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Extended Abstract

Introduction and objectives. To develop a comprehensive inventory control system, Economic
Order Quantity (EOQ) or Economic Production Quantity (EPQ) models are generally used to
reduce costs, prevent delays in orders, and achieve high performance. Economic production and
ordering are important topics in production and inventory control and have long attracted
researchers' attention. Economical and profitable production requires comprehensive and precise
planning for all production stages. In manufacturing companies producing a group of products,
customer demand may exceed the production rate in some periods, or the reverse may occur. Under
such conditions, the company can satisfy customer demand through production, purchasing, or
accepting shortages. Choosing among different product ordering systems is therefore important.
Most related studies have proposed methods for determining whether purchasing (ordering) or
producing a product is more economical when both options are available. They select either
purchasing or production according to the criteria included in their models, such as cost and
customer satisfaction.

Methods. This study presents a mathematical optimization model for determining the optimal
production and purchasing quantities and the production start time in a multi-product, multi-period
system. The model minimizes total cost subject to constraints such as available warehouse space
and budget. It considers the possible conditions associated with the presence or absence of
shortages and with the demand rate being higher or lower than the production rate, and determines
the optimal policy.
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Findings. This study presents an integrated production and purchasing model for a multi-product,
multi-period problem while considering product-to-machine assignment and warehouse space
constraints. The model aims to reduce inventory costs. The proposed mathematical optimization
model allows the relationship between the production rate and the demand rate to vary for each
product and in each period; thus, the demand rate may exceed the production rate, or the production
rate may exceed the demand rate. Accordingly, 24 different inventory-level diagram cases are
introduced and discussed in detail in the next section. To date, no other study has jointly considered
these 24 cases and integrated them into a single mathematical model. The sensitivity analysis of the
proposed model shows that an approximately 77% reduction in warehouse space leads to an
approximately 70% increase in total costs.

Conclusion. This study focuses on simultaneously determining the optimal production and
purchasing quantities in an inventory system under specified assumptions. Its main objective is to
provide appropriate services to satisfy customer needs. Accordingly, a multi-product, multi-period
inventory control system is optimized under a combined production and purchasing policy with
shortages permitted; to bring the problem closer to real-world conditions, warehouse capacity and
product-to-machine assignment are also considered. Shortages occur in 17 of the 24 proposed
subcases. The problem is important because of its broad practical applications and theoretical
complexity. The proposed model is a mixed-integer nonlinear programming (MINLP) model, and
solving such models involves substantial challenges. Sequential Quadratic Programming (SQP) is
used to solve the proposed mathematical model, and the resulting findings are reported.

Keywords: Inventory Control, Production—Procurement, Sequential Quadratic Programming, Multi-
product, multi-period.
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