21 100 0
350.002476 | 20 0 5 21 100 101
350.002478 | 20 0 5 21 100 59
365.000431 | 8 0 3 4 100 273
365.000432 | 8 0 3 4 100 0
370.000301 | 20 0 5 21 100 100
399.002787 | 20 0 5 21 100 1085
399.002788 | 20 0 5 21 100 224
399.002789 | 20 0 5 21 100 205
399.002792 | 20 0 4 21 100 4607
350.001164 | 0 219 257 0 100 8
375.000038 | O 261 253 1 110 0
350.000033 | O 104 93 0 12 0
399.001536 | O 39 40 0 12 2
350.001280 | 0 50 37 0 47 0
350.001323 | 1 22 16 3 47 -3
399.001594 | 30 3 15 36 47 45
399.001597 | 30 3 15 39 47 29
310.001082 | 1 6432 5342 1 10346 -2
310.001421 | 0 81 84 2 123 0
310.001422 | 0 48 35 0 41 0
310.001423 | 13 9 121 14 82 56
315.000943 | 0 3098 3000 0 316 0
315.001071 | 9 68 294 17 248 7
350.001278 | 26 9 19 29 48 28
310.001454 | 0 1660 1581 0 409 0
315.000113 | O 3278 3102 0 998 0
350.001277 | O 158 26 0 60 0
350.000065 | 40 28 83 41 90 9
325.000722 | 1 402 237 1 314 -2
350.001279 | 36 7 31 38 47 44
350.001332 | 6 20 36 3 75 32
315.001117 | 1 551 225 1 457 -9
315.001118 | 0 1653 1631 0 83 0
315.001119 | 0 40 16 1 7 -3
315.001120 | 16 21 151 21 77 15
315.001121 | O 828 788 0 359 0
315.001122 | 1 613 155 1 307 -14
315.001123 | 1 744 252 1 512 -10
315.001124 | 33 2 129 38 39 4
315.001125 | 0 579 100 1 119 -8
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Table A.36 — Results CZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
315.001126 | 0 134 122 0 39 0
350.001369 | 34 9 28 37 54 26
399.002710 | 0 78 7 1 105 0
350.001796 | 0 118 85 1 120 -31
350.002381 | 0 131 46 1 80 -62
350.002382 | 0 98 33 1 40 -62
315.001580 | 1 24 43 2 80 59
350.002384 | 0 15 30 0 40 10
355.001822 | 0 85 174 0 40 361
399.002672 | 0 983 877 0 160 0
399.002673 | 0 1021 703 0 160 0
399.002675 | 0 381 398 0 80 7
399.002676 | 0 491 464 0 80 0
399.002678 | 0 586 600 0 120 0
399.002679 | 0 976 1000 0 200 1
399.002680 | 0 691 640 0 80 0
399.002681 | 0 762 1320 0 320 15
399.002682 | 0 226 825 0 200 8
399.002740 | 0 331 280 0 80 0
350.000777 | 0 446 521 1 220 8
310.000420 | 0 20 30 0 0 9
399.001974 | O 147 49 1 0 -25
350.001999 | 0 17 42 0 0 7
350.002000 | 0 242 242 0 0 0
375.000356 | 0 182 182 0 0 0
350.000031 | 0 130 130 0 0 0
399.002758 | 0 7 103 0 71 0
399.002805 | 7 0 53 7 35 53
350.000121 | O 20 30 0 0 3
350.000956 | O 49 50 0 0 0
350.000960 | O 399 399 0 0 0
310.001608 | 0 31489 31489 0 0 0
335.000724 | O 5000 5000 0 0 0
310.001643 | 1 1016 655 1 1004 -51
335.000723 | 0 42646 47769 0 7260 5
350.001528 | 0 1385 1385 0 0 0
350.001529 | 0 139 139 0 0 0
350.001547 | O 579 LY 0 5 0
395.000432 | 0 55 38 0 0 0
395.000435 | 0 9 9 0 0 0
395.000436 | O 3 3 0 0 0
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Table A.36 — Results CZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
395.000437 | O 27 37 0 0 87
395.000438 | 0 1956 407 0 0 0
350.001958 | 0 2608 250 0 0 0
395.000425 | 0 2 2 0 0 0
395.000434 | 0 0] 50 0 0 0
395.000439 | 0 593 793 0 0 116
395.000440 | 0 81 81 0 0 0
395.000449 | 0 6458 6458 0 0 0
395.000484 | 0 79 43 0 0 0
395.000486 | 0 356 338 0 0 0
395.000487 | O 715 320 0 0 0
395.000488 | 0 201 201 0 0 0
365.000435 | 2 3 7 9 6 0
399.001964 | 0 282 282 0 0 0
399.002106 | 0 69 69 0 0 0
399.002193 | 0 1440 1440 0 0 0
399.002210 | 0 7 7 0 0 0
399.002205 | 0 4350 4350 0 0 0
399.002207 | 0 1100 1100 0 0 0
399.002212 | 0 160 160 0 0 0
399.002213 | 0 330 330 0 0 0
399.002239 | 0 20000 20000 0 0 0
395.000543 | 0 16 16 0 0 0
399.002267 | 0 173 173 0 0 0
399.002354 | 0 3 3 0 0 0
399.002356 | 0 20 185 0 0 0
399.002358 | 0 6 6 0 0 0
399.002426 | 0 8982 418 1 456 -9
335.001823 | 0 176 150 53 0 0
335.001824 | 0 176 150 53 0 0
335.001825 | 40 6 183233 53 187200 183
399.002427 | 0 1996 100 1 150 -2
350.000719 | O 397 394 0 0 0
350.001666 | 0 405 403 0 0 0
350.001667 | 0 204 204 0 0 0
350.001668 | 0 97 100 1 0 3
399.001374 | 0 0] o0 0 0 0
399.002004 | 0 206 167 0 0 0
350.001961 | 0 5 59 0 0 66
399.002329 | 0 5 ) 0 0 0
399.000279 | 2 117 67 2 268 -21
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Table A.36 — Results CZ-items static

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
399.002536 | 0 168 116 1 259 -9
350.002474 | 40 1 392 42 416 172
325.000928 | 1 57 59 1 100 1
345.001653 | 1 40 56 2 105 39
399.000478 | 1 240 89 1 100 -23
399.002559 | O 111 55 1 100 -24
399.002560 | 0 105 55 1 104 -23
365.000409 | 0 1 o1 0 0 280
399.002223 | 0 7408 2167 1 4200 -5
399.002442 | 0 1 o1 0 0 0
350.001262 | 1 42 102 1 100 78
350.002003 | 0 128 212 1 400 29
399.002367 | 0 40 61 3 105 36
399.001391 | 43 8 9 44 105 5
399.002491 | 43 2 5 45 105 69
399.002808 | 30 10 1326 53 1925 1
399.002795 | 33 1 89 35 355 0
399.002820 | 33 1 133 35 355 0
345.001624 | 0 40 40 0 0 0
350.000781 | 0 46 46 0 0 0
399.002534 | 0 615 625 0 0 2
315.001596 | 44 378 1202 45 1800 29
320.001182 | 44 164 1020 45 1865 39
350.002448 | 44 79 1270 45 1801 60
399.002747 | 0 316 470 0 650 48
399.002749 | 44 749 1765 45 1800 66
399.002534 | 0 615 625 2 0
315.001596 | 44 378 1202 29 45
320.001182 | 44 164 1020 39 45
350.002448 | 44 79 1270 60 45
399.002747 | 0 316 470 48 0
399.002749 | 44 749 1765 66 45
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Table A.37: Results CZ-items dynamic

Inventory Inventory

Ttem ﬁoc::llit of proposed cur'rent # orders dAeanl:zii zz?lli‘ic;vement
policy policy
315.000088 | O 5414 5409 0 72 0
399.000067 | O 9933 10000 0 72 4888
315.000080 | 50 308 430 53 912 17
310.000347 | O 1 1 2 1 -1
370.000043 | 0 322 322 0 0 0
375.000030 | O 479 477 0 20 0
375.000031 | O 116 114 0 20 0
375.000099 | O 138 137 0 20 0
375.000111 | O 42 37 0 40 0
375.000112 | O 75 63 0 61 0
399.000061 | O 5 4 0 1 0
399.000065 | O 42 40 0 20 0
399.000066 | O 42 41 0 3 0
310.000342 | 0 4 2 0 7 0
310.000349 | 1 20 5 1 12 -41
310.000346 | O 4 9 0 0 13
399.000064 | 0 3 34 0 0 11309
310.000188 | O 149 574 0 0 7
310.000206 | O 168 170 0 0 0
310.000222 | 0 3681 3536 0 402 0
310.000234 | 0 1714 1714 0 0 0
310.000236 | O 878 878 0 0 0
310.000238 | 0 1548 1314 0 260 0
310.000257 | O 685 685 0 0 0
310.000353 | 0 174 136 0 230 0
310.000397 | O 100 100 0 0 0
310.000398 | O 144 144 0 0 0
310.000680 | O 1502 1502 0 0 0
315.000064 | 0 172 137 0 27 0
315.000154 | 0 84 84 0 0 0
315.000284 | 0 380 369 0 0 0
320.000026 | O 1750 1674 0 57 0
320.000043 | O 262 262 0 0 0
330.000019 | O 278 278 0 0 0
330.000023 | O 760 595 0 0 0
335.000002 | O 299 172 2 425 -56
335.000386 | 0 80 80 0 0 0
340.000130 | O 7 35 1 45 -12
340.000213 | 1 33 81 1 78 11
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Table A.37 — Results CZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
340.000301 | 0 5 105 0 0 36
340.000304 | 0 2 2 0 0 0
340.000305 | 0 50 100 0 0 8
345.000001 | O 107 157 0 0 32
350.000206 | 0 1 1 0 0 0
350.000209 | O 74 148 0 0 20
350.000244 | 0 150 53 0 0 0
355.000100 | O 30 30 0 0 0
375.000021 | O 312 300 0 0 0
375.000045 | 0 195 195 0 0 0
399.000158 | 0 460 307 0 0 0
399.000165 | 0 158 4 0 0 0
399.000167 | 0 157 5 0 0 0
399.000261 | 0 912 912 0 0 0
399.000410 | 0 20 16 0 0 0
375.000145 | 0 812 477 0 0 0
310.000066 | O 239 74 0 0 0
315.000210 | 0 185 129 0 0 0
350.000004 | 0 357 247 0 0 0
375.000464 | 0 670 335 0 0 0
310.000082 | 0 192 0 0 0 0
350.001126 | O 322 329 0 0 14
350.001620 | 0 696 707 0 0 4
350.001621 | 0 2576 2576 0 0 0
345.000327 | 0 11 27 0 0 597
350.001205 | 2 40 T 2 150 56
350.001222 | 0 153 153 0 0 0
350.001223 | 0 83 134 0 0 29
350.001224 | 0 65 121 0 0 23
350.001230 | 0 o1 51 0 0 0
350.001231 | 0 o6 o6 0 0 0
375.000109 | 0 261 251 0 0 0
375.000110 | O 431 425 0 81 0
375.000187 | 0 341 336 0 81 0
375.000233 | 0 174 174 0 0 0
375.000411 | 0 221 221 0 0 0
375.000413 | 0 151 146 0 81 0
375.000414 | 0 417 429 0 81 1
399.001522 | 3 10 33 4 80 36
399.001540 | 0 53 203 0 0 105
399.001541 | 0 147 350 0 0 99
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Table A.37 — Results CZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
350.001956 | 0 701 613 0 396 0
399.000555 | O 100 32 0 0 0
315.001143 | 0 631 649 0 0 27
350.001044 | 0 59 184 0 0 89
350.001524 | 0 769 382 2 1256 -78
310.000259 | O 3381 3326 0 143 0
310.000263 | 0 1571 3105 1 1339 32
335.000073 | O 3000 3000 0 0 0
310.000224 | 0 3243 3243 0 0 0
310.000261 | 0 145 45 1 60 -2
370.000037 | 0 142 154 0 60 4
320.000178 | O 4 5 0 0 0
335.000422 | 0 128 698 0 0 51
355.000913 | 0 1 3 0 0 48
370.000050 | O 23 23 0 0 0
375.000421 | O 987 976 0 0 0
335.000411 | 0 2219 800 1 0 -155
350.000865 | 0 98 33 2 200 -49
350.001585 | 0 130 50 1 200 -58
370.000194 | 30 20 33 31 200 940
350.000601 | 5 1825 o776 5 10723 40
350.000605 | O 125 126 0 2 0
370.000110 | O 68 70 0 2 19
335.000621 | 0 1 1 0 0 0
370.000205 | 0 16 16 0 0 0
375.000043 | 0 475 467 0 0 0
375.000383 | 0 1295 1273 0 0 0
375.000384 | 0 845 845 0 0 0
375.000416 | 0 4009 4248 0 1088 4
399.001707 | 0 210 189 0 0 0
310.001743 | 0 89 75 0 25 0
310.001744 | 0 28 63 1 25 34
315.001242 | 1 58 51 1 75 -5
340.001759 | 2 5 23 2 25 67
340.001760 | 1 24 44 1 40 51
365.000348 | 0 112 175 1 50 41
365.000349 | 0 400 475 1 50 6
315.001341 | O 308 100 2 350 -48
320.000978 | 0 156 28 1 50 -32
335.000663 | 0 203 220 0 100 1
375.000530 | O 367 180 1 260 -15
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Table A.37 — Results CZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
399.002127 | 1 161 67 1 180 -61
399.002128 | 1 688 119 1 180 -44
340.000253 | 1 5 43 4 15 5
350.002091 | O 155 144 1 100 -1
350.002475 | 20 20 20 21 100 0
350.002476 | 20 0 5 21 100 101
350.002478 | 20 0 5 21 100 59
365.000431 | 8 0 3 4 100 273
365.000432 | 8 0 3 4 100 0
370.000301 | 20 0 5 21 100 100
399.002787 | 20 0 ) 21 100 1085
399.002788 | 20 0 5 21 100 224
399.002789 | 20 0 5 21 100 205
399.002792 | 20 0 4 21 100 4607
350.001164 | 0 219 257 0 100 8
375.000038 | O 261 253 1 110 0
350.000033 | O 104 93 0 12 0
399.001536 | O 39 40 0 12 2
350.001280 | 0 50 37 0 47 0
350.001323 | 1 22 16 3 47 -3
399.001594 | 29 4 15 38 47 44
399.001597 | 29 3 15 41 47 28
310.001082 | 0 6664 5342 1 10346 -2
310.001421 | 0 81 84 2 123 0
310.001422 | 0 48 35 0 41 0
310.001423 | 13 9 121 15 82 56
315.000943 | 0 3098 3000 0 316 0
315.001071 | 9 68 294 20 248 7
350.001278 | 26 9 19 30 48 27
310.001454 | 0 1660 1581 0 409 0
315.000113 | 0 3278 3102 0 998 0
350.001277 | O 158 26 0 60 0
350.000065 | 40 28 83 41 90 9
325.000722 | 1 402 237 1 314 -2
350.001279 | 36 7 31 38 47 44
350.001332 | 6 20 36 3 75 32
315.001117 | 1 951 225 1 457 -9
315.001118 | O 1653 1631 0 83 0
315.001119 | 0 40 16 4 7 -3
315.001120 | 16 21 151 23 7 15
315.001121 | 0 828 788 0 359 0
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Table A.37 — Results CZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
315.001122 | 1 613 155 1 307 -14
315.001123 | 1 744 252 1 512 -10
315.001124 | 32 2 129 38 39 4
315.001125 | 0 579 100 1 119 -8
315.001126 | 0 134 122 0 39 0
350.001369 | 34 9 28 38 54 26
399.002710 | 0 78 7 1 105 0
350.001796 | 0 118 85 1 120 -31
350.002381 | 0 131 46 1 80 -62
350.002382 | 0 98 33 1 40 -62
315.001580 | 1 24 43 2 80 59
350.002384 | 0 15 30 0 40 10
355.001822 | 0 85 174 0 40 361
399.002672 | 0 983 877 0 160 0
399.002673 | 0 1021 703 0 160 0
399.002675 | 0 381 398 0 80 7
399.002676 | O 491 464 0 80 0
399.002678 | 0 586 600 0 120 0
399.002679 | 0 976 1000 0 200 1
399.002680 | 0 691 640 0 80 0
399.002681 | 0 762 1320 0 320 15
399.002682 | 0 226 825 0 200 8
399.002740 | 0 331 280 0 80 0
350.000777 | O 446 521 1 220 8
310.000420 | 0 20 30 0 0 9
399.001974 | 0 9 49 0 0 10
350.001999 | 0 17 42 0 0 7
350.002000 | 0 242 242 0 0 0
375.000356 | 0 182 182 0 0 0
350.000031 | O 130 130 0 0 0
399.002758 | 0 77 103 0 71 0
399.002805 | 7 0 93 7 35 53
350.000121 | O 20 30 0 0 3
350.000956 | O 49 50 0 0 0
350.000960 | O 399 399 0 0 0
310.001608 | 0 31489 31489 0 0 0
335.000724 | 0 5000 5000 0 0 0
310.001643 | 1 1016 655 1 1004 -51
335.000723 | 0 42646 47769 0 7260 5
350.001528 | 0 1385 1385 0 0 0
350.001529 | 0 139 139 0 0 0
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Table A.37 — Results CZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
350.001547 | 0 579 LY 0 5 0
395.000432 | 0 55 38 0 0 0
395.000435 | 0 9 9 0 0 0
395.000436 | O 3 3 0 0 0
395.000437 | 0 27 37 0 0 87
395.000438 | 0 1956 407 0 0 0
350.001958 | 0 2608 250 0 0 0
395.000425 | 0 2 2 0 0 0
395.000434 | 0 50 50 0 0 0
395.000439 | 0 993 793 0 0 116
395.000440 | 0 81 81 0 0 0
395.000449 | 0 6458 6458 0 0 0
395.000484 | 0 79 43 0 0 0
395.000486 | 0 356 338 0 0 0
395.000487 | 0 715 320 0 0 0
395.000488 | 0 201 201 0 0 0
365.000435 | 0 4 7 11 6 0
399.001964 | 0 282 282 0 0 0
399.002106 | 0 69 69 0 0 0
399.002193 | 0 1440 1440 0 0 0
399.002210 | O 7 7 0 0 0
399.002205 | 0 4350 4350 0 0 0
399.002207 | 0 1100 1100 0 0 0
399.002212 | 0 160 160 0 0 0
399.002213 | 0 330 330 0 0 0
399.002239 | 0 20000 20000 0 0 0
395.000543 | O 16 16 0 0 0
399.002267 | 0 173 173 0 0 0
399.002354 | 0 3 3 0 0 0
399.002356 | 0 20 185 0 0 0
399.002358 | 0 6 6 0 0 0
399.002426 | 0 8982 418 1 456 -9
335.001823 | 0 176 150 53 0 0
335.001824 | 0 176 150 53 0 0
335.001825 | 40 6 183233 53 187200 183
399.002427 | 0 1996 100 1 150 -2
350.000719 | O 397 394 0 0 0
350.001666 | O 405 403 0 0 0
350.001667 | 0 204 204 0 0 0
350.001668 | 0 97 100 1 0 3
399.001374 | 0 50 50 0 0 0
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Table A.37 — Results CZ-items dynamic

Inventory Inventory

Item jtéo(:lit of proposed cur.rent # orders dA;r;lz:ﬂi Ezrg;r(‘)(;vement
policy policy
399.002004 | 0 206 167 0 0 0
350.001961 | 0 5 59 0 0 66
399.002329 | 0 5 ) 0 0 0
399.000279 | 2 117 67 2 268 -21
399.002536 | 0 168 116 1 259 -9
350.002474 | 40 1 392 42 416 172
325.000928 | 1 57 59 1 100 1
345.001653 | 1 40 56 2 105 39
399.000478 | 1 240 89 1 100 -23
399.002539 | 0 111 95 1 100 -24
399.002560 | 0 105 95 1 104 -23
365.000409 | 0 2 51 1 0 275
399.002223 | 0 7408 2167 1 4200 -5
399.002442 | 0 2 51 1 0 0
350.001262 | 1 42 102 1 100 78
350.002003 | 0 347 212 1 400 -46
399.002367 | O 40 61 3 105 36
399.001391 | 43 8 9 44 105 5
399.002491 | 43 1 5 44 105 86
399.002808 | 30 10 1326 53 1925 1
399.002795 | 33 1 89 35 355 0
399.002820 | 33 1 133 35 355 0
345.001624 | 0 40 40 0 0 0
350.000781 | 0 46 46 0 0 0
399.002534 | 0 615 625 0 0 2
315.001596 | 44 400 1202 53 1800 28
320.001182 | 44 179 1020 53 1865 38
350.002448 | 44 94 1270 53 1801 59
399.002747 | 0 323 470 28 650 45
399.002749 | 44 749 1765 45 1800 66
399.002534 | 0 615 625 0 0 2
315.001596 | 44 400 1202 53 1800 28
320.001182 | 44 179 1020 53 1865 38
350.002448 | 44 94 1270 53 1801 59
399.002747 | 0 323 470 28 650 45
399.002749 | 44 749 1765 45 1800 66
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A.18 Total annual cycle inventory cost

A.18.1 Total annual cycle inventory cost AX-items

Table A.38: Results inventory ordering cost AX-items

Holding  Ordering  Holding ~ Ordering Total inventory Total inventory

Ttem cost cost cost cost Improvement
cost Proposed cost current

proposed proposed current —current
395.000226 | 378 0 443 20 378 463 84
365.000029 | 267 0 358 10 267 368 101
345.000163 | 25 50 68 50 75 118 43
399.001703 | 166 50 192 40 216 232 16
399.001705 | 79 40 78 70 119 148 29
395.000384 | 195 70 1016 120 265 1136 871
335.000692 | 227 40 295 110 267 405 138
370.000206 | 104 30 229 110 134 339 205
365.000334 | 1281 20 881 40 1301 921 -381
335.000761 | 2809 40 1963 90 2849 2053 -796
399.001967 | 195 40 307 110 235 417 182
399.002383 | 6167 30 3637 50 6197 3687 -2510
315.000062 | 66 30 243 120 96 363 267
399.002455 | 185 100 416 340 285 756 470
399.002456 | 270 100 725 240 370 965 595
399.002457 | 328 40 491 30 368 521 153
399.002461 | 337 90 723 270 427 993 566
399.002462 | 412 100 905 220 512 1125 613
399.002463 | 75 90 120 180 165 300 135
399.002464 | 76 90 89 210 166 299 133
399.002465 | 102 90 142 200 192 342 150
399.002467 | 158 90 225 70 248 295 47
399.002468 | 79 70 168 110 149 278 129
399.002470 | 294 70 510 220 364 730 366
399.002471 | 94 40 7 160 134 237 103
Total 14370 1410 14300 3190 15780 17490 1710

A.18.2 Total annual cycle inventory cost AY-items
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Table A.39: Results inventory ordering cost AY-items

Holding  Ordering - Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost Improvement
cost Proposed cost current

proposed proposed current current
399.001521 | 1679 120 1291 30 1799 1321 -478
345.000317 | 378 40 543 80 418 623 205
399.000608 | 54 50 285 0 104 285 181
325.000179 | 202 20 178 50 222 228 6
365.000342 | 44 50 230 60 94 290 197
350.001298 | 188 50 168 80 238 248 10
350.001485 | 182 40 136 90 222 226 3
365.000415 | 276 40 191 50 316 241 -75
399.002628 | 736 100 692 110 836 802 -34
315.001070 | 137 50 713 80 187 793 606
399.001946 | 367 10 462 50 377 512 135
399.001948 | 409 10 451 60 419 511 92
399.002524 | 782 10 993 50 792 1043 251
399.002428 | 923 20 481 60 943 541 -403
399.002529 | 404 50 461 50 454 511 57
365.000337 | 138 40 104 30 178 134 -44
365.000378 | 279 20 237 20 299 257 -43
365.000379 | 175 40 228 20 215 248 33
350.001571 | 336 20 347 10 356 357 1
399.001848 | 366 60 344 70 426 414 -12
399.001850 | 214 50 86 90 264 176 -88
350.002075 | 360 120 640 130 480 770 290
350.002076 | 259 120 513 130 379 643 264
350.002077 | 273 110 507 140 383 647 264
350.002078 | 393 90 603 120 483 723 240
Total 9556 1330 10885 1660 10886 12545 1660

A.18.3 Total annual cycle inventory cost AZ-items

Table A.40: Results inventory ordering cost AZ-items static

Holding  Ordering  Holding  Ordering Total inventory Total inventory
Ttem cost cost cost cost Improvement

cost Proposed cost current
proposed proposed current current

320.000069 | 219 0 321 10 219 331 112
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Table A.40 — Results inventory ordering cost AZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost, cost cost Improvement
cost Proposed cost current

proposed proposed current current
399.000063 | 1076 10 542 20 1086 562 -524
350.002469 | 139 410 256 10 549 266 -283
350.002088 | 190 110 153 80 300 233 -68
350.002089 | 344 110 268 80 454 348 -107
399.002741 | 1440 30 2130 70 1470 2200 730
399.001601 | 166 20 362 0 186 362 176
399.002670 | 48 10 87 20 58 107 49
399.002328 | 200 20 96 10 220 106 -114
365.000380 | 76 50 122 40 126 162 36
399.002748 | 297 0 476 10 297 486 189
Total 4196 770 4812 350 4966 5162 196

Table A.41: Results inventory ordering cost AZ-items dynamic

Holding  Ordering  Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost Improvement
cost Proposed cost current

proposed proposed current  current
320.000069 | 219 0 321 10 219 331 112
399.000063 | 1027 10 542 20 1037 562 -475
350.002469 | 75 60 256 10 135 266 131
350.002088 | 187 110 153 80 297 233 -64
350.002089 | 326 100 268 80 426 348 -78
399.002741 | 793 90 2130 70 883 2200 1316
399.001601 | 158 20 362 0 178 362 184
399.002670 | 26 10 87 20 36 107 71
399.002328 | 168 20 96 10 188 106 -82
365.000380 | 60 40 122 40 100 162 62
399.002748 | 309 30 476 10 339 486 146
Total 3349 490 4812 350 3839 5162 1323

A.18.4 Total annual cycle inventory cost BX-items
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Table A.42: Results inventory ordering cost BX-items

Holding  Ordering  Holding  Ordering Total inventory Total inventory

Ttem cost cost cost cost Improvement
cost Proposed cost current

proposed proposed current current
330.000006 | 5 20 95 30 25 125 100
350.000174 | 24 10 31 20 34 51 17
350.000176 | 24 30 86 40 54 126 72
399.000664 | 930 0 509 80 930 589 -342
335.000009 | 41 0 93 10 41 103 62
350.001374 | 59 20 88 10 79 98 19
370.000229 | 173 40 30 110 213 140 -73
399.001219 | 301 30 147 10 331 157 -174
350.001399 | 129 30 31 40 159 71 -88
370.000249 | 184 40 36 110 224 146 -7
399.001968 | 387 60 92 110 447 202 -245
315.000574 | 16 0 10 40 16 50 34
399.002481 | 162 10 27 20 172 47 -126
399.002483 | 252 10 57 20 262 77 -186
399.002490 | 49 30 37 30 79 67 -13
Total 2738 330 1369 680 3068 2049 -1019

A.18.5 Total annual cycle inventory cost BY-items
Table A.43: Results inventory ordering cost BY-items

Holding  Ordering  Holding  Ordering Total inventory Total inventory

Ttem cost cost cost cost Improvement
cost Proposed cost current

proposed proposed current current
315.000084 | 54 60 25 20 114 45 -69
399.000010 | 46 130 46 20 176 66 -110
399.000014 | 42 10 76 10 52 86 34
370.000021 | 37 0 71 10 37 81 44
399.000154 | 50 0 86 10 50 96 46
399.000159 | 215 0 235 0 215 235 20
399.000160 | 113 0 110 20 113 130 17
399.001929 | 65 10 153 20 75 173 97
315.001050 | 22 20 32 60 42 92 51
315.001051 | 82 20 148 60 102 208 107
315.001053 | 94 20 55 10 114 65 -49
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Table A.43 — Results inventory ordering cost BY-items

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost, cost cost Improvement
cost Proposed cost current

proposed proposed current current
335.000676 | 91 20 110 30 111 140 29
345.000315 | 65 20 62 70 85 132 47
345.000318 | 26 40 102 60 66 162 96
350.001197 | 50 20 54 80 70 134 65
350.001204 | 98 20 156 100 118 256 138
350.001225 | 50 20 79 100 70 179 108
350.001308 | 25 30 33 80 55 113 57
315.001416 | 17 30 39 10 47 49 2
345.000019 | 123 80 102 60 203 162 -40
345.000053 | 17 30 65 20 47 85 38
345.000161 | 54 120 135 50 174 185 11
345.000162 | 46 140 102 50 186 152 -35
350.000735 | 119 20 249 20 139 269 130
399.000265 | 11 70 33 50 81 83 2
315.000034 | 14 50 42 50 64 92 28
345.000164 | 82 140 96 30 222 126 -97
345.000165 | 68 130 91 30 198 121 =77
345.000166 | 56 130 105 30 186 135 -51
315.000563 | 164 10 66 20 174 86 -88
320.000186 | 26 30 76 40 56 116 59
350.000556 | 14 30 28 60 44 88 44
350.001185 | 17 0 51 50 17 101 85
399.000691 | 174 0 140 0 174 140 -34
399.000700 | 64 20 71 10 84 81 -4
350.000780 | 75 50 80 40 125 120 -5
335.000408 | 87 20 145 0 107 145 37
335.000759 | 153 30 191 80 183 271 88
335.000760 | 108 0 125 80 108 205 97
350.001629 | 41 0 80 80 41 160 118
370.000267 | 138 10 264 20 148 284 136
399.000213 | 62 0 102 60 62 162 100
399.001941 | 52 0 91 70 52 161 110
399.001942 | 214 10 325 100 224 425 200
399.001945 | 261 0 320 50 261 370 110
370.000283 | 141 40 139 10 181 149 -33
399.002430 | 56 10 75 40 66 115 48
399.002431 | 104 60 88 10 164 98 -66
399.002530 | 95 10 125 50 105 175 70
399.001695 | 107 0 49 10 107 59 -48
310.001593 | 93 30 85 0 123 85 -38

Continued on next page

185




Table A.43 — Results inventory ordering cost BY-items

Holdin, Orderin Holdin, Orderin,
& & & & Total inventory  Total inventory
Ttem cost, cost, cost cost Improvement
cost Proposed cost current
proposed proposed current current

355.001113 | 71 20 28 20 91 48 -43
310.000994 | 22 70 24 40 92 64 -28
350.001526 | 142 0 137 30 142 167 24
Total 4315 1830 5594 2130 6145 7724 1579

A.18.6 Total annual cycle inventory cost BZ-items

Table A.44: Results inventory ordering cost BZ-items static

Holding  Ordering  Holding  Ordering Total inventory Total inventory

Ttem cost cost cost cost Improvement
cost Proposed cost current

proposed proposed current current
345.001719 | O 530 64 10 530 74 -456
365.000008 | 45 10 240 10 55 250 195
365.000040 | 144 0 135 0 144 135 -9
399.000060 | 289 0 271 0 289 271 -18
399.001770 | 31 80 63 20 111 83 -28
315.001444 | 24 30 33 40 54 73 19
399.002423 | 16 30 18 80 46 98 52
335.000409 | 70 20 320 10 90 330 241
355.000212 | 78 60 81 20 138 101 -37
340.000507 | 3 450 45 80 453 125 -328
350.001282 | 5 350 21 20 355 41 -314
355.001053 | 17 250 87 10 267 97 -170
355.001017 | 23 110 87 20 133 107 -26
335.000651 | 14 10 30 10 24 40 15
355.001043 | 16 240 134 10 256 144 -113
350.002372 | 23 20 79 20 43 99 56
399.002665 | 518 0 530 10 518 540 23
399.002666 | 101 0 103 10 101 113 12
399.002667 | 142 0 145 10 142 155 13
399.002668 | 114 0 117 10 114 127 13
355.001307 | 49 50 79 30 99 109 10
399.002219 | 15 40 51 20 55 71 16
350.002444 | 1 530 25 70 531 95 -436
350.002445 | 6 530 57 70 536 127 -410
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Table A.44 — Results inventory ordering cost BZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost, cost cost Improvement
cost Proposed cost current

proposed proposed current current
350.002446 | 4 530 54 70 534 124 -410
350.002447 | 4 530 46 70 534 116 -418
399.002750 | 3 530 94 90 533 184 -349
Total 1754 4930 3010 820 6684 3830 -2854

Table A.45: Results inventory ordering cost BZ-items dynamic

Holding - Ordering  Holding  Ordering Total inventory Total inventory

Ttem cost, cost, cost cost Improvement
cost Proposed cost current

proposed proposed current current
345.001719 | O 530 64 10 530 74 -456
365.000008 | 45 10 240 10 55 250 195
365.000040 | 144 0 135 0 144 135 -9
399.000060 | 289 0 271 0 289 271 -18
399.001770 | 48 90 63 20 138 83 -55
315.001444 | 39 30 33 40 69 73 4
399.002423 | 37 30 18 80 67 98 31
335.000409 | 245 70 320 10 315 330 16
355.000212 | 78 60 81 20 138 101 -37
340.000507 | 5 530 45 80 535 125 -409
350.001282 | 5 370 21 20 375 41 -334
355.001053 | 17 250 87 10 267 97 -170
355.001017 | 26 120 87 20 146 107 -39
335.000651 | 14 10 30 10 24 40 15
355.001043 | 16 240 134 10 256 144 -113
350.002372 | 23 20 79 20 43 99 56
399.002665 | 518 0 530 10 518 540 23
399.002666 | 101 0 103 10 101 113 12
399.002667 | 142 0 145 10 142 155 13
399.002668 | 114 0 117 10 114 127 13
355.001307 | 49 50 79 30 99 109 10
399.002219 | 15 40 51 20 55 71 16
350.002444 | 1 530 25 70 531 95 -436
350.002445 | 6 530 57 70 536 127 -410
350.002446 | 4 530 54 70 534 124 -410
350.002447 | 4 530 46 70 534 116 -418
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Table A.45 — Results inventory ordering cost BZ-items dynamic

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost, cost cost Improvement
cost Proposed cost current

proposed proposed current current
399.002750 | 3 530 94 90 533 184 -349
Total 1987 5100 3010 820 7087 3830 -3257

A.18.7 Total annual cycle inventory cost CX-items
Table A.46: Results inventory ordering cost CX-items

Holding  Ordering  Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost Improvement
cost Proposed cost current

proposed proposed current current
350.000724 | 6 10 9 20 16 29 13
310.000249 | 12 0 12 0 12 12 -1
315.000614 | 6 0 6 0 6 6 0
340.000251 | 2 10 3 50 12 53 40
350.000135 | 10 10 23 30 20 53 33
375.000044 | 6 10 3 30 16 33 17
375.000071 | 8 10 5 60 18 65 47
375.000106 | 12 10 17 70 22 87 65
375.000200 | 21 0 42 20 21 62 40
399.000022 | 19 0 23 10 19 33 14
399.000299 | 5 0 7 10 5 17 12
350.000043 | 34 0 15 0 34 15 -19
350.000534 | 4 0 5 10 4 15 12
350.000535 | 10 10 23 20 20 43 24
399.000163 | 10 0 9 0 10 9 -1
310.000060 | 31 0 29 0 31 29 -1
399.000300 | 5 0 5 10 5 15 10
330.000020 | 9 10 18 30 19 48 29
315.000209 | 25 10 42 30 35 72 37
320.000061 | 10 10 14 10 20 24 4
375.000408 | 6 10 4 50 16 54 38
315.000091 | 11 0 11 0 11 11 0
315.000134 | 5 20 16 70 25 86 61
350.000718 | 7 10 9 30 17 39 22
375.000081 | 6 10 5 40 16 45 29
350.001373 | 8 10 11 20 18 31 14
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Table A.46 — Results inventory ordering cost CX-items

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost, cost cost Improvement
cost Proposed cost current

proposed proposed current current
350.000964 | 69 0 66 0 69 66 -4
370.000204 | 2 0 3 30 2 33 31
375.000014 | 2 0 4 10 2 14 12
375.000152 | 27 0 34 30 27 64 37
375.000246 | 2 0 2 0 2 2 0
375.000291 | 4 0 8 20 4 28 24
375.000382 | 3 0 3 10 3 13 10
375.000386 | 3 0 31 10 3 41 37
375.000389 | 16 10 17 40 26 57 31
399.001221 | 237 10 135 0 247 135 -112
399.001222 | 4 0 3 0 4 3 0
365.000335 | 2 10 0 30 12 30 18
375.000064 | 1 0 2 20 1 22 21
350.000866 | 12 0 12 0 12 12 0
365.000357 | 301 10 57 0 311 57 -2H4
310.000719 | 10 10 17 110 20 127 107
310.000727 | 4 10 4 30 14 34 20
310.000545 | 4 10 3 40 14 43 29
310.000978 | 6 10 12 40 16 52 36
399.000331 | 2 10 4 10 12 14 2
375.000057 | 5 0 5 0 5 5 0
375.000063 | 7 10 3 40 17 43 26
375.000350 | 4 10 1 20 14 21 8
399.001868 | 0 0 0 20 0 20 20
399.001870 | 6 10 6 20 16 26 10
395.000518 | 1 10 0 20 11 20 9
375.000046 | 3 0 7 20 3 27 24
399.002459 | 7 10 10 20 17 30 13
399.002460 | 3 10 1 20 13 21 9
399.002469 | 1 10 0 50 11 50 39
399.002473 | 1 10 0 50 11 50 39
399.002474 | 1 10 0 100 11 100 89
399.002475 | 13 10 5 20 23 25 1
399.002476 | 26 10 19 20 36 39 3
399.002479 | 14 10 8 20 24 28 4
399.002480 | 17 10 12 20 27 32 5
399.002485 | 1 10 0 70 11 70 59
399.002494 | 1 10 0 20 11 20 9
Total 1109 400 860 1600 1509 2460 951
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A.18.8 Total annual cycle inventory cost CY-items

Table A.47: Results inventory ordering cost CY-items

Holding  Ordering  Holding  Ordering Total inventory Total inventory
Ttem cost, cost cost cost Improvement
cost Proposed cost current
proposed proposed current current

320.000095 | 4 30 15 20 34 35 1
399.000316 | 2 0 4 20 2 24 22
375.000050 | 9 0 10 0 9 10 0
399.000074 | 2 0 2 0 2 2 0
310.000204 | 4 10 1 10 14 11 -3
310.000210 | 10 0 10 0 10 10 -1
310.000229 | 8 10 2 10 18 12 -6
315.000155 | 6 10 0 20 16 20 4
320.000025 | 6 10 1 30 16 31 15
340.000137 | O 0 98 0 0 98 98
350.000213 | 7 0 5 10 7 15 8
350.000246 | 6 0 8 20 6 28 22
350.000251 | 32 0 32 0 32 32 1
375.000017 | 17 0 17 0 17 17 0
375.000065 | 5 10 5 40 15 45 30
399.000413 | 14 20 12 90 34 102 68
310.000011 | 9 0 32 10 9 42 33
345.000052 | 67 0 64 0 67 64 -4
375.000276 | 1 0 1 0 1 1 -1
375.000463 | 17 0 5 0 17 5 -12
399.000137 | 19 0 12 0 19 12 -7
335.000021 | 16 0 15 10 16 25 10
315.000132 | 29 0 48 10 29 58 29
335.000052 | 6 0 7 20 6 27 21
375.000353 | 1 0 1 0 1 1 0
310.000113 | 9 0 8 0 9 8 -1
315.000211 | 6 0 7 10 6 17 11
375.000118 | 5 0 6 10 5 16 11
399.000156 | 16 0 24 10 16 34 18
399.000157 | 20 0 23 10 20 33 13
350.001303 | 13 10 10 40 23 50 27
310.001393 | 19 10 47 60 29 107 79
310.001394 | 17 10 24 20 27 44 17
310.001395 | 11 10 8 70 21 78 57
310.001397 | 7 10 2 60 17 62 45
310.001398 | 9 10 4 20 19 24 5

Continued on next page

190




Table A.47 — Results inventory ordering cost CY-items

Holding  Ordering Holding  Ordering Total inventory Total inventory
Ttem cost, cost, cost cost Improvement
cost Proposed cost current
proposed proposed current current

310.001399 | 8 10 3 20 18 23 5
310.001400 | 5 10 2 10 15 12 -3
310.001446 | 7 10 3 10 17 13 -4
315.000030 | 8 10 18 30 18 48 31
315.001080 | 10 0 12 10 10 22 12
330.000105 | 11 0 13 10 11 23 12
350.001206 | 3 0 3 10 3 13 10
350.001207 | 11 10 19 10 21 29 8
350.001227 | 26 0 24 0 26 24 -2
350.001228 | 12 10 14 10 22 24 1
350.001229 | 13 0 12 0 13 12 -1
375.000422 | 10 10 8 40 20 48 28
399.001525 | 4 10 2 10 14 12 -1
399.001526 | 32 10 27 30 42 57 15
399.001527 | 25 10 22 40 35 62 27
310.000002 | 6 0 7 0 6 7 1
310.000003 | 7 0 7 0 7 7 0
310.000004 | 47 0 45 0 47 45 -2
310.000372 | 4 0 4 0 4 4 0
315.000131 | 11 20 12 30 31 42 11
315.000214 | 71 0 71 0 71 71 0
315.000285 | 3 20 12 10 23 22 0
335.000011 | 9 0 9 0 9 9 0
340.000252 | 2 10 2 40 12 42 30
345.000024 | 9 30 22 40 39 62 23
345.000043 | 8 30 100 10 38 110 72
345.000045 | 6 30 97 10 36 107 71
350.000131 | 11 30 30 40 41 70 29
350.000271 | 63 0 62 0 63 62 -1
350.000290 | 2 20 5 20 22 25 3
399.000023 | 14 20 28 60 34 88 55
399.000033 | 8 20 14 30 28 44 16
399.000263 | 5 0 5 0 5 5 0
350.000132 | 12 30 48 30 42 78 35
350.000136 | 5 20 14 20 25 34 9
399.000266 | 10 50 57 30 60 87 27
310.000327 | 3 10 2 40 13 42 29
315.000359 | 11 10 4 50 21 54 33
315.000564 | 21 10 34 10 31 44 13
315.000690 | 6 10 21 20 16 41 25
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Table A.47 — Results inventory ordering cost CY-items

Holding  Ordering Holding  Ordering Total inventory Total inventory
Ttem cost, cost, cost cost Improvement
cost Proposed cost current
proposed proposed current current

315.000693 | 26 0 17 20 26 37 11
320.000729 | 3 10 2 50 13 52 39
325.000180 | 16 30 20 50 46 70 23
330.000088 | 2 20 14 20 22 34 12
350.000752 | 9 0 10 10 9 20 11
350.000815 | 14 10 15 30 24 45 21
350.001186 | 34 10 28 30 44 58 14
375.000018 | 2 0 2 0 2 2 0
399.000702 | 21 10 24 20 31 44 13
399.000703 | 7 30 8 40 37 48 11
375.000028 | 2 10 5 30 12 35 22
395.000233 | 0 0 0 0 0 0 0
399.001842 | 7 30 55 20 37 75 39
330.000100 | 7 10 13 20 17 33 16
350.000700 | 19 10 6 30 29 36 7
310.000211 | 3 10 2 40 13 42 29
335.000071 | 192 0 162 0 192 162 -30
370.000055 | 128 0 63 0 128 63 -65
330.000021 | 1 0 1 0 1 1 0
375.000203 | 2 0 5 10 2 15 12
350.000046 | 13 10 23 80 23 103 80
399.000877 | 3 0 3 0 3 3 0
350.000912 | 1 10 1 0 11 1 -10
399.000310 | 1 0 1 0 1 1 0
310.001008 | 1 10 1 10 11 11 -1
310.001077 | 2 0 2 0 2 2 0
315.000817 | 16 20 18 70 36 88 52
315.000949 | 5 0 5 0 5 5 -1
315.000581 | 5 10 8 20 15 28 13
315.000988 | 1 0 3 10 1 13 12
310.001079 | 4 10 4 40 14 44 29
315.000624 | 6 20 10 20 26 30 4
335.000662 | 8 20 10 0 28 10 -18
310.000717 | 9 10 6 60 19 66 48
310.000721 | 3 10 3 50 13 53 40
315.000821 | 11 0 10 0 11 10 -1
375.000007 | 13 0 20 10 13 30 17
315.001252 | 10 0 14 70 10 84 74
350.002136 | 21 10 94 30 31 124 93
395.000480 | 49 0 36 0 49 36 -13
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Table A.47 — Results inventory ordering cost CY-items

Holding  Ordering Holding  Ordering Total inventory Total inventory
Ttem cost, cost, cost cost Improvement
cost Proposed cost current
proposed proposed current current

399.000101 | 21 0 49 30 21 79 58
399.001943 | 24 10 72 20 34 92 58
399.001944 | 31 0 39 50 31 89 58
370.000284 | 26 0 27 10 26 37 11
315.000666 | 10 10 25 20 20 45 24
350.000590 | 24 10 22 10 34 32 -2
350.000604 | 8 10 12 20 18 32 14
350.000611 | 12 10 5 40 22 45 24
350.000779 | 4 10 14 10 14 24 10
350.000858 | 39 10 28 30 49 58 9
350.000934 | 19 10 28 40 29 68 39
350.001115 | 5 10 7 10 15 17 2
350.001116 | 4 20 4 20 24 24 0
350.001117 | 16 20 22 20 36 42 6
399.000247 | 14 10 14 20 24 34 10
399.000330 | 29 20 26 10 49 36 -12
399.001396 | 34 30 87 30 64 117 54
399.001464 | 13 10 34 20 23 54 31
375.000107 | 8 10 3 20 18 23 5
375.000295 | 11 10 62 40 21 102 82
399.001900 | 8 0 6 0 8 6 -3
399.002041 | 16 0 12 0 16 12 -4
310.001594 | 8 10 4 20 18 24 6
310.001595 | 4 10 0 50 14 50 37
310.001596 | 4 10 1 30 14 31 17
320.000384 | 10 10 7 20 20 27 7
330.000109 | 2 0 2 10 2 12 10
399.001815 | 20 10 8 40 30 48 18
399.001901 | 5 10 6 10 15 16 1
310.000871 | 9 0 11 50 9 61 52
350.000288 | 14 10 13 60 24 73 49
310.001609 | 140 0 140 0 140 140 0
350.001545 | 1 10 0 10 11 10 -1
350.001546 | 1 10 0 10 11 10 -1
375.000473 | 8 0 10 0 8 10 2
375.000474 | 12 10 8 20 22 28 5
375.000475 | 5 10 2 10 15 12 -3
399.001867 | 1 10 0 60 11 60 49
399.001871 | 1 10 0 10 11 10 -1
335.000798 | O 0 0 20 0 20 20
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Table A.47 — Results inventory ordering cost CY-items

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost, cost cost Improvement
cost Proposed cost current

proposed proposed current current
335.000799 | O 0 0 20 0 20 20
315.000599 | 3 20 12 60 23 72 48
399.001849 | 14 10 21 10 24 31 7
399.001853 | 1 10 0 10 11 10 -1
399.001858 | 1 10 0 10 11 10 -1
399.001859 | 1 10 0 10 11 10 -1
399.001860 | 1 10 0 10 11 10 -1
399.001861 | 1 10 0 10 11 10 -1
399.001862 | 1 10 0 10 11 10 -1
399.001863 | 1 10 0 10 11 10 -1
399.001864 | 0 10 0 10 10 10 0
399.001865 | 1 10 0 10 11 10 -1
399.002021 | 1 10 0 10 11 10 -1
399.002022 | 0 10 0 10 10 10 0
399.002023 | 1 10 0 10 11 10 -1
350.000256 | 8 0 8 0 8 8 0
375.000039 | 2 0 2 0 2 2 0
399.002150 | 25 10 9 10 35 19 -15
375.000553 | 30 20 40 30 50 70 20
375.000554 | 18 10 11 30 28 41 13
375.000555 | 13 10 3 30 23 33 10
399.002477 | 15 10 10 20 25 30 5
399.002484 | 1 10 0 180 11 180 169
399.002488 | 1 10 0 100 11 100 89
Total 2398 1540 3111 3760 3938 6871 2933

A.18.9 Total annual cycle inventory cost CZ-items

Table A.48: Results inventory ordering cost CZ-items static

Holding  Ordering  Holding  Ordering Total inventory Total inventory
Ttem cost cost cost cost Improvement
cost Proposed cost current
proposed proposed current — current
315.000088 49 0 49 0 49 49 0
399.000067 160471 0 161546 0 160471 161546 1075
315.000080 10 510 13 20 520 33 -486
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Table A.48 — Results inventory ordering cost CZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory
Ttem cost, cost cost cost, Improvement
cost Proposed cost current
proposed proposed current current

310.000347 1 20 0 10 21 10 -10
370.000043 38 0 38 0 38 38 0
375.000030 1 0 1 0 1 1 0
375.000031 137 0 134 0 137 134 -3
375.000099 16 0 16 0 16 16 0
375.000111 1 0 1 0 1 1 0
375.000112 1 0 1 0 1 1 0
399.000061 324 0 264 0 324 264 -60
399.000065 28 0 27 0 28 27 -2
399.000066 87 0 86 0 87 86 -1
310.000342 2 0 1 0 2 1 -1
310.000349 12 10 3 30 22 33 11
310.000346 2 0 5 0 2 5 3
399.000064 241 0 321 0 241 321 80
310.000188 1 0 2 0 1 2 2
310.000206 1 0 1 0 1 1 0
310.000222 8 0 8 0 8 8 0
310.000234 4 0 4 0 4 4 0
310.000236 2 0 2 0 2 2 0
310.000238 3 0 3 0 3 3 -1
310.000257 1 0 1 0 1 1 0
310.000353 4 0 3 20 4 23 19
310.000397 2 0 2 0 2 2 0
310.000398 1 0 1 0 1 1 0
310.000680 17 0 17 0 17 17 0
315.000064 3 0 3 0 3 3 -1
315.000154 3 0 3 0 3 3 0
315.000284 | 0 0 0 0 0 0 0
320.000026 1 0 1 0 1 1 0
320.000043 1 0 1 0 1 1 0
330.000019 5 0 5 0 5 5 0
330.000023 30 0 24 0 30 24 -7
335.000002 9 10 17 20 19 37 18
335.000386 1 0 1 0 1 1 0
340.000130 5 10 2 20 15 22 7
340.000213 2 10 4 10 12 14 2
340.000301 0 0 8 0 0 8 8
340.000304 1 0 1 0 1 1 0
340.000305 2 0 3 0 2 3 2
345.000001 15 0 22 0 15 22 7
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Table A.48 — Results inventory ordering cost CZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
350.000206 0 0 0 0 0 0 0
350.000209 4 0 9 0 4 9 4
350.000244 8 0 3 10 8 13 5
355.000100 60 0 60 0 60 60 0
375.000021 4 0 4 0 4 4 0
375.000045 3 0 3 0 3 3 0
399.000158 384 0 256 0 384 256 -128
399.000165 164 0 4 0 164 4 -160
399.000167 401 0 13 0 401 13 -388
399.000261 13 0 13 0 13 13 0
399.000410 11 0 9 0 11 9 -2
375.000145 20 0 12 0 20 12 -8
310.000066 3 0 1 0 3 1 -2
315.000210 15 0 10 10 15 20 6
350.000004 2 0 1 0 2 1 -1
375.000464 13 0 6 0 13 6 -6
310.000082 1 0 0 0 1 0 -1
350.001126 138 0 141 0 138 141 3
350.001620 52 0 53 0 52 53 1
350.001621 30 0 30 0 30 30 0
345.000327 90 0 222 20 90 242 151
350.001205 13 20 26 20 33 46 12
350.001222 48 0 48 0 48 48 0
350.001223 10 0 17 0 10 17 6
350.001224 6 0 11 0 6 11 5
350.001230 16 0 16 0 16 16 0
350.001231 22 0 22 0 22 22 0
375.000109 1 0 1 0 1 1 0
375.000110 1 0 1 0 1 1 0
375.000187 2 0 2 0 2 2 0
375.000233 0 0 0 0 0 0 0
375.000411 32 0 32 0 32 32 0
375.000413 21 0 20 0 21 20 -1
375.000414 5 0 5 0 5 5 0
399.001522 4 40 12 20 44 32 -12
399.001540 8 0 31 10 8 41 33
399.001541 16 0 38 0 16 38 22
350.001956 6 0 6 0 6 6 -1
399.000555 19 0 6 0 19 6 -13
315.001143 204 0 210 0 204 210 6
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Table A.48 — Results inventory ordering cost CZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
350.001044 9 0 29 0 9 29 20
350.001524 17 20 17 40 37 57 19
310.000259 7 0 7 0 7 7 0
310.000263 7 10 14 20 17 34 18
335.000073 92 0 92 0 92 92 0
310.000224 11 0 11 0 11 11 0
310.000261 0 10 0 20 10 20 10
370.000037 9 0 10 0 9 10 1
320.000178 0 0 0 10 0 10 10
335.000422 3 0 14 10 3 24 21
355.000913 5 0 16 10 5 26 20
370.000050 2 0 2 0 2 2 0
375.000421 13 0 12 0 13 12 0
335.000411 53 10 19 0 63 19 -44
350.000865 16 20 6 10 36 16 -21
350.001585 21 10 8 0 31 8 -23
370.000194 300 310 507 0 610 507 -103
350.000601 4 50 13 20 54 33 -21
350.000605 1 0 1 0 1 1 0
370.000110 160 0 164 0 160 164 4
335.000621 41 0 41 0 41 41 0
370.000205 64 0 64 0 64 64 0
375.000043 2 0 2 0 2 2 0
375.000383 35 0 35 0 35 35 -1
375.000384 42 0 42 0 42 42 0
375.000416 15 0 16 0 15 16 1
399.001707 5 0 4 0 5 4 0
310.001743 20 0 16 0 20 16 -3
310.001744 6 10 14 10 16 24 8
315.001242 8 10 7 10 18 17 -1
340.001759 4 20 19 10 24 29 5
340.001760 14 10 25 10 24 35 11
365.000348 16 10 25 10 26 35 9
365.000349 7 10 8 10 17 18 1
315.001341 15 20 5 20 35 25 -10
320.000978 9 10 2 40 19 42 23
335.000663 3 0 4 0 3 4 0
375.000530 6 10 3 20 16 23 7
399.002127 23 10 10 20 33 30 -3
399.002128 12 10 2 10 22 12 -10
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Table A.48 — Results inventory ordering cost CZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
340.000253 0 40 1 10 40 11 -29
350.002091 4 10 4 10 14 14 0
350.002475 2 210 2 10 212 12 -200
350.002476 0 210 22 10 210 32 -178
350.002478 0 210 13 10 210 23 -187
365.000431 0 40 60 10 40 70 30
365.000432 0 40 0 10 40 10 -30
370.000301 0 210 22 10 210 32 -178
399.002787 0 210 239 10 210 249 39
399.002788 0 210 49 10 210 59 -151
399.002789 0 210 45 10 210 55 -155
399.002792 0 210 1014 0 210 1014 804
350.001164 11 0 13 0 11 13 2
375.000038 1 10 1 10 11 11 0
350.000033 5 0 4 0 5 4 -1
399.001536 27 0 28 0 27 28 0
350.001280 2 0 1 0 2 1 0
350.001323 2 30 2 30 32 32 -1
399.001594 3 360 13 20 363 33 -330
399.001597 2 390 8 30 392 38 -354
310.001082 2 10 2 10 12 12 0
310.001421 0 20 0 10 20 10 -10
310.001422 0 0 0 0 0 0 0
310.001423 1 140 13 10 141 23 -118
315.000943 34 0 33 0 34 33 -1
315.001071 0 170 2 20 170 22 -148
350.001278 5 290 11 20 295 31 -264
310.001454 0 0 0 0 0 0 0
315.000113 9 0 8 0 9 8 0
350.001277 54 0 9 30 54 39 -15
350.000065 1 410 3 10 411 13 -398
325.000722 1 10 1 20 11 21 9
350.001279 3 380 12015 20 383 12035 11652
350.001332 8 30 16 20 38 36 -3
315.001117 3 10 1 10 13 11 -2
315.001118 1 0 1 0 1 1 0
315.001119 1 10 0 0 11 0 -11
315.001120 1 210 4 10 211 14 -197
315.001121 1 0 1 0 1 1 0
315.001122 4 10 1 30 14 31 17
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Table A.48 — Results inventory ordering cost CZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
315.001123 3 10 1 10 13 11 -2
315.001124 0 380 1 10 380 11 -369
315.001125 2 10 0 20 12 20 8
315.001126 1 0 1 0 1 1 0
350.001369 3 370 9 10 373 19 -354
399.002710 5 10 5 10 15 15 0
350.001796 24 10 17 20 34 37 3
350.002381 21 10 7 20 31 27 -4
350.002382 21 10 7 20 31 27 -4
315.001580 15 20 28 10 35 38 3
350.002384 2 0 4 0 2 4 2
355.001822 76 0 156 20 76 176 99
399.002672 31 0 28 0 31 28 -3
399.002673 31 0 22 20 31 42 10
399.002675 31 0 32 10 31 42 11
399.002676 1 0 1 10 1 11 10
399.002678 3 0 3 10 3 13 10
399.002679 6 0 6 10 6 16 10
399.002680 4 0 3 0 4 3 0
399.002681 4 0 8 10 4 18 13
399.002682 1 0 2 10 1 12 12
399.002740 0 0 0 0 0 0 0
350.000777 11 10 12 20 21 32 12
310.000420 4 0 6 0 4 6 2
399.001974 8 10 3 0 18 3 -15
350.001999 1 0 2 0 1 2 1
350.002000 4 0 4 0 4 4 0
375.000356 5 0 5 0 5 5 0
350.000031 6 0 6 0 6 6 0
399.002758 0 0 0 0 0 0 0
399.002805 0 70 12 10 70 22 -48
350.000121 1 0 2 0 1 2 1
350.000956 2 0 2 0 2 2 0
350.000960 7 0 7 0 7 7 0
310.001608 74 0 74 0 74 74 0
335.000724 1 0 1 0 1 1 0
310.001643 31 10 20 0 41 20 -21
335.000723 9 0 11 0 9 11 1
350.001528 51 0 51 0 51 51 0
350.001529 5 0 5 0 5 5 0

Continued on next page

199




Table A.48 — Results inventory ordering cost CZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
350.001547 16 0 16 0 16 16 0
395.000432 166 0 114 50 166 164 -2
395.000435 48 0 48 0 48 48 0
395.000436 29 0 29 0 29 29 0
395.000437 54 0 73 10 54 83 29
395.000438 0 0 0 0 0 0 0
350.001958 81 0 8 10 81 18 -63
395.000425 7 0 7 0 7 7 0
395.000434 7 0 7 0 7 7 0
395.000439 76 0 101 10 76 111 36
395.000440 2 0 2 0 2 2 0
395.000449 32 0 32 0 32 32 0
395.000484 908 0 492 30 908 522 -386
395.000486 0 0 0 0 0 0 0
395.000487 0 0 0 0 0 0 0
395.000488 9 0 9 0 9 9 0
365.000435 0 90 0 20 90 20 -70
399.001964 0 0 0 0 0 0 0
399.002106 0 0 0 0 0 0 0
399.002193 0 0 0 0 0 0 0
399.002210 0 0 0 0 0 0 0
399.002205 1 0 1 0 1 1 0
399.002207 0 0 0 0 0 0 0
399.002212 0 0 0 0 0 0 0
399.002213 0 0 0 0 0 0 0
399.002239 4 0 4 0 4 4 0
395.000543 0 0 0 30 0 30 30
399.002267 0 0 0 0 0 0 0
399.002354 0 0 0 0 0 0 0
399.002356 0 0 0 0 0 0 0
399.002358 0 0 0 0 0 0 0
399.002426 2 10 0 20 12 20 8
335.001823 0 530 0 0 530 0 -530
335.001824 0 530 0 0 530 0 -530
335.001825 0 530 40 30 530 70 -460
399.002427 0 10 0 10 10 10 0
350.000719 7 0 7 0 7 7 0
350.001666 7 0 7 0 7 7 0
350.001667 4 0 4 0 4 4 0
350.001668 29 10 30 0 39 30 -9
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Table A.48 — Results inventory ordering cost CZ-items static

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
399.001374 9 0 9 0 9 9 0
399.002004 0 0 0 0 0 0 0
350.001961 1 0 16 0 1 16 15
399.002329 2 0 2 0 2 2 0
399.000279 11 20 6 20 31 26 -5
399.002536 6 10 4 30 16 34 18
350.002474 0 420 38 10 420 48 -372
325.000928 8 10 9 10 18 19 0
345.001653 21 20 29 20 41 49 9
399.000478 8 10 3 10 18 13 -5
399.002559 10 10 5 10 20 15 -5
399.002560 11 10 6 10 21 16 -5
365.000409 1 0 63 0 1 63 62
399.002223 2 10 0 20 12 20 9
399.002442 0 0 0 0 0 0 0
350.001262 12 10 29 10 22 39 17
350.002003 10 10 16 10 20 26 6
399.002367 15 30 23 20 45 43 -2
399.001391 15 440 16 50 455 66 -389
399.002491 9 450 24 80 459 104 -355
399.002808 0 530 0 40 530 40 -490
399.002795 0 350 0 20 350 20 -330
399.002820 0 350 0 0 350 0 -350
345.001624 13 0 13 0 13 13 0
350.000781 2 0 2 0 2 2 0
399.002534 22 0 22 0 22 22 0
315.001596 3 450 9 30 453 39 -414
320.001182 2 450 10 50 452 60 -391
350.002448 1 450 14 20 451 34 -417
399.002747 21 0 32 20 21 52 30
399.002749 11 450 25 10 461 35 -426
Total 6475 12630 19486 1930 19105 21416 2311
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Table A.49: Results inventory ordering cost CZ-items dynamic

Holding  Ordering  Holding  Ordering Total inventory Total inventory

Ttem cost cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
315.000088 49 0 49 0 49 49 0
399.000067 66 0 66 0 66 66 0
315.000080 10 530 13 20 540 33 -506
310.000347 1 20 0 10 21 10 -10
370.000043 38 0 38 0 38 38 0
375.000030 1 0 1 0 1 1 0
375.000031 137 0 134 0 137 134 -3
375.000099 16 0 16 0 16 16 0
375.000111 1 0 1 0 1 1 0
375.000112 1 0 1 0 1 1 0
399.000061 324 0 264 0 324 264 -60
399.000065 28 0 27 0 28 27 -2
399.000066 87 0 86 0 87 86 -1
310.000342 2 0 1 0 2 1 -1
310.000349 12 10 3 30 22 33 11
310.000346 2 0 5 0 2 5 3
399.000064 241 0 321 0 241 321 80
310.000188 1 0 2 0 1 2 2
310.000206 1 0 1 0 1 1 0
310.000222 8 0 8 0 8 8 0
310.000234 4 0 4 0 4 4 0
310.000236 2 0 2 0 2 2 0
310.000238 3 0 3 0 3 3 -1
310.000257 1 0 1 0 1 1 0
310.000353 4 0 3 20 4 23 19
310.000397 2 0 2 0 2 2 0
310.000398 1 0 1 0 1 1 0
310.000680 17 0 17 0 17 17 0
315.000064 3 0 3 0 3 3 -1
315.000154 3 0 3 0 3 3 0
315.000284 | 0 0 0 0 0 0 0
320.000026 1 0 1 0 1 1 0
320.000043 1 0 1 0 1 1 0
330.000019 5 0 5) 0 ) ) 0
330.000023 30 0 24 0 30 24 -7
335.000002 29 20 17 20 49 37 -12
335.000386 1 0 1 0 1 1 0
340.000130 5 10 2 20 15 22 7
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Table A.49 — Results inventory ordering cost CZ-items dynamic

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
340.000213 2 10 4 10 12 14 2
340.000301 0 0 8 0 0 8 8
340.000304 1 0 1 0 1 1 0
340.000305 2 0 3 0 2 3 2
345.000001 15 0 22 0 15 22 7
350.000206 0 0 0 0 0 0 0
350.000209 4 0 9 0 4 9 4
350.000244 8 0 3 10 8 13 5
355.000100 60 0 60 0 60 60 0
375.000021 4 0 4 0 4 4 0
375.000045 3 0 3 0 3 3 0
399.000158 384 0 256 0 384 256 -128
399.000165 164 0 4 0 164 4 -160
399.000167 401 0 13 0 401 13 -388
399.000261 13 0 13 0 13 13 0
399.000410 11 0 9 0 11 9 -2
375.000145 20 0 12 0 20 12 -8
310.000066 3 0 1 0 3 1 -2
315.000210 15 0 10 10 15 20 6
350.000004 2 0 1 0 2 1 -1
375.000464 13 0 6 0 13 6 -6
310.000082 1 0 0 0 1 0 -1
350.001126 138 0 141 0 138 141 3
350.001620 52 0 53 0 52 53 1
350.001621 30 0 30 0 30 30 0
345.000327 90 0 222 20 90 242 151
350.001205 13 20 26 20 33 46 12
350.001222 48 0 48 0 48 48 0
350.001223 10 0 17 0 10 17 6
350.001224 6 0 11 0 6 11 5
350.001230 16 0 16 0 16 16 0
350.001231 22 0 22 0 22 22 0
375.000109 1 0 1 0 1 1 0
375.000110 1 0 1 0 1 1 0
375.000187 2 0 2 0 2 2 0
375.000233 0 0 0 0 0 0 0
375.000411 32 0 32 0 32 32 0
375.000413 21 0 20 0 21 20 -1
375.000414 5 0 5 0 5 5 0
399.001522 4 40 12 20 44 32 -12
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Table A.49 — Results inventory ordering cost CZ-items dynamic

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
399.001540 8 0 31 10 8 41 33
399.001541 16 0 38 0 16 38 22
350.001956 6 0 6 0 6 6 -1
399.000555 19 0 6 0 19 6 -13
315.001143 204 0 210 0 204 210 6
350.001044 9 0 29 0 9 29 20
350.001524 34 20 17 40 54 57 3
310.000259 7 0 7 0 7 7 0
310.000263 7 10 14 20 17 34 17
335.000073 92 0 92 0 92 92 0
310.000224 11 0 11 0 11 11 0
310.000261 0 10 0 20 10 20 10
370.000037 9 0 10 0 9 10 1
320.000178 0 0 0 10 0 10 10
335.000422 3 0 14 10 3 24 21
355.000913 5 0 16 10 5 26 20
370.000050 2 0 2 0 2 2 0
375.000421 13 0 12 0 13 12 0
335.000411 53 10 19 0 63 19 -44
350.000865 16 20 6 10 36 16 -21
350.001585 21 10 8 0 31 8 -23
370.000194 300 310 507 0 610 507 -103
350.000601 4 50 13 20 54 33 -21
350.000605 1 0 1 0 1 1 0
370.000110 160 0 164 0 160 164 4
335.000621 41 0 41 0 41 41 0
370.000205 64 0 64 0 64 64 0
375.000043 2 0 2 0 2 2 0
375.000383 35 0 35 0 35 35 -1
375.000384 42 0 42 0 42 42 0
375.000416 15 0 16 0 15 16 1
399.001707 5 0 4 0 5 4 0
310.001743 20 0 16 0 20 16 -3
310.001744 6 10 14 10 16 24 8
315.001242 8 10 7 10 18 17 -1
340.001759 4 20 19 10 24 29 5
340.001760 14 10 25 10 24 35 11
365.000348 16 10 25 10 26 35 9
365.000349 7 10 8 10 17 18 1
315.001341 16 20 5 20 36 25 -11
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Table A.49 — Results inventory ordering cost CZ-items dynamic

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
320.000978 9 10 2 40 19 42 23
335.000663 3 0 4 0 3 4 0
375.000530 6 10 3 20 16 23 7
399.002127 23 10 10 20 33 30 -3
399.002128 12 10 2 10 22 12 -10
340.000253 0 40 1 10 40 11 -29
350.002091 4 10 4 10 14 14 0
350.002475 2 210 2 10 212 12 -200
350.002476 0 210 22 10 210 32 -178
350.002478 0 210 13 10 210 23 -187
365.000431 0 40 60 10 40 70 30
365.000432 0 40 0 10 40 10 -30
370.000301 0 210 22 10 210 32 -178
399.002787 0 210 239 10 210 249 39
399.002788 0 210 49 10 210 59 -151
399.002789 0 210 45 10 210 55 -155
399.002792 0 210 1014 0 210 1014 804
350.001164 11 0 13 0 11 13 2
375.000038 1 10 1 10 11 11 0
350.000033 5 0 4 0 5 4 -1
399.001536 27 0 28 0 27 28 0
350.001280 2 0 1 0 2 1 0
350.001323 2 30 2 30 32 32 -1
399.001594 3 380 13 20 383 33 -350
399.001597 2 410 8 30 412 38 -374
310.001082 2 10 2 10 12 12 0
310.001421 0 20 0 10 20 10 -10
310.001422 0 0 0 0 0 0 0
310.001423 1 150 13 10 151 23 -128
315.000943 34 0 33 0 34 33 -1
315.001071 0 200 2 20 200 22 -178
350.001278 5 300 11 20 305 31 -274
310.001454 0 0 0 0 0 0 0
315.000113 9 0 8 0 9 8 0
350.001277 54 0 9 30 54 39 -15
350.000065 1 410 3 10 411 13 -398
325.000722 1 10 1 20 11 21 9
350.001279 3 380 12015 20 383 12035 11652
350.001332 8 30 16 20 38 36 -3
315.001117 3 10 1 10 13 11 -2
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Table A.49 — Results inventory ordering cost CZ-items dynamic

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
315.001118 1 0 1 0 1 1 0
315.001119 1 40 0 0 41 0 -41
315.001120 1 230 4 10 231 14 -217
315.001121 1 0 1 0 1 1 0
315.001122 4 10 1 30 14 31 17
315.001123 3 10 1 10 13 11 -2
315.001124 0 380 1 10 380 11 -369
315.001125 2 10 0 20 12 20 8
315.001126 1 0 1 0 1 1 0
350.001369 3 380 9 10 383 19 -364
399.002710 5 10 5 10 15 15 0
350.001796 24 10 17 20 34 37 3
350.002381 21 10 7 20 31 27 -4
350.002382 21 10 7 20 31 27 -4
315.001580 15 20 28 10 35 38 3
350.002384 2 0 4 0 2 4 2
355.001822 76 0 156 20 76 176 99
399.002672 31 0 28 0 31 28 -3
399.002673 31 0 22 20 31 42 10
399.002675 31 0 32 10 31 42 11
399.002676 1 0 1 10 1 11 10
399.002678 3 0 3 10 3 13 10
399.002679 6 0 6 10 6 16 10
399.002680 4 0 3 0 4 3 0
399.002681 4 0 8 10 4 18 13
399.002682 1 0 2 10 1 12 12
399.002740 0 0 0 0 0 0 0
350.000777 11 10 12 20 21 32 12
310.000420 4 0 6 0 4 6 2
399.001974 0 0 3 0 0 3 2
350.001999 1 0 2 0 1 2 1
350.002000 4 0 4 0 4 4 0
375.000356 5 0 5 0 5 5 0
350.000031 6 0 6 0 6 6 0
399.002758 0 0 0 0 0 0 0
399.002805 0 70 12 10 70 22 -48
350.000121 1 0 2 0 1 2 1
350.000956 2 0 2 0 2 2 0
350.000960 7 0 7 0 7 7 0
310.001608 74 0 74 0 74 74 0
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Table A.49 — Results inventory ordering cost CZ-items dynamic

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
335.000724 1 0 1 0 1 1 0
310.001643 31 10 20 0 41 20 -21
335.000723 9 0 11 0 9 11 1
350.001528 51 0 51 0 51 51 0
350.001529 5 0 5 0 5 5 0
350.001547 16 0 16 0 16 16 0
395.000432 166 0 114 50 166 164 -2
395.000435 48 0 48 0 48 48 0
395.000436 29 0 29 0 29 29 0
395.000437 54 0 73 10 54 83 29
395.000438 0 0 0 0 0 0 0
350.001958 81 0 8 10 81 18 -63
395.000425 7 0 7 0 7 7 0
395.000434 7 0 7 0 7 7 0
395.000439 76 0 101 10 76 111 36
395.000440 2 0 2 0 2 2 0
395.000449 32 0 32 0 32 32 0
395.000484 908 0 492 30 908 522 -386
395.000486 0 0 0 0 0 0 0
395.000487 0 0 0 0 0 0 0
395.000488 9 0 9 0 9 9 0
365.000435 0 110 0 20 110 20 -90
399.001964 0 0 0 0 0 0 0
399.002106 0 0 0 0 0 0 0
399.002193 0 0 0 0 0 0 0
399.002210 0 0 0 0 0 0 0
399.002205 1 0 1 0 1 1 0
399.002207 0 0 0 0 0 0 0
399.002212 0 0 0 0 0 0 0
399.002213 0 0 0 0 0 0 0
399.002239 4 0 4 0 4 4 0
395.000543 0 0 0 30 0 30 30
399.002267 0 0 0 0 0 0 0
399.002354 0 0 0 0 0 0 0
399.002356 0 0 0 0 0 0 0
399.002358 0 0 0 0 0 0 0
399.002426 2 10 0 20 12 20 8
335.001823 0 530 0 0 530 0 -530
335.001824 0 530 0 0 530 0 -530
335.001825 0 530 40 30 530 70 -460

Continued on next page

207




Table A.49 — Results inventory ordering cost CZ-items dynamic

Holding  Ordering Holding  Ordering Total inventory Total inventory

Ttem cost, cost cost cost, Improvement
cost Proposed cost current

proposed proposed current current
399.002427 0 10 0 10 10 10 0
350.000719 7 0 7 0 7 7 0
350.001666 7 0 7 0 7 7 0
350.001667 4 0 4 0 4 4 0
350.001668 29 10 30 0 39 30 -9
399.001374 9 0 9 0 9 9 0
399.002004 0 0 0 0 0 0 0
350.001961 1 0 16 0 1 16 15
399.002329 2 0 2 0 2 2 0
399.000279 11 20 6 20 31 26 -5
399.002536 6 10 4 30 16 34 18
350.002474 0 420 38 10 420 48 -372
325.000928 8 10 9 10 18 19 0
345.001653 21 20 29 20 41 49 9
399.000478 8 10 3 10 18 13 -5
399.002559 10 10 5 10 20 15 -5
399.002560 11 10 6 10 21 16 -5
365.000409 2 10 63 0 12 63 50
399.002223 2 10 0 20 12 20 9
399.002442 0 10 0 0 10 0 -10
350.001262 12 10 29 10 22 39 17
350.002003 26 10 16 10 36 26 -10
399.002367 15 30 23 20 45 43 -2
399.001391 15 440 16 50 455 66 -389
399.002491 5 440 24 80 445 104 -341
399.002808 0 530 0 40 530 40 -490
399.002795 0 350 0 20 350 20 -330
399.002820 0 350 0 0 350 0 -350
345.001624 13 0 13 0 13 13 0
350.000781 2 0 2 0 2 2 0
399.002534 22 0 22 0 22 22 0
315.001596 3 530 9 30 533 39 -494
320.001182 2 530 10 50 532 60 -472
350.002448 1 530 14 20 531 34 -497
399.002747 22 280 32 20 302 52 -250
399.002749 11 450 25 10 461 35 -426
Total 6520 13350 19486 1930 19870 21416 1546
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A.19 Results BY-items best selected policy

Table A.50: Results BY-items best policy selection

Item Improvement Selected policy
315.000084 | 976 (s,9)
399.000010 | 911 (s,Q)
399.000014 | 154 (sk,Q)
370.000021 | 153 (sk,Q)
399.000154 | 162 (sk,Q)
399.000159 | 90 (sk,Q)
399.000160 | 0 (sk,Q)
399.001929 | 800 (s,Q)
315.001050 | 1728 (s,Q)
315.001051 | 575 (s,Q)
315.001053 | -177 (sk,Q)
335.000676 | 450 (R,S)
345.000315 | 593 (s,Q)
345.000318 | 902 (s,Q)
350.001197 | 875 (s,Q)
350.001204 | 950 (s,Q)
350.001225 | 1150 (s,S)
350.001308 | 1151 (s,Q)
315.001416 | 800 (s,Q)
345.000019 | 160 (R,S)
345.000053 | 1584 (R.s,9)
345.000161 | 160 (s,Q)
345.000162 | 160 (s,Q)
350.000735 | 1023 (s,Q)
399.000265 | 160 (R,S)
315.000034 | 126 (sk,Q)
345.000164 | 61 (sk,Q)
345.000165 | 106 (sk,Q)
345.000166 | 221 (sk,Q)
315.000563 | -445 (sk,Q)
320.000186 | 224 (sk,Q)
350.000556 | 65 (sk,Q)
350.001185 | 157 (sk,Q)
399.000691 | 0 (sk,Q)
399.000700 | 29 (sk,Q)
350.000780 | 21 (sk,Q)
335.000408 | 260 (sk,Q)
335.000759 | 174 (sk,Q)
335.000760 | 76 (sk,Q)
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Table A.50 — Results BY-items

Item Improvement Selected policy
350.001629 | 175 (sk,Q)
370.000267 | 574 (sk,Q)
399.000213 | 182 (sk,Q)
399.001941 | 181 (sk,Q)
399.001942 | 502 (sk,Q)
399.001945 | 272 (sk,Q)
370.000283 | 0 (sk,Q)
399.002430 | 83 (sk,Q)
399.002431 | -72 (sk,Q)
399.002530 | 134 (sk,Q)
399.001695 | -264 (sk,Q)
310.001593 | 0 (sk,Q)
355.001113 | -194 (sk,Q)
310.000994 | 8 (sk,Q)
350.001526 | -26 (sk,Q)
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