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1.0 INTRODUCTION 

Inventory is one of the most expensive assets as it consumes as much as 50% of invested 
capital for industries, particularly the manufacturing and engineering related industry. Thus, 
according to Heizer, knowledge on managing inventory is crucial [1]. Hence the fundamentals of 
inventory management are normally taught in Industrial Management subject. The first step to 
learn inventory management is to understand inventory models. Inventory model is a 
mathematical or computational tool used by businesses to determine the optimal level of 
inventory to maintain in relation to independent or dependent demand. Among the models for 
independent demand is quantity discount model. 

The quantity discount model examines the effect of price incentives given in the case of 
larger quantities of products ordered. The cost of ordering inventory is not fixed, rather it 
decreases as the order quantity increases due to volume discounts offered by suppliers. The goal 
is to find the order quantity that minimizes the total inventory cost (Tc), considering both the 
inventory holding costs (H) and the ordering costs (S), while taking advantage of available 
quantity discounts. Unlike the basic economic order quantity model (EOQ), the holding cost (H) 
is calculated as percentage (I) of unit price (P). The total inventory cost, Tc is calculated as in 
Equation (1) where D is annual demand and Q is order quantity. 
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The optimal order quantity (Q*) is obtained from Equation (2) 

 

 
Figure 1 exemplifies the relationship of calculated Q* and the total cost based on available 

discount options, which would help students to determine the best feasible price and order 
quantities. If Q* falls under x value, price would be normal while feasible total cost of discount 
price 1 would only valid if Q* range is between x and y. If Q* is more than y, discount price 2 is 
preferred. 

 

 

Figure 1. The total-cost curve with quantity discounts [1] 

 

As mentioned by Chang et al and Lent, the rapid growth of Graphical user interface (GUI) 
applications which provides visual information to its user [7- 8]. GUI could be done by creating 
the program coding using the general-purpose programming language such as Python and 
JavaScript. GUI has been applied for many purposes and areas such as surgery assistance done 
by Md Jan et al [6]. While Alves et al developed GUI based virtual reality game [12]. Other than 
that, GUI researches related to sports engineering such as lawn bowl trajectory which was done 
by Medwell et al [14] is also applicable. As GUI delivers information visually, it could be used as 
a teaching and learning tool. For industrial management course, it could help students to obtain 
clear and in depth understanding of inventory models and use the information to determine 
optimum economic order quantities faster. Although quantity discount model calculators could be 
found on the internet, existing calculators only shows the final answer for Tc and Q*one at a time. 
In addition, students could not compare and see visually the effect of changing Tc parameters 
values (S, I, P, D). With the use of applications, it is expected that the students would understand 
the concept and can use the information to make decisions on optimum EOQ in answering related 
course assessments. 
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Based on study by Kim & Kim [9], GUI can also be created by using MATLAB, a high-

performance language programming platform specifically for engineers and scientists. MATLAB is a 
high-level programming language and interactive environment primarily designed for numerical 
computation, visualization, and programming used in various fields, including engineering, science, 
mathematics, finance, and beyond. The simplicity and free access to obtain the license has made the 
MATLAB to be preferred language for developing teaching apps for Science, Technology, 
Engineering and Mathematics (STEM) subjects such as engineering mathematics based subject as 
reported by Khedekar et al [2], power system subject by Koc & Aydoğmus’ and Nordin et al.[10,13], 
electromagnetic by Wong & Lim’ study [11], thermodynamics subject by Domínguez et al[3], dynamics 
course by Rossiter[4], information and control curriculum subject as reported by Karel & Tomas [15] 
and renewable energy courses by Gopabala Krishnan et al. [5]. Gopabala Krishnan et al. concluded 
that although energy computator (EC) -GUI did not reduce the difficulties of the subject, it did help to 
enhance the ways to learn more efficiently. Based on students’ feedback in the studies, all agreed 
that apps are very useful in encouraging active independent learning. 

Nonetheless, recent mechanical engineering courses do not only contain pure engineering 
courses. Entrepreneur and management related courses such as industrial management are now 
embedded in engineering syllabus so that it can prepare students to not only be engineers but to 
manage business and become entrepreneurs after graduation. Thus, the main goal of this study 
is to develop interactive MATLAB applications, namely InventsimQD for teaching quantity 
discount models in a compulsory industrial management course for Mechanical Engineering 
undergraduate students. The InventSimQD would allow users/students to rapidly calculate output 
parameters (quantity discount EOQ and total cost) based on adjustable input parameters and 
visually compare few scenarios simultaneously from total cost price range graph which is the 
InventSimQD output. 

 
2.0 METHODOLOGY 

2.1 Establish design specification of InventSimQD 
 

The design requirements of InventSimQD consist of input parameters,output parameters, 
visual output and ease of use. For the input parameters, all inputs could be manipulated to 
simulate various conditions. The first set of input parameters were quantity demands (D), setup 
cost (S), holding cost per unit (H), number of quantity discount options (n), and the type of holding 
cost calculation. The second set of input parameters were order quantity range (minimum units 
and maximum units) and unit price (P) for each discount option. As for output parameters 
requirement, the optimum discounted order quantity and the total cost (Tc) were the required 
numerical outcomes for the discount quantity model. Meanwhile, the visual output as expected to 
be in the form of a graph for order quantity – total cost, which would be showing the position of 
optimum order quantity as well as its total cost comparison to the order quantity – total cost curve 
of all quantity discount options. It was desirable to be able to show the position of simple EOQ 
point of each range compares to its valid range. Finally, for the ease-of-use requirement, it was 
desirable to use an editable table which can be generated according to the number of options 
while allowing small amendments of the parameters value since there are many parameters 
required and the flexible nature of the number of options. 

2.2 Assumptions and limitations/scope 
 

Opening and closing inventories, lead time, and safety stock were irrelevant for this 
exercise. The buyer was provided with several options of unit prices paired with the range of order 
quantity. The prices remain the same during the year. The setup cost (S) was fixed. The holding 
cost (H) will have two options; fixed or unit price based. The demand (D) is a known quantity 
for the year. 
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2.3 InventSimQD workflow 

 
In the depicted process outlined in Figure 2, the operation started with inputting the initial 

set of parameters: D, S, H-related parameters, and the count of discount options n. Upon pressing 
button 1, an editable table for quantity discount emerges, accommodating the second set of input 
parameters: order quantity range and unit price (P). Subsequently, upon activation of button 2, 
the Quantity Discount (QD) algorithm executes to determine the optimal order quantity for the 
specific case. Following this computation, the plot and display algorithm takes over, generating 
the graph and presenting essential information within the designated space. 

 

 

Figure 2. The Flowchart of InventSimQD 

 

 

2.4 Quantity Discount algorithm 
 

Figure 3 illustrates the QD algorithm utilized in InventSimQD. The initial step involves 
establishing the holding cost per unit (H) for each discount option, which can either be uniform 
across all options or vary based on a percentage of the unit cost, resulting in differing holding 
costs among options. Subsequently, the second step entails computing the basic Economic 
Order Quantity (EOQ), denoted as Q0, for each option using Equation (1). Following this, the 
third step involves identifying the optimal order quantity for each option, designated as Qn, as 
determined by the subsequent Equation (3). 

 

𝑄𝑄 = {𝑄𝑄 , 𝑄𝑄 < 𝑄𝑄 < 𝑄𝑄 𝑄𝑄 , 𝑄𝑄 < 𝑄𝑄 𝑄𝑄 , 𝑄𝑄 < 𝑄𝑄 
𝑛 0 𝑚𝑖𝑛 0 𝑚𝑎𝑥 𝑚𝑖𝑛 0 𝑚𝑖𝑛  𝑚𝑎𝑥 𝑚𝑎𝑥 0 (3) 

 
Qmin and Qmax were the minimum and maximum order quantity for a given price option, 
accordingly. In the fourth step, we calculate the total cost (Tc) of each option using the quantities 
(Qn) and holding costs (H) obtained earlier. Then, in the fifth step, we identify the minimum Tc 
(TCmin) and determine the optimal discounted order quantity (QQD) corresponding to Qn the 
TCmin. 

 

 
Figure 3. The Flowchart of Quantity Discount Algorithm 
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2.4 Plot and display 

In InventSimQD, the plotting implementation utilizes iterative plotting facilitated by the 
“hold on” function, allowing continuous updating of axes for adding multiple curves. Figure 4 
demonstrated the plotting and display algorithm. The process began with resetting the axes and 
initiating the “hold on” function. Next, the total cost (Tc) curves were plotted for each option within 
the valid quantity range, distinguished by colored and thick lines, with corresponding legends 
recorded. Subsequently, the x-line and y-line were plotted to indicate the optimal order quantity 
(QQD) and the corresponding minimum total cost (TCmin), updating legends accordingly. Upon 
completing legend updates, the legend function ceases, followed by plotting the total cost curve 
for each option across the entire quantity range with less significant line thickness and color. 

 

 
 

 

3.0 RESULT 

Figure 4. The Flowchart of Plot and Display Algorithm 

The feasibility and practicality of InventSimQD was verified by comparing the capability of 
the software to represent the calculations based on certain inventory parameters given to the 
student. Table 1 was the example of test question given to the students for the quantity discounts 
model theoretical calculations. Students were asked to determine the best EOQ value resulting 
from the lowest inventory cost of different discounts options within 40 minutes during the test. 

 
Table 1. Setting Parameters for EOQ Verification 
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The same input parameters which were D, S, H, and discount option were inserted in the 

Yearly Inventory Conditions box of the GUI dashboard. The output of the simulation is as shown 
in Figure 5. 

 

Figure 5. The InventSimQD EOQ Graphical Result 

The graphical result obtained from InventSimQD showed the same optimal EOQ of 4000 
as compared to manual calculation hence the accuracy of the algorithm can be confirmed. On top 
of that, it can clearly indicate the optimum EOQ directly from the graph (dotted line). Without the 
graphical illustration, the students have tendency to directly use the calculated EOQ value (2469) 
and multiply it with the cost (RM 4.50) without realizing that this cost was only applicable if the 
quantity order 4000 and above which lead to wrong total cost. In other words, the student would 
notice if they wrongly calculated the answer, and this helps the students to have better 
understanding of EOQ when the student used this apps. 

However, the curves appear horizontal to the right causing minimum total cost or the basic 
EOQ of each curve are not clearly visible in the graph. This is due to the low holding cost set in 
the question ($0.35) as compared to the ordering cost ($20). The holding cost is smaller as it is 
imposed for each of the quantities, while ordering cost is imposed each time certain quantities 
are ordered, not per item. 

This type of question may not be suitable to be used during the exercise in the classroom 
as the poor shape of the graph may make it difficult for students to understand concepts. For the 
simulated graph of InventSimQD to show similar pattern as the theoretical of EOQ curve display 
in Figure 1, the holding cost values need to be balanced with ordering cost value. For instance, 
when the holding cost is set to 10, the new graph would look much similar as shown in Figure 6. 
This will avoid unnecessary confusion for the students related to this topic. 
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Figure 6. Expected curve presentation as result of holding cost changes. 

 

 

4.0 CONCLUSION 

The GUI based InventsimQD apps was proven successfully developed by using MATLAB. 
The validity and rapid visualization of InventsimQD output can offer visual understanding for the 
students as well as helping the lecturer to deliver the subject. Nonetheless, the discount costs 
display was not exactly like the theoretical total cost-curve graph. This was due to the value of 
holding cost per unit is so small as compared to the ordering cost. For future works, graph display 
must be improved to show more visible EOQ points at different quantity discounts options. There 
must be balanced values of both ordering and holding cost that could change the curve as per 
cost curve theoretical graph. 
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