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ABSTRACT

Statistical analysis of inventory data has been widely used to investigate the
behavior of demand, the order execution and the delivery data in business industry.
The analysis benefits the supplier in many ways. This study focuses on statistical
analysis of spare parts management of Water Purifier's electronic modules. The
challenge of this demand prediction is that the electronic modules have random
failure as well as an uncertain delivery lead time and delivery quantity. Without
implementing the ERP system, the spare parts ordering policy is an intuitive-based
order. The present study investigates the suitable forecasting method for electronic
module in After-Sales service department in Thailand. A study of probability
distribution is incorporated in order to define sample probability distribution of
uncertain delivery lead time and guantity. The new ordering policy based on a
defined probability distribution is proposed to facilitate the elimination of intuitive-
based ordering system, minimize the stock level, and improve the inventory
management and control strategy. The results with real inventory data show that the
proposed policy achieve satisfactory stock level as well as significantly reduce

inventory cost while maintain a high customer service level.
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Chapter

Introduction

Improving the efficiency in spare parts inventory

control

1.1 Study Background

In the global enterprise environment nowadays, the after-sale service of a product
has become a crucial part in marketing. While customers want a quality guarantee for a
product, the after-sale service fulfills this need. In this sense, the after-sale service is
considered to be either a professional maintenance of the product or a warranty for its
spare part’s availability. In order to achieve an excellent operational performance, spare
parts need to be well managed. This includes a reliable demand forecasting techniques
as well as an effective inventory control. As a result, an effective spare parts
management can decrease the inventory cost and increase customer service’s
performance level at the same time, leading to higher customer’s satisfaction. .

Companies providing after-sale services usually store spare parts in their inventory
as the spare parts’ quantity demanded is hardly predictable. Flint (1995) has stated that
the world’s spare parts inventory in aviation industry was worth $45 billion at that time.
Thus, any means to downsize the stock, without decreasing customer service, would be
more than welcomed. Same situation also applies to other industries such as electronic
equipment or car industry for example. The amount of money invested in spare parts
inventory increases over the years. Due to this financial matter, there has been a great
interest in cost-savings. Even if there is only a few percent saved, the cost in absolute
terms can be deducted significantly already.[1]

From a manager’s point of view, a general inventory control should be capable of
providing materials when needed and those costs should be controlled. Donald Waters

[2] has come up with three types of the objectives of inventory management. The first



objective is to take a very broad view and to have the inventory management
contributing to the smooth flow of materials through the entire supply chain. The
second is to take an organizational view and to have the inventory management
supporting logistics in achieving the overall aims of the organization. The third is to take
a functional view and to have the inventory managers making sure that materials are
available when needed.

This study will explore the forecasting and the stock controlling of the Water
Treatment System (water purifier) which have been analyzed through the case study of
a direct selling company in Thailand. The study aims to increase the service availability
to consumers and reduce the overall stock level. The work has been conducted in
collaboration with related officers in case company in Thailand such as the Financial
Department, the Import-Export Department, the Inventory Planning Department and the
Distribution Department. Also, the process of the work coordination between case
company in Thailand and the planner of its headquarter in the Unites States will be
discussed in the latter chapter.

The initiative intention to conduct this study is to reduce the amount of the stock
to a desirable level. Currently, case company’s spare parts central warehouse is carrying
all items on average for 21 months each. To replenish the stock, the After Sales service
officer will manually send the order via email to the officer at the United States case
company Headquarter. All inventory data is recorded on excel files and manipulated
manually. This might result in some deviation in the information’s accuracy. The AS400
system used to operate the inventory only provides a basic control without much of
assistance in ordering and managing. Moreover, the time it takes to transport the
materials to the After Sales service office after the Headquarter receives the email
usually varies. The number of spare parts shipped sometimes is also not as ordered.
These limitations force the business to maintain the stock at a high level in order to
prevent a stock out.

The lack of efficiency in inventory management and information system such as a
program help managing spare parts called Enterprise Resource Planning (ERP) will

eventually push the company to find a new methodology to improve for betterment.



The optimum solution is at the point where an acceptable inventory cost meets with a

suitable customer service level.

1.2 Company Background

Case company is a direct selling company and manufacturer that uses network
marketing to sell a variety of products, primarily in the health, beauty, and home care
markets. Case company was founded in 1959. Based in ADA, Michigan, the company and
family of companies under Parent company reported sales growth of 9.5%, reaching
US$9.2 billion for the year ending December 31, 2010. Its product lines include home
care products, personal care products, jewelry, electronics, dietary supplements, water
purifiers, air purifiers, insurance and cosmetics. Case company commenced its activities
and established in May of 1987. The company is at the forefront of the growing direct
selling industry in Thailand. It has encouraged the industry to follow the World
Federation of Direct Selling Associations' Code of Ethics in protecting consumers, direct
sellers and selling companies. In year 2009, its net sales reached 13,300 million- baht.
Case company Thailand was certified on ISO 14001 Environmental Management System
in 1997. Case company Thailand obtained 1SO 9001:2000 certifications on July 30, 2001.

Case company'’s staff both at the Headquarter office and in Thailand use the term
‘ADA’ to refer to the Headquarter as it is where the main office is located. From this
point, this study will also do use the word ‘ADA’ when mentioning the main office.

Case company has long been recognized as a leading producer of drinking water
treatment systems. The Water Treatment System is case company’s first in-home water
treatment system using a combination of ultraviolet light technology and a patented
multi-stage carbon block filter. It has been introduced in global marketing in 2005 and in
Thailand since July 2005. It is the first in-home system that achieves the ANSI/NSF
Standard 42, 52 and 55. It is also one of the most durable case company’s products
with top sales.

As well-known case company’s. Water Purifier has been introduced to the global
market in 2006. The product has been successively sold well in the market. The Water

Purifier systems are installed in many households in Thailand. The huge amount of



products dispersed all over the country will be able to give a rough prediction of how
many spare parts should be stored. However, the inventory management still needs to
be investigated and studied further in this study.

The spare parts management has started when the study and development group
of the United States case company Headquarter launches new products - in this case,
the Water Purifier. To prepare services for customers, materials from all over the world
will be initialized and assembled for their specific functions. Some of them are assigned
to be produced by case company’s manufacturer, while others could be produced by
other factories located within or even outside of the United States, depending on case
company’s business strategies. Therefore, for an effective spare parts stocking and
supply planning, all of case company’s affiliates must communicate constantly and
instantly. Then, ADA will take responsibilities of the logistics and the supply chain to
replenish the spare parts’ requirements. Each affiliate, including case company Thailand,
will place the spare parts order to ADA’s officer when the materials are used up. The
spare parts ordered will be transported via sea shipment or air freight in case of urgency
to the central warehouse.

So far, there has been no information system, such as Enterprise Resource
Planning (ERP), integrated among ADA and its affiliates to share and provide useful
information and real-time updates about inventory. Although there is an integration of
selling products and inventory module called AS400 system, it is not real-timely
synchronizing the information; there is a 1-or-2-day delay. The AS400 system links ADA’s
information system to other affiliates’ information system but not directly with the
inventory; unlike the transactions of the products that are sold in case company shops
that will be recorded and updated automatically on the AS400 system as soon as they
are sold. The spare parts daily uses are not stored in the AS400 but in the Product
Repairing System (PRS) instead. A technician needs to transfer the data from the PRS to
the AS400 on a daily basis. At the end of each day, the technician will manually update
the number of spare parts in stock on the AS400 system. This results in a delay in
information exchange as stated earlier. To decrease the gap in time, an excel

spreadsheet for spare parts inventory has been created for the purpose of monitoring a



stock level each month. This spreadsheet has the formula that can calculate the
quantity of spare parts that should be ordered to replenish the stock. It contains the
quantity of each spare parts left in stock, the quantity of each spare part’s monthly use
averaged from the previous three months, the in-transit quantity of each spare parts
ordered and the quantity of each spare parts needed to be order in that month. The file
is usually updated at the end of each month. This method helps controlling the
inventory cost and ensuring that there is no stock out occurring.

Previously, there was an arbitrary policy stating that each spare parts should be
kept for 9 months. This policy came from fluctuated lead times in transporting the
supplies; generally takes about 1-3 months, but might take up to 6-8 months in some
cases. Sometimes, the number of spare parts arrive the affiliate was not as ordered also.
However, holding a huge amount of spare parts in stock meant that the business had to
put more investment only on this matter. Therefore, there was a strong desire to search
for the solutions that can reduce the inventory cost.

Case company in Thailand also set up some conferences to discuss this issue with
the involved parties which were the representative of ADA’s officer, Thai After-Sale
Service staff, Thai marketing staff and Thai inventory planning staff. They came up with a
conclusion that spare parts would be maintained in the warehouse for no longer than 3
months. ADA’s officer promised to response to this new policy by shipping the spare
parts to the affiliate within one month time. In other words, if the spare parts were
required to replenish, they would have been transported to arrive the stock with one
month lead time, in an exact amount as ordered. Nonetheless, the policy failed after a
year of practice. The spare parts still arrived in 1-6 month time with deviant order
quantities.

In conclusion, the excess amount of spare parts maintained in the central
warehouse has been influenced by the uncertain lead time in transporting the materials
as well as the fluctuated number of spare parts received. The inventory has to carry
each item for approximately 21 months. The current ordering policy sets the controlled
mechanic time up to 6-8 months. However, this policy still cannot guarantee that there

will be no stock out occurring due to an occasional deficiency of spare parts.



Case company’s customers can call for the after-sale services when necessary. The

company provides a warranty to the Water Purifier System by changing its component if

required. The product failures covered in the warranty are the failure caused by the

spare part’s life and the failure caused by the component’s random damage. The age-

based spare parts, such as a carbon filter or a tube for example, might have to be

changed in every one to two years.

1.3 Objective of the study:

1.

To investigate an effective forecasting technique for each categorized spare

parts.

To improve the inventory management and control strategy in order to

minimize stock level.

To propose an appropriate ordering policy.

1.4 State of problems

2.

Due to the inefficiency in the current spare parts ordering method, it is
essential to find a demand forecasting technique that can give an accurate
result which could then allow the company to obtain an effective

inventory management.

The current inventory management has been set up arbitrarily. It is not
efficient enough to meet with the high expectation from the consumers.
To reduce this problem, the company has to carry more cost and
constraints more than it would have been if there was a more effective
solution. The constituents of inventory management which this study

needs to fill out are as following:

i. Supply Chain Decisions (strategic)
1. What are the potential alternatives of the inventory?

ii. Replenishment Decisions (tactical/operational)



1. How often should inventory status be determined?
2. When should a replenishment decision be made?

3. How large should the replenishment be?

1.5 Scope of the study

The spare parts which are the components in the Water Treatment System are
comprised of 129 items from three models. However, only two models are in use at the
moment. Case company has stopped producing and selling the first water treatment
model since 1999. It has also proposed to stop providing the model’s spare parts. Even
though there are still some of them remain in the warehouse, this study will not go into
a deep anatysis on these spare parts. Nonetheless, some further appropriate actions will
be discussed later on this study.

All spare parts are classified as type A, B and C with two profiles - age-based part
(replacement part) and random failure part. One spare part will be selected to be the
representatives of the latest water treatment system. It will be tested using various
forecasting methods and inventory model. The random failure part is called the
“Electronic Module”. It is composed of electronic and a Print Circuit Board (PCB). Its
function is to read and display the remaining cartridge filter’s life and the system status.
If there is a problem in functioning, the part will give out signal. The spare parts are the
suitable samples for this examination in this study is type A and is more expensive and
frequently used.

The limited time and human resources that can be dedicated into this study might
partially restrict the analysis of the entire spare parts inventory from being completed.
However, the selected spare parts are the good sample for the examination due to its
characteristic as already discussed. Therefore, a precise and accurate result can be
expected to obtain from this investigation. This study will examine the spare parts for
Water Treatment system related to its current inventory control in order to get the
strategies or some recent approaches that might be useful for forecasting and lowering

inventory cost without affecting the customer service level so much.



Chapter I

Literature Review

2.1 Spare parts introduction

This study primarily focuses on the policy management of spare parts composed
of Water Treatment System. The classification of spare part’s demand characteristics and
the inventory management are the key factors of the guideline conducted. Several
statistical models have been attempted in order to achieve the minimum level of on-
hand inventory. Boylan and Syntetos [3] stated that service spare parts are ubiquitous in
modern societies. Their need arises whenever a component fails or requires
replacement. In some sectors, such as the aerospace and automotive industries, a wide
range of service parts are held in stock, with significant implications for equipment
performance and inventory holding. A good inventory management is therefore an

important task.

2.2 Spare parts characteristics and demand

Typically, forecasting and inventory models for spare parts management have been
built according to their characteristics. Huiskonen [4] found that spare part’s
characteristics can be divided into four main types as followed: 1) criticality, 2)
specificity, 3) demand pattern and 4) value of parts. The criticality gives an idea how
much loss there would be if there were no stock available for a specific spare parts. In
other words, the criticality of spare parts is its downtime cost. These spare parts can be
categorized into critical vs. non-critical demand. The measure to deal with this
characteristic could be made depending on the degree of urgency the part needed to
be replaced. Dekker et al. [5] developed a model of inventory policy that deal with
equipment with high criticality in which spare parts demand originated from its failures.
Simulated test by calculation of 200 different cases are conducted to find

approximations of service level for critical and non-critical spare parts demand. The



critical equipment generates a high cost when the corresponding parts are out of stock;
thus, the stock is reserved for the demand of the critical defective parts. The spare parts
demand follows a Poisson process where the inventory is controlled by a lot-for-lot
policy, non-negative and deterministic lead times. After the model is tested on a
simulation, it gives a good result with a high service level obtained from critical
equipments. Chang et al. [6] proposes a (r,r,Q) spare parts inventory modet which its
demand is also classified as either critical or non-critical. The two parameters included in
the model are the order quantity Q and the critical level r. The critical level is also
equal to the reorder level. The space remained in the stock after a replenishment is
done will be reserved for critical-demanded part; that is a semiconductor from a
Taiwanese manufacturer, for this research. This is to prevent a stock failure. Along with
that, the non-critical-demanded equipments will also be backlogged until the stock
exceeds the r level. Eventually, the numerical examples could give out an optimal
resutt. For standard spare parts with high criticality, Huiskonen [4] recommends that the
suppliers might consider running a safety stock for them too. This would put the
business at a more advantage point as it can provide an alternative choice for users who
are finding specific spare parts. Certainly, customers will prefer the company that has got
a better service such as 24-hour service or faster delivery.

The specificity explains two types of characteristics related to spare part’s
specificity; one is standard and another is user-specific. A standard part is the type that
suppliers are willing to supply as it is widely used by customers. The demand for
standard spare parts is so high that the suppliers can offer the economies of scale. On
the contrary, a user-specific part is the type that only some certain customers use with
specific purposes. Suppliers are not so willing to supply this type of spare parts;
therefore, the responsibility for its availability falls on customer. For items with a high
specificity, Huiskonen [4] suggests the supplier to hold a few safety stocks instead of to
use a make-to-order principle. In the case where the lead time of transporting spare
parts over to the inventory is longer than the maximum time the stockout can be
handled, the management failure occurs. To prevent the situation from happening, it is

better to trade of the cost of holding parts in stock with the lead time. Suomala et al.,
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[7] study the after-sales service with customization of consumable spare parts in its
machine. The customers can choose either the main core component provided or the
customized consumable parts. The research team receives the result indicating that the
customization does not impact the number of spare parts consumed nor the inventory
cost. Moreover, when the business promotes the customizing policy, only the demand
for high volume parts increased. Customization fills up customers’ satisfaction and
royalty to their preferences. Together with the fact that the demand of consumable
parts is steady and predictable, the customization can enhance the consumable part’s
sales. These parts need to be replaced on schedule due to its limited life; after being
used for a certain period they will become wear and tear [8]. For example, a car tire has
a predictable period of life; therefore its demand can be forecasted and replenished
more than other spare parts.

The demand pattern represents the volume of demand for each spare parts
ranging from high to low. The higher the volume is, the easier it can be predicted. Vice
versa, the less the volume is, the more difficult as the demand get influenced by the
intermittence or the irregularity. The control of spare parts is even harder to handle if it
has high criticality and price. Spare parts with low volume of demand are suggested to
be held back to the upper stream of the supply chain and centralized. In addition, the
spare parts demand pattern can also be classified as spare parts with random failure and
spare parts with predictable random pattern. Wang and Syntetos [9] study demand
forecast method regarding spare parts uses a maintenance-based model to compare
with a time series Syntetos-Boylan Approximation (SBA). The model studies about the
demand forecasting originated from preventive maintenance and corrective maintenance
plan using a model concept of delay time inspection. The study reveals that the
estimator (Ratio of demand size and demand interval at time T) of mean demand from
the maintenance-based model outperforms SBA when there are spare parts’ failure
characteristics present. Otherwise, the time series, SBA will come in to render and
maintain the accuracy of the performance. Since the characteristic of the demand for
spare parts should be indicated as intermittence [9], both models are based on spare

parts demand pattern so-called the ‘intermittent or lumpy demand’. Two fundamental
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types of spare parts maintenances: preventive maintenance and corrective maintenance
are the interest of maintenance-based model. The preventive maintenance is
implemented when there is less need to stockpile the parts as their demand is
predictable. The corrective maintenance or unplanned repair, however, requires a safety
stock as a stockout cost is significantly high in order to serve a full customer service
level [8]. Technicians could use these models to find a large amount of defective items
between the delays time of failure. Fig.2.1 illustrates the demands for two spare parts
from the Royal Air Force (RAF, UK). Both spare parts possess an intermittent property
but have different profiles of the demand-size distribution[9]
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Figure 2.1 Intermittent demands [9]

Ralph Snyder [10]} has conducted a study on a parametric bootstrap approach to
modify a well-known intermittent demand forecasting technique, the Croston method
(1972). The purpose is to determine the value of inventory control’s parameters raised
on the three selected representatives of car parts demanded. While the fast-moving
demand is often forecasted by the Simple Exponential Smoothing (SES), the Croston
approach will be thoroughly evaluated by theory and modification in this study.

Most of the researches done on spare parts inventory management are frequently

engaged with the demand that is difficult to predict. This demand is usually described
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by the terms ‘intermittent’, ‘sporadic’, ‘irregular’ and ‘lumpy’. The material used to
make these items are expensive, therefore it requires an even more careful
management. Nonetheless, some of spare parts that have consumable or stationary
characteristics can be handled by simply using traditionally inventory controlling
method.

The last characteristic of spare parts is the value of a part. Parts that value
differently will also receive different treatment. A high-priced part is not suggested to be
hold but rather to find a delivery service from supplier. A low-priced part is suggested to
be well managed in order to provide a suitable administrative cost that meets with its
value. In the case of items with low demand volume but high value, a cooperative
stocking pool can be implemented. The logistics of the spare parts would be virtually
centralized whereas the inventory would hold a decentralized and internet-based
application. However, low value parts can be stored in stock as it has no financial
significance. A general replenishment should be applied regularly. ltems would be
ordered in a huge quantity at a time and the order can be made through computer.

There is also another effective practical method of spare parts with demand
forecasting and inventory policy developed by Syntetos et al., [11]. It claims to be able
to save at least 40% of the related cost. This study has investigated the case of a
company wholesaling engineering supplies called VIP (Value Instruments Plus Ltd.),
located in the UK. Originally the inventory management was done manually through the
company'’s officers. It used some arbitrary ordering policy to review the number of spare
parts that should be ordered every Friday. If the reordered point was equal to the
number of the on-hand spare parts initiated before by the company’s manager, the
officer would make the order quantity equal to the demand of the previous week. In
addition, the company’s information system could not provide a convenient spare parts
ordering process and inventory management.

The study[11] applies Pareto technique to classify the items in VIP Company into
groups according to their individual characteristic. By using this technique, the set of
2,156 SKUs is divided into five classes of profit margin (selling price - item cost). The

result comes out surprisingly that 11 items of the 2,156 SKUs generate 20% of the entire
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profit while only 233 items — 11% of the total - generate the rest 80% of the profit.
Therefore, some strategies have been developed to deal with prioritizing inventory
management such as monitoring the best-selling items closely and introducing Pareto
scheme’s periodic updates, discarding obsolete items to clear the stock by using the
write-off strategy, using the Simple Exponential Smoothing (SES) as an application to
forecast the demand of the non-intermittent demanded items which are the minority of
the company and using the Syntetos-Boylan Approximation (SBA) to forecast the
demand for the intermittent demanded items which are the majority of the company.
These spare parts have the frequency recorded on the upper part of the 10-week
demand interval.

This study[11] uses the periodic reorder point (T,r,Q) policy to manage the
inventory control. For any given review period T, if the quantity of the stock is below r
units, then the order Q units are being produced and will be received by a lead-time L.
The reorder point is re-calculated at the end of every period. However, the order
quantity is only computed once and will be used for every order cycle.

The two new forecasting methods, SES and SBA, have achieved the CSL of 87%,
91%, 95% and 99% after being operated on trial. The SBA, however, outperforms the
SES by attaining a lower inventory-related cost

Out of the four characteristics, the importance of the criticality and the specificity
of spare parts are emphasized more than others. These two are said to be the
combination that give an analyzed control characteristic that will then offer the most

distinctive opportunity to develop the operation of logistic system.

2.3 The spare parts characteristic of Water purifier and case studies
Numerous number of literatures related to spare parts inventory have focused
their concern mostly on investigating models in electronic parts, aviation, automotive
industry or plant equipment. So far, there has been no research conducted on water
purifier or the Water Treatment System. It is the first in-home water treatment system
using a combination of ultraviolet light technology and a patented multi-stage carbon

block fitter. A demand of water purifier’s spare parts is stochastic but not intermittent
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arising from corrective maintenance which the spare parts probably are random or age-
based failures but this study will focus on a random failure parts. The random failure
part is called the “Electronic Module”. It is composed of electronic and a Print Circuit
Board (PCB). Its function is to read and display the remaining cartridge filter’s life and the
system status. If there is a problem in functioning, the part will give out signal. It is
replacement part not repairable part so technicians only diagnose symptom of system
and replace the spare parts which cause the failures.

Even though this research specifically concentrates on managing spare parts for
water treatment system, the methodologies adopted in other work on general inventory
management will certainly be studied. This chapter will also take into account what
other literatures have done on spare parts inventory modeling and related spare parts
logistics maintenance.

There has also been a research done on spare parts inventories from an overview
point. W.J. Kennedy et al,,[8] has investigated some sample inventories and concluded
that spare parts inventory is different from other inventories in many aspects. Spare
parts inventory’s function is to assist the technician to have the equipment ready for
operation. Due to its maintenance, the spare parts stored in the inventory will always be
altered accordingly to how they are used. On the contrary, the Work in Process (WIP) or
the final product inventories can be easily managed or changed following the
production rate or the schedule set. Spare parts inventory, however, contains only items
that are dependent on the product’s failure. It is very difficult to predict when the parts
should be repaired or replaced into the product, especially when their dependent
relationship is not known. The reliability of the product might be the only useful
information to assist spare part’s demand forecasting. The cost of a spare parts shortage
is also difficult to estimate. At the same time, a part for some certain products might be
obsolete as the model is becoming out of fashion. These issues added up would make
most of all spare parts get stored in the inventory. Practically, the product or equipment
that is expensive usually preferred to be replaced by the parts from stock keeping.

Kostas-Platon Aronis et al., [12] conduct a case study on improving the efficiency

of forecasting and controlling inventory. They use the circuit packs for telephone
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switching system as samples. This study brings a Bayesian method to practice with an (S-
1, S) inventory control policy. While the demand failure is originated from a stationary
process, this study also uses the data obtained from a reliable prediction made during
the design of the equipment and the initial estimation of the failure rate. The authors
aim to improve the current method by not changing the policy. In conclusion, the
Bayesian method could give a better performance by lowering the total stock to a
desirable level.

Bacchetti and Saccani [13] examine the researches and practices between the
classification and the forecasting related to durable products’ inventory control from
previous to recent. Their aim is to analyze the gap and provide proper guidelines for
practitioners who manage the inventory. The guidelines are to help resolve the
obstacles the manager might meet, for instance, an inaccurate forecasting, ineffective
inventory management — no spare parts classification, lack of assisting system integrated
among the supply chain such as ERP, etc. Therefore, the authors propose the directions
to bridge the gap in the further research. They propose an integrated approach of spare
parts management is illustrated in Fig 2.5 below. This flow of relationships shows the

guidance of spare parts management steps that have been well prioritized.

Spare parts

{ classification

R comon v

Figure 2.5 An integrated approach of spare parts managements[13]

They also encourage to organization to have a developing contingency - based
managerial guidelines as it could provide a guideline to solve an organization issues that
can be adopted from case studies. A difference in technological and environmental
dimensions results in differences in structure, strategies and decision process, so

organization will practice inventory management depending on contextual factors. These
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factors are scope of operations, size of organization, strategic relevant and industry. The
plan needs to be addressed as there is no other previous research cited. The manager
could possess skills that adopt some of their selected practice to apply with the work in
his organization. The authors also emphasize on favoring the knowledge accumulation
process. It helps the business indicate where their spare part- management’s status is,
and also evaluate the plan to develop managerial attributes. In addition, supplementing
models with practical relevance is a good advantage. The beneficial model should
always be introduced to the practitioner in order to enhance the managerial techniques,
leading to a more quantitative complexity. While the manager or the company is
facilitating the spare parts inventory, all available resources should be used in the
practical implementation. The assessment of the benefits achievable from applied
models by organizations should be determined and focused. In the last part of the
research, the authors also emphasize the importance of the information system installed
to share the data through the whole supply chain. This is a crucial part where the
business should not neglect.

As stated earlier, this research aimed to study water purifier spare parts samples in
Class A. Class A items are significantly important. Class A items’ cost of replenishment,
cost of carrying inventory, and out-of-stock cost are higher than those of Class B items.
Thus, stock control will intensify in Class A items than Class B items. Silver et al., [14]
provides suggestions for controlling Class A items by stating that Class A items should
be monitored closely by recording details of Class A inventory and management should
be informed necessary information. Demand should be forecasted through manual
method. Failure demand and slow-moving parts should be forecasted with appropriate
method so that safety stock is reserved while the expensive parts should be managed
by a pool system in the supply chain. If there are seasonal fluctuations in demand, they
are managed by altering the price structure, dealing with customers, managing shipment.
To find a valid lead time and reduce any- supply uncertainty, it necessary to negotiate
with suppliers. The practitioner should always review the decision parameters including

review period, the reorder level and the order quantity. For Class A items, there is low
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penalty cost but high stockout cost. When Class A items are nearly out-of-stock, it is

necessary to send items via air freight immediately while service level still is set as high.

2.4 Case studies of demand and supply uncertainty

In recent years, few researches have studied how to cope with demand and
supply uncertainty. According to those studies, a manufacturing have still faced some
problems such as various types of consumer demand and supply chain disruptions.
Supptly chain disruptions are unwanted situations, adversely affecting supply chain
performance such as poor weather, terrorist attacks and disease incidence. These
disruptions consequently have impact on the availability of finished products. Lin and
Wang[15] studied build-to-order (BTO) and build to stock (BTS) from manufacturing
strategies. They designed supply chain network for mitigating supply disruption and
demand uncertainty. They also proposed decomposition or L-shaped algorithms. Their
findings showed decrease in total expected operating cost. Schmitt et al., {16] studied a
model of the Single Stochastic Period (SSP) approximation to solve supply disruptions.
Various types of demand are deterministic or stochastic and stochastic demand or
supply yield significantly impact on a retailer. Thus, optimal base-stock policies provide
good results. Besides, familiar newsboy fractile could trade off to prevent shortage
occurrences.

Besides, demand and supply uncertainty is viewed as an obstacle to effective
inventory management. Lead-time variability is also a challenge to maintain the optimal
inventory level. An assemble-to-order (ATO) system is characterized by high volume
sales, short production times, and individual assembly for such products as automobiles
and personal computers. An assembte-to-order (ATO) strategy in the manufacturing
environment is experimented when demand rate is subject to random variations, and
purchase order for components experience random delays and its lead-time is random
variable. Mohebbi and Choobineh[17] proposed a simulated experiment retated to
component commonality, random product demand and random procurement lead
time. Their experiment showed good results in the ANOVA tests, indicating product

structures, lead-time and demand uncertainties significantly impact all three dependent
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variables. It revealed that the lowering the average inventory level becomes more
significant as the number of common components increases. Another study aimed to
study inventory models with imperfect information in a random environment. Two
formulations of single-item models with random supply in a random environment
proposed by Arifo”glu and Ozekici[18]. Their first model is characterized by supply is
random due to random capacity of production and random availability of transportation.
Their second model is a model with random availability only with fixed-ordering cost.
The state-dependent base-stock policy is optimal as the solution of the first model. The
state- dependent (s,5) policy is optimal for inventory problems in the second model.
Also they pointed out the problem with random lead times faced by the suppliers,
affecting the inventory position (inventory on hand plus outstanding order). Therefore
this problem is worth for future research. Inventory record inaccuracy is a problem faced
by some firms with unknown inventory level, unknown demand distribution and lead
time unreliability.

Bai et al,.[19] studied a two-bin inventory replenishment system with a fixed order
quantity and periodic review used at a firm to cope with constraints. Moreover, the
model does not require dynamic (re-) optimization and can be programmed in a
spreadsheet or database software application. Eventually they found an experiment with
optimal expected total cost per period. Since the lead time uncertainty is critical and
affects inventory control, the delivery time lag is the most important evaluation factor.
Shibuya et al, [20] analyzed the ordering models for spare parts which lead time
fluctuation exists and inventory levels for a single product are reviewed continuously.
The optimal timing of regular orders is considered as an analytic problem. The
conclusion of optimal policies which minimizes the expected cost during one cycle is

obtained.

2.5 Summary
These studies give an idea and guideline for applying a new empirical method for
inventory management of spare parts in this study. Especially the classification of spare

parts is based on Pareto technique[11] which is beneficial to arrange a group of spare
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parts according to priority[4, 7]. Eventually the study gives practitioner the whole idea to
follow guidelines for integrated inventory management of spare parts [13]. These can
help the business to manage the spare parts inventory to meet customer demand, high
customer satisfaction, while maintaining lowest inventory level in the warehouse.

The scope of this study aimed to handle with uncertainty of critical factors in
spare parts inventory control system encountered by the company. Besides, the
company in this study implemented inappropriate ordering policy. In real situation, this
company who provides spare parts for water treatment system to its customer has the
problems related with demand fluctuation, supply unreliability together with random
lead times. Moreover, its inventory system fails to keep useful information including
historical data or real- time update of spare parts. All literatures reviewed have not
studied such problems of inventory systems as uncertainty in demand, supply and lead
time. This study thus conducts the statistical analysis of inventory data focusing on the
delivery and order execution from the past. These useful data originate the statistical
ratio and generate sets of random numbers, which is essential to conduct a new
empirical model for spare parts inventory management. The new ordering model which
could be constructed under spread sheet and provide many simulations through Matlab
program. At the end of the simulation, optimal spare parts inventory model, providing

lower inventory cost could be obtained.
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Chapter llI

Research background

Before going into a deeper analysis on research methodology, this study will
examine the background of the present situation regarding the spare parts inventory and
its control of the Water Treatment System in detail. There are problems presented in
the current inventory control policy. Thus, each of them will be discussed in depth, in
order to determine the significance that each one affects the system. Appropriate
recommendations will be given to handle the problems. From observation and research,

the following lists are the data collection process and the identified problem:s.

3.1 Data Collection
All of the data that are necessary in implementing the inventory control are

collected from the case company’s resources through the following procedure.

3.1.1 Spare Parts- demand system

There are 2 main systems involving the spare parts management.

3.1.1.1 PRS (Product Repairing System), the software system developed to
keep track of all spare parts that are used in customers’ unit repair. Therefore, all spare
parts demands are stored here.

3.1.1.2 AS400 the main operating system contains all company’s products in
the inventory, including spare parts. These records are the number of available on-hand
items,.the number of shipments and deliveries from past to present and the number of
the ‘on-order’ items that are in the process of transportation, waiting to be delivered.

The previous order record from the case company is done without using the ERP

(Enterprise Resource Planning) system. ADA and the case company in Thailand do not
have the system that provides information that enhances inventory forecasting and

replenishing. The transactions and orders are only recorded on excel spread sheets
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created by Thai operator to help calculate the order quantity. The spread sheet keeps
the order up-to-date from previous to present. Thérefore, it is the only tool used for
recording. The data are not stored in either PRS or AS400 system. For more
understanding this, please see the table 3.1 Spare parts information system source

below.

Table 3.1 Spare parts data source and information systems

Information- system sources
PRS AS400 Neither

Daily spare parts demand )
Monthly spare parts demand V
Number of on- hand spare

parts

Number of shipments

Number of deliveries

Number of on-order spare parts

Date of on-order spare parts

Spare parts cost

Spare parts data

Moo d 2.2 21

:-, ;t & /ﬁ.\
Spare parts-quantity box
SKU and descriptions v

3.2 The inventory cost
The method used ‘in acquiring inventory cost from various sources is a
fundamental tool for determining inventory-policy.
The total relevant costs consist of:
Ordering cost Ordering cost = 428.66 Baht/One time ordering
Carrying cost = 0.71 Baht/unit/month
Product cost (Electronic module) = 1,361.85 Baht/Unit
Please see more details of the inventory cost in Appendix C - The case application for

EOQ model (Economic Order Quantity) Page 90.
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All the inventory cost can be extracted from shipment invoices and pertinent warehouse
documents, which are under financial staff’s responsibility. Data collection of this study
is conducted manually. Therefore, the assistance of financial staff in providing relevant
costs would be essential to this research. These costs are counted as the most reliable

costs that can possibly be found.

3.3 Problems

As mentioned in the introduction that the challenging aims of this study is to
improve spare parts forecasting technique and ordering policy. After a period of
observation and analysis, the current method where the company in Thailand uses is
considered inefficient. The identifications of the problem are ranked in order of
importance to determine its severity. The attempt to improve the system will start from
there.

Maintaining high inventory level results in a high investment. Thus, the manager
should pay special attention to the inefficiency problem. The customer service level
should not also be neglected. The spare parts availability should be manipulated against
the stock out.

This study initially uses the traditional too\, i.e. cause and effect diagram, to
identify the causes of the problem found in the inventory control. The crucial part of
the problem is the situation when there are excess spare parts or high inventory level.

The causes & effect diagram is itlustrated as shown below.
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Causes Of Inappropriate Inventory Level
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Figure 3.1 Causes and effect diagram describing inappropriate inventory level
The diagram above represents the majority of the cause and effect of spare parts
inventory at a high level. There are 6 major causes that specify the reasons of high

inventory level as listed.

Machine - Having no ERP (Enterprise Resource Plamning) system to assist the inventory
forecasting and replenishing, the case company in Thailand has to find an alternative
method to process the orders. To keep the process flow, spare parts are required to be
stored in the warehouse for 3-9 months. However, due to technical complications in the
company, the case company in Thailand is not capable of getting the ERP system
installed. The software issue that affects the inventory management will not be focused

in this study.

Method - There are four issues that contribute to high inventory level; ordering process,

replenishing stock, forecasting and inventory policy. Each of them leaves a significant
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impact on the amount of spare parts kept in the warehouse. Therefore, these issues will

be studied deeper in the next causes and effects diagram.

Materials - The information determining the optimal quantity of spare parts that should
be ordered must be as accurate as possible. From the previous practice, case
company’s operator collects the information from AS400 and PRS system, then put
them into an excel sheet. The operator calculates the yield of the order quantity. Since
the process is done manually, the operator needs to have no human error in order to
produce a perfect work. Othérwise the operator will have to take a lot of time to
complete it. Either way, it results in a lack of efficiency in the process. So this human
error may happen while the ordering process is performed. However, this aspect beyond
the scope of this study and this issue is worth for further analysis to determine a new

ordering policy.

Measurement - The Company’s measurement of inventory management is the stock
level that allows spare parts to be maintained in the warehouse no more than the
equivalent amount used in 9 months. For example, if 100 pieces of spare parts are used
monthly, the stock level of this type of part cannot exceed 900 pieces. This practice
has been directed from the previous managers and applied to all of products. This is a

traditional policy that this study will not intervene in.

Man - The operator who is responsible for ordering and replenishing spare parts needs
to be well-trained and possesses good knowledge of management and forecasting
techniques. Incompetent staff will use undefined ordering method that depends on his

arbitrary decision. This will easily cause an excessive spare parts stocking.

Mother Nature - There is no issues involved with the environment affecting inventory

management. Thus, this issue will not be analyzed.
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After determining each of the factors mentioned above, the most critical factor
affecting the inventory cost is “Method”. Basically, most businesses emphasize on
investment and aim to lower the inventory cost. Improving and enhancing “Method”
can lower the inventory cost as the ordering policy with appropriate forecasting
technique, order quantity with the right time to order, and suitable replenishment result
in lower spare parts inventory level maintained in the warehouse. Thus “Method”
would be efficient and plays its roles to inventory cost. Besides, reducing excess
inventory is suggested to include in inventory policy[14]. For more study on causes of
the main impact of high inventory level, this study will pick out a ‘method’ to be

analyzed in further details illustrated by figure 3.2

Causes of inapptopriate inventary level focused on “mathod” issue

Farecasting method Order policy
| A Arbitrary policy
No appropriate (Safety stock & Order quantity)
application ———
CPP
(No ERP.)
No policy and

No capture of defined review period
demand pattern s
(Movine averaee) impproprhte

inventory Level
No rule for Rarely consideration
Customer service . for obsolete tems
level management «——  Unreliability of supply
B s
—— Abtravinventorvieve /T UnceraRy oraer
(9 month level stock)

Inventory polcy Replenishing process

Figure 3.2 Causes and effects diagram describing inappropriate inventory level

focused on “Method” issue.
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The assessment of excessive spare parts that their roots cause can be summarized as
follows.

3.3.1 Current ordering policy

The ordering policy is defined by the current mechanism as the order quantity. It is
an arbitrary inventory level that relies on the operator’s decision on safety stock. This
number is fluctuated between 3-9 months. This means that the ordering method within
9 months has to cover its cycle in order to maintain a stable inventory level. It shows
that the ordering method is undefined and has no logical analysis to support. There is
also only a one-month periodic review, set up for operator’s convenience; no formal
consideration for reviewing period.

The operator has created the amount of order via spread sheet showing the stock
level as the reserve stock for demand during lead time. However, the amount of safety
stock or order quantity is determined based on an operator’s arbitrary judgment or lack
of logical analysis support. Moreover, large amount of the order is often determined to
prevent against stock outs from uncertainty in supply and lead time. Calculating the
amount of the order is considered from the number of spare parts to be kept on hand,
demand for spare parts and the number of expected deliveries (on order) and its
expected date to be received, which are fluctuated and uncertain.

For spare parts ordering process, an operator needs to update and put necessary
data from PRS and AS400 systems into purchase order spread sheet, determine the
amount to make an order and send order request via email to the planner in USA. Then,
an operator waits for a reply email indicating order amount and delivery date from the
planner. Please see figure 3.3 Flowchart of spare parts ordering process for additional

details
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Figure 3.3 Flowchart of spare part-ordering process

2.3.2 Replenishing process

There is unreliability in supplies sent from ADA to the company in Thailand. For

27

example, the amount of supplies received does not exactly match with what is ordered.

Fluctuations in amount of supplied received depend on supply situation. If the amount
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of supplies received is less than the amount requested at the first place, the missing
amount will be later made up to the next shipment. Also, the shipment from ADA is not
predictable with variable 1-3 months lead time. Once replenishing to order is requested
to ADA, then the planner may reply an email, informing what expected shipment aate is.
However, sometimes, the reply for some request for spare parts is not found. The
answer will be obtained later if they could get the actual information from their
supplier. If there is a supply disruption affecting spare parts production, it causes longer
lead time that is up to 6-8 months. Moreover, there is lead time uncertainty in
transportation. To ensure the availability of spare parts, the company needs to stock

and orders more spare parts, creating a higher than necessary stock level.

2.3.3 Current forecasting method
The current forecasting method is three-month moving average, as it is the
simplest way that can be thought of. The company does not take the issue of the least
variance into consideration. In other words, it uses the moving average method without
analyzing whether or not the deviation of the forecasted demand from the absolute
demand is the least. The operator is also unaware that an inaccurate demand forecast

will result in a high stock level.

2.3.4 Inventory policy

There is no policy that controls customer service level. Even though stockout is
undesirable, sometimes items can be out of stock or temporarily not available. The
stockout event could affect customer satisfaction. The customers may complain since
they have to wait for longer time until the delivery of the spare parts. Also stock out
event could lead to customer loyalty risk. Although most customers may not turn to use
other competitor’s product, they may be forced to do so in case of serious situation. If
the stock out event frequently happens, it affects company’s image and reputation. In
terms of inventory management, this issue should be focused on and examined further.

The arbitrary inventory level that depends on the operator’s decision has a lot of

influences on the excess in stock as discussed already. Some obsolete items such as an
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old version part of the water treatment system are not continued to be used in the
repair anymore. Such items are left in the warehouse, waiting to be recycled or kept
longer for future use. Even though this issue is not the most aspect that is concerned, it

would still be worth studying in the future.

3.4 Current status

The problems discussed previously reflect an undesirable stock level, resulting
from the major cause, CPFR (Collaborative Planning, Forecasting and Replenishment).
The CPFR method aims to achieve supply chain integration by using internet based
technologies. The method of operation planning begins at the upstream (ADA) and
passes to downstream (case company in Thailand). There are back and forth interactions
between the two offices.

Because the PRS (Product Repairing System) does not synchronize with the AS400
system, therefore all of spare parts information is not completely stored in any of the
case company’s system. Staff must input spare parts demand into the AS400 system
daily to keep ADA updated with the same information. This data transfer can cause a
delay and inaccuracy in the supply chain record. In the long run, the spare parts
information cannot meet the planning requirement. It impacts the inventory
management in terms of specifying the bottom line cost. However, this problem is, to
some extent, far beyond the scope of this study. It can be studied in the future if this
study is extended in a certain area. It is suggested that the company should develop
some further implementation.

In this study, the company has faced with the problems of replenishment process
from headquarter in USA. As mentioned earlier, there is supply unretiability since the
amount of supplies received from USA does not exactly match with the amount of
supplies ordered from Thailand. When the amount of spare parts is less than
expectation, it causes stock out event. In contrast, the excessive amount of order causes
an excessive stock level affecting higher inventory cost. Moreover, variable 1-3 months
lead time always happens. Sometimes there is supply disruptions informed by the

planner from headquarter in USA. The worst case happens when the headquarter delays
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order delivery for more than 3 months. Besides, the company has not only experienced
the uncertainty in supply and lead time but also inefficient ordering policy. The operator
needs to ensure the availability of spare parts for a water treatment system. Thus a large
number of safety stocks is reserved on monthly basis. The important process in
“Method” is focused on replenishment, and ordering policy which includes ordering
process and some inventory policy. What most businesses concern is an investment or
inventory cost. The inventory level can be determined to meet the customer demand
and high customer satisfaction. Therefore order replenishment and ordering policy play
important roles to spare parts inventory management.

After investigating the causes of inefficient spare parts control, the next step is to
focus on the demand forecasting method, replenishment, ordering policy and reducing
of excessive inventory. The moving average, simple exponential and linear regression
techniques will be used in forecasting the demand. The ordering policy will be improved
by updating the order quantity based on the relationship of the actual data that are
related to order quantity, such as a spare parts demand, its forecasted demand, its on-
hand amount, previous orders and delivery quantities.

The three fundamental questions should be answered in order to determine a
better inventory control techniques. The questions are ‘How often the inventory should
be reviewed’, ‘How much to order?’ and ‘When to order?’[14].

The main objective of this study in controlling inventory is to minimize the total
inventory costs. Total inventory costs are made up of cost of items, cost of ordering,
cost of holding and cost of stock outs. This study will use the spare part - Electronic
Modules (EM) to investigate and analyzed the related costs.

At present, the ordering schedule and amount are not reliable. The demand is
also uncertain, making it hard to predict. The safety stock needs to be reserved to
prevent stock outs. Neither the traditional Economic Order Quantity (EOQ) nor a service
level (Probabilistic Model) can cope with this situation, please see the application case
of EOQ model in Appendix C. Therefore, this study must analyze the data in the past

that relates to the current policy and try to generate a new empirical inventory model.
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Chapter IV

Research Methodology

4.1 Overview

An important of spare parts inventory management design must be realized before
a decision made to implementation. Reason to such carefully decision defined that is
affecting to overall effectiveness and inventory cost existing from the firm’s business. An
approach outline this study selects adopted for practitioner as the good guidelines
integrated view by Bacchetti and Saccani [13] as depicted in figure 2.5 An integrated
approach to spare parts management

This perspective approach is the critical guideline to follow each step of effective
spare parts management in spare parts companies. This systemic perspective showing
the relation among the step of spare parts classification, demands forecasting and
inventory management, and the performance assessment. Eventually this study suggests
that the way handled each spare parts categories obtained should be treated with
differentiated approach followed their classification, demand and inventory
management techniques. Therefore this study will conduct the spare parts study
accordingly on this approach perspective. Eventually, the process to be guideline will be

adopted from this approach described as below:

4.2 Spare parts inventory study process
For a better understanding, the flow chart of inventory study is outlined in figure

4.1



.

Data collection

}

Forecasting method

!

Ordering policy
Fitting RDO* distribution

.

Ordering equation

Validate model

End

Figure 4.1 Flow chart illustrating Water treatment system inventory study

Note that: RDO = is the ratio between number of cumulative delivery and cumulative

order quantity in monthly review period.
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4.2.1 Data Collection

The data collection starts from collecting relevant data from the one spare parts
samples of the water treatment system i.e. EM (electronic module). The sample is the
representative of the overall spare parts. EM is type A classification. The data collected,
then, is the spare parts demands, its pattern and cost such as order and delivery
quantity from May 2010 to December 2011, demand lead time and monthly closing
stock, ordering cost, carrying cost and product cost.

The first step, this study need to classify the spare parts inventory according to
their importance in term of investment and the criticality. Knowing their importance and
criticality mean a practitioner can manage the inventory with efficiency and
effectiveness. Thus this study aims to focus on their characteristics how to handle with
appropriate inventory policy. The classifications of these spare parts are defined with
traditional well known, Pareto technique categorized as A-B-C classification [14, 21, 22].
According to being the most of 80% that inventory consumes and costs always is
invested in ad hoc spare parts such as class A type, which the business need to closely
monitor its inventory. Surely, a few of spare parts in class A which obtains around 20%
are the representative sample selected in this study. EM is spare parts accounted to

class A which is used to perform the further simulated model.

4.2.2 Forecasting method.

According to Wang and Syntetos [2] reveals that the estimator, Ratio of demand
size and demand interval at time T, of mean demand from the maintenance-based
model outperforms SBA, a time series Syntetos-Boylan Approximation when there are
spare parts’ failure characteristics present. Otherwise, the time series, SBA will come into
render and maintain the accuracy of the performance. Therefore their study uses the
modification of Simple Exponential Smoothing (SES) as an application to forecast the
demand of the non-intermittent demanded items. As well as Ralph Snyder [3]
conducted a study on a parametric bootstrap approach to modify a well-known
intermittent demand forecasting technique, the Croston method (1972). Ralph

Snyder[10] also states that the fast moving demand is often forecasted by the Simple
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Exponential technique. Hence this study will use Simple exponential and some of Time-
series models such as Simple moving average, Moving average and regression to forecast
spare parts for water treatment. A robust forecast technique will allow us to obtain an

accurate amount of order.

4.2.3 Ordering policy

Ordering policy is the core of this study in terms of lowering the average stock
level at the end of each month. As earlier mentioned the demand, the lead time and
spare parts supply are very fluctuating, the new inventory model could not be applied
with EOQ or probabilistic model. As the result of EOQ application for this case company,
the time between orders equal 2 months; it means placing an order every 2 months.
This study reveals that it does not give the lower number of closing stock or inventory
cost regarding the new ordering model. Please see the EOQ application applied for this
case in Appendix C.

So this study brings the actual data related to delivery and order quantity to be
investigated in finding the solution for new ordering model.

Therefore, the fundamental of new ordering policy comprises three elements as follows:

4.2.3.1 Fitting RDO distribution
The investigation of the relationship between the delivery and the order quantity
can provide a useful set of data. Their ratio can generate a random distribution which
will be used to do ordering simulation. RDO is ratio between number of cumulative
delivery and cumulative order quantity in monthly review period. Fitting RDO
distributions for EM’s RDO can build up a series of data set of random generations. The
random generations can impact the simulated model testing i.e. varying with the closing

stock each month.

4.2.3.2 Ordering equation
The most important step to do is building the master ordering equation. This

equation is obtained from the fruitful of relation number created from RDO. It is used in



35

simulate table of ordering period starting from available data in 2010 June to the end of
2011.The expected result is the number of order quantity to make each month

reflecting the lowest final closing stock at the bottom line.

4.2.4 Validate model

A robust model will be tested by master ordering equation. The inventory cost of
the simulate model will be compared with the one of the current practice. The
expected result is the number of spare parts in the closing stock obtained from the
model being less than the one of the current practice. The new ordering process
integrated from this simulation will be applied in real use, yielding a lower inventory

cost.

4.2.4.1 Performance assessment
The method to appraisal to compare how well the new inventory model approach
betters enough to change the inventory policy from previous one is to measure the
asset the company invests in decreasing or increasing. The last inventory left each
month in the specific month period selected will be measured on hand left. The

approach inventory model should lower the current amount on hand

4.2.4.2 Inventory management

The aim of efficiency inventory management is to optimize the availability of the
inventory to serve demand of spare parts replaced to the units and level of stock
keeping. The company needs to set the policy how much to reserve stock or buffer in
the warehouse by service level set. At the business’s goal it is needed to satisfy the
customer requirement responsively with high level of satisfaction while lower the
inventory cost.

To find appropriate inventory policy, it is required to calculate how much to order
quantity, time to order, what a reorder level and how much to maintain the buffer level
to prevent stock out. The calculation to obtain the answers to those questions would

be derived from historical data from the spare parts inventory described in the next
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section. Necessarily, having the higher accuracy forecasting is a mission to get the

optimal order quantity reflecting to no excess inventory.

4.3 Demand forecasting

Time - series forecasting method is traditional technique to predict the future of
any demand selected in business. These models make the assumption that what will
happen in the future is referred to what has happened in the past. So the series of past
data in the specific period can be used in forecasting.

This study selects three types of forecasting techniques that are moving average,
exponential smoothing and linear regression as a preliminary study due to
computational simplicity of these techniques. Several parameters of each technique will
be investigated in order to achieve high accuracy model. The best fit model and their
corresponding parameters will be applied for later part of this study. The historical
demand of the sample selected as EM from water treatment spare parts is extracted
since January 2008 to December 2011 to be forecasted data base. All of the following

equations have been brought from the book, Quantitative Analysis for Management.[23]

4.3.1 Moving averages
Moving average (MA) technique is summation of recent series of demands for a
specific period in order forecast the demand in one step ahead. The future demand can

be calculated from:

_ Yt Vet t Venya @.1)
Ft+1 = n

Fryq1= forecast for time period t + 1
Y; = actual value in time period t
n = number of periods to average

where

4.3.2 Exponential Smoothing
Exponential smoothing is a type of moving average technique; it calculates using a

few of past data. The latest forecast of demand is equal to the previous forecast
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adjusted by a fraction of the error (last period’s actual demand minus the previous
estimate). The smoothing constant ( OC ) represent a weight of the forecast error. The
closer its value comes to zero, the forecast line become more smoothing but has more
forecast error. On the other hand, the more its value closes to 1, the less smoothing to

forecast line but more responsive.

Fiy1 = Fprta (Y- F) 4.3)

F¢, 1= new forecast (for time period t + 1)
F; - previous forecast(for time period t)
o = smoothing constant (0 < a < 1)

Y; = previous period’s actual demand

where

4.3.3 Regression

Generally, regression analysis is applied for multiple variable forecasting. The
technique fits a trend line that minimizes the sum of the squared error to a series of
historical data point. A trend line can be written as a linear regression equation which is
employed for the future forecasts. In this study, the independent variable (x) denotes
the time point, while (Y) represents values of predicted variable. b, is the intercept and

b, is the slope of the line.

Y = by+ byx (4.4)

where ¥ = predicted value
b, = intercept
by = slope of the line
X =timeperiod (X =1,2,3,..,n)

This study uses the POM-QM for window (Excel QM) obtained from the book,

Quantitative Analysis for Management [23] for regression analysis.
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4.3.4 Forecasting accuracy
To find the best forecasting model, the forecasted values are compared with the
actual or observed values in order to calculate the forecast error. One measure of

accuracy is the mean absolute deviation (MAD).

eg=A,— F; (4.5)
e; = forecast error
where A; = actual demand

F; = forecast value

Xlel (4.6)

n

MAD =

While the other is the mean squared error (MSE).

MSE — el (a7

4.4 Finding ordering policy

The method to find how much to order will directly impact to the level of
inventory. Ordering policy is one of the crucial matters in term of lower the month-end
stock level at the end of each month. Since, the delivery lead time and quantity are
very fluctuating; a basic Economic Order Quantity modet (EQQ), and service level model
cannot be applied in this study. The assumptions of constant and known demand,
constant lead time, and instantaneous replenishment are violated. The intuitive suggests
that if one could find even slight relationship in the historical data, the improved

ordering policy could be constructed based on that relationship.

4.4.1 Fitting distribution

Due to uncertainty of delivery lead time and quantity so observation is made to
the ratio of actual historical data between the cumulative delivery and the cumulative
order quantities from “EM” spare parts. The investigation of historical data reveals that
they could provide a useful set of information. Ratio between cumulative delivery and

cumulative order (RDQO) can be obtained from Eq. 4.8.
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ch
= a,
RDO = =5 (4.8)
Where
RDO = The ratio of cumulative delivery to
cumulative order
CD = Cumulative Delivery
CO = Cumulative Order

4.4.1.1 Histogram
As the unreliable demand supply so observation is made to the ratio of that
actual historical data between the cumulative order quantity received and the
cumulative actual delivery guantity from “EM” spare parts. Its histogram reveals that
there is a relationship between the gquantities among those two data as their ratio can

be illustrated as figure 4.2
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Figure 4.2 The ratio of cumulative delivery to cumulative order quantity of EM

(electronic module)

According to lack of data, ordering amount prior to May 2010 so the starting
month of the ratio contained in the figure below are from June 2010 to December 2011.
The figure above shows that they look like the distribution is characterized by a

density function that is rectangular called “Continuous uniform distribution”.[24]
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However, it needs to make sure that it is proofed by statistical science. Therefore,

hypothesis testing needed to be analyzed further.

4.4.1.2 Box plot

Whisker exteadsto Whisker extendsto
Smallest datapoint within Largest data poiat within
15 interquantile ranges 1.§ intérquartile ranges From
froom first quartile third quartile

First Third quart
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Figure 4.3 Description of a box plot[24]

Extreme outlier

A box plot [24] displays the three quartiles, the minimum and the maximum of
the data on a rectangular box, aligned either horizontally or vertically. As it is very useful
in graphical comparison among data set so that the ratio of cumulative delivery per
cumulative order of “EM” is drawn by the box plot with outlier comparing no outlier as

figure illustrated below.
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Figure 4.4 Box plot with outlier and without outlier

4.4.1.3 Continuous uniform distribution
After outlier is eliminated, so their shape looks the same as a rectangular which is
continuous uniform distribution. The distribution of probability that focused on is the
ratio of cumulative delivery per cumulative order that follow the historical spare parts
data “EM”. Thus its ratio would have a probability that could fall in an interval of fixed
length within [ A, B ] which is constant. So the density function for a uniform random

variable on the interval [ A, B ] [24]is shown in figure 4.5.

F®

X
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Figure 4.5 The density function for a random variable on the interval [ A, B ][24]
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4.4.1.4 Goodness of fit test
Now the undertying distribution of the population is not clear whether it is
“Continuous uniform” so that testing the hypothesis to know which type of distribution
for “EM” spare parts are necessary required in this stage. In case of “Continuous uniform
distribution” must be performed a formal goodness of fit test procedure based on the
chi-square distribution[24].
The hypothesis-testing procedure will be described as following, using @ = 0.05;
1. The variable of interest is the ratio of the cumulative delivery per
cumulative order.
2. Ho: The form of the distribution of RDO is continuous uniform
distribution.
3. Hy: The form of the distribution of RDO is not continuous uniform
distribution.
Reject Ho: if p - value is less than 0.05,
Reject Ho imply that RDO is not continuous uniform distribution
while fail to reject Ho imply that the form of the distribution of RDO is
continuous uniform.

4. The test statistic is

k
Xo _Ei

5. The Goodness of fit test will be analyzed in Matlab.

4.4.1.5 Random generation
The result that needed to conclude that Ratio of the cumulative delivery per
cumulative order behave like contrinuous uniform distribution would be strong
desirabte. If so the random generation for the ratio will be used for ordering in the

further analysis.
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4.4.2 Ordering equation

This study will use the RDO (the ratio of cumulative delivery per cumulative order)
to derive an ordering equation. Firstly, an idea to invent the equation is that the order
quantity this month 0,, originated from the amount of discrepancy between the

cumulative this period,, and previous cumulative period,_, described as follow:

On = COn - COn-—l (4.10)

0,, = Order quantity for time period,
ED = Expected delivery quantity
where CD = Cummulative delivery quantity
CO = Cummulative order quantity
n = month period making an order
RDO = the ratio of cummulative delivery per cummulative
order quanitity

Now we want to extend any possible variables in the above On equation from

cD CD
other relevant factors. As RDO = =—  (Eq4.8),s0 CO, = ——
co RDOy,

But as the fact that if we make an ordering this period,, then it suppose that the

delivery amount would arrive in the next 2 months on average. (Generally, the variation

CD
replenishment will be one to three months), Thus CO,, = Eﬁ , with this COy, it is
n
substituted to be the below On equation:
- CD, - (6.11)

On = RDO, C0n-1

The above relation equation can use €Dy, 4.5to find more involved factors.
Basically, the cumulative delivery amount for this period,, is originated from previous
cumulative amount of the period,-, plus the delivery amount for this period,, .
According to the delivery amount should be expected number because the supply
fluctuation from ADA and the delivery quantity would not be received as the order

quantity placed as the described equation as foltow:
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CD,, = CD,_{+ED,

As we want to extend the €D, into the equation with relevant variables, then

it is derived as here:

CDpi2 = CDpyq+EDp 43; then
CDp41= CDp+EDp 44

From the above equations, it is decomposed into sub-equations illustrated as

follows:

CDnyz =CDp+ EDpyy+ EDpyy
CDypyp =CDy_1+ EDp+ EDpyyq+ EDp o

CDny2 = EDp+ EDpy1+ EDpyg +CDpy (4.12)

Let’s substitute CD, 4, with ED,+ EDy .5+ EDy 5 CD, 4 to the equation
4.18.1, then the new O, is illustrated as below:

ED. +ED. + EDp +CDy_
RDO,,
where n = Order quantity for time periodn

ED = expected delivery quantity
CD = cummulative delivery quantity
CO = cummulative order quantity
n = month period making an order
RDO = the ratio of cummulative delivery
per cummulative order quanitity

4.4.2.1 Expected delivery
The fundamental order amount will engaged with the expected delivery amount
that equal the amount of month forecasts that cover usage of the months that also
equal selected review period. The assumption supposed that Thai operator makes an
order this month, and then the next two month the order replenishment expected to

be arrived. According to the fact that uncertainty lead time demand that order would be

received in around two months so the equation will be fixed two months lead time.
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For example as illustrated in figure 4.6 if we place the order at period,, then the
shipment would arrive in next two months or the beginning of period; with expected
delivery quantity that cover usage of the months for periods+period,. This caée
selects two month review period so the next reorder will be placed at period; and
expected delivery quantity will arrive at periods with the reserved usage for periods
and periodg. Note that : the order at period; is not equal to ED; due to the
uncertainty in delivery quantity, but ED,, can be adopted to calculate 0,, by the use of
RDO,, as shown in Eq. 4.13.

Reserved to use 2 months
(usage of month for time;+time,)

Receiveat timeg,,

Order at time,

Receive at timeg

I 12 1 2 / 4 6 7 8 9 10 I 12

Order at time,

[
«»
N

Reserved to use 2 months
(usage of month for times+timeg)

Figure 4.6 the example of placing an order at period, and period,

The operator is required to take the on-hand inventory, On hand,, which has
included the expected delivery at period,, ED,, into consideration as well as the
demand of spare parts for period, and periods. Because the operator is going to
place an order at the beginning of period,, the actual demands for all periods starting
from period; remain unknown; consequently, actual demands for future time period

are substituted with the forecasted demands (E,).



ED3=F3 +F4'(0H1~F1-F2)+SS

(4.14)

Considering the conditions previously mentioned, ED ; composes of demand for

periods and period, (F; + F,) and the spare parts carried over from period, through

periods. The carried over spare parts can be referred as the on-hand inventory at

period; , OH;, deducted by the forecasted usage during period; and period,, (F; +

F;). To avoid supply disruption, the safety stock level (SS) can be added to (4.14).

To determine the order amount to make each month based on review period

which is the month interval to make an order. The amount to make an order follows

equation below derived from the equation 4.14 but varying on reviewing period to

review an order.

where

ED,4; = Fpy; —OH, + E, + Fypq +SS
Monthly review period

EDnyz = Foiz + Fpyz — OHp + Byt Foyq +5§

Every two months review period

EDpyr = Foyz + Foyz + Fppa —OHy + B+ Fyy
+SS

Every three months review period

EDpyy = Foyz + Foyz + Py + Fys —OH, + K,
+ Fpeq +SS

Every four months review period

ED = expected delivery quantity
n = period month to make an ordering

F = spare part monthly forecasting demand

OH = spare part on hand quantity
SS = number of safety stock

(4.15)

(4.16)

(4.17)

(4.18)
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Because this study tries to identify a way with a lower inventory cost, it needs to
modify the expected delivery equation from Eq. 4.15 to 4.18. The numbers of forecasted
demand term are eliminated out of these equations in order to decrease the stock at
the end of each month. These new equations called “Scheme 2” will be used for 4
alternatives of the review periods; every one, two, three and four months as depicted in
Eg. 4.19 below. So equations from 4.15 to 4.18 are called “Scheme 1”.

The equations obtained from scheme 1 and scheme 2 are calculated and put into

column “H” in the example of master tables, please see Appendix A-1 and A-2.

EDn+2 = ""OHn + Fn + Fn+1 + SS (419)

Finally, month-end inventory or closing stock amount according to the new

proposed ordering policy can be obtained from

Closing stock, = Closing stock,_,(On hand,,) - d,, + D, (4.20)

Where d,, = The actual demand at period,,
D,, = generated Delivery

To find the generated delivery amount, it can be derived from the generated

cumulative delivery (RD0,,) adopted from (4.8) as the following equation:

€D, = CO, xRDO, @.21)
D, =CD, — CD,_, (¢.22)

Nevertheless, the order amount to receive in previous historical also indicates
uncertainty or fluctuation quantity so the order made in last two months was only the
expected delivery quantity which could be unreliability. Therefor this study will use the
probability of the delivery amount that exist from actual data with actual order amount

to be further analysis to find new ordering policy.
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4.5 Creating Simulated-Order Model

A simulated-order model is a new ordering model that this study established as
the master table in excel spreadsheet in order to gather data on generated-order
amount, generated- delivery amount, the set of uniform random number, and integrated
with some actual data. The purpose of this simulation is to obtain a lower closing stock

amount at the end of each month.

4.5.1 Master Table of Simulated-Order Model
Exploring the simulated-order model that yields a lower closing stock compared to
the current order management. All of the simulated tables are established under testing
pattern depicted as Figure 4.7. For example, monthly order is tested by 4 levels of
safety stocks from 0, 0.5, 1, to 2 months. Besides, 100 random number sets are used for
testing and yielding simulated-cumulative delivery quantity. An order for every two,

three and four months is tested in similar way.

Review period Safety Stock Set of uniform distribution
random number
A =0.3029 B =0.5402

Order every 1 month 0 month safety stock Set1
Order every 2 months 0.5 month safety stock Set2
Order every 3 months 1 month safety stock Set3...

Order every 4 months 2 months safety stock
Set 100

Figure 4.7 Testing pattern of EM simulated-order model

The initial idea of simulated-order model is to compare the obtained number of
closing stock each month with historical number during May 2010 and December 2011.
The important equations applied in simulated-order model or master table created on

excel spreadsheet are as follows:

Order amount = (Eq. 4.13)
Expected delivery = (Eq. 4.15 - 4.19)
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Generated cumulative delivery = (Eq. 4.21)
Generated delivery = (Eq. 4.22)

Some of actual data are integrated with generated data to run the ordering
simulation. The actual data includes the number of opening- stock column during May
2010 and December 2011, actual- delivery data during the first three months of
expected- delivery column and a few numbers of cumulative- expected delivery,
generated- cumulative delivery ( See spread sheet in Appendix A-1 and A-2).

Order equations (equation 4.13) are used to calculate desired order quantity under
the terms of the review period, including monthly, 2-month, 3-month and 4-month
period to make an order. For example, if 2-month is applied as a review period and the
beginning of March is a month to make an order, the next review period is n+2 with (n=
3), that is 3+2=5. So, next periods are May, July, September, and so on. Order equation
(4.13) will be shown in column E in Appendix A-1 and A-2.

The generated- cumulative delivery quantity, “L” column (see Appendix A-1, A-2)
is measured by using the equation 4.21 and generated delivery quantity using equation
4.22, “K” column. The values vary from the RDOs or the set of uniform random number
with the range of variable A = 0.3029 and B = 0.5402. The uniform random numbers
that are used to simulate the model gradually have been adjusted B value to meet the
appropriate point. By considering and identifying an alternative with less inventory cost,
B parameter is changed by trial and error from 0.5402 to 0.500 and 0.400.This requires
random number generator, which each has 100 set of numbers. Each set will be placed
in the master table to generate the outputs which will be compared to their closing

" stock quantities.

4.5.2 The example of the results calculated from master table.

According to the analysis result of simulated-order model, it is concluded that
making an order in every month with no safety stock can provide the lowest amount of
closing stock for total 20 months using the RDO set from parameter A=0.5402, B=0.4000

, during May 2010 and December 2011.(Please see the all of results as illustrated on
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Table 5.5 in Chapter V). To clarify the process of simulated-order model, different cases
from Expected delivery equation- Scheme 1 and 2 are necessary shown for 2 cases

below.

Case 1- Expected delivery quantity: Scheme 1
Review period: every month
No safety stock reserved

RDO set of uniform random number; A= 0.3029, B= 0.4000

Table 4.1 The example of EM master table (Monthly review period with 0 month
for safety stock) using Expected delivery equation by scheme 1 and set of uniform

random number by variable (A = 0.0329, B = 0.4000)

SR S Lo MLSMF* B G E R S AT WP s SR B i e L
— Cumulative | The set of uniform . .
Openingl] Attuat fg‘;‘:;: Order |cumulative| Actusl | Bxpected | of | random number Tt [
stock |demand i 2mount| Order | Deiivery | Deiwery | expected | using variable A= | defivery | “pC sm:
wo“om.rs‘ o Delivery | 0.3029, B = 0.4000
963| 329 380 0 384 384 384 0.0000] @0 384| 634
634 341 341 2912 347, 347 731 0.3860]" R i ;
1033] 346! 341 3067 0 0| 731 6.3680[ LS  BHR o s
692, 354 345 4071 664} B 1124] 0.3537] . o 1440]
649 292] 352 5288 of : 1129] 0.3319] 315 | -
(2 B 3 "3713 5o
622 318 306 6717) 50077 1755( 0.3400] i
576] 260 315) ) 7112] [} 2011 0.3580] . 2

Now by leoking at-September-2010, how much an order can be made with no
safety stock? Firstly, it needs to find expected delivery quantity including
EDy;,EDyy EDy EDg as calculated on column H in Table 4.1.

The simulated-order model is performed under master spreadsheet classifying by
testing pattern as shown in figure 5.8 and table 4.1. All related numbers are put into the
relevant equations as depicted in table 4.1.and Appendix A-1. Note that the below
output numbers are slightly different from the decimal number.

Then let’s n substituted by different numbers as follows:

EDgyp = Fgiz —OHg + Fo + Foi1 +0

ED,; = 306.08 —649 + 351.79 + 306.35 + 0
= 315.22
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For EDy, EDg, are similarly used the calculation in the same way as ED;, ,which

equal to 310.95, 4.64 respectively.

Now, order quantity for time period n can be calculated by the equation 4.13

and shown on column E in table 4.1 as follows:
_ EDy; + EDig+ EDg + CDg

09 RD09 - C08
315.22 + 310.95 + 4.64 + 1,124
o= 03319 — 4,071

= 1216.13

So EM order quantity in September 2010 is 1216 pieces and which expected to
delivery in November 2010 for 315.22 (calculated from EDy4). In other words, about 315
pieces of EM have the lead time of 2 months. But this expected delivery quantity is only
expected number. The delivery quantity obtained in the simulation model must be
based on the actual data so this study uses the RDO or cumulative delivery to
cumulative order quantity ratio obtained from the real data. In this case, the RDO of
uniform distribution random number is based on unif ([0.3029,0.4000]) as it provides the
lowest closing stock compared to 3 alternatives.

To find the cumulative delivery amount, it can be obtained from Eq. 4.21 as

follows:
Cumulative deliveryq = RDOg X Cumulative order,

Cumulative delivery, =0.3319 X 5,288
=1,755.08

Delivery quantity in period 9 is the amount discrepancy from the cumulative
delivery period 8 and 9. Thus the delivery amount in period 9 is 315.28 as calculated
below equation (Eq. 4.22).
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Deliveryy = Cumulative deliveryq - Cumulative deliveryg

Deliveryq =1,755.08-1,440
Delivery, = 315.08

Now the amount of closing stock in period 9 can be calculated as Eq 4.20

accordingly:
Closing stockg = On handy — demandg + Deliveryq

Closing stocky =649-292+315.08
Closing stocky =672.08

So the closing stock in period 9 is 672

Case 2 - Expected delivery quantity: Scheme 2
Review period: every month
No safety stock reserved

RDO set of uniform random numbers consisting of A= 0.3029, B= 0.4000

Table 4.2 The example of EM master table (Monthly review period with 0 month
for safety stock) using Expected delivery equation by scheme 2 and set of uniform
random number by variable (A = 0.0329, B = 0.4000)

CUm:lfat'rve T:setofmt:“ﬂ:e'r"‘ Simiated | Smulated |Simulated
'm“'bleA= deivery wDr:ulauve closing

Delivery | 0.3029, B = 0.4000
] 7 384

731

731

By looking at September 2010, to calculate expected delivery quantity, it requires

the similar concept as previous calculation in Case 1 but needs little change by using
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the equation 4.19 instead. So, EDy4, ED;g,and EDg can be obtained as the results
below.
ED9+2 = _‘OHQ + Fg + F9+1 + SS

EDy; = —343 + 351.79 + 306.35 +0
315.14

Il

For EDyq, ED,, are similarly used the calculation in the same way as ED,, ,which
equal to 354.60, -2.15 respectively.
Note that: EDg = —2.15, it means that the expected delivery quantity is 0 because it is
impossible to have negative stock being shipped anyway. So to calculate replenishment

order quantity in Period,, it still requires the same equation 4.13 as below:

o. — EDu +EDyo + EDy +CDg
7y~ RDO,

COg

315.14 + 354.60 + 0 + 779.18
0y = — 3,204.61

0.3319
=1,160.92

The order equation scheme 2 obtains order amount to make 1161 pieces in the
period 9, September 2010 with expected delivery for November 2010 (EDy), 315.14 or
315 pieces. Now the delivery amount will be derived from cumulative delivery amount

as calculated below.
Cumulative deliverys = RDOy X Cumulative order,

Cumulative deliverys =0.3319 X 4,366.01
= 1,449.08

Deliveryy = Cumulative deliveryy - Cumulative deliveryg

Deliveryq = 1,449.14 - 1,133.60
Deliveryy = 315.54
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Now the amount of closing stock in period 9 can be calculated as follows:

Closing stock ¢ = Opening stockg - EM demand, + Delivery,
Closing stocky  =343-292+315.54

Closing stocky = 366.54

For summary of both cases results calculated by relevant equations so that they

are described as details in table 4.3 below:

The table 4.3. Comparison of the output by expected- delivery equations between

scheme 1 and 2.

315,08 472,08

However, this study aims to find the solution in order to get optimal amount of

leftover each month. The remaining inventory level should not be too high and meet
the demand of customer. Further analysis is to simulate the model for several times by
changing the input criteria to perform the master table. The input criteria consist of 3
alternatives by adjusting B value from 0.5402, 0.5000 and 0.4000. Moreover, another one

criterion is added whose expected delivery equation is summarized as figure 4.8.

—

Set of uniform distribution
random number
A=0.3029 B =0.5402

Expected delivery Review period Safety Stock
equation

Set of uniform distribution

L random number.
I$ Orderevery 1 month 0 month safety stock A =0.3029 B =0.5000
Scheme 1

Orderevery 2 months 0.5 month safety stock
Scheme 2 Orderevery3 months 1 month safety stock
Orderevery 4 months 2 months safety stock

Set of uniform distribution
random number
A =0.3029 B =0.4000

Figure 4.8 Testing pattern of EM simulated-order model by multiple criteria
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Every alternative is computed and run by the master table to determine the
amount of closing stock simulated during 20 months. So, if a set of uniform distribution
random number is selected, the result would be 3,200 (100 * 2 * 4* 4). The number of
simulation runs is 3,200, computed by 3 alternatives. So, the total number of simulation
runs is 9,600 (3,200 *3). However, there are numerous numbers of uniform distribution
random numbers and multiple criteria, as well as limited time and human resources.
Writing command-code in Matlab program can be a tool to help in computing the
simulation.

It is necessary that the simulated-order model should provide the least amount of
closing stock. If the model can give lower inventory cost than before, it is important to
consider and compare the amount of closing stock identified by simulated-order model.
By using Matlab, it can provide outputs that show the amount of closing stock for all 3
alternatives. In this study, choosing the best alternative is based on testing criteria as

described by figure 4.8.
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Chapter V

The application and results

5.1 The classification of spare parts inventory

The first group of water purifier spare parts samples is classified as Class “A” items.
According to Pareto analysis [14, 21, 22], almost 80 percent of the effects derive from 20
percent of the causes. This study discusses about the effects of investment or inventory
cost, caused by fluctuated number of items in inventory. Of all items in inventory, 20
percent of them are the high value and fast moving items which are important for
monitoring. In this study, it focuses on studying these items with the aim of reducing
inventory cost.

With regard to “ABC” approach [14, 21, 22}, items in the inventory are classified
according to their priority or value. Generally, annual dollar value is used as classification
criteria. The annual dollar value can be derived from dollar value per unit multiplied by
annual usage rate. Typically, items can be classified in to three classes based on their
priority, including, Class “A” refers to most important items, Class “B” refers to
moderate important items, and Class “C” refers to least important items. While the
amount of items in Class “A” accounts for 10-20 percent of all items, its annual dollar
value is around 60 to 70 percent of all items,

The number of electronic module part, “EM” is selected as representative of an
entire Class “A” population. By considering Class A spare parts, whereas total inventory
cost is 82.67 percent, EM accounted for 52.42 percent of an entire inventory cost as

depicted below.
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Figure 5.1 Classification of spare parts inventory (Class A)

Since “EM” is the spare parts in Class A with the largest share of the whole, it is
our primary focus in this study in order to improve spare parts inventory management

policy. The Pareto-analysis curve will show relationship of 80/20 Rule as illustrated in

figure 5.2 below.
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Figure 5.2 Causes and Effects of spare parts — water treatment system inventory
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Table 5.1 Cumulative percentage of spare parts values

Cumulative Percentage Cuto 80T
# Cumulative%
1 52.4%
2 68.8%
3. 82.7%
4 85.6%
5 88.3%
6 80.7%
7 92.9%
8 95.0%
9 96.1%
10 97.0%
11 97.6%
12 98.1%
13 98.5%
14 98.7%
15 98.8%
16 99.0%
17 % 99.2%
18 3 99.3%
19 99.4%
20 # 99.5%
211€ 99.6%
22 99.7%
23 99.8%
24 99.8%
25 99.9%
26 99.9%
27 99.9%
28 100.0%
297 100.0%
30 100.0%
311 100.0%
32 S Tk 40355 100.0%
33 7 o et RIS L ARYY 100.0%

From the table 5.1, total value of entire inventory in Class A (three types of spare
parts) is 82.7 percent. Clearly, “EM” is a type of spare parts with the highest value
among Class “A” inventory. So it deserves to be investigated to determine further

inventory management policy.

5.2 Demand Forecasting

Prior to identifying an approach to inventory management, it needs
the forecasting process. The data on historical demand for “EM” is available. To
forecast, data were collected from January 2008 to December 2011. Data on historical

demands could be searched and traced from the AS400 system as depicted in figure 5.3.
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As mentioned earlier, this study chooses three forecasting techniques for measuring
demand forecast accuracy. These three techniques include moving average methods,

exponential smoothing technique and linear regression technique.

Demand for EM (Electronic module)
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Figure 5.3 Demand for EM (Electronic module)

Figure 5.3 illustrates the demand for EM. The variation in demand can be
described by statistical values shown below. The statistics are calculated from excel
functions given as follows:

Max = 465
Min = 216
Mean (average) = 307.31
Median = 312.5
Standard deviation = 48.97

As the above statistics, the average monthly demand for EM is 307.31. According
to [14], it stated that if there is a demand for more than 10 items per month, these
items are considered as fast moving items . The simple exponential smoothing is not
suitable for intermittent demand stated by Croston (1972) but it works well for fast
moving inventories [10, 25]. So this means that demand for EM could be used simple

exponential smoothing to forecast its demand.
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Forecasting process is conducted in order to find which forecasting methods will
give the least error. Forecasting alternatives are obtained from the software, POM-QM for

window (Excel QM) as shown in table 5.2.

Table 5.2 Comparison of forecasting methods, classifying by different forecast

accuracy measures

Forecast method

. 2 month - 3 month -
Simple period period
Forecast error Exzog(;rétlal Moving Moving Regression
) average average
MAD 35.14 35.90 36.46 37.37
MSE 1919.64 1838.56 2032.90 2373.48

Forecast error is used to measure forecasting accuracy. Forecast error is the
difference between actual demand and forecast demand. In this study, demand was
predicted for a specific time-period (From January 2008 to December 2011). To obtain
the lowest forecast error, MAD, MSE are considered to evaluate the performance of the

forecasting system.

500
450
400
350
300
250
200
150 s £V Demand
100 === 2 month-period Moving average
50 === Simple exponential smoothing (a 0.76)
0
REI2 538552358883 33883383

Figure 5.4 Comparison of forecasting methods of demand for EM
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The forecast results from the table 5.2 and figure 5.4 show that the best result of
all forecasting methods is not obvious. As simple exponential smoothing with alpha of
0.76 has the towest of MAD at 35.14, whereas moving average two month period
outperforms the first one for MSE at 1838.56. In the first stage, we will use the simple
exponential smoothing with alpha of 0.76 to be the first forecasting technique to find
the ordering policy. Then the latter will be performed at the end of this study to

compare their results which technique could give the betterment.

5.3 Simulation model to find optimized inventory control policy

The fundamental aims of inventory control are to consider the following issues;
how often to review the inventory level, when an order for replenishment should be
placed at the time of review and how large the order size should be made. Regarding
the simulation model of this study, it is necessary to find the solution of these
questions. Historical data is traced to put into the model integrated between actual data
from AS400 system and some simulated data. The simulated-order model is designed
under excel spreadsheet. The results are shown as master tables to find the solutjons
(Please see Appendix A-1, A-2). The final results should not only cover the following
solutions; when to order, how much to order and when to review, but it should provide
solution to lower inventory cost.

The initial problems of this study come from uncertainty in lead-time, supply and
demand. Moreover, previously the portion of delivery quantity and order quantity is
used in the form of ratio. A simulated-order model is designed and established from

those data. There are four-critical areas needed to solve the problems as follows.

5.3.1 Distribution Fitting

While the actual amount for delivering EM is extracted from AS400 system starting
from Jun 2010 to December 2011, the amount of EM per order is available from manual
data sheet created by the operator. Some of the data are missing and only available for
this period. To answer the study questions, it needs two sources of data, including the

amount for delivering EM and the amount of replenishment order at the specific period
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as mentioned above. Cumulative delivery quantity and cumulative order quantity are
calculated as a ratio.

As stated at section 3.4 in chapter 3, RDO, a relative ratio, is the ratio of
cumulative delivery guantity to cumulative order quantity in the specific monthly review
period. The RDO is calculated according to the data set available and has the output as

depicted in figure 4.2

0.370.360.360.37

SO DD D D> D DD D S
\\) \0 vp C’QIQ (o) $0 (2 \’b QO @Q Y.Q @'b \Q \Q 0 (jOQ o‘-‘ \\o 0?1

Refer to figure 4.2: the ratio of cumulative delivery to cumulative order quantity of

EM (electronic module)

The figure 4.2 shows that the relation between cumulative delivery and order has
significance. We construct the box plot of EM using RDO in order to test how the RDO
looks like. The figure 4.4 presents the boxplot of EM data, which is ratio of the

cumulative delivery to cumulative order quantity.
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Refer to Figure 4.4: Comparison between box plot with outlier and without outlier

The maximum RDO value of 0.6029 appears to be an outlier according to figure
4.4. Thus, it is eliminated out in order to adjust the range extending from 0.3029 to
0.5402. As illustrated from histogram in figure 5.5 below, A line equals to 0.3029 and B
line equals to 0.5402.The range between A and B line is expected to be the continuous

uniform distribution of the RDO.
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Figure 5.5 Comparison between the cumulative delivery to cumulative order

quantity ratio with and without outlier
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The probability distribution of the cumulative delivery to cumulative order
quantity ratio is assumed to be continuous uniform distribution[24]. Thus the ratio would
have a constant probability that could fall within any interval of fixed length [ A= 0.3029,
B=0.5402 ], the density function of a uniform random variable on the interval [ A, B 1is

shown in figure 5.6.

Fix)

1
05402 - 0.3029

A =0.3029 B = 0.5402

Figure 5.6: The density function of a random variable on the interval [0.3029,

0.5402]

5.3.2 Test of goodness of fit

This section involves with the hypothesis-testing procedure in which the
population or probability is unknown. Because it is unknown that the underlying
distribution of the population from the ratio of cumulative delivery to cumulative order
quantity of EM, this study intends to test and satisfy the hypothesis as a population
model. A density or rectangular function called “Continuous Uniform Distribution” is
expected to be tested by a formal goodness-of-fit test based on the chi-square
distribution[24] with minimum of 0.3029 and maximum of 0.5402 (unif{0.3029,0.5402]).
Please see appendix B. The p-value of 0.0593 confirms that RDO follows the continuous
uniform distribution at 95% significant level.

Since p-value 0.0593 is more than d 0.05, then we fail to reject H, and conclude
with 95% confidence that the form of the distribution of RDO follows continuous

uniform distribution unif{{0.3029,0.5402)).
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5.3.3 Random number generation

Necessarily, this study simulates some artificial-delivery amount obtained from
random number output generated by Matlab program. Command Code is written for this
specific purpose.

The set of 100 random numbers is generated from cumulative delivery to
cumulative order ratio. Each set contains 20 ratios which stand for RDO from May 2010
to December 2011 (May is a month added for a value of 0.00 ratio and also some actual
necessary- based data to be starting period and to fit the equations in master table,
please see Appendix A-1, A-2). The 100 set of random numbers will be used to run the
further simulated-order model. The random numbers are advantageous to find artificial-
delivery amount when creating a master table of simulated-order model. Please see

Appendix D -1, D-2, and D-3.

5.4 The results

The proposed ordering policy is established under testing pattern illustrated in
figure 4.8 and depicted as two equations for expected delivery, four ordering frequencies
and three level of safety stock for a total of 32 combinations but there is also 100
random numbers from 3 alternatives of B values. The four ordering frequencies are
range from ordering every one month, two month, three month, and up to four month.
Whereas four levels of safety stock are set at 0, 0.5, 1 and 2 month. Thus number of
simulation runs would be 3,200 (2x4x4x100), computed by 3 alternatives totally 9,600
times.

For comparison between the model and current ordering policy, the amount of
each month remains from actual data avaitable. Table 5.3 shows actual data of closing
stock or the remaining EM spare parts at the end of the month from May 2010 to
December 2011 (total of 20 months).

Table 5.3 Actual closing stock of EM (Electronic module)

May-10  Jun-10 Juk10 Aug-10  Sep-10  Oct-10  Nov-10 Dec-10__ Jan-11 Feb-11
1018 1024 678 988 696 1818 2000 1740 1496 1374

Mar-11  Apr-11  May-11 _ Jun-11 Jukll  Aug-11  Sep-11  Oct-11  Nov-11  Dec-11
1306 1043 1268 1051 1635 1416 1110 1279 1652 1862
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The results obtained from Matlab suggest that an alternative with B variable
(0.4000) using Scheme 2- expected delivery equation outperforms other alternatives as it
can give lowest mean amount of EM-closing stock as depicted in figure 5.12. Moreover,
comparing all of alternative results with B = 0.5402. 0.5000 and 0.4000 that obtain from
Scheme 1 and Scheme 2- expected delivery Scheme. It is obviously indicated that the
results from Scheme 2 could get the betterment in term of less mean amount of the
EM- spare parts left over at each month. The results are shown as figure 5.7-5.12 and
table 5.5. Note that: SS level stands for safety stock amount for 0 month, 0.5 month, 1

month and 2 months.

sl S SLEVEL = 2
@3-S SLEVEL=1
w=fe=S SLEVEL = 0.5
—§—5 SLEVEL=0

wmnen ACtual

0 Order review period

i g B i (Month)

Figure 5.7 Mean amount of EM-closing stock with a set of uniform random number;

A =0.3029, B = 0.5402 , Using expected delivery - Scheme 1

1800 , Safety stock level
1600 “Actual: 1322
1400 e S S o
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Figure 5.8 Mean amount of EM-closing stock with a set of uniform random number;

A = 0-3029, B = Q_Sq.oz Using expected delivery _ > A,.. ")J:"u e

3000 Safety stock level
2800
2600
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Figure 5.9 Mean amount of EM-closing stock with a set of uniform random number;

A = 0.3029, B = 0.5000 , Using expected delivery - Schemel
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Figure 5.10 Mean amount of EM- closing stock with a set of uniform random

¥,

number; A = 0.3029, B = 0.5000 , Using expected delivery -
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Figure 5.11 Mean amount of EM-closing stock with a set of uniform random

number; A = 0.3029, B = 0.4000Q , Using expected delivery — Schemel
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Figure 5.12 Mean amount of EM-closing stock with a set of uniform random

number; A = 0.3029, B = 0.4000 , Using expected delivery - :




Table 5.4 Comparison of the results for mean amount of EM-closing stock with a

set of uniform random number and mean of actual closing stock

Applied by Scheme 1 - expected delivery equation

Set of uniform random number Safety stock level 1 Order re;/ ew period3(month) 4
2 1700 2147 2499 2974
1 1344 1755 2134 2598
=0, = 0.54
A= 0.3029, B= 0.5402 1/2 1176 1569 1963 2434

1017 1409 1803 2287
1499 1913 2258 2196
1181 1577 1939 2393
1029 1427 1780 2248
881 1285 1656 2105
1123 1482 1796 2141
870 1222 1535 1901
738 1087 1415 1750
3 S0 AR ST

A= 0.3029, B= 0.5000

A= 0.3029, B= 0.4000

> 132 132 132 132

. 1 1322 1322 132 132
Actual csyig/stock 1/2 1322 1322 1322 1322
0 132 132 132 132

Table 5.5 Comparison of the results for mean amount of EM-closing stock with a
set of uniform random number and mean of the actual closing stock Applied_by

- expected delivery equation

Set of uniform random number Safety stock level 1 Dreigf re;/ v penod3(month) 4

2 1328 1391 1493 1675

_ \ 1 1002 1091 1193 1369
A= 0.3029, B %2 1/2 849 932 1032 1213
0 697 762 854 988

2 1170 1257 1375 1511

_ _ 1 873 969 1061 1223
A= 0.3029, B= 0.5000 1/2 725 802 911 1033
0 578 644 737 824

2 851 930 1063 1023

1 599 677 738 773

A= 0.3029, B= 0.4000

372 o,

1 1322 1322
1/2 1322 1322
0 1322 1322

Actual closing stock
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The combination of A variable (0.3029) and B variable (0.4000) provides lowest
amount of EM-closing stock. As illustrated in figure 5.12 and table 5.5, the bottom line
with zero safety stock level implies lowest cost. It could be concluded that suggested
ordering policy should give the lowest amount of closing stock, place an order every a
single month, with no safety stock, by applying Scheme 2 - expected delivery equation
to calculate. With on month review period and zero safety stock level, the amount of
closing stock is only 350 units, signifying lowest amount, while with different safety
stock levels (1/2, 1, and 2), the amounts of closing stock include 472, 599 and 851 units,
respectively.

To ensure the combination of A variable (0.3029) and B variable (0.4000)
outperforms other alternatives, it is necessary to compare their inventory costs. All
relevant inventory costs from actual data are arranged. 100 data sets are generated by
Matlab program. The figure 5.13 shows inventory cost of three combinations and actual

cost of the EM-closing stock.

50,000,000
40,000,000 g
30,000,000 1 \ A U
n h{ ) [ s S Fa) AN
20,000,000 8
V4 4
10,000,000
”*“Sﬂ&&’ﬁﬂ?&;‘35898%&&388522&2%%3333§
Cost (Baht/20 montbhs) 100 Months of EM-mean closing stock

axmmram A = 0,3029 B= 0.4000 = A = 0.3029 B= 0.5000
ww o A =(.3029 B=0.5402

Actual closing stock

Figure 5.13 The inventory costs of three alternatives and actual cost of the EM-

closing stock applied by Scheme 2 - expected delivery equation.

The figure 5.13 shows three combinations of A variable (0.3029) and B variables
(0.3300, 0.3500 and 0.4000.). These are alternatives with three inventory costs, which are
computed by order cost, caring cost and product cost. Please see details of the
inventory cost in Appendix C -The case application for EOQ model (Economic Order

Quantity, P.90). 100 data sets of closing stock during 20 months are used to process and
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shown as aggregate cost. The cost calculation of all 3 alternatives is used as supportive
information.

The figure 5.13 is also an output of 100 times repeat for random generation from
RDO which becomes random number generation depending on seed number. If the
seed number changes, to simulate 100 times it reveal that RDO from B variable; 0.4000
could give the lowest output, however applying random generation would be a great
performance in this simulation.

The figure 5.14 below provides more details and illustrates the mean inventory

costs of all 3 alternatives and the actual cost of EM- closing stock.

__ 40,000,000 7 N 36,459,393.36
g 35,000,000
& 30,000,000
g 25,000,000
] 19,217,374.23
< 20,000,000 15,934,769.98
L
a 15,000409 9,646,649.86
= 10,000,000
"
S 5,000,000 j
0 &
A =0.3029 B= A =0.3029 B= A=0.3029 B= Actual closing
0.4000 0.5000 0.5402 stock

Figure 5.14 Mean inventory costs of three alternatives and actual value of closing

stock applied by Scheme 2 - expected delivery equation.

According to the figure 5.14, the combination of A variable (0.3029) and B variable
(0.4000) provides the best result, suggesting lowest amount of closing stock and lowest
inventory cost. More importantly, it is-essential to-identify which forecasting method can
give lowest cost. Therefore three forecasting techniques are tested through master table
and Matlab program. The table 5.6 below reveals the comparison cost of the different

alternatives and different forecasting methods results.
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Table 5.6 Mean inventory cost of 3 different alternatives and different forecasting

methods

(Cost/Baht) Forecast Method

2 period-Moving  Exponential smoothing
average (a 0.76)

Set of uniform random number by variable

3029 680,56 ;
A = 0.3029 B= 0.5000 16,056,785 15,934,770
A = 0.3029 B= 0.5402 19,378,856 19,217,374
Actual closing stock 36,459,393 36,459,393

As shown in table 5.6, it is obvious that Simple exponential smoothing (a 0.76) is a
forecasting method that provides lowest inventory cost (by selecting A= 0.3029 and B =
0.4000). Finally, it can be concluded that a new ordering policy for EM performed by the

simulated-order model can be implemented as the following steps:

Forecasting method: Simple exponential smoothing (a 0.76),

Review period: Every month,

Safety stock: 0-month level,

Expected- delivery equation: Using Scheme 2,

RDO set of uniform random number: Variable A = 0.3029 and B = 0.4000.



73

Chapter VI

The conclusion and recommendations

6.1 The summary of problems

In this study, an initiative to improve the management of water purifier spare parts,
Electronic Module (EM) inventory, has been proposed. It concerns ordering policy that
deals with inventory replenishment control problem under supply uncertainty as well as
the fluctuation in supply lead-times and order quantity to be received. Also, uncertainty
in spare parts demand is an obstacle to make an order. Moreover, the company’s
current inventory system does not provide efficient solution for the manager to deal
with issues of order placement and replenishment order quantity because it does not
provide all of the related-historical data and lacks linkage between the company’s and
ADA’s (a headquarter in USA) useful- inventory information. The present ordering policy
is based on the manager’s arbitrary decision making or an intuitive-based decision
making. According to inventory management problem mentioned earlier, this study has a
strong desire to find a solution ‘as well as to discover a new empirical model of

inventory management.

6.2 The solution

According to the classification of the spare parts inventory under Pareto Analysis, it
indicated that EM inventory acts as the representative of Class A items population. It
accounts for 52.42 percent of an entire inventory cost. The total inventory cost equals
to 82.67 percent. The EM spare parts are suitable to be chosen for conducting
simulation test, which provides a new model of inventory management, leading to lower
inventory cost. EM items have the highest inventory cost. Therefore, this is the study to
perform the simulated-order model.

This study aims to find a suitable forecasting method that provides the least
forecast error and also can be implemented in practices. However, the EM demand

seems to be unpredictable; on the other hand, it is not intermittent but fast moving
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item as shown in figure 5.3. Firstly, forecasting method alternatives are compared. It was
not found that the simple exponential method using O of 0.76 nor 2 month- period
moving average that has result for the best in term of least error. Eventually they are
tested which forecast method could give the least inventory cost. At the end of this
study analysis, the simple exponential method is selected as a forecasting method to
implement to a new model of ordering policy as it provides lowest inventory cost.

With a new empirical model of ordering policy, actual data on cumulative delivery
quantity and order quantity during May 2010 and December 2011 are used. The data on
cumulative delivery quantity to order quantity ratio are used to generate the distribution
probability and random number generation. The ratio. of cumulative delivery quantity to
cumulative order quantity is applied to the model simulation giving a significant
relationship ratio of 0.31 - 0.60. Therefore the statistical theory, the continuous uniform
distribution and random number generation can be integrated to test the simulated-
order model. It is proved that continuous uniform distribution is-a behavior of random
generation number from RDO, ratio of cumulative delivery quantity to cumulative order
quantity, of Electronic Module (EM) as shown in the equation 4.8. Hypothesis testing is
conducted by using Matlab program. Formal goodness of fit test procedure is based on
the chi-square distribution and obtained the density function for a uniform random
variable on the interval [0.3029 ,0.54020]; A variable (0.3029) and B variable (0.5402). The
set of 100 random numbers is generated from cumulative delivery quantity to
cumulative order quantity ratio-in order to simulate the necessary delivery quantity and
order quantity. The equations are integrated in a simulated-order model in the form of
excel spread sheet.

The new ordering policy has been. discovered by the equations created in
simulated-order model such as expected delivery equation depicted in 4.15-4.19. These
equations derived from the actual data, expected delivery equations and the RDO. As
shown in equation 4.19, Scheme 2 equation could give the better result than Scheme 1
equation as depicted in equation 4.15-4.18. The study’s analysis test is performed in
various testing patterns as figure 4.8. The simulation is created in form of excel

spreadsheet as illustrated in Appendix A-1 and A-2. Moreover, Matlab, a tool program is
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able to help saving time to perform the multiple simulations (9,600 times), with 3
combinations between A variable (0.3029) and B variable (0.5402, 0.5000 and 0.4000).
Multiple tests through simulated-order model give the outputs of 100 data sets for 20
months. The best alternative is to make an order every month with no reserved safety
stock, and with the combination between A variable (0.5402) and B variable (0.4000).
This alternative gives the lowest closing stock, outperforming other alternatives and
current intuitive-based method as illustrated in figure 5.12 and table 5.5. Moreover, to
compare the combination between A variable (0.3029) and B variable (0.4000) with other
alternatives, it is necessary to compare inventory cost. Therefore, it needs to consider
and compare the quantity of closing stock left over the specific 20 months among 3
alternatives. Eventually, the result found that the combination between A variable of
0.3029 and B variable of 0.4000 gives lowest inventory cost as depicted in figure 5.13
and 5.14. In summary, a new-inventory policy is approached and it is recommended to
make an order every month as-it isa suitable review period. Determining the amount to
place an order is upon the derivative of Scheme 2-/ expected delivery and order
equation with no safety stock to reserve, while the ‘combination between A variable
(0.3029) and B variable (0.4000) is selected. This alternative can provide lower inventory

cost to the company.

6.3 The recommendations

Further practices or some suggestions can be summarized as follows:

According to Pareto analysis, EM (Electronic module) spare part is categorized as
Class A inventory. However, future ‘study should extend the study scope to Class A
inventory.

A random number generation and probability distribution are both useful to find
an optimal spare parts ratio to generate simulated-delivery quantity as well as order
quantity.

The company should have tradeoff between the cost and simple forecasting
method. According to the result of the study shows that simple exponential smoothing

could give the better output than moving average. Thus the company might choose
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moving average in order to decrease the difficulty of forecasting process or using the
simple exponential smoothing if focusing on the lower inventory cost depending on the
company's policy.

With continuous improvement for the spare parts inventory management, the
company should consider in eliminating the uncertainty matters by learning the
headquarter and supplier management. To find a valid lead time and reduce any supply
uncertainty, it necessary to negotiate with suppliers [14].

In simulated-order model placing an order every one month with no safety stock
using a set of uniform distribution by B variable = 0.4000 and calculated by scheme 2-
expected delivery equation, it was found a few of shortage in EM closing stock during
20-month period. The highest number of spare parts shortage may occur only 0.58
month (mean figure generated by 100 times), or 0.35 times in a year according to result
from new ordering'model as Appendix A3. So, customer service and royalty service costs
may incur regarding decreasing a goodwill of ‘the company. Those costs are hard to
estimate. In practice, air transportation would be considered as it shortens delivery lead
time. The planning staff at a headquarter in USA. always permits air transportation
method and accepts its air transportation cost to send the spare parts to warehouses in
Bangkok under the right replenishment order. The shortage of spare parts found in a
simulation model can be solved by a practitioner who immediately foresees a low level
of spare parts. Before a shortage event, a practitioner must ask for sending spare parts to
warehouse via air transportation methods. Moreover, the air transport cost can be
absorbed by a headquarter in USA in all cases except in case of executing wrong
replenishment order. Therefore, EM spare parts shortage event at the end of some
months does not matter than appropriate replenishment order quantity and order time.

To gain a good inventory system, any organization should provide two effective
functions to serve customer demand’s responsiveness[22]. One system could track any
items available in the inventory and the quantity on hand, and the other, the system
could tell how much and when to order. The fact is that in this study, the company <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>