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EXECUTIVE SUMMARY 

ABC Company is a retail business that offers a wide range of niche products. The company is an 

online business and delivers its products to customers nationwide via a courier. The customers 

peruse the products on the company’s website and select the products that they wish to 

purchase, they then proceed to make an online payment and the products are delivered to them 

within four days. 

A key performance area for the company is inventory management because they pride 

themselves in having difficult to source products readily available. 

The purpose of this document is to define the problem that the company is currently experiencing 

and to develop a solution for the company. The solution is based on a literature review that was 

conducted on inventory management.  

The problem that the company is facing is that they do not have a formal stock process to manage 

their inventory. As a result, they have an oversupply of some products and an undersupply of 

other products. The oversupply of the items causes the company to have high carrying costs and 

the undersupply causes the company to order products frequently which leads to high ordering 

costs. In essence, not having a formal stock process has caused the company to have high 

inventory costs and frequent stock outs have led to unsatisfied customers. 

Two models (part A and part B) were formulated and built on MS Excel in order to solve the 

problem. Part A was the forecast model using multiple linear regression and part B was an 

inventory model using linear programming.  

The forecast model will predict the customer demand and will take into consideration the 

seasonality and trend that exists in the demand. The linear programming inventory model will 

take the demand and inventory costs as an input and will give as an output the size of the order 

and when to place the order.  
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Stock optimisation for an online business offering niche products 

1. Background 

The aim of the background is to describe the company environment and the current processes 

that are being used by the company to source and maintain their inventory. 

 Industry Background 

ABC Company offers firearm accessories. The firearm industry is a regulated and volatile industry. 

In order to tap into the industry, one has to have a license to do so. The firearm industry can 

rely heavily on legislations and regulations. 

 Supply Chain Background 

The company has three methods of sourcing their products. They can source their products either 

from a local agent, an international agent or directly from the factory. 

The flow chart below depicts the first option that the company uses when sourcing their products. 

 

Figure 1 Option one of sourcing products 

 

The flow chart below depicts the second option that the company uses to source their products. 

 

Figure 2 Option two of sourcing products 
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The flow chart below depicts the third option that the company uses to source their products. 

 

Figure 3 Option three of sourcing products 

 

From the supply chains above, it is evident that the company sources many of their products 

internationally. This means that the lead times of the products are quite long and the company 

has to place orders in batches.  

 Company Background 

The company was established five years ago. The company is an online business that provides a 

wide range of niche products to customers. The products are not produced by the company; 

instead, they sourced from various suppliers. In other words, the company buys and sells 

products. 

The core competency of the company is having difficult to source products available at all times, 

this makes inventory management essential for the business. 

The company is purely an online business, where customers browse through the website and 

purchase items of their choice. The payments are made online immediately after the items have 

been selected. The products are delivered to the customers within four days nationwide. 

 Process Background 

The current stock process that the company is using is not a formalised one. It does not take any 

seasonality or trend into consideration. The stock process that the company uses is described 

below: 

 

 

A manufacturer in the USA or Europe 
factory produces the products

ABC company buys the products 
directly from the manufacturer
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for the past few 
months are 
analysed.
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2. Problem Statement 

 Problem definition 

The company is currently experiencing two problems because they do not have a formal stock 

process to manage their inventory.  

The first problem is that they have too little stock of some items, which leads to products being 

out of stock on a regular basis. This means that their reputation of having difficult to source 

products available is at risk. Stock outs will lead to unsatisfied customers who will take their 

business to other establishments. Having stock outs also means that they have to reorder items 

on a regular basis, which leads to high ordering costs. 

An analysis on the inventory stock showed that on average 34% of items were out of stock. The 

figure below illustrates the out of stock data. 

 

Figure 4 Out of stock items 
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Available stock, 
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The second problem that the company is experiencing is that they have too much stock of some 

items. Having too much stock means that the carrying costs are excessively high and capital is 

being tied up in inventory. If capital is being tied up in inventory, that means that it cannot be 

used elsewhere, which in essence impedes the growth of the business.  

The figure below illustrates the stock on hand vs. how much of the stock was sold.  

 

Figure 5 Stock on hand vs. stock sold 

 Problem Motivation 

The impact that the problem has on the business is discussed below: 

 The problem of experiencing stock outs on a regular basis has a major impact on the 

goodwill of the business. The company has established the reputation of having products 

readily available, and having stock outs will dismantle that reputation and the company 

will lose their customers. 

 Stock outs also mean that the company has lost sales that they could have made had 

they had the products available. 

 The company needs to grow on a yearly basis, and having too much stock impedes that 

growth. Capital that could have been used to grow the business is tied up in the inventory 

that is not being sold. 

 Some products that remain in inventory for a long time lose their value and thus become 
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obsolete. If that occurs, then the company has lost a profit that they could have made. 

 The problem has to be addressed immediately because the company is at risk of losing their 

customers because the firearm industry is a competitive industry.  

3. Project Aim 

The aim of this project is to do the following: 

 Formulate and build a forecast model that will predict the demand of the products as 

accurately as possible. As opposed to just taking an average of the demand for the past 

few months, the model will take into consideration any trends in the demand. 

 Formulate and build an inventory model that will minimise the total inventory costs. 

4.  Scope of the project 

 Project Scope 

The project addresses the inventory management of the company. The main deliverable is to 

design a model that will indicate how much stock to order and when to order. The model has to 

help the company to minimise their inventory costs while satisfying the demand of the customers. 

The project does not include implementing the inventory model in the company; however, it does 

include handing over a mapped process illustrating how to use the model. 

5. Literature Review 

The purpose of this literature review is to provide background information about inventory 

management and possible techniques that can be used to solve inventory problems with 

stochastic demand in the retail industry. Various inventory model approaches with their 

advantages and disadvantages will be discussed. 

 What is inventory? 

(Samak-Kulkarni and Rajhans, 2013) describes inventory as the stock of items or any resource 

used in a business, and an inventory system as the set of policies that control and maintain 

inventory levels.  

(Nayak and Padhye) says inventory can also be defined as assets that are intended for sale or 

are in the process of being produced for sale. There are four main types of inventory namely 

finished goods, work in process, raw materials and maintenance and operating parts (Gulati). 

Each type of inventory serves its own purpose and is essential in an organisation. 

According to (Farahani et al.), the reasons as to why organisations keep inventory are as follows: 

 Inventory is essential for customer satisfaction. 

 Inventory is used to protect an organisation against changes in customer demand and 

lead time. 

 Inventory is kept to balance supply and demand, sometimes demand will be more than 

supply and vice versa so inventory is kept to address that balance. 

 Inventory is kept to be used as a buffer in case there are unexpected events taking place 
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such as a strike. 

 Inventory Classifications 

(Gulati) classifies inventory into three categories according to their usage rate. The categories 

are as follows: 

1. Active inventory – Inventory that is used frequently in an organisation or inventory that 

has a high demand in an organisation and whose demand can be predicted. 

2. Infrequently used inventory – These are items that are not as frequently used as the 

active inventory, but they are used a few times in the month and their demand can be 

predicted. 

3. Rarely used inventory – These are items that are not used often or sold often in an 

organisation. Their demand cannot be predicted. 

The reason why inventory is classified into different categories is because the manner in which 

the inventory is controlled and sourced is different for each category. It is therefore imperative 

to classify the inventory so that different strategies can be applied for each category. 

 Inventory costs 

Inventory costs are those costs that are associated with the acquiring, storing and handling of 

inventory. The main types of inventory costs are the holding costs, ordering costs and shortage 

costs. A brief description of each type of cost is described below: 

 Ordering costs: Costs that are incurred every time an order is placed (Salvendy). 

 Holding costs: Costs that are associated with the holding and handling of inventory in the 

storage facility. The carrying cost can be expressed as the cost per unit of inventory per 

unit of time  (Salvendy).  

 Shortage costs: These are costs that are incurred if a sale was lost (Salvendy). 

One of the main objectives of an organisation is to reduce the inventory costs (Yadav and Malik).  

 Inventory Management 

 Importance of inventory management 

(Yadav and Malik) says holding and managing inventory in an efficient and effective manner is 

imperative for any organisation. If inventory is not properly managed and controlled, 

organisations will not be able to fulfil their demand, and this will result in poor customer 

satisfaction. The reputation of the business will be damaged, which might result in cancellation 

of orders that will in turn cause a loss for the business. The solution to avoid the problem 

described above is to control and maintain inventory through inventory management. 

The project is about inventory management in a retail business. The leading source of revenue 

in a retail business is the sale of inventory, this implies that inventory that is held for the intention 

of selling is one of the biggest assets in a retail business (Stevenson, 2014) .  It is therefore 

essential to manage inventory in an effective way because the longevity of the business relies 

heavily on inventory management. 
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 Objectives of inventory management 

(Stevenson, 2014) discusses how inadequate management of inventory can lead to both under 

and overstocking of items. Understocking will lead to loss of sales and unsatisfied customers, 

while overstocking will result in capital being tied up in inventory and excessive carrying costs. 

In order to alleviate the problems described above,(Stevenson, 2014) describes the two main 

objectives of inventory management as follows: 

1. Achieve customer satisfaction by having the right amount of items at the right time. 

2. Keep the inventory costs within reasonable bounds. 

 Requirements for efficient inventory management 

The following information has to be taken into consideration in order to have an effective 

inventory management system (Stevenson, 2014): 

 A dependable forecast system that will forecast the demand of the products. 

(John J Coyle, 2016) discusses the following about forecasts: 

o A major component in inventory management is to forecast the demand that will 

be required by the customers. 

o There are several techniques that are used to forecast the demand, but it is 

important to note that all forecasts are wrong and not 100% accurate. 

o An important factor in forecasting is the forecast error. The key to successful 

forecasting is minimizing the error between the actual demand and the forecasted 

demand. 

o There are four types of forecast error methods that can be used to analyse the 

errors, namely the cumulative sum of forecast errors (CFE), the mean squared 

error (MSE), the mean absolute deviation (MAD) and the mean absolute percent 

error (MAPE). 

o Forecasting techniques that can be used are the simple moving average, the 

weighted moving average, exponential smoothing, exponential smoothing with a 

trend and multiple linear regression. The exponential smoothing with trend 

technique is used for demand patterns that have seasonality. 

 Knowledge about the lead times and the lead time variability. 

o The lead time is the time interval between when an order is placed and when the 

order arrives.  

o Information about the lead time is a requirement because you need to know how 

much safety stock to keep, while waiting for the order to arrive. 

 Estimates of the inventory costs. 

o The inventory costs are a requirement in any inventory problem because one of 

the objectives of inventory management is to minimise the costs. 

 Classification of the inventory into different categories. 

o Different control measures are applied to the different categories. 
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In conclusion, in order to have an efficient inventory management system, a demand forecast 

system with minimum error is required. The demand forecast system will predict the customer 

demand as accurately as possible. Information about the inventory costs and lead time is required 

in order to plan for inventory. 

 Inventory Models 

Inventory models answer the question of how much to order and when to order, this addresses 

the inventory management objectives of customer satisfaction and cost minimisation.  (Yadav 

and Malik) states that the following factors need to be considered when working with inventory 

models: 

1) Demand: Demand is the number of items that are required in each period. The demand 

is a key factor when determining which inventory model to use. The demand can be 

known (deterministic) or it can be unknown (probabilistic).  (Samak-Kulkarni and Rajhans, 

2013) splits the demand pattern into four types: 

o Deterministic and static with time 

o Deterministic and dynamic with time 

o Probabilistic and static with time 

o Probabilistic and dynamic with time 

2) Lead time: The time interval between placing the order and receiving the order. 

3) Order Cycle: The time interval between the placement of two successive orders. 

4) Periodic Review: In a periodic review, the inventory levels are inspected at regular time 

intervals. Orders are placed during said time intervals based on the inventory level at the 

time of the inspection. 

5) Continuous Review: In a continuous review, the inventory levels are checked on 

continuous basis until the reorder point is reached. Orders are placed at the reorder point. 

Various inventory models are going to be discussed below. 

 Economic Order Quantity Model with deterministic demand 

The economic order quantity (EOQ) model is one of the oldest and most commonly used models 

in inventory control.  
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The image below depicts the EOQ model. The figure shows how an EOQ model works. The same 

quantity of inventory is ordered at the reorder point. The item is consumed on a constant rate, 

when it reaches the reorder point, the optimal quantity is ordered. The lead time is constant. 

 

Figure 6 EOQ Model (Gulati) 

 

The traditional EOQ model was introduced by Ford W. Harris in 1915 (Farahani et al.). The EOQ 

model is a deterministic model and has the following assumptions  (Yadav and Malik) : 

 The demand is known and it is constant. 

 Shortages are not allowed. 

 The product has abundant availability. 

 Lead time is constant. 

 The holding cost is equal to the unit cost times the inventory carrying charge expressed 

as a percentage. 

(Farahani et al.) uses the following notations to represent the model: 

U = unit cost of the item 

H = Holding cost of one unit for one period of time 

Q = order quantity (the optimal quantity) 

T = cycle time 

D = demand of the item 

R = order cost of the item 
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Q = √
2DR

H
 

The total costs are calculated as follows: 

TC = 
Q

2
H +

D

Q
R 

TC = total costs (in Rands) 

Previous studies have shown that the traditional EOQ model is impractical due to the assumptions 

that are made in the model (Chuang and Chiang, 2016). Due to the firearm industry’s volatile 

nature, the traditional EOQ model is not sufficient to address the problem because it assumes 

that the demand is static and deterministic. 

 Fixed Interval Model (Uncertain Demand) 

Most organisations do not operate under the certain demand assumption, particularly the retail 

industry.  

The image below depicts the fixed interval model. From the image, it can be concluded that the 

demand is not constant. In a fixed order quantity model, the orders are placed at a fixed interval, 

however the order quantity changes and is not fixed (Stevenson, 2014). 

 

Figure 7 Fixed Order Quantity Model (John J. Coyle, 2016) 

 

(Stevenson, 2014) states that the reasons why companies use the Fixed interval model are the 

following: 

 The fixed interval model assumes that the demand is not constant, which is more realistic 
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for many companies. 

 A supplier’s policy may require the organisation to order at fixed intervals. 

 Grouping the orders for items from the same supplier will result in cost saving. The 

organisation will save on ordering costs. 

(John J Coyle, 2016) describes the reorder point as the on hand level of inventory that is required 

to satisfy demand during the lead time. With uncertainty of demand taken into consideration, the 

reorder must be calculated to include the safety stock that is needed. The reorder point will 

therefore be the average demand needed during lead time plus the safety stock. 

According to(John J Coyle, 2016), the following assumptions are made for the FIQ model: 

 Lead time is constant 

 A constant cost that is independent of time 

 Infinite planning horizon 

 The demand has either a discrete distribution or a continuous distribution 

In an FIQ model, an organisation has to determine a range of demand values during lead time 

and the probability associated with the demand value. The FIQ model will discrete distribution 

will be discussed in this literature review. 

FOQ Model for discrete distribution 

(John J Coyle, 2016) describes the FIQ Model with discrete distribution as a model that assumes 

that the demand (Demand = D) is uncertain, but ranges between two discrete values (𝑎 <  𝐷 <

𝑏). The probability distribution of the demand ranging between a and b is known.  

The orders in a FIQ model are placed on fixed intervals. This implies that there is a possibility of 

having stock outs or excess inventory. 

The following notations are denoted for an FIQ model: 

Q = quantity ordered 

D= demand in units 

H = inventory carrying cost 

O = ordering cost 

e = expected excess in units 

g = expected shorts in units 

k = stock out cost in rands per unit stocked out 

G = gk = expected stock out cost per cycle 

G (
D

Q
) = expected cost out per year 

eH = expected carrying cost per year for excess inventory 

The total costs are calculated as: 

TC = 
1

2
 QH + O

D

Q
 + eH + G

𝐷

𝑄
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 Dynamic Economic Lot Sizing (DEL) model 

(Agra and Poss, 2018) propose another type of inventory model that can be used to solve 

inventory problems. The model considers the fact that the demand is uncertain and is more 

realistic. Three techniques can be used to solve the inventory problem with this model namely: 

 Linear Programming 

 Dynamic Programming 

 Heuristics 

 Markov Decision Model (Stochastic demand) 

(Mubiru, 2010)describes the markov decision model as a model that adopts the markov decision 

process approach. The markov chain represents the possible demand in different states. The 

decision of purchasing additional inventory is made using dynamic programming. 

The following model development is described by (Mubiru, 2010). 

Model formulation 

The demand in each period is classified as either favourable or unfavourable, and we assume 

that the demand in a period is dependent on the demand of the preceding period. The transition 

probabilities from one demand state to another is described by a markov chain.  

The demand is modelled as a markov chain. 

𝐹      𝑈 

𝑄𝑆  =
𝐹
𝑈

 [
𝑄𝑆

𝐹𝐹 𝑄𝑆
𝐹𝑈

𝑄𝑆
𝑈𝐹 𝑄𝑆

𝑈𝑈

]   

𝑄𝑖𝑗
𝑠

  is the probability of a transition in demand from state i to state j.  

The number of customers is denoted as: 

𝐹      𝑈 

𝑁𝑆  =
𝐹
𝑈

 [
𝑁𝑆

𝐹𝐹 𝑁𝑆
𝐹𝑈

𝑁𝑆
𝑈𝐹 𝑁𝑆

𝑈𝑈

] 

 

The demand is denoted as: 

𝐹      𝑈 

𝐷𝑆  =
𝐹
𝑈

 [
𝐷𝑆

𝐹𝐹 𝐷𝑆
𝐹𝑈

𝐷𝑆
𝑈𝐹 𝐷𝑆

𝑈𝑈

] 

 

The quantity of stock is denoted as: 

𝐹      𝑈 

𝑌𝑆  =
𝐹
𝑈

 [
𝑌𝑆

𝐹𝐹 𝑌𝑆
𝐹𝑈

𝑌𝑆
𝑈𝐹 𝑌𝑆

𝑈𝑈

] 

 



Stock Optimisation for an online business offering niche 

products 

 

13 

The cost is denoted as: 

𝐹      𝑈 

𝑇𝑆  =
𝐹
𝑈

 [
𝑇𝑆

𝐹𝐹 𝑇𝑆
𝐹𝑈

𝑇𝑆
𝑈𝐹 𝑇𝑆

𝑈𝑈

] 

 

Where,  

S = lot sizing policy where S=0 represents no additional stock being purchased and S = 1 

represents stock being purchased. 

U = The favourable condition 

F = The unfavourable condition 

The expected total future cost is denoted as 𝑤𝑖
𝑠 = transpose of [ 𝑤𝐹

𝑠, 𝑤𝑢
𝑠]  and the accumulated 

total cost at the end of period 1 is denoted by 𝑎𝑖
𝑠 = transpose of [𝑎𝐹

𝑠  , 𝑎𝑢
𝑠 ]. 

The following dynamic programming model can be formulated in order to solve the problem: 

Let 𝐶𝑛(i) be the optimal total expected inventory cost accumulated during the periods n= 1, 2 

,3….., N 

𝑐𝑛 (𝑖) = min
𝑆

{ 𝑄𝑆
𝑖𝐹 (𝑇𝑆

𝑖𝐹 +  𝑐𝑛+1(𝐹) ), 𝑄𝑆
𝑖𝑈 (𝑇𝑆

𝑖𝑈 + 𝑐𝑛+1(𝑈))} , 𝑖 ∈ {𝐹, 𝑈} , 𝑛 = 1,2, … . , 𝑁  

𝑤𝑠 = 𝑄𝑆([𝑇𝑠])𝑇, 𝑆 ∈ (0,1)     

Where T represents the transpose of the matrix. The total optimal expected cost will therefore 

be: 

𝑐𝑛 (𝑖) = min
𝑆

{ 𝑤𝑆
𝑖  + (𝑄𝑆

𝑖𝐹 𝑐𝑛+1(𝐹) ) +  𝑄𝑆
𝑖𝑈  𝑐𝑛+1(𝑈)} , 𝑖 ∈ {𝐹, 𝑈} , 𝑛 = 1,2, … . , 𝑁-1 

𝑐𝑁 (𝑖) = min
𝑆

{ 𝑤𝑆
𝑖 } , 𝑖 ∈ {𝐹, 𝑈}  

 

𝑄𝑆 , 𝑇𝑆 𝑎𝑛𝑑 𝑝𝑠 are therefore computed as: 

𝑄𝑆
𝑖𝑗 =  

𝑁𝑆
𝑖𝑗

𝑁𝑆
𝑖𝐹+ 𝑁𝑆

𝑖𝑈
  ,   𝑖 ∈ {𝐹, 𝑈}, 𝑆 ∈ {0,1}  

 

𝑇𝑆
𝑖𝑗 =  {

(𝑐𝑝 + 𝑐ℎ + 𝑐𝑠)(𝐷𝑆
𝑖𝑗 − 𝑌𝑆

𝑖𝑗)     𝑖𝑓 𝐷𝑆
𝑖𝑗 >  𝑌𝑆

𝑖𝑗

0                              𝑖𝑓 𝐷𝑆
𝑖𝑗 ≤  𝑌𝑆

𝑖𝑗

 

 

𝑝𝑆
𝑖

= (𝐷𝑆
𝑖𝐹 − 𝑌𝑆

𝑖𝐹) +  (𝐷𝑆
𝑖𝑈

− 𝑌𝑆
𝑖𝑈), 𝑖 ∈ {𝐹, 𝑈}, 𝑆 ∈ {0,1}  

   

The optimal strategy at time period 1 

When the demand is favourable during period 1, the optimal lot sizing and the inventory costs 

will be: 

𝑆 =  {
1 𝑖𝑓 𝑤1

𝐹  < 𝑤0
𝐹 

𝑂 𝑖𝑓 𝑤1
𝐹  ≥ 𝑤0

𝐹
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and, 

𝑐1(𝐹) =  {
 𝑤1

𝐹  𝑖𝑓 𝑆 = 1

𝑤0
𝐹 𝑖𝑓 𝑆 = 0

 

 

When the demand is unfavourable, the optimal lot sizing policy and the inventory costs will be: 

𝑆 =  {
1 𝑖𝑓 𝑤1

𝑈  < 𝑤0
𝑈 

𝑂 𝑖𝑓 𝑤1
𝑈  ≥ 𝑤0

𝑈

 

and,  

𝑐1(𝑈) =  {
 𝑤1

𝑈   𝑖𝑓 𝑆 = 1

𝑤0
𝑈  𝑖𝑓 𝑆 = 0

 

 

The optimal strategy for time period 2 

The accumulated costs at the end of period 1 will be: 

𝑎𝑆
𝑖 = 𝑤𝑆

𝑖 +  𝑄𝑆
𝑖𝐹 min{ 𝑤1

𝐹 , 𝑤0
𝐹} +  𝑄𝑆

𝑖𝑈 min{ 𝑤1
𝑈 , 𝑤0

𝑈} 

        =  𝑤𝑆
𝑖 +  𝑄𝑆

𝑖𝐹𝑐1(𝐹) +  𝑄𝑆
𝑖𝑈𝑐1(𝑈) 

 

This implies that during time period 2, when the demand is favourable, the optimal lot sizing 

policy will be: 

𝑆 =  {
1    𝑖𝑓 𝑎1

𝐹  < 𝑎0
𝐹 

𝑂    𝑖𝑓 𝑎1
𝐹  ≥ 𝑎0

𝐹

 

The corresponding inventory costs will be: 

𝑐2(𝐹) =  {
 𝑎1

𝐹  𝑖𝑓 𝑆 = 1

𝑎0
𝐹 𝑖𝑓 𝑆 = 0

 

 

When the demand is unfavourable, the corresponding optimal lot sizing policy and inventory costs 

will be: 

𝑆 =  {
1    𝑖𝑓 𝑎1

2  < 𝑎0
2 

𝑂    𝑖𝑓 𝑎1
2  ≥ 𝑎0

2

  

and, 

𝑐2(𝑈) =  {
 𝑎1

𝑈  𝑖𝑓 𝑆 = 1

𝑎0
𝑈 𝑖𝑓 𝑆 = 0

 

The model described by (Mubiru, 2010) considers a two period planning horizon (N = 2). The 

advantage of using this model is that it considers the fact that the demand is stochastic and it 

can be used for real life problems. The disadvantage of the model is that it only considers a two 

period planning horizon which makes it restricted. 
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 Inventory management summary 

 

Inventory management has 
two objectives:

1. Achieve customer 
satisfaction

2 Minimise inventory costs

The requirements for inventory 
management will be used as inputs 
in inventory models.

Inventory models address the 
objectives of inventory 
management by determing how 
much to order and when to order.

The main factors to consider when 
deciding on an inventory model are:

1. Demand

2. Lead time

3. Cycle Order

4. Continuous Review

5. Periodic Review

There are inventory 
models for stochastic 
demand and for 
deterministic demand 

An EOQ model was 
discussed for 
deteministic 

demand

A Fixed order 
interval model 
was discussed for 
uncertain demand

A markov decision 
and DEL model were 

discussed for 
uncertain demand

The requirements for effective 
inventory management are:

1. Demand forecast system

2. Lead time and lead time 
variability

3. Estimation of costs

4. Classification of inventory
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 Literature Review Summary 

The literature review highlighted very important factors that need to be taken into consideration 

when solving an inventory problem. These factors provided a roadmap for solving the problem 

that the company is currently experiencing. The roadmap is highlighted in the figure below. 

 

Figure 8 Roadmap for solving problem deduced from literature review 

6. Project Techniques 

The following Industrial Engineering techniques will be used to approach the problem: 

 Inventory management as the main technique. The other tools that fall under inventory 

management that will be used are: 

 ABC analysis to classify the inventory 

 Cost Analysis 

 Demand Forecasting using exponential smoothing and multiple linear regression 

 Lot sizing using linear programming 

 

Use ABC analysis to 
classify the inventory 
into different 
categories

•As a starting point, the company 
wants to focus on the fast 
moving items. The ABC analysis 
will highlight which items they 
need to focus on.

Formulate and 
develop a 
dependable forecast 
system to predict 
customer demand.

•The following forecast models can be 
considered when developing the 
solution to the problem:

•Moving Average

•Exponential Smoothing with seasonality 
and trend

•Multiple Linear Regression

Gather information 
about the inventory 

costs in the company

•The information about the 
costs and lead time will be 
used as inputs in the 
inventory model.

Formulate and 
develop an inventory 
model which takes 

demand and costs as 
inputs.

 The inventory model will 
determine when to place 
an order and how much 
to order. The type of 
inventory model used will 

depend on the demand. 
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7. Data analysis 

The purpose of this section is to indicate what type of data is going to be used and how it is 

going to be used in the project. 

 Sales Data 

The sales data is going to be used to firstly determine what trend the data follows and secondly 

to forecast the demand for the items. It is important to understand the data because it will help 

determine what type of demand we have, which will help in making decisions such as what type 

of forecast model to build. 

An analysis was done on the sales for all the products sold in each month for 2015,2016 and 

2017 to establish if the sales data has any trends or patterns that it follows.  

The image below indicates the analysis on orders created per month for the years 2016 and 

2017. 

 

Figure 9 Sales over three years 

 

The demand has peak periods and off peak periods, and it is increasing over time. This indicates 

that there is seasonality and trend in the data. The graph also indicates the demand is uncertain. 

This information is going to help determine what type of inventory model and forecast model is 

going to be selected to solve the problem. 

 Costs Data 

Estimations for inventory costs are required in order to execute the project. The inventory costs 

will be used as inputs in the model. 
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8. Alternative Solutions to solving the problem 

The aim of this project is to develop an inventory management process that the company can 

use to reduce their inventory costs while meeting the demand of the customers. A way of 

achieving this is to build a forecast model and an inventory model. The forecast model will predict 

the demand for a 12-month planning period and it will take into consideration the seasonality 

and the trend that exists in the demand. The inventory model will suggest optimal quantities and 

when to order the quantities in order to minimise the total inventory costs. In essence, the two 

models will work together; the demand predicted from the forecast model will be used as an 

input in the inventory model.  

This section will focus on comparing two forecast models and selecting the best one, and also 

comparing two inventory models and selecting the best one. The best two models will then be 

the combined solution for this project. 

It is important to note that an ABC analysis was performed in order to segment the inventory. 

The testing and validating of the models was based on selected A items, and the analysis will be 

used by the company to understand their inventory better and to start controlling their inventory 

based on the ABC segmentation. The ABC analysis can be found in appendix B.  

 Exponential Smoothing Vs. Multiple Linear Regression  

As discussed in the paper, the project solution will consist of two models. The forecast model 

being the first part and the inventory model being the second part. The objective of the forecast 

model is to predict the demand as accurately as possible. It is important to note that a forecast 

model is merely a prediction and it can never be 100% accurate. The key in building forecast 

models is to minimise the error between the forecasted values and the actual values.  

Exponential smoothing with seasonality and trend (also known as triple smoothing) and multiple 

linear regression were the two forecast models that were considered. This section of the report 

will discuss the model formulation of both the triple smoothing and multiple linear regression 

methods and which model was selected and why it was selected. 

 Exponential Smoothing model formulation 

Model Variables and Parameters 

The variables in the forecast model are what we are calculating. They are the unknown variables 

that the model will give back as outputs.  

Let: 

𝐿𝑡 = The level at time t 

𝑇𝑡 = The trend at time t 

𝑆𝑡 = The seasonality at time t 

𝑓𝑡,𝑟 = The forecasted demand at time t, r time steps ahead 

Parameters are values that are used in the model that do not change. The triple smoothing model 

has three parameters, namely the alpha (𝛼) , beta (β) and gamma (ϒ) constants. For the model 

in this project, the smoothing constants were determined using the solver in excel.  
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Let: 

𝛼 = 0,229193 
β = 0,024444 

ϒ = 0,997839 

Equations used for the forecast model 

The equations used to determine the variables are detailed below: 

𝐿𝑡 = 𝛼 𝑥𝑡/𝑠𝑡 + (1 − 𝛼)(𝐿𝑡−1 + 𝑇𝑡−1)     (1) 

𝑇𝑡 = 𝛽 (𝐿𝑡 − 𝐿𝑡−1) + (1 − 𝛽)(𝑇𝑡−1)    (2) 

𝑆𝑡 = ϒ 𝑋𝑡 /𝐿𝑡 + (1 − ϒ)(𝑆𝑡)     (3) 

𝑓𝑡,𝑟 = (𝐿𝑡 + 𝑟𝑇𝑡)(𝑆𝑡)     (4) 

Forecast Model Explanation 

The sales data analysis exhibited trend and seasonality traits. In order to build a forecast model, 

the level, trend and seasonality have to be initialised. This means that we need the values of the 

aforementioned variables at time step zero.  

The sales data was given for four years (2014 – 2017). The sales data for 2014 and 2015 were 

used to initialise the trend, level and the seasonality. The initialised values are used to calculate 

the level, trend and seasonality for time period 1. A forecast for time period t is calculated from 

the aforementioned variables, as seen in equation (4).  

Once the model runs, the variables are updated for the time period being considered, using 

equation (1), (2) and (3) and used to forecast the demand in the time period that is being 

considered. The model inputs are the historic demand values for the products. The model gives 

back trend, seasonality, level and the forecasted demand as outputs.  

 Multiple Linear Regression Model Formulation 

In multiple linear regression, we use multiple variables to predict the demand of the customers.  

The explanatory variables are the variables that will be used to predict the demand. In this 

project, the explanatory variables are the time period, which takes the trend into consideration 

and the seasonal variables. 

Model Variables and Parameters 

There is only one unknown variable, which is the demand. 

Let: 

𝑌𝑖 = The predicted demand in month 𝑖 where, 𝑖 = {1,2,3,4,5,6,7,8,9,10,11,1,2} 

The parameters in the model are dynamic and depend on the historic demand data. The 

parameters will be different for each product in the company. For the seasonality variables, there 

will be 12 seasonal variables for 12 months. 

Let: 

𝛼𝑖 = The coefficient for the seasonality in month 𝑖 where 𝑖 ={1,2,3,4,5,6,7,8,9,10,11,12} 

𝛽 =  The coefficient for the slope (predicts the trend) 

ϒ =  The intercept 
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Model Inputs 

𝑋 = The time period 

𝐾𝑝𝑖 =  {
1 if predicting for season p

0 if not predicting for season p
  , where 𝑝 = {1,2,3,4,5,6,7,8,9,10,11,12} 

Equation used for the model 

𝑌𝑖 =  ϒ +  𝑋𝛽 +  𝐾1𝑖𝛼1 +   𝐾2𝑖𝛼2 +  𝐾3𝑖𝛼3 +   𝐾4𝑖𝛼4 +  𝐾5𝑖𝛼5 + 𝐾6𝑖 𝛼6 +  𝐾7𝑖𝛼7 +  𝐾8𝑖𝛼8 +  𝐾9𝑖𝛼9 +

  𝐾10𝑖𝛼10 +𝐾11𝑖 𝛼11 +  𝐾12𝑖 𝛼12 

 Results for Exponential smoothing and multiple linear regression 

The models were built on MS excel and they were tested using three selected A items which are 

the company’s fast selling items and bring in the most profit in the business. The comparison for 

both of the models will be discussed in this section. 

The image below depicts the actual demand vs. the forecasted demand for item one using 

exponential smoothing over three years.  

 

Figure 10 Actual Sales vs. Forecasted Sales for item one using triple smoothing 
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The image below depicts the actual demand vs. the forecasted sales for item 1 using multiple 

linear regression over three years.  

 

Figure 11 Actual Sales vs. Forecasted Sales for item 1 using multiple linear regression 

 

The image below depicts the actual sales vs. the forecasted sales for item 2 using exponential 

smoothing over two years. The actual sales are the actual demand for item 2 and the forecasted 

sales are the predicted demand value using the triple smoothing model. 

 

Figure 12 Actual Sales vs. Forecasted Sales for item 2 using triple smoothing 
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The image below depicts the actual sales vs. the forecasted sales for item 2 using multiple linear 

regression over two years. 

 

Figure 13 Actual Sales vs. Forecasted Sales for item 2 using multiple linear regression 

 

The image below depicts the actual sales vs. the forecasted sales for item 3 using exponential 

smoothing over two years.  

 

Figure 14 Actual Sales vs. Forecasted Sales for item 3 using triple smoothing 
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The image below depicts the actual sales vs. the forecasted sales. The actual sales are the actual 

demand for item 3 and the forecasted sales are the predicted demand value using the multiple 

linear regression model. 

 

Figure 15 Actual Sales vs. Forecasted Sales for item 3 using multiple linear regression 

 Discussion of model comparison results and model selection 

(John J. Coyle, 2016) states that the forecast error during any period is calculated as the actual 

value minus the forecasted value. There are different forecast error methods that can be used to 

compare the observed value and the predicted value. Three methods were used to analyse the 

forecast errors for the triple smoothing method and the multiple linear regression method, namely 

the mean squared error (MSE), the mean absolute deviation (MAD) and the mean absolute 

percentage error (MAPE). 

The formulas for the error methods are listed below: 

MSE = 
∑ 𝐸𝑡

2

𝑛
 

MAD = 
∑|𝐸𝑡|

𝑛
 

MAPE = 
100 ∑|𝐸𝑡|/𝐷𝑡

𝑛
 

Where, 

𝐸𝑡 = The error in time period t 

𝐷𝑡 = The actual demand in time period t 

𝑛   = The number of periods 

The three different methods were calculated for each model and each supplier. 
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The table below depicts the results of the forecast error methods for supplier one. It can be 

concluded from these results that multiple linear regression is the best method because it has 

the least error from all of the methods. 

Table 1 Item one forecast error results 

Item one 

Forecast Error Method Exponential Smoothing Multiple Linear 

Regression 

Mean Squared Error (MSE) 102,56 5,38 

Mean Absolute Deviation (MAD)  7,43 1,93 

Mean Absolute Percentage Error 

(MAPE) 

72,52 18,95 

 

The table below depicts the results of the forecast error methods for item two. It can be 

concluded from these results that multiple linear regression is the best method because it has 

the least error from all of the methods. 

Table 2 Item two forecast error results 

Item two 

Forecast Error Method Exponential 

Smoothing 

Multiple Linear 

Regression 

Mean Squared Error (MSE) 4136,14 1495,79 

Mean Absolute Deviation (MAD) 39,27 25,97 

Mean Absolute Percentage Error (MAPE) 88,52 53,83 

 

The table below depicts the results of the forecast error methods for item three. It can be 

concluded from these results that multiple linear regression is the best method because it has 

the least error from all of the methods. 

Table 3 Item three forecast error results 

Item three 

Forecast Error Method Exponential 

Smoothing 

Multiple Linear 

Regression 

Mean Squared Error (MSE) 864,70 43,83 

Mean Absolute Deviation (MAD) 20,30 5,30 

Mean Absolute Percentage Error (MAPE) 106,74 65,93 

 

In order to compare the two forecast models, three items were analysed using both models. The 

models forecasted the demand for each item and the results were compared against the observed 
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demand and depicted with line graphs. From the visual depiction of the results, it was clear that 

the multiple linear regression model was the better model. 

For an accurate and fair decision to be made, three forecast error methods were used to analyse 

the errors of both models for all three items. All three methods indicated that the multiple linear 

regression model produces demand forecast values with the least error. 

The model that was selected as a solution to the problem is the multiple linear regression model 

because of the aforementioned reasons. 

 Fixed Interval Order Quantity model vs. Dynamic Economic Lot (DEL) 

Sizing using linear programming 

The sales data indicated that the demand is not certain. The literature review revealed that there 

are many inventory models that can be considered when there is uncertain demand. This section 

of the report focuses on reviewing two approaches that can be used to solve inventory 

management problems that deal specifically with uncertain demand. The two approaches that 

will be discussed are the DEL model using linear programming and the fixed interval order 

quantity model. 

 Fixed Interval Order Quantity Model 

(Stevenson, 2014) states that the fixed interval order quantity model is used when the demand 

is variable. The orders are placed on fixed intervals, but the order size varies from cycle to cycle. 

This model is demand sensitive. The disadvantage of the model is that if you order on a fixed 

interval, there is a possibility that stock might run out because the order interval is fixed; a lot of 

carrying stock is needed.  

The demand as seen in the sales graph is very dynamic. It follows a certain pattern every year 

but it is very erratic. Using the fixed interval order model will be a disadvantage because there is 

a high possibility of running out of stock during the cycle time. The order interval is fixed and 

leaves no room for creativity and moving the reorder points continuously based on the demand. 

 DEL model using linear programming 

The DEL model is also used when dealing with uncertain demand as well. The difference with 

this model is that the order size and the reorder point are both dynamic. They change every cycle 

depending on what the demand is. 

 Inventory model selection 

The model that will be used to solve the problem is the dynamic economic lot sizing (DEL) model 

using linear programming. The reasons as why the method was selected is listed below: 

 The demand is uncertain. 

 The demand follows a certain trend and seasonality. The seasonality can be seen through 

the sales analysis, where the data follows a certain pattern every 12 months. 

 The (DEL) model is a dynamic model which is used when there is uncertain demand in 

the system. It will meet the objective of minimising total inventory costs, while making 

sure that demand is met in each month. 
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 The linear programming method is easy to build and implement using open office excel, 

which the client has access to. 

 The order size and reorder point will be different every cycle, which will accommodate 

the dynamic demand. 

 Inventory model formulation 

The objective of the inventory model is to find optimal order quantities that will minimise the 

total inventory costs. For this project, the total inventory costs are the ordering costs and the 

carrying costs. 

Linear programming was used to formulate the inventory model. 

 Model Assumptions 

 The model assumes that the demand is met in all the time periods, i.e. there are no 

shortages. 

 There are no backorders. 

 An order is only placed once all of the demand has been depleted. 

 The planning period is 12 months. 

 The order quantity is placed at the beginning of the month. 

 The order quantity will be a summation of the demand in k periods. 

 Model Variables and parameters 

Variables 

Let: 

𝑌𝑖 ≜  {
1 if we place an order in month i

0 if we do not place an order in month i
  ; The variable that determines if we place an order 

in month 𝑖, where 𝑖 = {1,2,…,12} 

𝑥𝑖 ≜ The order quantity in month 𝑖, where 𝑖 = month {1,2,…,12} 

Parameters 

The parameters for the model are the carrying costs and the ordering costs. These are different 

for every supplier. 

𝑠 = ordering costs 

𝑐 = carrying costs 

 Model 

Explanation of objective function 

The objective function of the model is divided into two parts. The parts will be explained and 

derived in the next paragraph. 

Part A  

∑ 𝑠𝑌𝑖
12
𝑖=1              This part describes the ordering costs. It is a summation over 12 time periods. 

If an order is place for month i, where i = {1, 2,….,12}, the variable will be one and the cost will 
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be included in the summation. If an order is not placed, the variable will be zero and the ordering 

cost will therefore be excluded from the summation. 

Part B 

 𝑐 (12𝑥1 +  11𝑥2 +  10𝑥3 +  9𝑥4 + 8𝑥5 + 7𝑥6 + 6𝑥7 +  5𝑥8 +  4𝑥9 + 3𝑥10 + 2𝑥11 +  𝑥12 ) 

Part B was calculated using ending inventory denoted as E. The carrying costs are associated 

with inventory that is in stock. The ending inventory E at the end of each month was formulated 

as follows: 

𝐸𝑖 = Ending inventory at the end of month 𝑖 where 𝑖 = {1,2,3,..,12} 

𝐷𝑖 = Demand required in month 𝑖 where 𝑖 = {1,2,3,..,12} 

Month 1:  𝐸1 = 𝑋𝐼 − 𝐷1 

Month 2:  𝐸2 = 𝑋𝐼 + 𝑋2 − 𝐷1 − 𝐷2 

Month 3:  𝐸3 = 𝑋𝐼 + 𝑋2 + 𝑋3 −  𝐷1 − 𝐷2 − 𝐷3 

Month 4:  𝐸4 = 𝑋𝐼 + 𝑋2 + 𝑋3 + 𝑋4 −  𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 

Month 5:  𝐸5 = 𝑋𝐼 + 𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 − 𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 − 𝐷5 

Month 6:  𝐸6 = 𝑋𝐼 + 𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6 −  𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 − 𝐷5 − 𝐷6 

Month 7:  𝐸7 = 𝑋𝐼 + 𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6 + 𝑋7 − 𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 − 𝐷5 − 𝐷6 − 𝐷7 

Month 8:  𝐸8 = 𝑋𝐼 + 𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6 + 𝑋7 + 𝑋8 − 𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 − 𝐷5 − 𝐷6 − 𝐷7 − 𝐷8 

Month 9: 𝐸9  = 𝑋𝐼 + 𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6 + 𝑋7 + 𝑋8 + 𝑋9 −  𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 − 𝐷5 − 𝐷6 −

𝐷7 − 𝐷8 − 𝐷9 

Month 10:𝐸10 = 𝑋𝐼 +  𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6 + 𝑋7 + 𝑋8 + 𝑋9 + 𝑋10 − 𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 − 𝐷5 −

𝐷6 − 𝐷7 − 𝐷8 − 𝐷9 − 𝐷10 

Month 11:𝐸11 = 𝑋𝐼 +  𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6 + 𝑋7 + 𝑋8 + 𝑋9 + 𝑋10 + 𝑋11 − 𝐷1 − 𝐷2 −  𝐷3 − 𝐷4 −

𝐷5 − 𝐷6 − 𝐷7 − 𝐷8 − 𝐷9 − 𝐷10 − 𝐷11 

Month 12: 𝐸12  = 𝑋𝐼 +  𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6 + 𝑋7 + 𝑋8 + 𝑋9 + 𝑋10 + 𝑋11 + 𝑋12 − 𝐷1 − 𝐷2 −

 𝐷3 − 𝐷4 − 𝐷5 − 𝐷6 − 𝐷7 − 𝐷8 − 𝐷9 − 𝐷10 − 𝐷11 − 𝐷12 

 

The summation of the ending inventory for all 12 months = 𝐸1 + 𝐸2 + 𝐸3 + 𝐸4 + 𝐸5 + 𝐸6 + 𝐸7 +

𝐸8 + 𝐸9 + 𝐸10 + 𝐸11 + 𝐸12 

This summation will therefore be: 

12𝑥1 +  11𝑥2 +  10𝑥3 +  9𝑥4 + 8𝑥5 + 7𝑥6 + 6𝑥7 +  5𝑥8 +  4𝑥9 + 3𝑥10 + 2𝑥11 +  𝑥12 - 12𝐷1 −

 11𝐷2 −  10𝐷3 −  9𝐷4 − 8𝐷5 − 7𝐷𝑥6 − 6𝐷7 −  5𝐷8 −  4𝐷9 − 3𝐷 + 2𝐷11 −  𝐷12 

The equation above represents the summation of the ending inventory for 12 months. The 

equation was used in the objective function to minimise the total carrying costs for 1 year. The 

demand 𝐷𝑖 was excluded in the objective function because it is a known variable. 

 

Objective Function 

Min ∑ 𝑠𝑌𝑖
12
𝑖=1  + 𝑐 (12𝑥1 +  11𝑥2 +  10𝑥3 +  9𝑥4 + 8𝑥5 + 7𝑥6 + 6𝑥7 +  5𝑥8 +  4𝑥9 + 3𝑥10 +

2𝑥11 +  𝑥12 ) 
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Constraints 

∑ 𝑋𝒏
𝒊
𝒏 =𝟏   ≥ ∑ 𝐷𝒏

𝒊
𝒏 =𝟏   for all 𝑖 = {1,2,3,4,5,6,7,8,9,10,11,12}  (1) 

(This constraint ensures that the demand is met every month for all months) 

 

𝑋𝑖 ≤ 𝑀𝑌𝑖 for all 𝑖 = {1,2,3,4,5,6,7,8,9,10,11,12}   (2) 

(This constraint links the binary variable to the integer variable) 

 

𝑌𝑖 = {0,1} (Binary Variable) for all 𝑖 = {1,2,3,4,5,6,7,8,9,10,11,12}  (3) 

𝑋𝑖 = integer for all 𝑖 = {1,2,3,4,5,6,7,8,9,10,11,12}        (4) 

 Safety Stock 

(Stevenson, 2014) states that safety stock protects against stock outs. It is kept in storage to 

protect against any stock outs that many occur due to discrepancies in demand forecasts and 

problems during lead time. 

The safety stock for this project will not affect the inventory model. It is calculated and ordered 

at the beginning of the year together with the first order of the year. The safety stock for each 

item will be different. It will remain in storage until it is needed to balance the inventory levels. 

The safety stock is calculated as follows: 

Safety stock = (maximum daily usage × maximum lead time) – (Average daily usage × average 

lead time) 

9. Proposed Solution Implementation 

 Model Implementation using item two’s data 

The aforementioned multiple linear regression model and the inventory model that were 

formulated form a combined solution for this project. The two models were built on MS Excel. 

In order to illustrate how the combined model works and how it will be used in the company 

going forward, item two is going to be used as an example to plan for this years (2018) inventory. 

The model will produce results which will then be interpreted. 

 Step 1: Part 1 is using the forecast model. Pull up the historic data for item two. The data 

was condensed to the year, month and demand for confidentiality reasons. 
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 Step 2: Copy and paste the demand in the correct column under Sales (in units). The built 

in model will automatically calculate the predictions for all the previous years. 

 

 

 

 

 

 

 

 

 

 

 

 

Past Sales over the last 

three years 

This column was 

created because it 

was used for 

building the 

regression model 
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Copy and Paste demand in the 

Sales (in units) column 

Predictions are automatically 

calculated with built in formulas 
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 Step 3: Extend the column in blue for the next 12 months.  

 

 

 

 Step 4: Calculate the inventory costs for the item. For item two, the inventory costs are 

calculated below. 

Table 4 Ordering Costs for item two 

Ordering Cost Amount (in rands) 

Cost to prepare order requisition 500 

Cost to prepare and issue a payment to the 

supplier 

372 

Cost to ship order from supplier 697 

Cost to clear a shipment through customs 380 

Total Costs 1949 

 

 

 

The blue box was used to calculate the demand 

predictions from a regression model. The 1 represents 

being in a certain month and the 0 represents not 

being in a month. It is imperative to extend the box 

Click on period 37 

and move down 

until period 48. The 

predictions for 2018 

will be automatically 

calculated 
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Table 5 Holding Costs for item two 

Holding Cost Percentage 

Insurance on the warehouse area 0.06% of unit costs per year 

Finance Cost 18% of unit cost per year 

Redundancy cost 0.75% of unit cost per year 

Total 18,81% of unit cost per year 

 

Unit cost = 626 

Holding Cost per month = 18,81% * 626/12 = 9.48 per month 

 Step 5: Click on the inventory model sheet and enter the forecasted demand values and 

the inventory costs accordingly. 

 

 

  

Enter predicted 

demand values 

here 

Enter 

ordering 

Cost here 

Enter holding cost 

here 

Click on this tab to open up 

the cost function so that you 

can enter the inventory costs 

accordingly 
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 Step 5: The inventory model has been built in the excel document, it will automatically 

calculate the order size and reorder point for the forecasted demand in 2018. Click on 

data, go to solver and solve the model. 

 

 

 Step 6: The model has found a solution, which needs to be interpreted. 

 

Click on 

solver 

Click on solve to solve the 

model 

Solution found on 

order size and reorder 

point 

Total inventory 

costs for the year 
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 Item two results interpretation 

 Forecast model results for item two 

The table below contains the results from the forecast model. The model predicted the demand 

values for 2018. 

Table 6 Forecast Model results for item two 

 

 

 Inventory Model results for item two 

The table below contains the results from the inventory model. The 1 implies that an order should 

be placed in that month and the 0 implies that no order will be placed in that month. 

The results show that in order to minimise costs for 2018, 3 orders have to be placed in the year. 

An order of 52 units in January, an order of 106 units in April and an order of 75 units in 

September. 

The order placed for January will be enough to satisfy the demand for January, February, and 

March.  

The order placed for April will be enough to satisfy the demand for April, May, June, July, and 

August. 

The order placed for September will be enough to satisfy the demand for September, October 

November, and December. 

 

 

 

Month Demand (in units) 

January 17 

February 16 

March 19 

April 47 

May 17 

June 15 

July 12 

August 15 

September 16 

October 19 

November 20 

December 20 
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Table 7 Inventory model results for item two 

Month When to order How much units to order  

January 1 52 

February 0 0 

March 0 0 

April 1 106 

May 0 0 

June 0 0 

July 0 0 

August 0 0 

September 1 75 

October 0 0 

November 0 0 

December 0 0 

The total inventory costs incurred for 2018 using the model is R 23 638,40. 

10. Model Validation 

In order for the model to be useful, it should measure what it was intended to measure and 

support the intended uses and purposes. This section of the report illustrates using items from 

the company that both the forecast model and the inventory model achieve the intended uses 

and purposes; they do what they were designed to do. 
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  Forecast Model Validation 

The purpose of the model is to predict the demand for a time period of 12 months using historical 

data.  

This model can be validated by comparing the actual sales in 2015, 2016 and 2017 with the 

model prediction values. If the error is low, then the model is good enough to be used for future 

predictions. Item four’s data was used to compare the values. 

Table 8 Supplier 4’s observed values vs. forecasted values 

Year Month Observed 
Demand 

Forecasted 
Demand 

Error 

2015 January 4 7 3 

  February 6 8 2 

  March 10 7 3 

  April 12 12 0 

  May 9 11 2 

  June 7 7 0 

  July 7 9 2 

  August 8 7 1 

  September 8 12 4 

  October 10 7 3 

  November 7 9 2 

  December 11 10 1 

2016 January 13 10 3 

  February 15 11 4 

  March 9 10 1 

  April 14 15 1 

  May 13 14 1 

  June 12 10 2 

  July 15 12 3 

  August 9 10 1 

  September 19 15 4 

  October 11 10 1 

  November 10 12 2 

  December 14 13 1 

2017 January 12 13 1 

  February 11 14 3 

  March 10 13 3 

  April 19 18 1 

  May 19 17 2 

  June 12 13 1 

  July 14 15 1 

  August 13 13 0 

  September 18 18 0 

  October 8 13 5 

  November 19 15 4 

  December 14 16 2 
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It can be concluded from the table that model is a good one because the error is low. 

 Inventory model Validation 

The purpose of the inventory model is to give as an output the size of the optimal quantities and  

reorder points in order to minimise total inventory costs.  For this project, the total inventory 

costs of last year (2017) for the 3 items that were compared earlier in the paper were analysed 

and calculated. In order for the model to be valid, the total inventory costs produced by the 

model should be significantly lower than the actual total inventory costs that were incurred last 

year.  

The inventory model was validated using the following steps: 

 Three items were used to validate the model. 

 The actual total inventory costs for 2017 for each item were collected, analysed and 

calculated. These are the actual costs that were incurred in 2017 and were compared 

against the model results. 

 The forecast model was used to predict the demand for 12 months for all three items in 

2017. 

 The demand values from the forecast model and the inventory costs were used as inputs 

in the inventory model. 

 The optimal order quantities and reorder points were determined by the inventory model 

for each item for 2017. 

 The results from the model for all three items were compared against the actual results 

from 2017 

The table in the next page depicts the various costs of the three items that make up the holding 

costs and the ordering costs. The cost information in the table was used to calculate the total 

inventory costs for each item, which would subsequently be used to calculate both the actual 

total incurred costs for 2017 and also be used as inputs in the inventory model. The table also 

shows the actual number of orders placed for each item and the order size. The information 

about the actual order size and number of orders placed aided in calculating the actual costs that 

were incurred in 2017.  
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The table below depicts the various cost information and stock information for three selected 

items in the company. 

Table 9 Inventory Costs and actual order size of three items for 2017 

    Item 1 Item 2 Item 3 

Ordering  Costs         

  Costs to prepare order 

requisition 

2000 1000 250 

  Cost to prepare and issue 

a payment to the supplier 

372 0 0 

  Cost to ship order from 

supplier 

6250 0 180 

  Cost to clear a shipment 

through customs 

1950 0 0 

Holding Costs         

  Insurance on the 

warehouse area 

0.6% per 

year 

0.6% per year 0.6% per 

year 

  Finance cost (for holding 

costs) 

18% per 

year 

18% per year 18% per 

year 

  Redundancy cost 0.5% per 

year 

0.25% per 

year 

0.75% per 

year 

Number of orders 

placed in 2017 by 

company 

  1 11 10 

Actual order size in  

2017 

  453 20 or 30 25 or 30 

 

The table below depicts the calculated inventory costs derived from the table above.  

Table 10 Inventory Costs per item 

 Item 1 Item 2 Item 3 

Holding Cost per item (%) 19.1 18.85 19.35 

Unit Cost per item (R) 47 295 50 

Holding cost per item (R) 0.75 4.63 0.81 

Ordering cost per item (R) 10572 1000 430 
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The actual costs that were incurred for each item were calculated and compared against the 

results from the model. The following table depicts the model results against the actual results. 

Table 11 Model Results against Actual Results 

   Item 1 Item 2 Item 3 

   Model Results     

Stock 

Information 

Reorder Points (in months) and 

order size (in units) 

January    

313 units                             

January 48 

units 

April 100 units 

September       

71 units 

January 83 

units 

June 160 

units 

 Total units needed for the year 

2017 based on demand 

348 222 246 

 Safety Stock calculated for 2017 

(acts as a buffer) 

53 14 30 

  Amount of Safety Stock Needed to 

meet demand 

35 3  3 

Cost 

Information 

 Total Holding Costs and Ordering 

Costs 

11870.28 4347.3  1372.7 

  Safety Stock Costs 37.28 70.64  24.56 

  Total Costs 11907.56  4417.94  1397.26 

         

   Actual Results     

Stock 

Information 

Reorder Points (in months) and 

order size (in units) 

January                                   

453 units 

January – 

February          

20 units 

March-June 30 

units  

July – 

November 20 

units 

 

 January-

February 30 

units 

March-

October 25 

units 

        

Cost 

Information 

Total Carrying Costs 1894.5 2074.24  230.04 

  Total ordering costs 10572 11000  4300 

  Total Costs 12466.50  13074.24  4530.04 

Cost Saving   558.94  8656.30  3132.78 
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The table above shows that the model produces results that minimise the total inventory costs; 

there is a significant cost saving for each item when the model is used. This validates that the 

model is doing what it was designed to do. 

The safety stock calculations for the model results section and the calculations for the carrying 

costs and the ordering costs in the actual results section can be found in appendix C.  

11. Conclusion 

The aim of the project was to establish an inventory management process that the company 

could use to balance their inventory levels while minimising the total inventory costs. 

To achieve an adequate stock process, a forecast model and an inventory model were developed 

and built on excel. An ABC analysis was developed as the first step to solving the problem. The 

ABC analysis was performed so that the inventory could be segmented into three different groups 

depending on how much profit the products generate. The purpose of the ABC analysis in this 

project was to highlight the products that the company should focus on as an initial step to 

improving their stock process. 

Two alternatives were considered for the forecast model, namely the multiple linear regression 

model and the exponential smoothing model. The models were both built on excel and tested 

using three A items (items that generate the most income in the company) from the company. 

For both models, the demand for 24 months was forecasted for each of the three items and then 

compared against the actual demand for the 24 months. The graphs of the actual demand and 

the forecasted demand for all three items showed that the multiple linear regression model 

produced demand results that had the least error. 

To verify that the multiple linear regression does indeed produce results with the least error, the 

error values for both models were analysed using the mean squared error, the mean absolute 

deviation and the mean absolute percentage error techniques. This analysis showed that the 

multiple linear regression model produces results with the least error, and thus the model was 

selected as the forecast model that the company should use to forecast the demand. 

An inventory model using linear programming was developed to minimise the total inventory 

costs. The model has three inputs; the forecasted demand from the multiple linear regression 

model, the holding costs and the ordering costs. The forecast model is not 100% accurate, so to 

account for that safety stock is used as a buffer. 

The inventory model and the forecast model form a combined solution for the problem. The 

combined solution ensures that the demand with the lowest error is predicted, which implies that 

the trend and seasonality that exists in the demand will be taken into consideration.  It will also 

ensures that the total inventory costs will be minimised. The combined solution will thus meet 

the customer demand while minimising the inventory costs. 
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The appendix consists of the mentorship form. 

 

 



Stock Optimisation for an online business offering niche 

products 

 

2 

Appendix B 

The appendix contains the ABC analysis that was performed for the company. The ABC analysis 

will help the company to control the items differently based on the category. 
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Appendix C 

Appendix C consists of four parts. The first part shows how the safety stock for the model 

results was calculated. The safety stock is used as a buffer to account for any discrepancies in 

the demand forecast results. It is also be used for any shortages that may occur during the 

lead-time. 

Safety Stock Calculations 

 

Part 2 shows how the calculations of the actual inventory costs for item one for 2017 were 

calculated. 

Actual inventory cost calculations for item 1 for 2017 

 

 

 

 

 

 

 

 

 

 

 

Item 1 Item 2 Item 3

Maximum daily usage (in units) 5 4 9

Maximum lead time (in days) 12 5 4

Average daily usage (in units) 1 2 3

Average lead time (in days) 7 3 2

Saftey Stock for 2017 (in units) 53 14 30

Saftey Stock Calculations = (maximum daily usage * maximum lead time) - (average daily usage * average lead time in days)

Actual Demand

Amount of stock 

ordered Ending Inventory

Holding Costs 

=(0.75* ending 

inventory)

Ordering Costs = 

number of orders* 

10572

2017 January 24 453 429 321.75 10572

February 32 397 297.75

March 36 361 270.75

April 116 245 183.75

May 54 191 143.25

June 26 165 123.75

July 14 151 113.25

August 14 137 102.75

September 14 123 92.25

October 8 115 86.25

November 8 107 80.25

December 2 105 78.75

Total Holding Costs 1894.5

Total Ordering Costs 10572

Total costs 12466.5

Holding costs and Ordering Cost Calculations for item one for the year 2017
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Part 3 shows how the calculations of the actual inventory costs for item two for 2017 were 

calculated. 

Actual inventory costs for item two for 2017 

 

 

Part 4 shows how the calculations of the actual inventory costs for item three for 2017 were 

calculated. 

Actual inventory costs for item three for 2017 

 

Actual Demand

Amount of stock 

ordered Ending Inventory

Holding Costs 

=(4.63* ending 

inventory)

Ordering Costs = 

number of orders* 

1000

2017 January 12 20 8 37.04 1000

February 18 20 10 46.3 1000

March 6 30 34 157.42 1000

April 55 30 9 41.67 1000

May 26 30 13 60.19 1000

June 9 30 34 157.42 1000

July 6 20 48 222.24 1000

August 5 20 63 291.69 1000

September 10 20 73 337.99 1000

October 31 20 62 287.06 1000

November 26 20 56 259.28 1000

December 18 38 175.94

Total Holding Costs 2074.24

Total Ordering Costs 11000

Total costs 13074.24

Holding costs and Ordering Cost Calculations for item two for the year 2017

Actual Demand

Amount of stock 

ordered Ending Inventory

Holding Costs 

=(0.81* ending 

inventory)

Ordering Costs = 

number of orders* 

430

2017 January 22 30 8 6.48 430

February 34 30 4 3.24 430

March 24 25 5 4.05 430

April 4 25 26 21.06 430

May 20 25 31 25.11 430

June 36 25 20 16.2 430

July 32 25 13 10.53 430

August 14 25 24 19.44 430

September 6 25 43 34.83 430

October 8 25 60 48.6 430

November 24 36 29.16

December 22 14 11.34

Total Holding Costs 230.04

Total Ordering Costs 4300

Total costs 4530.04

Holding costs and Ordering Cost Calculations for item three for the year 2017


