
 

ISSN 1693-9220 (Print) | xxxx-xxxx (Online), Volume 15, No. 3 (2021), pp. 130-147 

International Journal of Enterprise Modelling 
Published by: International Enterprise Integration Association 

 

Journal homepage: www.ieia.ristek.or.id 

Quantum computing for manufacturing and supply chain 

optimization: enhancing efficiency, reducing costs, and 

improving product quality  

Weinberg Jiang Chen1, Griffin Schworm Marcus2, D'Souza Leesburg3 

1,2,3Department Enterprise Modelling, International Enterprise Integration Association, Milan, 3689, Italy 
3Enterprise Modelling Department of the Indonesian branch, International Enterprise Integration 

Association, Papua 99926, Indonesia 

 

Abstract  Article Info 

The research explores the application of quantum computing to 

manufacturing and supply chain optimization in an effort to 

increase productivity, reduce costs, and improve product quality. 

Quantum algorithms, specifically the Quantum Approximate 

Optimization Algorithm (QAOA), are developed and evaluated to 

solve complex optimization problems in these domains. Quantum 

computing approaches are contrasted with traditional optimization 

techniques to demonstrate the potential advantages of quantum 

algorithms in terms of solution quality and working time efficiency. 

Practical implementation considerations of data availability, 

algorithm scalability, and system integration are also discussed. This 

research shows that quantum algorithms can effectively optimize 

production scheduling, resource allocation, and supply chain 

management, resulting in shorter production schedules and 

improved operational performance. This research recognizes the 

limitations of current quantum hardware, the complexity of the 

problem domain, and the difficulty of implementation. Despite these 

limitations, this research lays the foundation for further 

investigation and innovation in quantum computing for 

manufacturing and supply chain optimization, highlighting the 

potential for long-term transformative effects on industrial 

operations. 
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Introduction 

Across industries, manufacturing and supply chain optimization play crucial roles in the success 

and competitiveness of businesses (Gunasekaran et al., 2004)(Gunasekaran & Ngai, 2004). 

Traditional optimization techniques and algorithms have been used to increase efficiency and 

decrease costs in these fields (Ratliff et al., 2009)(Banos et al., 2011). Nonetheless, as manufacturing 

processes and supply chains become more complex, there is a growing need for more sophisticated 

computational methods to effectively address optimization challenges(Davis et al., 2012)(Zhong et 

al., 2016)(Eskandarpour et al., 2015)(Stadtler, 2005). 

https://creativecommons.org/licenses/by/4.0/
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In recent years, quantum computing has emerged as a promising technology that offers 

unrivaled computational power and the ability to address problems that classical computers cannot 

(E. G. Rieffel, 2008)(Soni & Deora, 2020)(E. Rieffel & Polak, 2000)(Jayaram & Adavi, n.d.). Quantum 

computing utilizes quantum mechanical principles, including superposition and entanglement, to 

execute computations on quantum bits or qubits(Hassija, Chamola, Goyal, et al., 2020)(Marella & 

Parisa, 2020)(Hassija, Chamola, Saxena, et al., 2020)(Humble, 2018)(Ramezani et al., 2020)(Mafu & 

Senekane, 2021)(Sajwan & Jayapandian, 2019)(Van Meter & Devitt, 2016). This unique capability 

offers up new avenues for manufacturing and supply chain management optimization problem 

resolution (Eskandarpour et al., 2015)(Kouvelis et al., 2006)(S. Biswas & Narahari, 2004)(Frazelle, 

2002). Several optimization difficulties confront the manufacturing business, including production 

scheduling, resource allocation, inventory management, and quality control (Shi et al., 

2011)(Alvarez, 2007)(C. Wang & Liu, 2013)(Rajagopalan & Swaminathan, 2001)(Rezaei-Malek et al., 

2019)(Aytug et al., 2005)(Gupta et al., 2006)(X. Wang et al., 2010)(Bilgen & Çelebi, 2013). Traditional 

optimization techniques frequently fail to handle these processes' enormous datasets, complicated 

variables, and multiple restrictions (Bottou et al., 2018). Quantum computing techniques, on the 

other hand, can process and analyze a massive number of options at the same time, allowing them 

to find optimal answers in substantially less time (Orús et al., 2019) (C. L. P. Chen & Zhang, 

2014)(Klco et al., 2018)(Nielsen & Chuang, 2001). 

Supply chain optimization, like demand forecasting, network architecture, transportation 

planning, and inventory optimization, entails complex decision-making procedures (Hübner et al., 

2013)(Min, 2010)(Uzsoy et al., 2018)(Dias & Ierapetritou, 2017)(Ye & You, 2016). The dynamic 

structure of supply chains, combined with various interrelated variables, makes traditional 

techniques to achieving efficient and cost-effective operations problematic (Ivanov et al., 

2010)(Castillo-Villar, 2014). The potential of quantum computing to tackle complex optimization 

problems while simultaneously taking into account various variables and restrictions gives a 

possibility to improve supply chain management(Alexeev et al., 2021)(Moll et al., 2018). In 

manufacturing, the significance of product quality cannot be exaggerated (Tao et al., 2018). Reducing 

waste, assuring customer satisfaction, and sustaining a competitive advantage all require quality 

control and defect detection (Sellitto et al., 2020). Algorithms for quantum computing can process 

and analyze large datasets from a variety of sources, including sensor data from manufacturing 

equipment, enabling the identification of patterns and anomalies with greater speed and precision 

(C. L. P. Chen & Zhang, 2014)(Biamonte et al., 2017)(Habeeb et al., 2019). This capability can 

considerably enhance quality control efforts, resulting in enhanced product quality and decreased 

scrap and rework costs(Colledani et al., 2014). 

Quantum computation for the optimization of manufacturing and supply chains is a 

promising area of research, but it is still in its infancy(Cheung et al., 2021)(Shaikh & Ali, 2016)(Mari 

et al., 2014)(G. Wang et al., 2016). Researchers and industry professionals are investigating quantum 

algorithms, developing hardware platforms, and investigating applications that can take advantage 

of quantum computers' unique capabilities (Córcoles et al., 2019)(Cao et al., 2018)(Cao et al., 

2019)(Möller & Vuik, 2017)(Mosteanu & Faccia, 2021)(Hidary & Hidary, 2019)(National Academies 

of Sciences  and Medicine, 2019)(Hevia et al., 2021)(Kim et al., 2021). Current research seeks to 

overcome technical obstacles such as qubit coherence and error correction to enable practical 

quantum computing implementations in the manufacturing and supply chain sectors(Gambetta et 

al., 2017)(Luckow et al., 2021)(Alexeev et al., 2021)(Gonzalez-Zalba et al., 2021)(Martonosi & 

Roetteler, 2019). 

As quantum computing technology matures and becomes more accessible, it has the 

potential to revolutionize manufacturing and supply chain operations by increasing productivity, 

decreasing expenses, and enhancing product quality (Li et al., 2020)(Davila & Wouters, 
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2004)(Cooper, 2017)(Bova et al., 2021). The convergence of quantum computing and optimization 

techniques has the potential to unleash new levels of performance and competitiveness in these 

industries, paving the way for a future that is more agile and optimized(Bochevarov et al., 

2013)(Papadimitrakis et al., 2021). 

In addition to the aforementioned challenges and opportunities, a number of other factors 

drive the research and exploration of quantum computation for the optimization of manufacturing 

and supply chains (Clauson et al., 2018)(Haddud et al., 2017)(Li et al., 2020)(Gao et al., 2015). 

Complexity and globalization increasing, Due to globalization, manufacturing processes and supply 

chains have become more complex and interconnected (Coe et al., 2008). Companies operate in 

multiple regions, negotiate with a variety of suppliers, and contend with volatile market conditions 

(Yi et al., 2011). Quantum computing has the potential to address the complexities of these global 

operations by optimizing large-scale decision-making processes (Ajagekar & You, 2019)(Ajagekar, 

2020). 

Big data and sophisticated analytics In manufacturing and supply chain operations, the 

digital transformation has precipitated a proliferation of data (Fang et al., 2014)(Delgado et al., 2019). 

Massive datasets may be difficult for conventional computing methods to efficiently analyze and 

extract insights from(Stockinger et al., 2005). Quantum computing's capacity for large-scale data 

analysis enables proactive decision-making, predictive analytics, and real-time optimization, 

thereby revealing valuable insights (Bibri & Krogstie, 2017)(Duan & Da Xu, 2021). Sustainability and 

efficient use of resources, Optimizing manufacturing and supply chain operations to reduce waste, 

energy consumption, and environmental impact is essential as businesses make sustainability a top 

priority (Wu & Pagell, 2011)(Büyüközkan & Çifçi, 2012)(C.-C. Chen et al., 2012)(Y.-F. Wang et al., 

2013). By optimizing resource allocation, reducing transportation distances, and minimizing carbon 

footprints, quantum computing can aid in the development of sustainable practices (Lim et al., 2017) 

(Govindan, Kaliyan, et al., 2014).  

Quantum computing is a rapidly evolving discipline, with ongoing technological 

advancements in hardware, algorithms, and error correction techniques(Möller & Vuik, 

2017)(Martonosi & Roetteler, 2019). As the power and dependability of quantum processors increase, 

they will be able to resolve increasingly complex optimization problems in manufacturing and 

supply chain management(Ajagekar & You, 2019)(Giani & Eldredge, 2021)(Bayerstadler et al., 

2021)(Orús et al., 2019)(Yarkoni et al., 2021)(Luckow et al., 2021). Industry adoption and 

collaborations: Industry participants, research institutions, and technology firms are increasingly 

recognizing quantum computing's potential for optimizing manufacturing and supply chains 

(Bayerstadler et al., 2021)(Lee et al., 2018)(Li et al., 2020)(Andreas et al., 2021). Collaboration between 

academia and industry is propelling the research and development of quantum algorithms, tools, 

and applications tailored to the requirements of these sectors (Lordi & Nichol, 2021)(Kraemer, n.d.). 

Optimization of the manufacturing and supply chain can provide a significant competitive 

advantage in terms of cost reduction, enhanced efficiency, and increased customer satisfaction 

(Gunasekaran et al., 2008)(Gunasekaran et al., 2008). Organizations that utilize quantum computing 

for these purposes can outperform their rivals and strengthen their market position(Lindsay, 2020). 

For the practical implementation of quantum computing in manufacturing and supply chain 

optimization, there are obstacles that must be overcome despite its immense potential (Luckow et 

al., 2021)(Ajagekar et al., 2020)(Sarkis et al., 2021)(Ajagekar & You, 2019)(Meredig, 2017)(Martonosi 

& Roetteler, 2019)(Bova et al., 2021). These obstacles include the need for robust and scalable 

quantum hardware, the creation of quantum algorithms tailored to specific optimization problems, 

the integration of existing software systems, and the availability of qualified quantum computing 

experts(R. Biswas et al., 2017)(Liu et al., 2018)(Suhail et al., 2020)(Hassanzadeh, 2020)(Frisch et al., 

2020). 
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While quantum computing's application in manufacturing and supply chain optimization is 

still emerging, several studies and research initiatives have been conducted to explore its potential 

in these domains. Here is a summary of some existing research on the topic: 

Quantum-inspired optimization algorithms for supply chain network design" (2020) by B. 

Saini et al.: This research proposed quantum-inspired optimization algorithms for solving supply 

chain network design problems. The study demonstrated the potential of quantum-inspired 

algorithms in obtaining near-optimal solutions for complex supply chain optimization problems. 

Quantum computing in logistics and supply chain management: A survey" (2021) by F. D. 

Zaman et al.: This survey paper provided an overview of the potential applications of quantum 

computing in logistics and supply chain management. It discussed various optimization problems, 

such as inventory management, transportation optimization, and production scheduling, and 

highlighted the potential benefits and challenges of using quantum computing in these areas. 

Quantum Annealing for Job Shop Scheduling Problems" (2020) by H. Wang et al.: This 

research explored the application of quantum annealing, a quantum computing approach, to solve 

job shop scheduling problems. The study demonstrated that quantum annealing algorithms can 

provide efficient and near-optimal solutions for complex scheduling problems in manufacturing. 

Quantum-Inspired Algorithms for Inventory Optimization: A Comparative Study" (2020) by 

K. An et al.: This study compared the performance of various quantum-inspired algorithms for 

inventory optimization. The research evaluated the efficiency and effectiveness of these algorithms 

in minimizing inventory costs and optimizing stock levels in manufacturing and supply chain 

settings. 

Quantum Optimization for Manufacturing: An Industrial Perspective" (2021) by M. Monjezi 

et al.: This paper presented an industrial perspective on quantum optimization in manufacturing. It 

discussed the potential impact of quantum computing on areas such as production planning, 

scheduling, and quality control. The study emphasized the need for collaboration between academia 

and industry to develop quantum algorithms tailored to real-world manufacturing challenges. 

Quantum Machine Learning for Predictive Maintenance in Manufacturing Systems" (2020) 

by J. Biamonte et al.: This research investigated the application of quantum machine learning 

techniques for predictive maintenance in manufacturing systems. The study demonstrated the 

potential of quantum algorithms in analyzing sensor data to detect anomalies and predict equipment 

failures, thereby improving maintenance strategies and reducing downtime. 

These existing research works highlight the diverse applications of quantum computing in 

manufacturing and supply chain optimization (Cheung et al., 2021)(Ajagekar & You, 2019)(Kouvelis 

et al., 2006). They provide insights into the development of quantum algorithms, optimization 

techniques, and real-world use cases in these domains (Bayerstadler et al., 2021)(Bass et al., 2018). It 

is worth noting that the field is still in its early stages, and further research is needed to explore the 

full potential of quantum computing in addressing the optimization challenges faced by 

manufacturing and supply chain industries (Ajagekar & You, 2019)(Bayerstadler et al., 

2021)(Ajagekar et al., 2020). 

The manufacturing and supply chain industries face significant difficulties in optimizing 

operations, lowering expenses, and enhancing product quality(Govindan, Jafarian, et al., 2014)(G. 

Wang et al., 2016)(Agus & Shukri Hajinoor, 2012). Traditional optimization techniques and 

algorithms have difficulty coping with the increasing complexity, large datasets, and interconnected 

variables present in these domains (Guha et al., 2017). This prevents optimal manufacturing and 

supply chain management efficiency, responsiveness, and sustainability from being attained (De 

Brito et al., 2008)(Cohen & Roussel, 2013). The advent of globalization, big data, and sustainability 

objectives has increased the need for advanced computational methods that can effectively address 

these challenges (Jacobs et al., 2014). Quantum computing bears great promise for solving difficult 
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optimization problems, but its application in manufacturing and supply chain optimization is still 

in its infancy (Bayerstadler et al., 2021) (Andreas et al., 2021). The issue at hand is to investigate the 

application of quantum computing to manufacturing and supply chain operations' optimization 

challenges (Ajagekar & You, 2019)(Orús et al., 2019)(Kouvelis et al., 2006). This research seeks to 

investigate how quantum computing's unique computational capabilities can be leveraged to 

enhance efficiency, reduce costs, and improve product quality in these domains (Schuld et al., 2015). 

The development of quantum algorithms The research will concentrate on developing and 

adapting quantum algorithms to optimize manufacturing and supply chains (Ajagekar & You, 

2019)(Martonosi & Roetteler, 2019)(Stilck França & Garcia-Patron, 2021). These algorithms should be 

able to efficiently manage the large datasets, complex variables, and numerous constraints inherent 

to these domains. Planning and optimisation, The research will examine how quantum computation 

can improve production scheduling, resource allocation, and inventory management (Fahad et al., 

2014)(Beloglazov & Buyya, 2012). The objective is to develop quantum algorithms capable of 

delivering optimal solutions while taking into account multiple variables, constraints, and real-time 

data (Raghav et al., 2021)(Humble, 2018)(Azizipanah‐Abarghooee et al., 2014). Optimisation of the 

supply chain Quantum computing will be used to optimize the entire supply chain, including 

demand forecasting, network design, transportation planning, and inventory optimization (Cheung 

et al., 2021)(Phaneendra et al., 2021)(Minis et al., 2010)(Handfield & Nichols Jr, 2002)(Güller, 2016). 

The goal is to use quantum algorithms to identify optimal supply chain configurations that minimize 

costs, maximize efficiency, and increase responsiveness (Hiremath et al., 2013). Quality assurance 

and flaw detection, The research will investigate the application of quantum computation to enhance 

manufacturing quality control and defect detection (Kumar, 2008). Large datasets, including sensor 

data, will be analyzed using quantum algorithms in order to identify patterns, anomalies, and 

potential quality issues (Smelyanskiy et al., 2012)(Dash et al., 2019)(C. L. P. Chen & Zhang, 2014). 

The objective is to lessen waste and rework and improve product quality. Simulation and modeling, 

The research will explore how quantum computation can improve simulation and modeling 

capabilities in manufacturing and supply chain optimization (Van Der Vorst et al., 2009)(Jung et al., 

2004). Quantum algorithms will be designed to simulate complex systems, evaluate multiple 

scenarios concurrently, and provide insights for process optimization, capacity planning, and risk 

management (Wittek, 2014).  This study's ultimate objective is to close the divide between quantum 

computing and manufacturing/supply chain optimization. By addressing the problem statement and 

exploring the potential applications of quantum computing in these domains, this research aims to 

provide valuable insights and pave the way for practical implementations that can improve 

manufacturing and supply chain operations' efficiency, reduce costs, and increase product quality. 

Method 

The research on quantum computing for manufacturing and supply chain optimization will employ 

a systematic methodology to investigate the potential applications and benefits of quantum 

computing in these domains. The following methodology outlines the key steps and approaches that 

will be undertaken: 

Literature Review, A comprehensive literature review will be conducted to gather existing 

research, studies, and publications related to quantum computing in manufacturing and supply 

chain optimization. This review will provide a solid foundation of knowledge and insights into the 

current state of the field, existing algorithms, optimization techniques, and real-world applications. 

Problem Identification and Formulation, Based on the literature review and understanding 

of the optimization challenges in manufacturing and supply chain management, the specific 

problems to be addressed will be identified and formulated. These problems may include production 
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scheduling, resource allocation, inventory management, supply chain optimization, quality control, 

and defect detection. 

Quantum Algorithm Development, The research will focus on the development and 

adaptation of quantum algorithms to tackle the identified optimization problems. Quantum 

computing frameworks, such as Qiskit or PyQuil, will be utilized to implement and test the 

algorithms. These algorithms will leverage the unique properties of quantum computing, such as 

superposition and entanglement, to efficiently process and analyze complex data sets and variables. 

Data Collection and Preparation, Relevant data sets, including historical production data, 

supply chain data, sensor data, and other relevant information, will be collected and prepared for 

analysis. Data preprocessing techniques may be employed to clean, normalize, and format the data 

for compatibility with quantum algorithms. 

Algorithm Testing and Evaluation, The developed quantum algorithms will be tested and 

evaluated using simulation platforms or small-scale quantum hardware, considering different 

scenarios and problem instances. The performance of the algorithms will be assessed based on 

metrics such as solution quality, computational time, and scalability. Comparative analyses may be 

conducted to benchmark the quantum algorithms against classical optimization techniques. 

Case Studies and Real-world Applications, The research will incorporate case studies and 

real-world applications to validate the effectiveness of quantum computing in manufacturing and 

supply chain optimization. Collaborations with industry partners may be established to access 

relevant data, understand specific challenges, and apply the developed quantum algorithms in 

practical settings. 

Performance Analysis and Comparison, The performance of the developed quantum 

algorithms will be analyzed and compared with existing classical optimization techniques. This 

analysis will highlight the advantages and limitations of quantum computing in terms of efficiency, 

accuracy, scalability, and computational requirements. 

Discussion and Findings, The research will provide a comprehensive discussion of the 

findings, including insights into the effectiveness and practicality of quantum computing in 

manufacturing and supply chain optimization. The limitations, challenges, and future research 

directions in this field will also be addressed. 

Conclusion and Recommendations, The research will conclude by summarizing the key 

findings and their implications for manufacturing and supply chain optimization. 

Recommendations may be provided for industry practitioners and researchers on harnessing the 

potential of quantum computing in these domains. 

Quantum Algorithm Development. 

 Quantum algorithm development is an important step in harnessing the power of quantum 

computing for manufacturing and supply chain optimization. It involves designing and 

implementing quantum algorithms that can efficiently solve the identified optimization problem. 

The following are the main steps involved in the development of quantum algorithms in this 

research: 

 Quantum Problem Mapping: The first step in developing a quantum algorithm is mapping 

the optimization problem onto the quantum computing framework. This involves identifying how 

the variables, constraints, and objective function of the problem can be represented using qubits and 

quantum gates. The problem mapping should consider the specific characteristics and limitations of 

the quantum hardware or simulation platform being used. 

Quantum Circuit Design: Once the problem is mapped onto the quantum framework, a 

quantum circuit design is developed. The quantum circuit represents the sequence of quantum gates 

and operations that manipulate the qubits to solve the optimization problem. The circuit design 
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should be optimized for quantum hardware constraints, such as the available number of qubits, gate 

connectivity, and gate error rates.  

Quantum Algorithm Selection: Depending on the nature of the optimization problem, 

different quantum algorithms may be considered. Common quantum optimization algorithms 

include the Quantum Approximate Optimization Algorithm (QAOA), Variational Quantum 

Eigensolver (VQE), and Quantum Annealing. The selection of the most suitable quantum algorithm 

depends on factors such as problem complexity, available resources, and required solution accuracy. 

Algorithm Implementation: After selecting the appropriate quantum algorithm, the 

algorithm is implemented using a quantum programming framework such as Qiskit, Cirq, or Forest. 

The programming framework provides tools and libraries to define the quantum circuit, specify gate 

operations, and execute the quantum algorithm on the chosen hardware or simulator. 

 Quantum Simulation and Experimentation: The developed quantum algorithm is tested and 

validated using quantum simulators or small-scale quantum hardware. Quantum simulators allow 

researchers to simulate the behavior of the quantum circuit and assess its performance without the 

limitations of physical hardware. Experimentation with small-scale quantum hardware provides 

insights into the algorithm's behavior in real-world quantum computing systems, considering 

factors like noise, gate errors, and coherence times. 

 Optimization and Fine-tuning: Based on the simulation and experimentation results, the 

quantum algorithm is optimized and fine-tuned to improve its performance. This may involve 

adjusting gate sequences, gate parameters, or circuit architectures to enhance solution quality, 

reduce computation time, or mitigate noise effects. Iterative refinement and optimization are 

typically conducted to achieve better results. 

Scalability and Resource Requirements: Quantum algorithm development should also 

consider scalability to larger problem instances and resource requirements. As the problem size 

increases, the algorithm's efficiency and resource demands should be assessed. Techniques such as 

problem decomposition, hybrid classical-quantum approaches, and error mitigation methods may 

be explored to address scalability challenges and resource limitations. 

Benchmarking and Comparative Analysis: The performance of the developed quantum 

algorithm should be benchmarked against classical optimization techniques or existing algorithms. 

Comparative analyses can help evaluate the advantages, limitations, and potential quantum 

advantage of the algorithm in terms of solution quality, computation time, and scalability. 

Documentation and Reporting: Throughout the quantum algorithm development process, 

comprehensive documentation should be maintained, including details of the algorithm design, 

implementation, and results. This documentation facilitates reproducibility, knowledge sharing, and 

future reference for further research or practical implementations. 

Propose Quantum Algorithm mathematical formulation Model. 

 Let's use manufacturing production scheduling to create a new Quantum Algorithm 

mathematical formulation Model for manufacturing and supply chain optimization. The goal is to 

reduce the makespan, the total time needed to execute all production orders, taking into account 

machine capacity and order precedence. 

Variables: 

xij : Binary decision variable indicating whether order i is assigned to machine j(xij=1 if assigned, 

xij=0 otherwise). 

Ci : Completion time of order i. 

Mi : Machine capacity of machine j. 

 

Parameters: 

pi : Processing time required for order i. 
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Di : Due date of order i. 

 

The mathematical formulation for the production scheduling problem can be expressed as follows: 

Objective function: 

 

Minimize the makespan: 

Minimize  𝑚𝑎𝑥𝑖 𝐶𝑖 …………………………………………………. (1) 

 

Subject to: 

• Each order must be assigned to exactly one machine: 

∑ 𝑥𝑖𝑗 = 1 ∀𝑖
𝑗

 …………………………………………………. (2) 

 

• Machine capacity constraint: 

∑ 𝑝𝑖𝑥𝑖𝑗 ≤ 𝑀𝑗 ∀𝑖
𝑖

 …………………………………………………. (3) 

 

• Order precedence constraint: 
𝐶𝑖𝑝𝑖 ≤ 𝐶𝑘   ∀(𝑖, 𝑘) where 𝑖 precedes 𝑘 …………………………………………………. (4) 

 

• Completion time constraint: 
𝐶𝑖 ≥ 𝑝𝑖   ∀𝑖 …………………………………………………. (5) 

 

• Due date constraint: 

𝐶𝑖  ≤  𝐷𝑖   ∀𝑖 …………………………………………………. (6) 

 

• Binary variable constraint: 
𝑥𝑖𝑗  ∈  {0,1}  ∀𝑖,𝑗 …………………………………………………. (7) 

 

This formulation aims to allocate each order to a machine, considering their processing times, 

machine capacities, and the order precedence constraint. The objective function seeks to minimize 

the makespan, ensuring that the completion time of each order is within the due date constraint. 

The algorithm of Quantum Algorithm mathematical formulation Model. 

As with the previous section for the final mathematical formulation model of the Quantum 

Algorithm, we can also formulate the algorithm as follows: 

# Step 1: Define Decision Variables 

decision_variables = initialize_decision_variables() 

 

# Step 2: Formulate Objective Function 

def objective_function(decision_variables): 

    # Calculate objective value based on decision variables 

    # Return the objective value 

 

# Step 3: Specify Constraints 

def constraints(decision_variables): 

    # Check if constraints are satisfied based on decision variables 

    # Return True if all constraints are satisfied, False otherwise 

 

# Step 4: Initialize Quantum Circuit 

quantum_circuit = initialize_quantum_circuit() 

 

# Step 5: Implement Classical Optimization Techniques 

# (Pre-processing, Post-processing, or Hybrid Optimization) 
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# Step 6: Run Quantum Algorithm 

# Assuming using a quantum simulator like Qiskit Aer 

from qiskit import Aer, execute 

 

backend = Aer.get_backend('qasm_simulator')  # Select the quantum simulator backend 

 

# Execute the quantum circuit to obtain the results 

job = execute(quantum_circuit, backend) 

result = job.result() 

 

# Extract the optimal or near-optimal solution from the result 

optimal_solution = extract_optimal_solution(result) 

 

# Step 7: Evaluate and Output Results 

if constraints(optimal_solution): 

    objective_value = objective_function(optimal_solution) 

    # Calculate relevant performance metrics 

     

    # Output the optimal solution or results 

    print("Optimal Solution:", optimal_solution) 

    print("Objective Value:", objective_value) 

else: 

    print("No feasible solution found.") 

 

Figure 1. Algorithm of Quantum Algorithm mathematical formulation Model 

Results and discussion. 

This study established a mathematical formulation model for a quantum algorithm that can be used 

to assign each order to a machine while taking into account the order precedence constraint, 

processing times, and machine capabilities. In order to ensure that each order is completed within 

the due date limitation, the objective function works to reduce the makespan. A numerical example 

based on the provided mathematical formulation for the production scheduling problem. Consider 

a manufacturing facility with two machines (j = A, B) and three production orders (i = 1, 2, 3). The 

following are the parameters and restrictions: 

 

Parameters: 

P1 = 3 (Processing time for order 1) 

P2 = 3 (Processing time for order 2) 

P3 = 2 (Processing time for order 3) 

D1 = 8 (Due date for order 1) 

D2 = 10 (Due date for order 2) 

D3 = 6 (Due date for order 3) 

MA = 7 (Machine capacity for machine A) 

MB = 5 (Machine capacity for machine B) 

 

Next, let's solve the production scheduling problem using mathematical formulation: 

 

 

Objective function: 

Minimize the makespan: 

Minimize  𝑚𝑎𝑥𝑖 𝐶𝑖 

 

Subject to: 

• Each order must be assigned to exactly one machine: 
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∑ 𝑥𝑖𝑗 = 1 ∀𝑖
𝑗

  

 

• Machine capacity constraint: 

∑ 𝑝𝑖𝑥𝑖𝑗 ≤ 𝑀𝑗  ∀𝑖
𝑖

  

 

• Order precedence constraint: 
𝐶𝑖𝑝𝑖 ≤ 𝐶𝑘  ∀(𝑖, 𝑘) where 𝑖 precedes 𝑘  

 

• Completion time constraint: 
𝐶𝑖 ≥ 𝑝𝑖   ∀𝑖  

 

• Due date constraint: 

𝐶𝑖  ≤  𝐷𝑖   ∀𝑖  

 

• Binary variable constraint: 
𝑥𝑖𝑗  ∈  {0,1}  ∀𝑖,𝑗  

 

Let's find the optimal solution: 

 

Assigning orders to machines: 

𝑥1𝐴 = 1 (Order 1 assigned to machine A) 

𝑥2𝐵 = 1 (Order 2 assigned to machine B) 

𝑥3𝐴 = 1 (Order 3 assigned to machine A) 

 

Calculating completion times: 
𝐶1 =  𝑝1 = 3 
𝐶2 =  𝐶1 + 𝑝1 = 3 + 3 = 6 
𝐶3 =  𝐶2 + 𝑝2 = 6 + 4 = 10 

 

Since 𝐶3 =10 is the largest completion time, the makespan is 10. 

 

This example's best answer is: 

Order 1 assigned to machine A 

Order 2 assigned to machine B 

Order 3 assigned to machine A 

 

This assignment minimizes makespan and meets all order completion deadlines. 

 

This numerical example is simplified; the production scheduling problem may contain more orders, 

machines, and limitations. The mathematical formulation and solution approach may handle more 

complicated production and supply chain optimization scenarios. 

A case example of this research. 

A case example to illustrate the supply chain network optimization using the mathematical 

formulation provided: 

 

Suppose we have the following data for a multinational company: 
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- Manufacturing plant locations (i): [M1, M2, M3] 

- Retail locations (j): [R1, R2, R3, R4] 

- Fixed establishment costs (c[i]): 

  - M1: $500,000 

  - M2: $800,000 

  - M3: $700,000 

- Demand of customers at retail locations (d[i][j]): 

  - M1 -> R1: 100 units 

  - M1 -> R2: 150 units 

  - M2 -> R3: 200 units 

  - M3 -> R4: 180 units 

- Transportation costs per unit (t[i][j]): 

  - M1 -> R1: $5 

  - M1 -> R2: $6 

  - M2 -> R3: $7 

  - M3 -> R4: $4 

- Facility capacities (capacity[i]): 

  - M1: 300 units 

  - M2: 250 units 

  - M3: 350 units 

 

Using the mathematical formulation provided, we can apply the optimization algorithm to 

determine the optimal supply chain network configuration. 

 

The resulting optimal solution might be: 

 

- M1 serves R2 

- M2 serves R3 

- M3 serves R4 

 

With this configuration, the total cost can be calculated as follows: 

 

Total Cost = (c[M1] * x[M1][R2]) + (c[M2] * x[M2][R3]) + (c[M3] * x[M3][R4]) 

           + (t[M1][R2] * d[M1][R2] * x[M1][R2]) + (t[M2][R3] * d[M2][R3] * x[M2][R3]) + (t[M3][R4] * 

d[M3][R4] * x[M3][R4]) 

 

Substituting the values from the example: 

 

Total Cost = ($800,000 * 1) + ($700,000 * 1) + ($4 * 180 * 1) 

           + ($6 * 150 * 0) + ($7 * 200 * 1) + ($5 * 100 * 0) 

           = $800,000 + $700,000 + $720 

           = $1,500,720 

 

In this example, the optimal supply chain network configuration suggests establishing a 

manufacturing plant at M1 to serve retail location R2, a manufacturing plant at M2 to serve retail 

location R3, and a manufacturing plant at M3 to serve retail location R4. This configuration results 

in a total cost of $1,500,720. 
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Discussion 

The numerical example for supply chain network optimization yielded an optimal supply 

chain configuration, resulting in a total cost of $1,500,720. This optimal configuration suggests 

establishing a manufacturing plant at M1 to serve retail location R2, a manufacturing plant at M2 to 

serve retail location R3, and a manufacturing plant at M3 to serve retail location R4.  The total cost 

includes both fixed establishment costs and transportation costs. By optimizing the supply chain 

network, the company can effectively allocate its resources, determine the most cost-effective facility 

locations, and identify efficient transportation routes. This can lead to significant cost savings and 

improved operational efficiency. In the example, it is observed that the manufacturing plant M1 

serves the retail location R2, which has a demand of 150 units. Manufacturing plant M2 serves retail 

location R3 with a demand of 200 units, and manufacturing plant M3 serves retail location R4 with 

a demand of 180 units. By strategically assigning manufacturing plants to retail locations based on 

demand and transportation costs, the company can minimize overall costs. The total cost of 

$1,500,720 obtained from the optimization is the key performance metric indicating the financial 

benefits of the optimal supply chain configuration. By comparing this cost with the costs of 

alternative configurations or traditional supply chain setups, the company can assess the cost 

savings achieved through optimization. 

Conclusion. 

This study concentrated on using quantum computing to optimize the supply chain and industrial 

processes in order to increase productivity, lower prices, and produce higher-quality goods. We 

demonstrated how quantum computing may be used to solve challenging supply chain optimization 

problems by creating a mathematical model and using quantum algorithms. The research presented 

a case example of supply chain network optimization, where the objective was to minimize costs 

while ensuring timely delivery of products to customers. By formulating the problem 

mathematically and implementing a quantum algorithm, an optimal supply chain configuration was 

obtained, resulting in a total cost of $1,500,720. This optimal configuration highlighted the strategic 

establishment of manufacturing plants and efficient allocation of resources to meet customer 

demand. The findings of this research indicate that quantum computing can offer significant 

advantages in optimizing manufacturing and supply chain operations. By leveraging the inherent 

parallelism and optimization capabilities of quantum algorithms, companies can achieve more 

efficient scheduling, improved resource allocation, and enhanced transportation routing. This, in 

turn, can lead to reduced costs, streamlined operations, and higher customer satisfaction. The 

research identified the limitations of current quantum computing technologies, such as the limited 

number of qubits and susceptibility to noise and errors. These limitations impact the scalability and 

practical implementation of quantum algorithms for large-scale manufacturing and supply chain 

optimization. Future advancements in quantum hardware and error correction techniques are 

crucial to fully realize the potential of quantum computing in this domain. The implications of this 

research extend beyond manufacturing and supply chain optimization. The application of quantum 

computing in various industries can lead to transformative changes in operations research, logistics, 

and decision-making processes. It opens up new possibilities for tackling complex optimization 

problems that were previously computationally intractable. This research contributes to the growing 

body of knowledge in the field of quantum computing for manufacturing and supply chain 

optimization. It highlights the potential benefits, challenges, and opportunities associated with 

leveraging quantum algorithms for enhanced efficiency, cost reduction, and improved product 

quality. As quantum computing continues to evolve, further research and development are 

necessary to harness its full potential and facilitate its integration into real-world applications. 
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