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1. Introduction  

Global supply chain management has become more complicated in light of the increasing trend towards 

globalization, market instabilities, and the need for instant response capabilities. Organizational entities confront 

several contradicting objectives that include minimizing operational costs, reducing delivery times, and 

mitigating risks within the supply chain. Conventional optimization techniques usually face challenges in 

traversing huge search spaces, especially when working in dynamic and uncertain circumstances. Classical 

evolutionary algorithms like the genetic algorithm and particle swarm optimization have been found effective 

when applied to multiple objective optimizations, yet suffer from problems of premature convergence and lack 

of scalability when used for large-scale global supply chains. 

The integration of concepts of quantum computing with the evolution strategy is a promising approach that could 

solve the problem. Using quantum superposition and entanglement properties, multi-objective optimization 

based on quantum evolutionary algorithms becomes feasible in tackling the multi-objective optimization 

problem in global supply chains [1][7]. 
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Research Questions: 

1. Can QEA surpass traditional multi-objective methods for solving supply chain optimization problems? 

2. How does the application of quantum-based operators affect convergence and solution quality? 

Contributions: 

1. The development of a quantum evolutionary approach to address multi-objective supply chain optimization, 

2. Performance assessment compared to traditional approaches, and 

3. Scalability analysis and applicability within complex supply chain environments. 

The paper outlines the problems associated with global multi-objective optimization in supply chains, explaining 

the need to apply Quantum Evolutionary Algorithms (Section I). Literature review of classical evolutionary 

algorithms and quantum-based optimizations is provided with the focus on their weaknesses (Section II). The 

architecture of the proposed QEA framework, its operators, multi-objective optimization, and quantum 

representation are presented (Section III). Performance of the developed QEA in comparison with traditional 

optimization algorithms on a series of benchmark tests is presented by means of such criteria as hypervolume, 

convergence, spread, and running time (Section IV). Evaluation and discussion of results are carried out (Section 

V). 

2. Literature Review  

There has been extensive use of classical multi-objective evolutionary algorithms (MOEAs) for optimization in 

the supply chain domain, where objectives like minimizing cost, efficient deliveries, and effective resource 

utilization are often at conflict [4] [6]. There have been several successful implementations using genetic 

algorithms and heuristics within renewable energy microgrids, energy supply chain networks, and sustainable 

supply chains [2] [3]. These classical optimization approaches may suffer from premature convergence and lack 

of diversification when dealing with huge and evolving domains. Quantum computing has proved to be a valuable 

optimization tool due to its ability to exploit the superposition principle and entanglements. This is applied in 

the context of logistics in the supply chain with quantum annealing, quantum-based hyper-heuristics for solving 

dynamic multi-objective combinatorial optimization problems, and quantum-aware particle swarm optimization 

in cold chain logistics [5][8]. 

Although there have been significant improvements, however, limitations still exist in the application of multi-

objective quantum evolutionary algorithms (QEA) to the challenges posed by complex global supply chains, 

especially concerning simultaneous optimization for cost, risk, and performance in a real-world dynamic 

environment. This leads to the need for developing a QEA-based model for global supply chains[9][10]. 

3. Methodology  

The proposed framework uses the Quantum Evolutionary Algorithm (QEA), which is specially designed for multi-

objective optimization in global supply chains. The architecture integrates quantum-based solution 

representation along with evolutionary operations to search for optimal solutions effectively. 
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Figure 1: Quantum Evolutionary Algorithm Framework for Multi-Objective Supply Chain 

Optimization 

Figure 1depicts the process flow of the QEA approach, which involves initializing quantum-encoded candidate 

solutions, quantum crossover and mutation operations, objective function evaluations, Pareto front selections, 

and repeated evolutionary processes until convergence is achieved. 

The supply chain-related parameters, such as production amounts, transportation arrangements, and stock 

holdings, are encoded in the form of qubits that can be put into superposition states to generate several candidate 

solutions. Quantum representation is more efficient than its classical counterpart, as the former can accelerate 

the convergence process while ensuring better diversity among solutions. Quantum-inspired crossover and 

mutation operations facilitate the probabilistic combination and modification of candidate solutions while the 

selection operation is utilized to evaluate and retain Pareto optimal solutions through successive generations. In 

addition, multi-objective optimizations are performed on several objective functions, such as the sum of total 

costs, delivery time, carbon footprint, and supply chain resilience, in order to consider economic and 

environmental metrics. Such operations can be implemented in quantum simulators, such as Qiskit Aer and 

PennyLane, together with classical optimizers, in order to adjust quantum parameters iteratively. 

4. Experimental Setup and Results  

The designed Quantum Evolutionary Algorithm (QEA) was tested with realistic supply chain benchmark data 

sets, including production-distribution network data consisting of multiple suppliers, manufacturers, logistics, 

and volatile customer demand. Classical multi-objective evolutionary algorithms, including NSGA-II and regular 

genetic algorithms, were taken as benchmarks for comparison. The evaluation made use of traditional multi-

objective performance metrics that include hypervolume for assessing the quality of Pareto fronts, convergence 

for evaluating algorithmic efficiency towards obtaining an optimum solution, spread for diversity, and 

computational efficiency for measuring the run-time of the algorithm. 

The QEA demonstrated superior performance over classical benchmarks on all objectives. Table 1 presents the 

comparison, where higher hypervolume and faster convergence with lower computational cost can be observed. 

An elaborate plot (Figure 2) depicts the development of the Pareto front over iterations. Quantum crossover and 

quantum mutation have been shown to improve the exploration and exploitation of the search space. In order to 

determine the significance of quantum operations in QEA, an ablation study was conducted by turning off the 

quantum crossover or mutation operation separately. The resultant performance shows a significant degradation 

in solution quality and slower convergence, which proves the importance of the quantum operations. 

Table 1: Comparison of QEA and Baselines on Hypervolume, Spread, Convergence, and 

Computational Time 

Algorithm Hypervolume ↑ Spread ↓ Convergence ↓ Computational Time (s) ↓ 

QEA (Proposed) 0.873 0.092 0.021 35.6 

NSGA-II 0.798 0.118 0.037 42.3 

Standard GA 0.762 0.132 0.045 40.1 

Table 1, QEA has proven itself superior to classical multi-objective evolutionary algorithms in both the quality of 

solutions (hypervolume, spread, and convergence) and speed of computation. 

5. Discussion 

The results of experiments have revealed that the developed Quantum Evolutionary Algorithm (QEA) is highly 

efficient in delivering higher-quality solutions than classical multi-objective evolutionary algorithms. In 

particular, the use of QEA yields better performance in terms of both hypervolume and spread. The use of 

quantum-inspired crossover and mutation operators allows considering several promising candidate solutions 

at once, thus avoiding the problem of premature convergence and helping to make the trade-offs between cost, 

delivery time, carbon dioxide emissions, and other competing objective factors. 

However, there are also some drawbacks associated with this framework. For example, the implementation of 

these tests uses quantum simulators that do not have the ability to simulate precisely the performance and noise 
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levels observed in actual quantum devices. In addition, its scalability can be limited when it is applied to highly 

complex global supply chains. Its performance benefits can also vary based on the complexity of the objective 

function used. Overall, however, the presented QEA framework can serve as an invaluable tool for application in 

practice. 

6. Conclusion and Future Work  

The current study introduced an approach that used a Quantum Evolutionary Algorithm (QEA) for multi-

objective optimization within global supply chains, considering different objectives, including costs, delivery 

time, carbon footprint, and resilience. The findings indicate that the Quantum Evolutionary Algorithm (QEA) 

surpasses classical multi-objective optimization evolutionary algorithms in terms of efficiency, quality of 

solutions, and their diversity. In addition, quantum-based algorithms allow performing multi-objective 

optimizations for several candidate solutions at once. Thus, the developed method can be considered as a real-

life solution for organizations that have to deal with different goals within their supply chains. Future research 

would involve extending the scalability of the proposed QEA algorithm to quantum hardware with increased 

qubits to improve computational performance and increase diversification. Moreover, the extension of the model 

to dynamic real-time supply chains will allow adaptive management in dynamic markets. The integration of 

classical heuristic algorithms with the quantum-based algorithms can be used to solve industrial problems 

through hybrid optimization systems. In summary, the proposed model presents a basis for quantum 

evolutionary computation in the optimization of supply chains and offers theoretical contributions and practical 

advantages in multi-criteria optimization. 
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