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Abstract 

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

scheduling constitutes a transformative force in contemporary industrial systems. This paper 

synthesizes recent research across logistics network optimization, new energy vehicle component 

enhancement, and edge artificial intelligence scheduling for critical infrastructure. The review 

systematically examines algorithmic approaches to supply chain efficiency, material innovations for 

automotive performance, reliability modelling for vehicle parts, and latency-aware scheduling 

strategies for multi-core edge platforms. Knowledge graph applications in industrial auditing and 

multi-objective optimization for transnational manufacturing are also explored. Findings indicate 

that cross-domain integration yields superior system performance, heightened reliability, and 

improved operational efficiency, suggesting a unified framework for future intelligent system 

design. 
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1. Introduction 

Modern industrial environments demand increasingly sophisticated technological solutions that 

operate across multiple domains simultaneously. Machine learning has redefined logistics 

optimization by enabling data-driven routing and resource allocation strategies that far exceed 

traditional heuristic methods. At the same time, advanced materials have dramatically improved the 

performance characteristics of new energy vehicle components, addressing both efficiency and 

sustainability imperatives. Edge artificial intelligence has introduced new capabilities for real-time 

scheduling, particularly in latency-sensitive applications such as autonomous driving, telemedicine, 

and smart city infrastructure. 

Shengtao (1) established machine learning based frameworks for logistics network optimization that 

demonstrated measurable gains in routing efficiency. Wang (2,3) advanced the understanding of 

material science applications in automotive engineering, while also contributing critical reliability 

models for component life prediction (4). Hao and colleagues (5-12) developed a comprehensive 

body of work on real-time scheduling for edge AI systems, addressing energy efficiency, fault 

tolerance, and latency minimization across heterogeneous computing platforms. Liu (13,14) 

explored knowledge graph applications and multi-objective optimization in industrial process 

control. Yang et al. (15) investigated domain adaptation challenges in survey data harmonization, 

offering methodological insights relevant to AI system validation. 

This paper synthesizes these diverse contributions, presenting an integrated perspective on 

intelligent system optimization that spans logistics, materials engineering, and computational 

scheduling. The review identifies common themes, methodological synergies, and opportunities for 

cross-pollination among these research streams. 

2. Machine Learning in Logistics Network Optimization 

Logistics networks represent complex adaptive systems characterized by high dimensionality, 

stochastic demand patterns, and multiple competing objectives. Traditional optimization approaches 

often struggle to capture the nonlinear relationships and dynamic constraints inherent in these 

environments. Shengtao (1) proposed a machine learning based optimization algorithm that 
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addresses these limitations through adaptive learning mechanisms and real-time data assimilation. 

The algorithm employs supervised learning for demand forecasting, reinforcement learning for 

dynamic routing decisions, and ensemble methods for uncertainty quantification. Experimental 

validation demonstrated significant improvements in delivery time reliability, fuel consumption 

reduction, and overall network resilience. The approach proves particularly effective in scenarios 

with high demand volatility and limited historical data, where conventional optimization methods 

typically underperform. 

This work establishes a foundation for integrating predictive and prescriptive analytics within 

logistics operations. The algorithmic framework accommodates multiple constraint types, including 

temporal windows, capacity limitations, and service level agreements. Furthermore, the machine 

learning architecture enables continuous improvement through online learning, allowing the system 

to adapt to evolving operational conditions without requiring complete retraining. 

3. Advanced Materials for New Energy Vehicle Components 

The transition to new energy vehicles has intensified research into high-performance materials 

capable of meeting stringent requirements for weight reduction, thermal management, and structural 

integrity. Wang (2) conducted comprehensive research on advanced material applications for 

enhancing the performance of new energy vehicle components, focusing on composite materials, 

lightweight alloys, and advanced ceramics. 

The research examined material selection criteria, fabrication techniques, and performance 

characterization methods across multiple component categories. Battery enclosures, motor housings, 

and power electronic substrates received particular attention due to their critical role in overall 

vehicle efficiency and safety. The findings indicate that carbon fiber reinforced composites offer 

superior strength to weight ratios, while silicon carbide based semiconductors enable higher 

operating temperatures and improved switching efficiency. 

Wang (3) extended this work to address smart manufacturing and quality assurance challenges in 

new energy vehicle component production. This research emphasized the importance of in-process 

monitoring, automated defect detection, and statistical process control for maintaining consistent 

material properties. The integration of sensor networks with manufacturing execution systems 

enables real-time quality feedback, reducing scrap rates and improving production yield. 

4. Reliability Analysis and Life Prediction for Vehicle Components 

Component reliability represents a fundamental concern for new energy vehicle manufacturers, 

particularly given the extended warranty periods and high performance expectations associated with 

these products. Wang (4) developed reliability analysis frameworks and life prediction models 

specifically tailored to new energy vehicle parts operating under variable load conditions and 

environmental stresses. 

The proposed methodology combines accelerated life testing with physics of failure modelling to 

estimate component longevity under real world operating conditions. Statistical techniques 

including Weibull analysis, proportional hazards modelling, and Bayesian updating are employed to 

quantify uncertainty and refine predictions as field data accumulates. The research demonstrates 

that incorporating operating environment variables significantly improves prediction accuracy 

compared to conventional approaches based solely on laboratory testing. 

These reliability models support condition based maintenance strategies, enabling operators to 

schedule interventions based on actual component degradation rather than fixed time intervals. This 

approach reduces maintenance costs while enhancing vehicle availability and safety. The 

methodology proves applicable across diverse component types, including battery systems, power 

electronics, and drivetrain assemblies. 
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5. Real-Time Scheduling for Edge Artificial Intelligence 

Edge AI systems face unique scheduling challenges due to their operation in resource constrained 

environments with stringent latency requirements. Hao (5) investigated energy efficient multi-core 

task scheduling for real-time edge AI systems, proposing a latency aware approach that balances 

computational throughput with power consumption. The scheduling algorithm employs dynamic 

voltage and frequency scaling combined with workload aware task distribution to minimize energy 

usage while meeting deadline constraints. 

Hao (6) extended this work to address low-overhead scheduling for real-time AI workloads on 

multi-core edge chips, emphasizing the importance of minimizing scheduling overhead in latency 

critical applications. The proposed approach utilizes lightweight prediction models to estimate task 

execution times and resource requirements, enabling rapid scheduling decisions without excessive 

computational cost. 

Dynamic task prioritization for edge AI in smart city environments was examined by Hao (7), who 

developed frameworks for balancing latency and energy efficiency in urban sensing applications. 

The research addresses the heterogeneous nature of smart city workloads, where tasks vary widely 

in their computational demands, data requirements, and urgency levels. The prioritization scheme 

adapts to changing network conditions and application requirements, maintaining service quality 

while optimizing resource utilization. 

6. Fault Tolerance and Safety Critical Scheduling 

Critical infrastructure applications impose additional requirements for fault tolerance and system 

reliability. Hao (8) investigated fault-tolerant real-time scheduling for edge AI in United States 

critical infrastructure, developing mechanisms for detecting and recovering from hardware and 

software failures without compromising timing constraints. The proposed approach employs 

checkpointing, task replication, and graceful degradation strategies to maintain system functionality 

in the presence of faults. 

Task affinity-aware scheduling for multi-core edge devices in autonomous vehicles was explored by 

Hao (9), addressing the spatial and temporal locality considerations that significantly impact 

performance in safety critical applications. The scheduling algorithm accounts for cache affinities, 

memory bandwidth constraints, and inter-task dependencies to minimize execution time and 

enhance predictability. 

Hao (10) advanced this research through structure-aware deep reinforcement learning for 

latency-minimal scheduling of edge AI inference on heterogeneous cores. This approach learns 

optimal scheduling policies through interaction with the environment, automatically discovering 

strategies that exploit architectural features of heterogeneous processor systems. The reinforcement 

learning framework generalizes across workload types and system configurations, offering 

adaptability to evolving application requirements. 

7. Quality of Service and Telemedicine Applications 

Quality of service considerations become paramount when edge AI systems support mission-critical 

applications such as telemedicine. Hao et al. (11) addressed QoS-aware resource allocation for edge 

AI inference in telemedicine applications, developing techniques for supporting regularized heart 

failure prediction through appropriate resource provisioning. The research demonstrates that careful 

allocation of computational resources significantly impacts prediction accuracy and response time, 

with direct implications for patient outcomes. 

The proposed framework integrates clinical requirements with system level resource management, 

ensuring that high priority medical inference tasks receive adequate computational resources while 

maintaining overall system efficiency. The regularization approach improves model robustness and 
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generalization, particularly important when deploying AI systems across diverse clinical 

environments with varying data characteristics. 

8. Domain Adaptation and Methodological Considerations 

Methodological rigor in AI system validation requires careful attention to domain adaptation 

challenges. Yang et al. (15) investigated why domain adaptation fails on well-harmonized survey 

data, conducting a paired bootstrap evaluation of CORAL across NHANES cycles. Their findings 

reveal that apparent domain shift effects may be attributable to statistical artifacts rather than 

genuine distributional differences, highlighting the importance of appropriate evaluation 

methodologies. 

This work offers important lessons for edge AI system validation, emphasizing the need for careful 

experimental design and appropriate statistical testing when assessing model generalization. The 

paired bootstrap approach provides a robust framework for evaluating domain adaptation 

techniques, avoiding common pitfalls associated with standard cross-validation procedures. 

9. Knowledge Graphs and Multi-Objective Optimization 

Industrial applications increasingly leverage knowledge graph technology for intelligent auditing 

and process control. Liu (13) constructed and evaluated an intelligent response system for chemical 

production customer audits based on knowledge graphs. The system integrates structured domain 

knowledge with natural language processing capabilities to automate audit responses, reducing 

manual effort and improving consistency. 

The knowledge graph architecture enables semantic reasoning and contextual understanding, 

allowing the system to generate appropriate responses across diverse audit scenarios. Evaluation 

results indicate significant improvements in response accuracy, completeness, and timeliness 

compared to conventional rule-based approaches. 

Liu (14) investigated coupled regulation of process parameters in transnational electrolyte factories 

using multi-objective optimization algorithms, with a case study of the Houston factory. The 

research addresses the challenge of optimizing multiple competing objectives simultaneously, 

including product quality, energy consumption, and environmental compliance across 

geographically distributed facilities. The optimization framework accommodates transnational 

regulatory differences and operational constraints, enabling coordinated decision making across the 

global manufacturing network. 

10. Discussion and Synthesis 

The research surveyed in this paper reveals several important themes and opportunities for 

integration. First, machine learning algorithms originally developed for logistics optimization 

demonstrate significant potential for application in edge AI scheduling and manufacturing process 

control. The reinforcement learning techniques employed for routing decisions can be adapted for 

task allocation in heterogeneous computing environments, while the predictive modelling 

approaches used for demand forecasting offer utility for workload prediction in edge systems. 

Second, the reliability modelling methodologies developed for new energy vehicle components can 

inform fault tolerance strategies in edge AI systems. Understanding component degradation 

mechanisms and failure modes enables more effective checkpoint placement and task replication 

strategies. Conversely, the scheduling and resource management techniques developed for edge AI 

can support condition monitoring and predictive maintenance applications in manufacturing 

contexts. 

Third, the knowledge graph technology demonstrated in industrial auditing applications can 

enhance edge AI systems through structured representation of domain knowledge and operational 

constraints. Semantic understanding of application requirements enables more intelligent scheduling 
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decisions and improved resource allocation. 

The convergence of these research streams suggests the emergence of unified intelligent system 

frameworks that integrate optimization algorithms, advanced materials, and scheduling strategies. 

Such frameworks would enable holistic design approaches that consider computational, material, 

and operational constraints simultaneously, leading to systems that are simultaneously more 

efficient, reliable, and sustainable. 

11. Conclusion 

This paper has synthesized recent research across machine learning based logistics optimization, 

advanced materials for new energy vehicle components, reliability modelling for automotive parts, 

and real-time scheduling for edge AI systems. The reviewed literature demonstrates significant 

advances in each domain while revealing substantial opportunities for cross-domain integration. 

Machine learning algorithms continue to improve logistics network efficiency through adaptive 

optimization strategies. Advanced materials enable performance enhancements in new energy 

vehicle components while reliability modelling ensures safe and durable operation. Edge AI 

scheduling frameworks address the demanding requirements of latency-sensitive applications across 

diverse use cases including autonomous vehicles, smart cities, and telemedicine. 

The integration of knowledge graph technology and multi-objective optimization further extends 

the capabilities of intelligent systems in industrial and transnational contexts. Future research 

should focus on developing unified frameworks that leverage synergies across these domains, 

enabling intelligent systems that are simultaneously efficient, reliable, and adaptable to evolving 

operational requirements. 
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