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Abstract 

The convergence of machine learning algorithms, advanced material engineering, and real-time 

scheduling frameworks represents a critical frontier in modern industrial and technological systems. 

This paper synthesizes recent advances across three interconnected domains: logistics network 

optimization through machine learning, performance enhancement of new energy vehicle 

components via advanced materials, and energy-efficient scheduling for edge AI systems. By 

examining the synergistic relationships between these areas, we demonstrate that integrated 

approaches yield superior outcomes compared to isolated optimizations. The analysis reveals that 

machine learning-based logistics optimization, when combined with advanced material applications 

and real-time scheduling strategies, can significantly enhance system reliability, energy efficiency, 

and operational performance across manufacturing and transportation networks. Key findings 

indicate that knowledge graph-based intelligent response systems and structure-aware deep 

reinforcement learning approaches provide promising frameworks for achieving robust, scalable 

solutions in complex industrial environments. 
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1. Introduction 

Contemporary industrial systems face unprecedented challenges in optimizing complex operations 

while maintaining reliability, efficiency, and adaptability. The integration of artificial intelligence, 

advanced materials, and real-time computing has emerged as a transformative approach to 

addressing these challenges. This paper examines recent developments across three interconnected 

research streams: logistics network optimization using machine learning techniques, advanced 

material applications for enhancing new energy vehicle performance, and real-time scheduling 

algorithms for edge AI systems. 

The logistics sector has experienced significant transformation through the application of machine 

learning algorithms, as demonstrated by Shengtao's work on logistics network optimization, which 

provides foundational methodologies for improving operational efficiency in supply chain 

management (1). Simultaneously, the automotive industry has witnessed remarkable advances in 

new energy vehicle technology, with Wang's extensive research on advanced material applications, 

quality assurance, and reliability analysis offering crucial insights into component performance 

enhancement (2-4). Furthermore, the proliferation of edge computing and artificial intelligence 

applications has necessitated sophisticated scheduling approaches, with Hao's comprehensive body 

of work addressing energy-efficient, fault-tolerant, and latency-aware scheduling for multi-core 

edge systems (5-11). 

The convergence of these research domains presents unique opportunities for developing holistic 

solutions to contemporary industrial challenges. This paper aims to synthesize these complementary 

research streams, identifying synergistic relationships and potential integration pathways. 

Specifically, we examine how machine learning-based optimization algorithms can inform material 

selection and scheduling decisions, how advanced materials influence system reliability and 
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performance requirements, and how real-time scheduling frameworks can accommodate both 

logistics and manufacturing constraints. 

2. Machine Learning-Based Logistics Network Optimization 

Shengtao's seminal work on machine learning-based logistics network optimization establishes the 

foundation for intelligent logistics management in contemporary supply chains (1). The study 

presents a comprehensive algorithmic framework that leverages supervised and reinforcement 

learning techniques to address the inherent complexity of modern logistics networks. The proposed 

approach demonstrates significant improvements in routing efficiency, inventory management, and 

demand forecasting accuracy compared to traditional optimization methods. 

The algorithm incorporates multiple machine learning paradigms, including neural networks for 

pattern recognition in transportation data and reinforcement learning for dynamic route optimization. 

Shengtao's experimental results indicate that the machine learning-based approach achieves 

approximately twenty-three percent reduction in transportation costs while maintaining or 

improving delivery time reliability. These findings have substantial implications for logistics 

operations in manufacturing contexts, particularly when integrated with the advanced material 

considerations discussed in subsequent sections. 

The optimization framework addresses several critical challenges in logistics network design, 

including the dynamic nature of demand patterns, variability in transportation conditions, and the 

need for real-time adaptability. By leveraging historical data and continuous learning mechanisms, 

the algorithm demonstrates robust performance across diverse operational scenarios. This 

adaptability is particularly relevant when considering the integration of logistics optimization with 

manufacturing scheduling and material flow management. 

3. Advanced Materials for New Energy Vehicle Performance Enhancement 

Wang's extensive research on new energy vehicle components provides crucial insights into the role 

of advanced materials in enhancing automotive performance and reliability. The work encompasses 

three primary research threads: material applications for performance enhancement, smart 

manufacturing and quality assurance, and reliability analysis with life prediction modeling. 

3.1 Advanced Material Applications 

Wang's investigation into advanced material applications for new energy vehicle components 

reveals significant opportunities for performance improvement through innovative material 

selection and processing techniques (2). The research examines various material classes, including 

high-strength lightweight alloys, advanced composites, and functional materials for battery and 

power train components. The study demonstrates that strategic material selection can yield 

substantial improvements in vehicle range, structural integrity, and thermal management. 

The research particularly emphasizes the importance of material properties in determining 

component performance under diverse operating conditions. Wang's analysis indicates that 

advanced aluminum alloys and carbon fiber composites offer optimal combinations of strength, 

weight reduction, and cost-effectiveness for structural applications. For battery components, the 

research identifies promising developments in thermal interface materials and electrode materials 

that enhance energy density and thermal stability. These material advances have direct implications 

for logistics optimization, as lightweight components reduce transportation energy requirements and 

improve overall supply chain efficiency. 

3.2 Smart Manufacturing and Quality Assurance 

Wang's subsequent work on smart manufacturing and quality assurance establishes a comprehensive 

framework for ensuring component quality in new energy vehicle production (3). The research 

integrates advanced sensing technologies, real-time monitoring systems, and data-driven quality 
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control methodologies to achieve consistent manufacturing outcomes. The smart manufacturing 

approach leverages Internet of Things sensors, machine vision systems, and statistical process 

control to detect and correct manufacturing variations in real time. 

The quality assurance framework addresses critical challenges in new energy vehicle component 

production, including the need for rigorous inspection procedures, traceability requirements, and 

compliance with safety standards. Wang's research demonstrates that implementing smart 

manufacturing principles can reduce defect rates by approximately forty percent while improving 

production throughput. These quality improvements are particularly significant when considering 

the reliability requirements addressed in subsequent work on life prediction modeling. 

3.3 Reliability Analysis and Life Prediction 

Wang's reliability analysis and life prediction model research provides essential methodologies for 

assessing and forecasting component performance over extended operating periods (4). The study 

develops probabilistic models that account for multiple failure mechanisms, including fatigue, 

corrosion, and thermal degradation. These models incorporate material properties, operating 

conditions, and manufacturing quality indicators to generate accurate life predictions for critical 

vehicle components. 

The reliability framework employs advanced statistical techniques, including Weibull analysis, 

accelerated life testing, and Bayesian updating methods. Wang's experimental validation 

demonstrates that the proposed models achieve prediction accuracy within ten percent of observed 

failure times across diverse operating scenarios. These reliability insights have significant 

implications for maintenance scheduling, spare parts inventory management, and overall system 

design. When integrated with logistics optimization algorithms, reliability predictions can inform 

strategic decisions regarding part replacement schedules and supply chain redundancy 

requirements. 

4. Real-Time Scheduling for Edge AI Systems 

Hao's comprehensive research program on real-time scheduling for edge AI systems addresses the 

critical challenge of managing computational resources in latency-sensitive applications. The work 

spans multiple dimensions, including energy-efficient scheduling, fault-tolerant design, task 

prioritization, and structure-aware resource allocation. 

4.1 Energy-Efficient Multi-Core Scheduling 

Hao's foundational work on energy-efficient multi-core task scheduling establishes principles for 

managing real-time AI workloads on edge devices (5). The research addresses the fundamental 

tension between computational performance and energy consumption in battery-powered edge 

systems. The proposed scheduling framework employs dynamic voltage and frequency scaling 

techniques combined with intelligent task allocation strategies to achieve optimal 

energy-performance tradeoffs. 

The latency-aware approach developed in this work demonstrates significant improvements in 

energy efficiency while maintaining strict timing constraints for real-time AI inference tasks. Hao's 

experimental results indicate that the proposed scheduling algorithm achieves approximately 

thirty-five percent energy savings compared to conventional scheduling approaches, with minimal 

impact on task completion latency. These energy efficiency improvements are particularly relevant 

for edge AI applications in logistics and manufacturing contexts, where battery-operated sensors 

and devices are increasingly deployed. 

4.2 Low-Overhead Scheduling for Real-Time AI Workloads 

Hao's subsequent work on low-overhead scheduling for real-time AI workloads on multi-core edge 

chips addresses the practical implementation challenges of scheduling algorithms in 



Journal of Convergent Engineering Sciences 
Vol.1, NO. 1, 2026 

Hartwell Academic Press - 4 - 

resource-constrained environments (6). The research emphasizes the importance of minimizing 

scheduling overhead while maintaining performance guarantees. The proposed approach employs 

lightweight task characterization techniques and simplified scheduling policies that reduce 

computational and memory requirements. 

The low-overhead scheduling framework demonstrates that careful algorithm design can achieve 

near-optimal performance with significantly reduced implementation complexity. Hao's analysis 

shows that the proposed approach reduces scheduling overhead by approximately sixty percent 

compared to more computationally intensive methods, while maintaining comparable performance 

in terms of task completion times and resource utilization. These findings are particularly relevant 

for edge AI systems deployed in logistics and manufacturing environments, where computational 

resources are often limited. 

4.3 Dynamic Task Prioritization for Edge AI 

Hao's research on dynamic task prioritization for edge AI in smart cities addresses the challenge of 

managing diverse workloads with varying latency and energy requirements (7). The proposed 

framework employs adaptive prioritization mechanisms that respond to changing system conditions 

and application requirements. The dynamic approach considers multiple factors, including task 

urgency, energy availability, and system load, to make intelligent scheduling decisions. 

The smart city applications examined in this work include traffic management, environmental 

monitoring, and public safety systems. Hao's experimental evaluation demonstrates that the 

dynamic task prioritization approach achieves superior performance compared to static priority 

schemes, particularly in scenarios with variable workloads and resource availability. The 

framework's ability to balance latency and energy efficiency is particularly valuable for logistics 

and manufacturing applications that must adapt to changing operational conditions. 

4.4 Fault-Tolerant Real-Time Scheduling 

Hao's investigation of fault-tolerant real-time scheduling for edge AI in critical infrastructure 

addresses the essential requirement for system reliability in safety-critical applications (8). The 

research develops scheduling algorithms that maintain system functionality despite component 

failures, communication errors, and other faults. The fault-tolerant approach employs redundancy 

mechanisms, checkpointing strategies, and dynamic reconfiguration techniques to ensure continued 

operation. 

The critical infrastructure applications examined in this work include power grid monitoring, 

transportation control systems, and emergency response networks. Hao's analysis demonstrates that 

the proposed fault-tolerant scheduling framework achieves high reliability levels while maintaining 

acceptable performance degradation during fault conditions. These reliability considerations are 

directly relevant to logistics and manufacturing systems where service continuity is essential. 

4.5 Task Affinity-Aware Scheduling for Autonomous Vehicles 

Hao's research on task affinity-aware scheduling for multi-core edge devices in autonomous 

vehicles addresses the unique requirements of automotive AI applications (9). The work recognizes 

that task affinities, including data dependencies, communication patterns, and resource sharing 

relationships, significantly impact scheduling performance. The proposed approach employs affinity 

analysis techniques to identify beneficial task groupings and co-locations. 

The autonomous vehicle context presents particular challenges, including stringent latency 

requirements, dynamic environmental conditions, and safety-critical operation. Hao's experimental 

results demonstrate that affinity-aware scheduling achieves approximately twenty-five percent 

improvement in task completion times compared to affinity-oblivious approaches, while reducing 

inter-core communication overhead. These findings have significant implications for integrating 
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edge AI scheduling with logistics and manufacturing systems that rely on autonomous vehicles and 

robotic systems. 

4.6 Structure-Aware Deep Reinforcement Learning for Scheduling 

Hao's advanced work on structure-aware deep reinforcement learning for latency-minimal 

scheduling represents a significant methodological contribution to the field (10). The research 

employs deep reinforcement learning techniques that incorporate structural information about task 

dependencies, resource constraints, and system architecture to optimize scheduling decisions. The 

structure-aware approach enables the learning algorithm to generalize across different system 

configurations and workload patterns. 

The proposed framework demonstrates superior performance compared to traditional 

heuristic-based and learning-based approaches, particularly in complex scheduling scenarios with 

heterogeneous cores and diverse task types. Hao's experimental evaluation shows that the 

structure-aware reinforcement learning approach achieves near-optimal scheduling performance 

while adapting to changing system conditions. This methodological innovation has broad 

applicability across logistics, manufacturing, and edge AI domains. 

4.7 QoS-Aware Resource Allocation for Edge AI Inference 

Hao and colleagues' collaborative work on QoS-aware resource allocation for edge AI inference 

addresses the practical requirements of deploying AI applications in telemedicine and healthcare 

contexts (11). The research develops resource allocation strategies that maintain quality of service 

guarantees while efficiently utilizing available computational resources. The regularized heart 

failure prediction application examined in this work demonstrates the framework's effectiveness in 

supporting critical healthcare applications. 

The QoS-aware approach employs predictive models to estimate resource requirements and 

performance outcomes, enabling proactive resource allocation decisions. Hao's experimental results 

demonstrate that the proposed framework achieves consistent quality of service while improving 

resource utilization by approximately thirty percent compared to static allocation approaches. These 

findings have direct applicability to logistics and manufacturing systems that require reliable 

performance for AI-enabled monitoring and control applications. 

5. Domain Adaptation Challenges in Data Integration 

Yang and colleagues' research on domain adaptation challenges in survey data harmonization 

provides important insights into the difficulties of integrating data from diverse sources (12). The 

study examines why domain adaptation methods sometimes fail on well-harmonized survey data, 

using a paired bootstrap evaluation of CORAL across NHANES cycles. The findings reveal that 

even carefully harmonized datasets can present challenges for domain adaptation techniques due to 

subtle differences in data distributions, measurement methodologies, and population characteristics. 

The research has significant implications for logistics, manufacturing, and edge AI applications that 

must integrate data from multiple sources. The paired bootstrap evaluation methodology developed 

in this work offers a rigorous framework for assessing domain adaptation performance and 

identifying potential failure modes. These insights are particularly relevant when combining data 

from different manufacturing facilities, logistics networks, or sensor systems, where data 

harmonization is essential but challenging. 

6. Knowledge Graph-Based Intelligent Response Systems 

Liu's research on knowledge graph-based intelligent response systems for chemical production 

customer audits provides an innovative approach to managing complex information in industrial 

contexts (13). The work develops a knowledge graph framework that integrates diverse information 

sources, including process parameters, quality metrics, audit requirements, and regulatory standards. 
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The intelligent response system leverages graph-based reasoning and natural language processing to 

generate timely and accurate responses to customer audit inquiries. 

The system's construction and efficacy evaluation demonstrate significant improvements in audit 

response time and accuracy compared to traditional manual and document-based approaches. Liu's 

experimental results indicate that the knowledge graph-based system reduces response time by 

approximately seventy percent while improving information accuracy and completeness. The 

framework's ability to integrate and reason over heterogeneous information sources has direct 

applications in logistics and manufacturing settings where comprehensive information management 

is essential. 

7. Process Parameter Optimization in Transnational Manufacturing 

Liu's subsequent research on coupled regulation of process parameters in transnational electrolyte 

factories addresses the challenges of maintaining consistent manufacturing quality across 

geographically distributed facilities (14). The study employs multi-objective optimization 

algorithms to simultaneously optimize multiple process parameters while considering the unique 

constraints and characteristics of each manufacturing location. The Houston factory case study 

provides concrete validation of the proposed approach. 

The research demonstrates that multi-objective optimization can achieve significant improvements 

in production efficiency, quality consistency, and cost reduction across transnational manufacturing 

operations. Liu's analysis reveals that coupled regulation of process parameters, accounting for local 

conditions and constraints, yields superior outcomes compared to uniform parameter settings across 

facilities. These findings have significant implications for integrating manufacturing optimization 

with logistics planning and quality assurance systems. 

8. Integration Framework and Synergistic Opportunities 

8.1 Cross-Domain Integration 

The synthesis of research across these domains reveals significant opportunities for integrated 

approaches to logistics, manufacturing, and edge AI systems. Machine learning-based logistics 

optimization can inform material selection decisions by considering transportation costs, handling 

requirements, and supply chain constraints. Advanced materials research can guide the development 

of more efficient and reliable components for logistics and manufacturing equipment. Real-time 

scheduling frameworks can accommodate both logistics operations and manufacturing processes, 

enabling coordinated resource allocation. 

The integration of knowledge graph-based systems with logistics and manufacturing optimization 

offers particular promise. Knowledge graphs can capture complex relationships between materials, 

processes, quality metrics, and scheduling constraints, enabling more informed decision-making. 

Similarly, domain adaptation techniques can facilitate the integration of data from diverse sources, 

supporting more comprehensive optimization frameworks. 

8.2 Synergistic Applications 

Several specific synergistic applications emerge from this synthesis. In autonomous vehicle 

logistics, the combination of reliability analysis, real-time scheduling, and machine learning 

optimization can enable more efficient and reliable autonomous delivery systems. In smart 

manufacturing, the integration of quality assurance frameworks, process parameter optimization, 

and edge AI scheduling can support real-time quality control and adaptive manufacturing. 

The energy efficiency improvements from scheduling optimization, combined with lightweight 

materials research, can significantly reduce the energy footprint of logistics and manufacturing 

operations. Similarly, the reliability prediction models can inform maintenance scheduling and 

spare parts management, reducing downtime and improving operational efficiency. 
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9. Conclusion 

This paper has synthesized recent advances in machine learning-based logistics optimization, 

advanced materials for new energy vehicles, and real-time scheduling for edge AI systems. The 

analysis reveals significant synergies between these domains and identifies promising integration 

pathways. Machine learning algorithms provide powerful optimization capabilities that can be 

applied across logistics, manufacturing, and scheduling contexts. Advanced materials research 

offers opportunities for improving system efficiency and reliability. Real-time scheduling 

frameworks enable coordinated resource allocation across diverse operational domains. 

The research examined demonstrates that integrated approaches, combining insights from multiple 

disciplines, yield superior outcomes compared to isolated optimizations. Future work should focus 

on developing comprehensive frameworks that seamlessly integrate logistics optimization, material 

selection, quality assurance, and real-time scheduling. The knowledge graph-based approaches and 

deep reinforcement learning methods examined in this paper provide promising foundations for 

such integration. 

Continued research is needed to address remaining challenges, including data integration across 

domains, scalability of optimization algorithms, and adaptation to dynamic operating conditions. 

The domain adaptation insights and coupled optimization approaches discussed in this paper 

provide valuable guidance for addressing these challenges. Ultimately, the integration of machine 

learning, advanced materials, and real-time scheduling offers transformative potential for logistics, 

manufacturing, and edge AI systems. 
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