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Determining production lot sizes and the raw material cutting problem are
key issues in many manufacturing industries. These two problems play a
significant role in raw material management, production planning, and
cost control in industries such as metals, paper, furniture, and aluminum.
Determining the lot size relates to decisions about the quantity of each
product to produce in different periods, while the raw material cutting
problem deals with determining cutting patterns with minimal waste and
cost. Given the interdependence of these two problems, integrated
decision-making concerning them can significantly impact the reduction
of overall system costs and the improvement of operational productivity.
This research presents an integrated mathematical model that combines
these two problems. In addition to the multi-level and multi-period
production structure, the model also considers costs imposed on the
system, including order delivery delays, overtime, and raw material
procurement. The main innovation of this research lies in its problem-
solving approach; instead of using exact methods or common
metaheuristic algorithms, a method based on deep reinforcement learning
is used to enable decision-making within the large and complex problem
space. In this approach, the problem is designed so that the learning
method can make the best decisions regarding production quantity,
inventory levels, and the selection of cutting patterns according to
different system states. This method can adapt to various operational
conditions and functions in an integrated manner without needing to
decompose the problem into separate parts.
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1) INTRODUCTION

In many manufacturing industries that use various types of steel sections, such as beams, rebars, angles,
square tubes, and channels, to produce different products—including telecommunication towers,
medium and high-voltage transmission structures—two key problems play a fundamental role in
production planning: the raw material cutting problem and the production lot-sizing problem. In these
industries, the production process involves purchasing raw materials from multiple suppliers,
formulating appropriate cutting patterns, performing cutting operations on various steel lengths,
assembling the cut pieces at different workstations through welding, bolting, or riveting, and adding
necessary purchased complementary parts if needed. This cycle applies not only to metal industries but
also to areas like paper cutting, furniture manufacturing, aluminum structure fabrication, and large-scale
industrial piping.

Numerous studies have examined the one-dimensional cutting stock problem for raw materials of
different lengths and dimensions, including Dikili et al. (2008), Koc (2012), and Reinertsen (2010). The
lot-sizing problem was first introduced by Handley (1995), who categorized it into single-level and
multi-level types, and four subgroups with or without capacity constraints. Researchers like Cook
(1990), Wu (2011), Roll (1991), and Zhao (2012) have each investigated these categories. Results from
previous studies show that integrating the raw material cutting and lot-sizing problems can lead to
significant cost reduction, waste minimization, and improved planning accuracy. Melga (2018) also
provided a comprehensive review of the integration of these two problems. Integration is typically done
at two levels: 1) integration across time periods through inventory, and 2) integration across different
production levels (single-level or multi-level).

In the actual production process, a set of decisions must be made simultaneously: selecting cutting
patterns, determining the number of cuts, manufacturing parts needed for assembly, performing
finishing operations including welding and painting, and adhering to the delivery schedule for each order
treated as a "project” with contractual constraints. If capacity is insufficient, extra overtime shifts are
added, which themselves incur costs. Therefore, the problem under study is a combination of one-
dimensional cutting, multi-level multi-period lot-sizing, raw material ordering, purchasing auxiliary
parts, and capacity planning.

This research presents an integrated model for lot-sizing and raw material cutting that also
considers costs related to delivery delays, overtime, and raw material purchases. In this model, key
elements such as product structure, demand quantity, number of cut parts per product, workstation
capacity, raw material order quantity, sizes of different steel sections in planning periods, inventory of
materials and semi-finished products, and the need for overtime shifts are all determined simultaneously.
The primary objective of the model is to minimize total cost, including raw material costs, purchased
parts costs, inventory holding costs, delay penalty costs, and overtime labor costs.

The solution approach is one of the innovative aspects of this research. Given the very high
complexity and NP-hard nature of the problem, exact methods are not sufficiently efficient for real-
world scales. In this study, instead of common approaches like Genetic Algorithms or hybrid solutions,
a method based on Deep Reinforcement Learning (DRL) is used. In this approach, the production,
cutting, and inventory planning process is defined as a decision-making environment, and the learning
agent, by observing the system state and the consequences of decisions, tends to select strategies that
create the lowest total cost. This method can provide optimal or near-optimal decisions for large-scale
problems with suitable speed and without needing to decompose the problem.

For performance evaluation, a set of sample problems of different sizes were created, and the
results of the proposed method were compared with other common methods. Analyses show that the
Deep Reinforcement Learning approach has managed to provide solutions very close to optimal and,
for large scales, outperforms classical algorithms.

2) Model and Solution Method
This section details a complex integrated optimization model that combines Multi-Level Lot-Sizing and
One-Dimensional Raw Material Cutting for items with varying cross-sections and sizes. The objective
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is to minimize total costs, including ordering, holding, overtime, and shortage penalties, while meeting
demand on time.

Key Model Features:

It is a comprehensive Mixed-Integer Linear Programming (MILP) model. It integrates decisions
on production quantities, raw material ordering, cutting patterns, inventory levels, and capacity planning
(including overtime). It includes logical constraints for machine setups triggered by changes in cutting
patterns.

Innovative Hybrid Solution Approach (CRL):

Due to the problem's high complexity, a novel hybrid method is proposed:

Deep Reinforcement Learning (DRL) Agent: Replaces a traditional Genetic Algorithm. Its role is
to intelligently generate and select cutting patterns and decide how many times to use them.

CPLEX Solver: Takes the DRL agent's cutting decisions and solves the remaining MILP problem
to find optimal production schedules, order quantities, and inventory levels.

Interaction Loop: The DRL agent proposes a solution (cutting patterns) -> CPLEX evaluates it and
calculates the total cost -> The cost is fed back as a reward to the DRL agent -> The DRL agent learns
and improves its policy for generating better patterns over time.

This approach leverages the pattern-generation strength of DRL and the precise optimization
capability of CPLEX, creating a powerful and adaptive solver for this large-scale, integrated production
and cutting problem.

3) conclusion

In this research, the problem of determining lot sizes and raw material cutting was investigated,
considering costs related to order delivery delays, overtime, and raw material procurement. An
integrated mathematical model was presented with the objective of minimizing production costs. The
proposed model considers lot-sizing as multi-level and multi-period, and raw material cutting as one-
dimensional. These problems are applicable in the production processes of various industries, including
furniture, paper, aluminum, and metal industries, and play a vital role in determining the production
guantity of a set of parts and products and optimizing the use of raw materials. Due to the NP-hard
nature of the problems and the inefficiency of exact methods for large-scale instances, this study
employed a hybrid approach based on deep reinforcement learning and the CPLEX solver. In this
method, a deep reinforcement learning agent dynamically selects cutting patterns and the number of
times to use them. Subsequently, CPLEX calculates the production, inventory, and shortage variables
based on these decisions. The solver's output is fed back as a reward to the deep reinforcement learning
agent, and the learning process continues until an optimal policy is reached. The results demonstrate
that the proposed method is capable of obtaining optimal cutting patterns and production schedules on
a large scale. The deviation of the proposed solutions from the exact solution in small problems is
approximately 0.5%, indicating the high efficiency and acceptable accuracy of the method. Furthermore,
for large problems where exact methods are incapable of finding a solution, the deep reinforcement
learning method showed a 21.8% improvement compared to the genetic algorithm. Sensitivity analysis
of the costs also reveals that a 1% increase in procurement costs leads to an average increase of 0.86%
in the total problem cost and 0.65% in the holding cost, demonstrating the flexibility and stability of the
solutions. Overall, the results of this research emphasize that deep reinforcement learning, as an
intelligent approach, can achieve significant performance in complex production and raw material
cutting problems and has the potential to be scaled for larger and more realistic problems. For future
research, this approach can be extended to incorporate more complex operational factors, such as
machine breakdown and repair costs, and constraints on equipment and labor availability.
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