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Abstract: Automatic production scheduling is a crucial activity in modern manufacturing, which involves the rational arrangement of produc-
tion tasks to maximize production efficiency, minimize manufacturing costs, and meet customer needs. In the increasingly complex and di-
verse production environment, production demand may also change at any time, and traditional production scheduling methods are no longer
able to meet the needs of modern manufacturing. Optimization algorithms, as an efficient and accurate decision-making tool, have been wide-
ly applied in the field of automatic production scheduling. This article aims to explore the application of optimization algorithms in automatic
production scheduling, analyze their principles, types, advantages and disadvantages, as well as application cases in industrial practice, in
order to provide reference for research and practice in related fields such as production scheduling.
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1. Introduction

With the advent of Industry 4.0, the manufacturing industry is facing unprecedented challenges and opportunities. The increasingly
complex and diverse production environment has gradually revealed the limitations of traditional manual production methods, making it dif-
ficult to meet the modern manufacturing industry’s pursuit of high efficiency, high quality, and low cost. In this context, automatic production
scheduling technology has emerged, providing a new production scheduling and planning solution for the manufacturing industry by integrat-

ing advanced computer technology, software tools, and mathematical optimization algorithms.

2. Automatic production scheduling issues

Automatic scheduling problem refers to the process of using algorithms and software tools to automatically arrange and optimize pro-
duction tasks and job sequences in the fields of production management and computer science. The basic principle is to input information
such as production plans, production resources, and production tasks into a computer system, optimize scheduling through algorithms, gen-
erate the optimal production plan, and achieve production scheduling and execution through an automated control system. The core goal is to

improve production efficiency, reduce unfinished work, ensure timely delivery, and optimize resource utilization.

2.1 Basic elements

1) Tasks: The various tasks or orders that need to be completed.

2) Resources: The machinery, equipment, workers, raw materials, etc. required to complete the task.

3) Time: The start and end time of each task, as well as the time planning of the entire production process.

4) Constraints: Constraints in the production process, including machine capabilities, manpower availability, delivery deadlines, etc.
5) Performance Indicators: Standards used to evaluate the quality of production scheduling, such as production cycle, delay time, re-

source utilization, etc.

2.2 Problem characteristics

1) Complexity: The combination of multiple tasks, resources, and constraints makes the problem very complex.
2) Dynamicity: New orders constantly arrive, machines may malfunction, and operation times may be uncertain, all of which increase
the dynamism of the problem.

3) Multi objective: It is usually necessary to balance multiple performance metrics, such as minimizing latency and maximizing re-
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source utilization.

4) Uncertainty: The production process may be affected by many unpredictable factors, such as machine failures, urgent orders, etc.

3. Optimization algorithm type

Optimization algorithms, as the core of automatic production scheduling systems, use mathematical models and algorithmic strategies
to find the optimal production plan, which is of great significance for improving production efficiency, reducing production costs, and meet-
ing customer needs.

A mathematical technique for resolving optimization issues, the Optimization Algorithm, is founded on ascertaining the minimum or
maximum value of a function within certain restrictions. In automatic production scheduling, the goal of optimization algorithms is to find
the production plan that minimizes production costs, maximizes production efficiency, or minimizes delivery time while meeting constraints

such as production needs, equipment capabilities, and personnel allocation.

3.1 Deterministic algorithms

Deterministic algorithms in optimization algorithms refer to a type of algorithm that can provide a definite solution under a given input.
These types of algorithms follow certain steps and rules to ensure that they ultimately obtain an optimal solution or a satisfactory solution.
Here are some common deterministic optimization algorithms:

1) Linear Programming (LP): Suitable for scheduling problems with linear objective functions and linear constraints.

2) Integer programming (IP): suitable for scheduling problems with discrete variables.

3) Mixed integer programming (MIP) :combines the characteristics of linear programming and integer programming.

Deterministic algorithms ensure finding the global optimal solution of the objective function, but they have high computational com-

plexity and are difficult to handle large-scale problems.

3.2 Heuristic algorithms

Heuristic algorithms in optimization algorithms are a type of method that does not guarantee finding the global optimal solution, but
usually can quickly find a satisfactory solution. This type of algorithm is based on experience and intuition, and quickly converges to a good
solution through search strategies. Here are some common heuristic algorithms:

1) Genetic Algorithm (GA): Simulating the process of natural selection, searching for the optimal solution through operations such as
crossover and mutation.

2) Simulated Annealing (SA): Simulating the process of metal annealing, jumping out of local optima by accepting local optimal
solutions.

3) Tabu Search (TS): Using a taboo table to avoid the algorithm getting stuck in local optima.

These heuristic algorithms are usually suitable for complex problems, especially when the problem size is large and the objective func-
tion and constraint conditions are complex, they can provide effective solutions. However, due to the inability to guarantee a global optimal
solution, it may be necessary to combine with other algorithms or adjust parameters in practical applications to improve the quality of the

solution.

4.Application of Optimization Algorithm in Automatic Production Scheduling

The application of optimization algorithms in automatic production scheduling is mainly reflected in the following aspects:

1) Production plan formulation:

® Optimization algorithms can help enterprises formulate production plans, including determining production sequence, production
batch size, production time, etc.

® By optimizing production plans, production cycles can be reduced, production efficiency can be improved, and inventory costs can

be lowered.
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2) Resource allocation:

® Optimization algorithms can allocate resources based on their availability and efficiency, such as machines, personnel, and raw
materials.

® By allocating resources reasonably, resource utilization can be improved, and idle and waste can be reduced.

3) Delivery time forecast:

® Optimization algorithms can predict the delivery time of orders, taking into account the uncertainty and potential risks in produc-
tion.

® This helps to improve customer satisfaction and reduce losses caused by delivery delays.

4) Inventory management:

® Optimization algorithms can help businesses optimize inventory levels and avoid excess or out of stock.

® By predicting demand, algorithms can adjust inventory strategies, reduce inventory costs, and improve inventory turnover.

5) Scheduling optimization:

® Optimization algorithms can optimize production scheduling and ensure the efficient operation of the production process.

® This includes the scheduling of machines and workers, as well as the allocation of production tasks.

6) Cost control:

Optimization algorithms can help enterprises control production costs and reduce energy consumption, material waste, etc. by optimiz-
ing production plans.

Specific application examples include:

1) Linear Programming (LP): Used for simple linear scheduling problems, such as determining the shortest path, minimizing trans-
portation costs, etc.

2) Integer programming (IP): suitable for scheduling problems that require integer solutions, such as determining production batches,
machine usage time, etc.

3) Mixed integer linear programming (MILP): A scheduling problem that combines continuous and discrete variables, such as prod-
uct portfolio optimization.

4) Genetic Algorithm (GA): Suitable for complex multi-objective scheduling problems, it can find approximate optimal solutions.

5) Simulated Annealing (SA) algorithm: suitable for problems with multiple local optima, it can jump out of local optima and find
better solutions.

6) Tabu Search (TS): Searching for the global optimal solution by avoiding repeated searches in the short term.

5. Optimization strategies and challenges

Real time adjustment: During the actual production process, market demand and resource conditions may change. Therefore, the auto-
matic production scheduling system needs to have the ability to adjust in real-time to cope with unexpected situations and changing needs.

Data Collection and Transmission: In order to obtain real-time production data more accurately, the automatic scheduling system needs
to use advanced data collection and transmission technology to ensure the accuracy and real-time nature of the data.

Capacity planning: Reasonable capacity planning is the key to ensuring the full utilization and coordination of production resources.
The automatic production scheduling system needs to develop a reasonable production capacity planning plan based on market demand and

resource conditions.

6. Conclusion
Optimization algorithms have broad application prospects in automatic production scheduling. By selecting and applying optimization
algorithms reasonably, enterprises can improve production efficiency, reduce production costs, and thus gain advantages in a fiercely compet-

itive market.
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