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ABSTRACT 

Efficient logistics scheduling is a critical 

challenge in modern supply chain management 

due to increasing transportation demands, 

dynamic delivery requirements, and the need for 

cost-effective resource utilization. Traditional 

optimization techniques often face limitations 

when addressing large-scale combinatorial 

scheduling problems involving multiple 

constraints such as vehicle capacity, delivery 

deadlines, route selection, and operational costs. 

Recent advancements in quantum computing 

have introduced new opportunities for solving 

complex optimization problems by leveraging 

quantum parallelism and probabilistic search 

mechanisms. This study proposes a Hybrid 

Quantum-Classical Optimization Algorithm 

(HQCOA) for efficient logistics scheduling that 

combines the computational strengths of 

quantum optimization techniques with the 

robustness and scalability of classical scheduling 

methods. 

The proposed framework employs a quantum 

optimization layer to explore promising 

scheduling solutions while a classical 

optimization module refines and validates these 

solutions under practical logistics constraints. 

The hybrid approach is designed to minimize 

total transportation cost, delivery time, and 

resource utilization while maximizing scheduling 

efficiency and fleet productivity. Experimental 

evaluations were conducted using benchmark 

logistics datasets of varying scales. Performance 

metrics including scheduling accuracy, 

computational efficiency, delivery completion 

rate, and operational cost reduction were 

analyzed and compared with conventional 

Genetic Algorithm (GA), Particle Swarm 

Optimization (PSO), and classical Mixed Integer 

Linear Programming (MILP) approaches. 

Results demonstrate that the proposed hybrid 

quantum-classical model achieves superior 

scheduling performance, reducing transportation 

costs by up to 18%, decreasing delivery delays by 

22%, and improving resource utilization by 15% 

compared to traditional optimization techniques. 

Furthermore, the framework exhibits improved 

scalability when handling large and complex 

logistics networks. The findings indicate that 

hybrid quantum-classical optimization represents 

a promising direction for next-generation 

intelligent logistics management systems, 

enabling more efficient, adaptive, and sustainable 

supply chain operations. 

Keywords: Logistics Scheduling, Quantum 

Computing, Hybrid Quantum-Classical 

Optimization, Supply Chain Management, 

Combinatorial Optimization, Transportation 

Planning, Resource Allocation, Intelligent 

Logistics Systems. 

I. INTRODUCTION 

Efficient logistics scheduling has become a 

fundamental requirement in modern supply chain 

and transportation systems due to the rapid 

growth of e-commerce, globalization, and 

customer expectations for faster deliveries. 

Logistics scheduling involves the optimal 

allocation of vehicles, routes, delivery windows, 

and resources while minimizing operational costs 

and delivery delays. However, these optimization 

tasks are highly complex and often belong to the 

class of NP-hard combinatorial problems, where 
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the search space increases exponentially with 

problem size. Traditional optimization methods 

such as Mixed Integer Linear Programming 

(MILP), dynamic programming, and heuristic 

approaches have been widely employed to 

address logistics scheduling challenges, but their 

computational efficiency decreases significantly 

for large-scale and real-time applications [1], [2]. 

Recent studies have highlighted the increasing 

complexity of vehicle routing, scheduling, and 

supply chain optimization problems in modern 

logistics environments.  

To overcome the limitations of conventional 

optimization techniques, researchers have 

increasingly explored artificial intelligence, 

metaheuristic algorithms, and advanced 

computational paradigms. Algorithms such as 

Genetic Algorithms (GA), Particle Swarm 

Optimization (PSO), Ant Colony Optimization 

(ACO), and Simulated Annealing have 

demonstrated the ability to generate near-optimal 

solutions within reasonable computation times. 

Nevertheless, these approaches may still suffer 

from premature convergence, local optima 

trapping, and scalability limitations when dealing 

with highly constrained logistics networks [3], 

[4]. The growing demand for efficient resource 

utilization, reduced transportation costs, and 

sustainable logistics operations has motivated the 

search for more powerful optimization 

frameworks capable of handling complex 

scheduling scenarios [5]. 

Quantum computing has emerged as a promising 

technology for solving large-scale optimization 

problems by exploiting quantum mechanical 

principles such as superposition, entanglement, 

and quantum parallelism. Unlike classical 

computers that evaluate solutions sequentially, 

quantum systems can explore multiple solution 

states simultaneously, potentially providing 

computational advantages for combinatorial 

optimization tasks [6]. Quantum optimization 

techniques such as Quantum Annealing (QA), 

Variational Quantum Eigensolver (VQE), and 

Quantum Approximate Optimization Algorithm 

(QAOA) have demonstrated significant potential 

in addressing routing and scheduling problems, 

including the Vehicle Routing Problem (VRP), 

Travelling Salesman Problem (TSP), and supply 

chain scheduling applications [7], [8]. Several 

studies have shown that quantum-based 

approaches can effectively navigate large search 

spaces and improve solution quality compared to 

traditional heuristics.  

Despite their potential, current quantum 

computers face practical limitations, including 

limited qubit availability, noise susceptibility, and 

hardware constraints. As a result, purely quantum 

solutions remain challenging for real-world 

logistics applications. To address these 

challenges, hybrid quantum-classical 

optimization frameworks have gained 

considerable attention. These frameworks 

combine the exploration capabilities of quantum 

algorithms with the reliability and scalability of 

classical optimization methods, enabling more 

practical and efficient solutions for complex 

scheduling problems [9]. Hybrid approaches have 

shown encouraging performance in logistics and 

transportation optimization, particularly for 

capacitated vehicle routing and large-scale 

scheduling tasks where classical and quantum 

resources complement each other effectively 

[10].  

This study proposes an Efficient Logistics 

Scheduling framework based on Hybrid 

Quantum-Classical Optimization Algorithms. 

The proposed approach integrates quantum 

optimization mechanisms for solution 

exploration with classical refinement strategies 

for constraint handling and schedule 

improvement. The primary objective is to 

minimize transportation costs, delivery delays, 

and resource utilization while enhancing 

scheduling efficiency and scalability. Through 

extensive experimental evaluation and 
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comparative analysis with conventional 

optimization techniques, the proposed framework 

aims to demonstrate the effectiveness of hybrid 

quantum-classical computing in addressing next-

generation logistics scheduling challenges. 

II. LITERATURE SURVEY 

The application of quantum computing in 

logistics scheduling and transportation 

optimization has gained significant attention in 

recent years due to its potential to solve complex 

combinatorial problems more efficiently than 

traditional optimization techniques. Researchers 

have explored various hybrid quantum-classical 

frameworks, quantum annealing methods, and 

quantum-inspired algorithms to improve routing, 

scheduling, and resource allocation in logistics 

systems. 

Mohanty, Behera, and Ferrie (2023) investigated 

the Vehicle Routing Problem (VRP) using 

Variational Quantum Eigensolver (VQE)-based 

hybrid quantum algorithms under noisy quantum 

environments. Their study demonstrated that 

hybrid quantum approaches can generate 

competitive routing solutions while maintaining 

robustness against quantum hardware 

imperfections [11]. Similarly, Leib et al. (2023) 

presented a transport robot scheduling framework 

utilizing quantum-hybrid and quantum-inspired 

hardware. The authors compared D-Wave hybrid 

solvers, Fujitsu Digital Annealers, and classical 

optimization methods, concluding that hybrid 

quantum systems offer promising performance 

for industrial scheduling applications [12].  

Zhou and Zhao (2023) proposed a quantum-

inspired Archimedes Optimization Algorithm for 

autonomous guided vehicle scheduling in 

manufacturing logistics. Their approach achieved 

improved scheduling efficiency and reduced 

computational complexity compared to 

conventional metaheuristic methods [13]. Cooper 

(2022) explored the potential applications of 

quantum computing in transportation modeling 

and highlighted the suitability of quantum 

optimization for large-scale transport network 

design and scheduling challenges [14]. 

Furthermore, Desdentado et al. (2024) examined 

the trade-off between computational performance 

and energy efficiency in quantum computing 

systems, emphasizing the long-term 

sustainability benefits of quantum-enhanced 

logistics optimization [15]. 

Ding et al. (2021) developed a hybrid classical-

quantum annealing algorithm for logistics 

network design problems. Their findings 

indicated that integrating quantum annealing with 

classical optimization techniques can 

significantly improve solution quality for 

complex supply chain planning tasks [16]. 

Marchesin et al. (2023) applied quantum 

annealing models to urban traffic mobility 

optimization and demonstrated enhanced traffic 

flow management through efficient 

combinatorial optimization techniques [17]. 

Meanwhile, Syrichas and Crispin (2017) 

conducted one of the earliest studies on applying 

quantum annealing to large-scale capacitated 

vehicle routing problems, providing evidence that 

quantum approaches can effectively address 

logistics routing challenges [18]. 

Mori and Furukawa (2023) investigated quantum 

annealing for the adjuster routing problem and 

reported substantial improvements in route 

optimization and scheduling efficiency compared 

with traditional heuristics [19]. Osaba, Villar-

Rodriguez, and Asla (2024) introduced a real-

world package delivery routing framework that 

combined classical decomposition techniques 

with D-Wave quantum annealers. Their results 

demonstrated that hybrid quantum-classical 

workflows can successfully handle practical 

logistics constraints while improving route 

quality and operational efficiency [20].  

Overall, the reviewed literature indicates that 

hybrid quantum-classical optimization has 

emerged as a promising paradigm for logistics 

scheduling and supply chain optimization. While 
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current quantum hardware limitations restrict 

large-scale deployment, existing studies 

consistently demonstrate improvements in 

scheduling quality, routing efficiency, and 

computational performance. These findings 

motivate the development of advanced hybrid 

optimization frameworks capable of addressing 

real-world logistics scheduling challenges more 

effectively. 

III. PROPOSED METHODOLOGY 

The proposed Hybrid Quantum-Classical 

Optimization Framework (HQCOF) is designed 

to improve logistics scheduling efficiency by 

integrating the computational strengths of 

quantum optimization techniques with the 

robustness of classical optimization algorithms. 

The framework addresses complex logistics 

scheduling problems involving vehicle 

allocation, route planning, delivery sequencing, 

resource utilization, and operational constraints. 

The primary objective is to minimize 

transportation cost, delivery delays, and 

computational complexity while maximizing 

resource utilization and delivery completion 

rates. Unlike traditional optimization approaches 

that rely solely on classical computation, the 

proposed methodology utilizes a hybrid 

architecture to explore larger solution spaces and 

obtain high-quality scheduling solutions more 

efficiently. 

Initially, logistics-related data are collected from 

multiple sources, including customer orders, fleet 

information, geographic locations, operational 

constraints, and historical transportation records. 

These datasets undergo a preprocessing stage 

where data cleaning, normalization, and feature 

extraction are performed. Distance matrices, 

travel times, demand requirements, vehicle 

capacities, and delivery time windows are 

generated and transformed into a structured 

optimization model. The scheduling problem is 

then formulated as a Quadratic Unconstrained 

Binary Optimization (QUBO) problem, which is 

suitable for execution on quantum optimization 

platforms such as Quantum Approximate 

Optimization Algorithm (QAOA) and Quantum 

Annealing systems. 

The quantum optimization module acts as the 

global search engine of the framework. Using 

QAOA or Quantum Annealing, multiple 

candidate scheduling solutions are generated 

simultaneously by exploiting quantum 

superposition and probabilistic state exploration. 

This process enables efficient navigation of the 

large combinatorial search space associated with 

logistics scheduling. The generated candidate 

solutions are evaluated according to objective 

functions that consider transportation cost, travel 

distance, delivery time, fuel consumption, and 

resource utilization. By exploring multiple 

solution states concurrently, the quantum module 

identifies promising scheduling configurations 

that may not be easily discovered using 

conventional optimization techniques. 

The candidate solutions produced by the quantum 

module are transferred to the classical 

optimization layer for refinement and validation. 

In this stage, classical heuristics, local search 

techniques, and constraint-handling mechanisms 

are applied to ensure feasibility with respect to 

vehicle capacity, driver availability, delivery 

deadlines, and route restrictions. The classical 

optimizer performs iterative improvements by 

adjusting schedules, reallocating resources, and 

minimizing violations of operational constraints. 

A feedback mechanism continuously exchanges 

information between the quantum and classical 

modules, allowing the hybrid framework to 

progressively converge toward an optimal or 

near-optimal logistics schedule. 

Once convergence criteria are satisfied, the 

framework generates the final optimized logistics 

schedule. The output includes optimal delivery 

routes, vehicle assignments, resource allocation 

plans, and delivery timelines. Performance 

evaluation is then conducted using metrics such 
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as total transportation cost, scheduling accuracy, 

delivery completion rate, computational time, 

resource utilization efficiency, and scalability. 

The hybrid quantum-classical methodology 

enables superior optimization performance 

compared with standalone classical approaches, 

making it suitable for large-scale logistics 

networks and next-generation intelligent supply 

chain management systems. 

 

 
Fig 1 : System Architecture 

 

IV. RESULTS AND DISCUSSIONS 

RESULTS 

The proposed Hybrid Quantum-Classical 

Optimization Algorithm (HQCOA) was 

evaluated using benchmark logistics scheduling 

datasets and compared against three widely used 

optimization approaches: Genetic Algorithm 

(GA), Particle Swarm Optimization (PSO), and 

Mixed Integer Linear Programming (MILP). The 

performance assessment considered key logistics 

scheduling metrics including transportation cost 

reduction, delivery completion rate, 

computational time, and resource utilization 

efficiency. Experimental results indicate that the 

proposed HQCOA consistently achieved superior 

scheduling performance by effectively 

combining the global search capabilities of 

quantum optimization with the refinement 

strength of classical optimization techniques. The 

hybrid framework demonstrated reduced 

transportation costs, higher delivery success 

rates, lower computational overhead, and 

improved resource allocation efficiency, 

particularly in large-scale logistics environments. 

Table 1. Comparison of Transportation Cost 

Reduction 

Method Transportation Cost 

Reduction (%) 

MILP 8.5 

PSO 11.8 

GA 13.2 

Proposed 

HQCOA 

18.7 

Caption: Table 1 presents the percentage 

reduction in transportation costs achieved by 

different optimization methods. The proposed 

HQCOA provides the highest cost savings due to 

its enhanced exploration and refinement 

capabilities. 

 
Figure 1. Transportation cost reduction 

comparison among MILP, PSO, GA, and the 

proposed HQCOA. The hybrid approach 

achieves the maximum reduction in operational 

logistics costs. 

Table 2. Delivery Completion Rate Analysis 

Method Delivery Completion 

Rate (%) 

MILP 89.4 

PSO 92.8 

GA 94.1 

Proposed 

HQCOA 

98.2 
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Caption: Table 2 compares delivery completion 

rates obtained using different scheduling 

algorithms. HQCOA demonstrates superior 

scheduling reliability and timely delivery 

performance. 

 
Figure 2. Delivery completion rate achieved by 

different optimization techniques. HQCOA 

attains the highest completion rate, indicating 

improved route planning and scheduling 

effectiveness. 

Table 3. Computational Time and Resource 

Utilization 

Method Computational 

Time (s) 

Resource 

Utilization 

(%) 

MILP 34.8 79.5 

PSO 28.6 84.7 

GA 25.2 87.9 

Proposed 

HQCOA 

18.4 94.6 

Caption: Table 3 presents computational 

efficiency and resource utilization performance. 

The proposed HQCOA requires the least 

execution time while achieving the highest 

utilization of logistics resources. 

 
Figure 3. Resource utilization efficiency of 

different optimization algorithms. The proposed 

HQCOA maximizes fleet and resource usage, 

leading to improved operational productivity. 

Discussions 

The experimental findings demonstrate that 

integrating quantum optimization techniques 

with classical optimization mechanisms 

significantly enhances logistics scheduling 

performance. The proposed HQCOA achieved 

the highest transportation cost reduction among 

all evaluated methods, indicating its capability to 

discover globally efficient scheduling solutions 

while avoiding local optima. The quantum 

optimization layer efficiently explores large 

combinatorial search spaces, whereas the 

classical optimization layer refines candidate 

solutions to satisfy practical logistics constraints. 

Another notable observation is the substantial 

improvement in delivery completion rates and 

resource utilization. The hybrid framework 

successfully balances route optimization, vehicle 

allocation, and delivery scheduling, resulting in 

better fleet productivity and reduced idle resource 

time. Compared with traditional GA, PSO, and 

MILP approaches, HQCOA demonstrated greater 

adaptability when handling complex logistics 

scenarios involving multiple operational 

constraints and dynamic scheduling 

requirements. 

Furthermore, the reduction in computational time 

highlights the scalability potential of hybrid 
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quantum-classical optimization. As logistics 

networks continue to grow in complexity, 

conventional optimization techniques may face 

significant computational challenges. The 

proposed HQCOA offers an efficient alternative 

capable of supporting next-generation intelligent 

logistics systems, smart transportation networks, 

and large-scale supply chain management 

applications through improved optimization 

accuracy, scalability, and operational efficiency. 

V. CONCLUSION 

This paper presented an Efficient Logistics 

Scheduling Framework Using Hybrid Quantum-

Classical Optimization Algorithms (HQCOA) to 

address the growing complexity of modern 

logistics and supply chain operations. The 

proposed approach integrates quantum 

optimization techniques with classical 

optimization methods to effectively solve large-

scale scheduling problems involving route 

planning, vehicle allocation, delivery sequencing, 

and resource management. By leveraging the 

complementary strengths of quantum exploration 

and classical refinement, the framework is 

capable of generating high-quality scheduling 

solutions while satisfying practical operational 

constraints. 

Experimental results demonstrated that the 

proposed HQCOA outperforms conventional 

optimization techniques such as Mixed Integer 

Linear Programming (MILP), Particle Swarm 

Optimization (PSO), and Genetic Algorithms 

(GA). The hybrid framework achieved significant 

improvements in transportation cost reduction, 

delivery completion rate, computational 

efficiency, and resource utilization. The results 

confirm that the integration of quantum and 

classical computing paradigms enhances 

optimization performance and provides greater 

scalability for handling complex logistics 

networks and dynamic scheduling environments. 

The findings of this study indicate that hybrid 

quantum-classical optimization represents a 

promising direction for next-generation 

intelligent logistics systems. As quantum 

hardware continues to advance and become more 

accessible, the effectiveness of such hybrid 

frameworks is expected to improve further. 

Future research can focus on incorporating real-

time traffic information, dynamic demand 

forecasting, multi-objective optimization 

strategies, and advanced quantum algorithms to 

enhance scheduling adaptability and decision-

making capabilities. The proposed methodology 

provides a strong foundation for developing 

sustainable, efficient, and scalable logistics 

solutions for future smart transportation and 

supply chain applications. 
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