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Introduction
In today's dynamic market conditions, manufacturers are expected to become more flexible and

responsive in meeting demand for customised product specifications and quality requirements (Manyika,
2012). Product mix is becoming more complex and diverse, driving more companies to operate in a high-
mix low-volume (HMLV) manufacturing environment. To meet targeted service levels and buffer against
uncertainties, manufacturers may commit too much financial resources into holding excess inventory.

At the same time, more competency is also required in planning for inventory that is used in an uncertain
manufacturing environment, where demand and supply are becoming less predictable. This may result

in companies not being able to stock up on materials in time due to uncertain demand and unforeseen
long lead times.

As depicted graphically in Figure 1, the problem in this context is that stock-outs and excess inventory
can both happen concurrently. Hence, the challenge is in ensuring that the right quantities and right
types of inventory can be made available at the right time to fulfil customer's demand promptly.

Figure 1: Excess inventory and stock-outs can happen concurrently

Our client's company is a provider of defence communication solutions that are fully optimized for
individual customers. It offers a wide range of services, where it not only designs its own products, but
also manufactures build-to-print microwave modules and components that are used in dedicated special
areas such as intelligence, defence and satellite systems. Thus, the environment it operates in is HMLV
in nature, where the products assembled may vary in lot sizes, production processes and applications.

It can transform assembly lines and change product requirements in a matter of hours, causing its
planners to face numerous challenges when planning for the facility’s inventory.

The company utilises the build-to-order approach, which is essentially a pull system, where it will only
purchase inventory for confirmed orders. Once confirmed orders are received, planners will analyse the
Bill of Materials (BOM) and execute Materials Requirements Planning (MRP). Inventory will then be

purchased at very high levels that can fulfil all the orders received, even if the total number of units in
an order are scheduled for staggered deliveries over a few years. Hence, there is no reorder point set

because they are deemed unnecessary since all the inventory required to build an order is purchased
all at once. Reorders will only be made if inventory level becomes insufficient in fulfilling scheduled

orders. There is also no consistent approach used in determining the quantity to order.
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The original inventory management practices had been effective during the initial years of setting up the
manufacturing business because it was easier to manage the inventory of fewer products. However, a

more robust inventory management system is due because the number of products and the value of its
inventory have increased substantially over the past few years. The original practices were observed to

expose the company to many problems that led to delayed deliveries. Furthermore, the management of
the company has put in place strategic plans to expand the manufacturing business for the next decade.

It is, therefore, important to ensure continued operating profits by improving the current inventory
management practices.

Research Methodoloqgy

Four research objectives corresponding to the four research questions were then developed:

[ ldentify the costs associated with managing inventory.
1 Apply inventory classification tools to improve application of inventory models.

[1 Develop an optimal inventory management system to reduce inventory costs and improve
customer service levels.

[l Evaluate at least two similar inventory management policies and compare its costs as an
objective appraisal.

Utilising the literature scan, our approach is to utilise Six-Sigma (DMAIC) methodology and tools to

analyse the data collected and provide initiatives to improve customer satisfaction level for XYZ
Singapore Service Centre.

Primary data is important because they are first-hand data that are gathered for the specific research
problem at hand, using procedures that apply to the research problem best (Hox & Boeije, 2005). To

facilitate this study, the necessary primary data will be obtained through personal field observations,
surveys, interviews and discussions with staff of the company. Table 1 describes the collected primary

data, its method of collection and its purpose in this study.

Summary of problems Personal field To establish problem 3 planners, 2
stemming from lack of a observations, statements that gave senior managers
good inventory system interview and rise to research

discussion objectives and thus, the

beginning of this study

Monthly wages of staff Surveys To determine the costs 3 purchasers, 3
who facilitated the flow of of placing a new order store personnel, 7
materials from order incoming quality
processing to storage and inspectors

the time they spent on
this process

Causes that led to high Brainstorming To break down high 3 planners
costs of inventory session discussion) inventory cost into its
major components and
causes
Material attrition rate Survey Incorporated into 3 engineers that
classification model to operate surface

improve its applicability | mount technology
(SMT)machines

Table 1. Description of collected primary data, its method of collection and its purpose in the study

In-house secondary data sources could provide these includes the following data:
[J Description and type of SKU
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(] Unit price
[] Lead time in days

These data will be used in the calculation of holding costs, and in models such as ABC analysis,
economic order quantity and reorder point that will be proposed as solutions to reduce inventory costs.

Results

Costs associated with managing inventory

After conducting the brainstorming session, all sub-causes were categorised into four major cost factors.
They are presented in the Fishbone diagram as seen in Figure 2. It is hereby established that

overstocking, shortage, reordering and storage costs are the four major costs associated with managing
inventory in the company. Through this analysis, it is also understood there is a need to reduce the four

major contributing cost factors by developing an optimal inventory management system.

ABC/Pareto Analysis

After conducting the ABC analysis, the below findings were observed and plotted in Figure 3.

10% of the inventory items accounted for 80« of the total annual consumption value
20+ of the inventory items accounted for 15« of the total annual consumption value
70+ of the inventory items accounted for 5« of the total annual consumption value

The above findings indicated that every inventory item should not be controlled to the same extent
because they are of different monetary value or importance to the company. Resources can be more

efficiently utilized by focusing them on the top 10% (Class A) of the inventory items that are deemed to
be the most valuable. Class B can be less tightly controlled as compared to Class A but should not be
overlooked as they might potentially become Class A's SKUs. For the bottom 70 of items in Class C,
they require less control and monitoring as compared to Class B and C. However, it does not mean that
they are not essential to fulfilling customers: demand as any shortages can still cause a delay in
completing production orders.

Overstocking Costs

Shortage Costs

| High material attrition during:
|_;.‘:roduction run )

Longer than expected lead time

Overforecasting

Safeguard against potential

material attrition Unexpected quality issues with

materials or finished goods

Safeguard against potential
material quality issues

High minimum order
quantity (MOQ)

___________ Q‘ High Inventory Costs

s T T

| Increase in manpower costs | Requl ¢

| due to increase in incoming | eql{lr.ementso §torage

| quality inspection time conditions are stringent and

——————————— expensive to maintain
Increase in transportation

COSt_S _______ Overstocking

I'Order expediting and |

L_Management costs |

Reorder Costs

Storage Costs

Figure 2. Fishbone diagram identifying all cost components of high inventory costs
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ABC ANALYSIS
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Figure 3:Results of the ABC analysis

HML Classification

After compiling the collected attrition data, it is presented in Figure 4, where the most commonly
observed attrition rate is between 19« to 22«, with the lowest at 2% and the highest at 36« We will later

investigate if attrition rates, especially those that are the most common, has any relationship with
consumption value.

Material Attrition Rates
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Figure 4: Material attrition rates of the company’s inventory
Number Category Impact Counts Percentage % Average Score
1 Service TAT 73 33% 6
2 Service Quality 62 28y 6.5
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3 Communication 44 209 7
4 Price 14 6% 6
S End of support 11 5% 3
6 Local capability 8 4 5
7 Loaner Request 4 29, 45
8 On-site request 3 1%

9 Quotation formatDelay 3 1% 7

Total 222 100+

Figure 4: Classification of customer's feedback

Differentiated by its attrition rate, all 740 SKUs are classified into three classes, High, Medium and
Low as seen in Table 2.

High 25% and above 221
Medium 10% to 24+ 436
Low 9% and below 83

Table 2: Classification of inventory according to its attrition rates

The results from combining the ABC and HML classification technique to further classify the inventory
items can be seen in Table 3.
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AH 0
AM 49
AL 23
BH 20
BM 94
BL 34
CH 201
CM 26
CL 293

Table 3: Number of inventory items belong to ABC-HML analysis

Figure 5: Histogram depicting number of items belong to the different classes in ABC-HML analysis

As observed, Class CL has the highest SKUs while Class AH has zero SKU. However, there is no direct
relationship between total consumption value and attrition rate of a SKU. Items belonging to the Medium
class, which is the most common, can be found in all three classes of the ABC analysis.

This further supports the point that a good classification tool should consist of non-monetary and
monetary factors because the ABC analysis might not pick up attributes such as the SKU-s attrition rate.

The ABC analysis may be useful in planning for the allocation of resources, but it is not a good indicator
for determining inventory policies such as reorder point and safety stock levels. To enhance its

effectiveness, it should be used in conjunction with the HML classification tool, something that is relevant
to the company in providing for an appropriate safety stock level because it accounts for the attrition
rate. This ensured that the research objective of using inventory classification tools to improve

application of inventory policies is achieved.
Economic Order Quantity (EOQ) versus Joint Order Quantity JOQ)

Two models will be used to determine an order quantity for every SKU. Under both models, every order
will incur both ordering and holding costs. These costs will be summed up and compared against. The

model which has the lower total costs will be recommended as the more ideal inventory policy to
determine order quantity.

In the joint order quantity model, the optimal number of orders will first be calculated, then worked
backwards to calculate the optimal joint order quantity (Chopra & Meindl, 2013). It differs from the EOQ
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model in that order costs previously determined are separated into a common order cost and a SKU-
specific cost.

As mentioned, the order costs are determined through the wages of staff involved in managing an order
by finding out the time they spent in each job task.

Applying the JOQ model, the optimal number of orders for the 12 joint ordering groups were calculated
and shown in Table 4.

1 45 56275
2 82 23932
3 227 1.0542
4 9 53127
5 157 36284
6 72 1.9935
7 37 24814
8 22 53261
9 35 34283
10 20 59796
1 22 10.6000
12 12 1.8902

Table 4: Optimal number of orders for each joint ordering group

After the total order and holding costs were calculated for each joint ordering group, we obtained the
following:

1 $ 21,15580 $ 25,680.85
2 $ 16,099.89 $ 26,05064
3 $ 19,35279 $ 3592613
4 $  4,63082 $  4,39495
5 $ 46,23762 $ 5952431
6 $ 11,81187 $ 16,2868
7 $ 7,73621 $ 10,33443
8 $ 10,19655 $ 13,877.35
9 $ 10,13835 $ 12,360.10
10 $ 10,48836 $ 12,19557
11 $ 20,29306 $ 17,14913
12 $ 210241 $ 2,880.90

$ 180,243.74 $ 236,660.64

Table 5: Total order cost comparison between JOQ and EOQ
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After applying the EOQ and JOQ models, we observed that the overall costs of using JOQ is significantly
lower than using EOQ. The difference is $56,416.90, which is about 31« lower than using the EOQ model.

This demonstrates that using the JOQ is a more effective inventory policy in determining order quantity
because it reduces inventory costs significantly more in terms of order and holding costs.

Comparing the order costs of the two models against each other objectively and finding out that the JOQ
is more effective in lowering costs answers the research questions of #3 and #4.

Reorder Point and Safety Stocks

The current inventory practices of the company do not include setting reorder points to determine when
to purchase. A reorder point can be useful in reducing the rate of stockouts to improve service levels as

mentioned in research question #3. A reorder point refers to a quantity that prompts a procurement or
production of additional materials Zipkin, 2000). To determine a reorder point, a statistical element that
represents safety stocks and a computed average demand over the lead time will need to be calculated.

A reorder point that includes safety stock was set for every SKU. A sample of SKUs with the reorder
point calculated is shown in Table 5.

Component

GY CM 7207 20 3 20% 1501
Component

GZ AL 788 2 42 10% 169
Component

HC CH 18750 51 3 30% 5779
Component

MK BM 1185 3 56 20% 419

Table 6: Sample showing the reorder point that was calculated for four items

A reorder point could reduce the risks of stockouts occurring and help in maintaining a consistent level
of customer service.

Conclusion

The study has demonstrated that systematic approaches should be used in inventory planning because
it can reduce costs and provide more certainty in an uncertain environment. The company is

recommended to come up with a more comprehensive inventory management system to determine
when and how much to order. It should also make use of inventory classification tools such as the ABC-

HML analysis detailed in this study to classify its inventory. It is an easy way to suss out the
characteristics of its inventory so that inventory policies can be tweaked to enhance its application.

In the context of the company, JOQ was determined to be a better inventory model than EOQ because
it incurred lower overall costs. Hence, the company is recommended to use the JOQ model in
determining its order quantities.
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