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Abstract

Finding an economic order quantity for retailers in such a way that the costs of existing systems are
minimal has always been an important issue. For obsolescent items that are at risk of becoming obsolete
in the future, this issue is more important, and should be. This research presents an inventory control
model for obsolescent items by considering the general discount model-and holding costs to purchasing
costs. On the other hand, in this research, the holding costs of goods are considered as a factor of
purchasing costs. The aim of the model is to find the economic order quantity according to the
assumptions and considering the probability of obsolescence of goods in such a way that other goods
do not occur. In this regard, by considering the assumptions of the problem, a mathematical model for
the problem has been developed. Through the first and second derivatives of mathematical relations
and drawing graphs, a model for finding the optimal solution has been proven. In the following, to better
understand the model, an example is used, and each of the changes in decision-making is examined,
considering different conditions and changes in each of the decision-making changes.

Introduction

Inventory plays a vital role in production and distribution systems. It includes raw materials, work-in-
process items, and finished goods that are maintained to ensure the continuity of operations and timely
response to market demands. Although inventory management entails significant costs, it is essential to
prevent stockouts and fulfill customer requirements efficiently. Typical inventory-related costs include
ordering costs, holding costs, purchasing costs, and shortage costs.

Reducing these costs without compromising service levels is a key concern for manufacturers and
suppliers. Inventory control policies are therefore implemented to determine the optimal ordering time
and quantity. These policies not only reduce total costs but also enhance responsiveness and customer
satisfaction by avoiding shortages. Different inventory control approaches have been developed, each
with specific advantages and limitations, depending on the nature of the goods and market conditions.

In today’s competitive environments, many businesses utilize discount strategies to boost sales and
encourage larger purchase quantities. One of the most widely used approaches is the all-unit discount,
where buyers receive a price reduction based on the volume of their order. This tactic not only increases
demand but also helps firms optimize their inventory levels.

Simultaneously, the rapid pace of technological development has made product obsolescence a critical
challenge in inventory management. Obsolete items are those whose market demand has significantly
decreased or become nonexistent due to technological changes, evolving customer needs, or market
trends. This phenomenon is especially common in sectors like electronics, pharmaceuticals, fashion,
and perishable goods. The implications of obsolescence extend beyond economic costs and may lead
to environmental and social consequences as well.

Despite the existence of many models addressing perishable items, fewer studies have focused on
obsolete goods. In the current technology-driven era, the effective lifespan of many products has
shortened, and the associated costs and waste have increased substantially. Hence, studying inventory
behavior for such items is essential from both economic and sustainability standpoints.
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This study develops an inventory control model specifically for obsolete items sold through retail
channels. The model incorporates real-world assumptions, including an all-unit discount structure,
purchase-cost-dependent holding cost, and the probability of sudden obsolescence. A mathematical
formulation is provided, and sensitivity analysis is conducted to evaluate how changes in each
parameter influence the inventory decisions. These insights aim to assist managers in making informed
and cost-effective decisions.

Methodology

This research studies obsolescent goods in which the demand is constant and is considered for a product.
the following assumptions are considered for modeling:

V) The demand is constant.

Y) Obsolescence is sudden.

) Shortage is not allowed.

¥) The probability distribution function of the product's obsolescence life follows an exponential
function.

&) The holding cost is a multiple of the purchase cost.

7) The all-unit quantity discount policy is used for the product order quantity.

The total cost function includes:

Ordering cost
Purchase cost
Holding cost
Obsolescence cost

A nonlinear objective function is formulated to minimize the total cost. The mathematical analysis
involves:

Deriving first and second derivatives of the total cost function with respect to the order
quantity (Q),

Proving the convexity of the cost function through second derivative tests,

Identifying the optimal order quantity using standard optimization techniques.

A numerical example is used to illustrate the application of the model and validate its effectiveness
under different scenarios.

Results

A comprehensive numerical analysis is carried out using parameter values. The results of the sensitivity
analysis showed:

As the ‘ordering cost increases, the order quantity increases, and as a result, the purchase cost
decreases with the overall discount; however, due to the increase in the holding cost, the total
inventory cost increases.

Increasing the normalizing coefficient causes an increase in the order quantity, followed by an
increase in.the purchase cost and the total inventory cost.

Increasing the purchase elasticity coefficient reduces the order quantity, and as a result, the
purchase cost and the total inventory cost also decrease. The value of r=+,++) was identified
as the optimal value for this coefficient.

In the case of the holding cost coefficient, as it increases, the order quantity increases, the
purchase cost decreases; but ultimately the total inventory cost increases.

With the increase in the obsolescence period, due to the greater opportunity for sales, the order
quantity is expected to increase. However, in situations where the holding cost depends on the
purchase price and the overall discount, the order quantity may decrease, the purchase cost may
increase, and as a result, the total inventory cost may also increase.

The increased cost of obsolescence causes buyers to order more cautiously to reduce the risk of
loss due to obsolescence; as a result, reducing the order quantity can lead to an increase in the
purchase price and an increase in the total cost of inventory.

The increase in demand directly causes an increase in the order quantity and, by reducing the
unit price (due to the overall discount), the purchase cost and the total cost of inventory are
reduced.



Conclusion

In the present study, the issue of inventory control of obsolescent items was examined, taking into
account the general discount that is common among sellers of these products.

While previous studies have mainly dealt with inventory control in general conditions, the present study
has taken a new step in developing more practical models in this area by focusing on obsolescent items
and considering three important factors, namely, the cost of holding depending on the purchase cost,
the probability of sudden obsolescence, and the general discount on purchases.

First, mathematical modeling of the main costs including purchasing, ordering, holding and
obsolescence was carried out. Then, by analyzing the first and second derivatives and drawing graphs,
the convexity of the objective function was proven. In order to evaluate the model, several numerical
examples with real and standard data were presented and sensitivity analysis was performed for key
parameters.

Keywords: Inventory control, obsolete Items, all unit discount, holding costs dependent on
purchase cost.
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Table Y +: Sensitivity Analysis of Ordering Cost
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Table V): Sensitivity Analysis of Purchasing Cost
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Figure ¥: Total Inventory Cost vs. Ordering
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Figure ¢: Optimal Order Quantity vs. Ordering Cost

0.04

0.0395

0.039

0.0385

0.038

0.0375

0.037

0 200 400 600 800 1000 1200

20 Oyl ape sl & 5 ase F S
Figure 7: Purchasing Cost vs. Ordering Cost
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Figure V: Total Inventory Cost  vs. Normalization
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Figure ' ¥: Optimal Order Quantity vs. Holding Cost
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Figure Y A: Total Inventory Cost vs. Deterioration Period
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Figure ) 4: Optimal Order Quantity vs. Deterioration Cost
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Table VV: Simultaneous Sensitivity Analysis of
Deterioration rate and Holding Cost Rate
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