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Abstract 

This review synthesizes recent advances across three distinct yet methodologically interconnected 

domains: computational resource optimization, traditional Chinese medicine (TCM) therapeutic 

standardization, and post-stroke rehabilitation engineering. By examining the submodular 

constrained framework for heterogeneous resource slot optimization proposed by Liu, the predictive 

multi-dimensional safeguard architecture for concurrent platforms developed by the same author, 

the machine learning-based logistics network optimization algorithm introduced by Shengtao, the 

standardized TCM external therapy protocols established by Chen, the radial extracorporeal shock 

wave therapy and exoskeleton rehabilitation robot training studies conducted by Fan and colleagues, 

the knowledge graph-based intelligent response system and multi-objective optimization algorithms 

for chemical production designed by Liu, and the energy efficiency and VOC collaborative 

optimization technical specifications formulated by Xinshun, this paper identifies common 

methodological themes including constraint-aware optimization, multi-objective trade-off resolution, 

and systems-level stability assurance. The analysis demonstrates that despite their surface-level 

domain differences, these approaches share fundamental engineering principles that enable scalable, 

resilient, and patient-centered outcomes across application contexts. 
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1. Introduction 

Contemporary research across computational sciences, medical therapeutics, and industrial 

engineering increasingly confronts a shared challenge: how to optimize complex systems operating 

under multiple constraints while maintaining stability and ensuring desirable outcomes. Liu (2026a) 

addressed this problem in the context of recommendation landscapes through a submodular 

constrained framework accounting for cross-space spillover effects. Liu (2026b) further extended 

systems thinking to platform stability architecture for billion-scale concurrent environments. These 

computational approaches find unexpected parallels in clinical domains, where Fan et al. (2021) 

investigated radial extracorporeal shock wave therapy for post-stroke spasticity, and Fan et al. (2025) 

examined exoskeleton rehabilitation robot training effects on neuroplasticity and motor function. 

The therapeutic standardization efforts by Chen (2026a, 2026b) in traditional Chinese medicine 

external therapy similarly reflect constraint-aware protocol design. Industrial applications, including 

the knowledge graph-based intelligent response system and multi-objective optimization algorithms 

for chemical production by Liu (2025a, 2025b) alongside Xinshun's (2026) technical specifications 

for energy efficiency and VOC optimization in continuous chemical production, complete a 

multidisciplinary landscape unified by common optimization principles. This review systematically 

examines these contributions, identifies cross-cutting methodological threads, and evaluates their 

collective implications for future research. 

2. Computational Optimization Frameworks 
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2.1 Submodular Constrained Resource Optimization 

Liu (2026a) introduced a heterogeneous resource slot optimization framework operating within 

multi-dimensional recommendation landscapes. The central contribution lies in the explicit 

modeling of cross-space spillover effects, wherein resource allocation decisions in one 

recommendation dimension produce measurable consequences across adjacent spaces. The 

submodular constrained approach enables efficient approximation of optimal allocations despite the 

inherent NP-hardness of discrete resource optimization problems. This framework demonstrates 

particular utility in environments where user-item interactions exhibit non-linear complementarities 

and where marginal returns to resource investment diminish with scale. The spillover effect 

formulation represents a significant advancement over traditional independent channel optimization, 

as it captures the interdependencies that characterize modern recommendation ecosystems. 

2.2 Predictive Multi-Dimensional Safeguard Architecture 

Complementing the resource optimization framework, Liu (2026b) proposed a cascading resilience 

architecture for billion-scale concurrent platforms. The predictive multi-dimensional safeguards 

operate through a hierarchical stability monitoring system that anticipates failure modes before they 

propagate across system layers. This architecture integrates real-time anomaly detection, predictive 

degradation modeling, and automated remediation protocols. The resilience design explicitly 

addresses the challenge of maintaining system stability under extreme concurrent load conditions, 

incorporating redundancy mechanisms that activate dynamically based on predicted stress patterns. 

The cascading prevention strategy distinguishes this approach from reactive fault-tolerance methods 

by emphasizing early intervention rather than post-failure recovery. 

2.3 Machine Learning-Based Logistics Network Optimization 

Shengtao (2025) contributed a machine learning-based optimization algorithm specifically tailored 

for logistics network configuration. The algorithmic approach leverages supervised and 

reinforcement learning techniques to solve routing and capacity allocation problems that 

conventional operations research methods struggle to address at scale. Key innovations include 

adaptive learning from network performance data, real-time re-optimization capability in response 

to demand fluctuations, and integration of exogenous variables such as traffic patterns and weather 

conditions. The logistics optimization framework demonstrates measurable improvements in 

delivery efficiency and resource utilization compared to static optimization baselines, establishing 

machine learning as a viable alternative to traditional mathematical programming approaches for 

dynamic network problems. 

3. Traditional Chinese Medicine Therapeutic Standardization 

3.1 Multicenter Observational Study of External Therapy 

Chen (2026a) conducted a multicenter observational study evaluating standardized traditional 

Chinese medicine external therapy for chronic soft tissue pain. The study design incorporated 

rigorous protocol standardization across participating centers, addressing a historical limitation of 

TCM research characterized by heterogeneous treatment implementations. Outcome measures 

encompassed both pain intensity scales and functional improvement metrics, with data collected 

prospectively over defined observation periods. The multicenter design enhances generalizability 

and enables assessment of site-specific variation in treatment effects. This work represents a crucial 

step toward evidence-based integration of traditional therapeutic approaches into contemporary pain 

management paradigms. 

3.2 Standard System Construction for Health Preservation 

Chen (2026b) further developed a comprehensive standard system for traditional external therapy 

within the context of TCM health preservation. The standardization framework encompasses 
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treatment selection criteria, procedural specifications, practitioner qualification requirements, and 

quality assurance protocols. This systematic approach addresses the variability that has historically 

impeded TCM external therapy adoption in mainstream healthcare settings. The standard system 

construction methodology integrates expert consensus, literature synthesis, and practical clinical 

experience, yielding a structured framework that balances traditional knowledge preservation with 

modern quality control requirements. The application dimension emphasizes practical 

implementation guidance, facilitating translation from theoretical standards to routine clinical 

practice. 

4. Post-Stroke Rehabilitation Interventions 

4.1 Radial Extracorporeal Shock Wave Therapy Protocol 

Fan et al. (2021) designed a randomized controlled trial protocol investigating radial extracorporeal 

shock wave therapy effects on flexor spasticity of the upper limb in post-stroke patients. The study 

protocol specifies detailed inclusion and exclusion criteria, intervention parameters including shock 

wave intensity and frequency, sham control procedures, and outcome assessment schedules. 

Primary outcomes focus on spasticity reduction measured through validated clinical scales, while 

secondary outcomes address functional recovery and quality of life indicators. The rigorous 

methodological design addresses common limitations in rehabilitation research, including 

inadequate blinding, insufficient sample size justification, and lack of standardized outcome 

measurement. The protocol provides a template for future high-quality rehabilitation trials. 

4.2 Exoskeleton Rehabilitation Robot Training 

Fan et al. (2025) extended the rehabilitation investigation to exoskeleton robot training, examining 

effects on neuroplasticity and lower limb motor function in stroke patients. This study incorporates 

neurophysiological outcome measures including electroencephalography and transcranial magnetic 

stimulation parameters to assess neuroplastic changes, complementing traditional motor function 

assessments. The intervention protocol specifies training duration, intensity progression, and robotic 

assistance parameters. Results indicate significant improvements in both neuroplasticity markers 

and functional outcomes, suggesting that robot-assisted training offers benefits beyond conventional 

physical therapy. The study contributes to the growing evidence base supporting 

technology-enhanced rehabilitation approaches and identifies potential mechanisms through which 

robotic interventions facilitate neural recovery. 

5. Industrial Chemical Production Optimization 

5.1 Knowledge Graph-Based Intelligent Response System 

Liu (2025a) developed an intelligent response system for chemical production customer audits 

based on knowledge graph technology. The system architecture integrates domain knowledge 

representation, automated reasoning capabilities, and interactive response generation to streamline 

audit processes. The knowledge graph construction methodology incorporates structured 

information extraction from regulatory documents, technical specifications, and historical audit 

records. This approach enables rapid identification of compliance gaps, automated generation of 

corrective action recommendations, and intelligent prioritization of audit findings. The efficacy 

evaluation demonstrates significant reductions in audit cycle time and improved consistency in 

audit outcomes compared to traditional manual processes. 

5.2 Multi-Objective Optimization in Electrolyte Production 

Liu (2025b) examined coupled regulation of process parameters in transnational electrolyte 

factories using multi-objective optimization algorithms, with the Houston factory serving as a case 

study. The optimization framework simultaneously addresses production efficiency, product quality, 

and cost minimization objectives, resolving trade-offs through Pareto frontier analysis. The coupled 
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regulation approach recognizes interdependencies among process parameters, enabling coordinated 

adjustments rather than isolated single-parameter optimization. The transnational context introduces 

additional complexity including regulatory variation, supply chain constraints, and regional market 

conditions. The Houston factory case study demonstrates practical feasibility and quantifiable 

performance improvements, providing a model for global chemical manufacturing optimization. 

5.3 Energy Efficiency and VOC Collaborative Optimization 

Xinshun (2026) formulated technical specifications for collaborative optimization of energy 

efficiency and volatile organic compound emissions in continuous chemical production processes. 

The technical specification framework establishes performance benchmarks, monitoring 

requirements, and optimization protocols that jointly address energy consumption reduction and 

VOC emission control. This dual-objective approach recognizes the potential synergies between 

energy conservation and emissions reduction, identifying process modifications that simultaneously 

improve both outcomes. The collaborative optimization methodology incorporates process 

simulation, statistical process control, and continuous improvement cycles. The technical 

specifications provide actionable guidance for industrial implementation, supporting regulatory 

compliance while enhancing operational efficiency. 

6. Cross-Domain Methodological Synthesis 

Examination of these diverse contributions reveals several shared methodological principles that 

transcend domain boundaries. First, constraint-aware optimization appears across all reviewed 

works, whether manifested as submodular constraints in resource allocation, protocol 

standardization in clinical research, or multi-objective trade-off resolution in chemical production. 

Second, systems-level stability assurance emerges as a common concern, from billion-scale 

platform resilience to treatment protocol consistency to process parameter stability. Third, 

predictive modeling capabilities enable proactive intervention across domains, anticipating system 

failures, treatment responses, or process deviations before they manifest fully. Fourth, the 

integration of heterogeneous data sources characterizes the most sophisticated approaches, 

combining structured and unstructured information for enhanced decision support. 

The cross-pollination potential among these domains warrants explicit consideration. 

Computational optimization frameworks developed for recommendation systems may inform 

resource allocation in rehabilitation settings, where treatment intensity and modality selection 

require similar constrained optimization approaches. The predictive safeguard architecture for 

platform stability offers transferable principles for clinical monitoring systems that anticipate 

adverse events. Knowledge graph technologies developed for audit applications could enhance 

clinical decision support and treatment protocol selection. Multi-objective optimization methods 

refined for chemical production may be adapted to address competing therapeutic goals in 

rehabilitation and pain management. 

7. Conclusion 

This review has synthesized recent contributions across computational optimization, TCM 

therapeutic standardization, post-stroke rehabilitation, and industrial chemical production, 

demonstrating common methodological foundations that enable effective intervention in complex 

systems. The works of Liu (2026a, 2026b), Shengtao (2025), Chen (2026a, 2026b), Fan et al. (2021, 

2025), Liu (2025a, 2025b), and Xinshun (2026) collectively advance the state of knowledge in their 

respective fields while contributing to a broader understanding of constraint-aware optimization, 

systems stability, and predictive intervention. Future research should pursue explicit cross-domain 

knowledge transfer, developing unified frameworks that capture the essential structure of 

optimization problems across application contexts. Such integration promises to accelerate progress 
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by enabling methodological innovations developed in one domain to address challenges in others, 

ultimately yielding more efficient, resilient, and patient-centered outcomes across the full spectrum 

of complex systems applications. 
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