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ABSTRACT 

The rapid evolution of computational intelligence has profoundly transformed the landscape of real-time 

systems, predictive modeling, and human-computer interaction. Modern applications demand the 

integration of heuristic optimization algorithms, deep learning architectures, and large language models 

(LLMs) to address increasingly complex scheduling, predictive, and control challenges. This study presents 

a comprehensive examination of mixed-heuristic quantum-inspired algorithms for multiprocessor task 

scheduling, multi-scale convolutional recurrent models for environmental prediction, and advanced LLM-

based interventions in social and educational contexts. A focus is placed on methodologies such as CNN-

LSTM-Attention frameworks for time-series prediction, BERT-XGBoost models for psychological state 

analysis, and normal vector-assisted mapping for robotic navigation. Further, the study explores real-time 

video tracking algorithms leveraging convolutional neural networks, ant colony-based path planning in 

logistics robotics, and multi-modal data analysis for structural assessment in tunnel engineering. The 

integration of LLMs for social network crisis intervention and knowledge-enhanced decision-making is 

evaluated in the context of operational efficacy and ethical considerations. Through extensive theoretical 

elaboration, this research articulates the synergistic effects of algorithmic optimization, deep learning, and 

generative intelligence in enhancing real-time system performance, predictive accuracy, and human-

computer collaboration. The implications of these techniques are critically analyzed, highlighting both the 

potential benefits and the inherent limitations, particularly concerning data privacy, computational 

overhead, and real-world deployment constraints. This work provides a foundational framework for the 

future development of hybrid computational intelligence systems capable of robust, scalable, and ethically 

responsible operation in complex, dynamic environments. 
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INTRODUCTION  

The proliferation of data-intensive applications 

and the demand for high-precision decision-

making in real-time contexts have positioned 

computational intelligence at the forefront of 

contemporary research. Real-time systems, 

encompassing multiprocessor architectures, 

robotics, environmental monitoring, and human-

centered technologies, require sophisticated 

algorithms capable of handling both stochastic 

variability and computational constraints (Su et al., 

2022). Traditional scheduling approaches often fail 

to deliver optimal performance under dynamic 

conditions, necessitating the development of 

hybrid heuristic and quantum-inspired 

optimization techniques that balance efficiency, 

reliability, and scalability (Su et al., 2022). 

Parallel to advances in task scheduling, predictive 

modeling has undergone a paradigmatic shift with 

the adoption of deep learning architectures. 

Convolutional neural networks (CNNs) and 

recurrent models such as long short-term memory 

(LSTM) networks, gated recurrent units (GRUs), 

and their attention-enhanced variants have 

demonstrated superior performance in temporal 

prediction tasks across diverse domains, including 

environmental monitoring, psychological state 

assessment, and video tracking (Shen et al., 2024; 

Duan et al., 2024; Tan et al., 2024). These 

architectures exploit hierarchical feature 

extraction, temporal dependencies, and context-

sensitive attention mechanisms, enabling nuanced 

understanding and anticipation of complex system 

behaviors (Hochreiter & Schmidhuber, 1997; 
Pascanu et al., 2013; Vaswani et al., 2017). 

The emergence of large language models (LLMs) 

has further expanded the frontier of computational 

intelligence, offering unprecedented capabilities in 

text understanding, knowledge extraction, and 

adaptive intervention in human-centric systems 

(Wu & Huang, 2025; Myers et al., 2024). LLMs, 

when combined with domain-specific datasets and 

reinforcement-driven fine-tuning, can enhance 

crisis intervention strategies, support 

collaborative educational networks, and optimize 

decision-making workflows, all while preserving 

semantic coherence and contextual relevance 

(Freedman et al., 2024). However, LLM integration 

introduces additional challenges, including latency, 

interpretability, and data privacy considerations, 

which must be carefully managed to ensure 

operational integrity (Yan et al., 2024; IJSPV, 2025). 

Despite significant progress, the literature reveals 

critical gaps. Existing studies often isolate 

algorithmic development from practical 

deployment, neglecting the interaction between 

real-time scheduling, predictive accuracy, and 

human-computer collaboration. Moreover, the 

integration of heuristic optimization with deep 

learning and LLM-based intelligence remains 

underexplored, particularly in the context of 

dynamic, multi-modal, and constraint-rich 

environments. Addressing these gaps requires a 

comprehensive framework that unifies task 

scheduling, predictive modeling, and LLM-driven 
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knowledge extraction into a cohesive operational 

paradigm. This research addresses these 

limitations by systematically analyzing and 

synthesizing methodologies across heuristic 

optimization, multi-scale neural networks, and 

generative intelligence, aiming to provide both 

theoretical insight and practical guidance. 

Methodology 

The methodological framework of this study is 

designed to integrate heuristic optimization, multi-

scale predictive modeling, and large language 

model intelligence into a unified approach for 

complex real-time systems. The first component 

involves the application of mixed-heuristic 

quantum-inspired simplified swarm optimization 

algorithms for multiprocessor task scheduling. 

This algorithm synergizes principles from particle 

swarm optimization, quantum computing-inspired 

probabilistic representations, and heuristic 

simplification to achieve optimal scheduling under 

temporal constraints (Su et al., 2022). By encoding 

task priorities and processor states into a 

probabilistic quantum-inspired space, the 

algorithm allows dynamic adaptation to fluctuating 

system loads while minimizing computational 
overhead. 

Predictive modeling leverages multi-scale CNN-

LSTM-Attention networks for temporal and spatial 

data processing. Environmental prediction tasks, 

such as temperature forecasting in Eastern China, 

are addressed through hierarchical convolutional 

feature extraction, temporal sequence learning via 

LSTM layers, and attention-based weighting to 

emphasize critical temporal events (Shen et al., 

2024). The integration of BERT-XGBoost models 

for psychological state prediction exemplifies the 

application of hybrid natural language processing 

and ensemble learning to human-centered 

datasets, providing high-resolution insight into 

cognitive and emotional patterns relevant for 

human-computer interaction scenarios (Duan et 
al., 2024). 

Robotics and navigation applications are 

addressed through II-NVM (normal vector-assisted 

mapping) to enhance map accuracy and 

consistency in dynamic environments (Zhao et al., 

2025). Complementary path planning techniques 

employ ant colony algorithms under multi-

constraint conditions, optimizing route selection 

for logistics robots in spatially constrained 

operational areas (Zhao et al., 2025). For real-time 

video tracking, CNN-based feature extraction is 

combined with object localization strategies, 

enabling accurate identification and continuous 

tracking of moving targets within complex visual 
fields (Tan et al., 2024). 

LLM integration is operationalized through 

knowledge-enhanced frameworks that leverage 

both textual and contextual embeddings for crisis 

intervention and collaborative educational 

networks (Wu & Huang, 2025; Freedman et al., 

2024). These models incorporate semantic 

attention, context-aware reasoning, and transfer 

learning mechanisms to dynamically adapt 

responses based on evolving input streams. Critical 

to this methodology is the mitigation of privacy 

risks and latency issues, addressed through 

firmware-level optimization, differential privacy 

protocols, and efficient inference pipelines (IJSPV, 
2025; Yan et al., 2024). 

Data preprocessing involves normalization, 

augmentation, and multi-modal alignment to 

ensure consistency across diverse input types, 
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including numerical sensor readings, textual 

reports, and visual feeds. Model validation relies on 

cross-validation strategies, ensemble averaging, 

and stress-testing under simulated operational 

variability, providing robust assessment of 

predictive accuracy, system resilience, and task 

scheduling efficacy. 

Results 

The integration of mixed-heuristic quantum-

inspired scheduling algorithms demonstrated 

substantial improvements in multiprocessor task 

allocation, achieving near-optimal utilization of 

computational resources under variable load 

conditions (Su et al., 2022). Dynamic adaptation 

mechanisms inherent in the quantum-inspired 

framework allowed rapid response to unexpected 

task arrivals, maintaining execution latency within 

acceptable bounds. 

Multi-scale CNN-LSTM-Attention models achieved 

high predictive accuracy for environmental and 

temporal datasets. Temperature prediction in 

Eastern China, analyzed using this framework, 

revealed the model's ability to capture multi-level 

spatial correlations and temporal dependencies, 

reducing forecasting error significantly compared 

to baseline LSTM or CNN-only architectures (Shen 

et al., 2024). Similarly, the BERT-XGBoost hybrid 

demonstrated precise identification of athlete 

psychological states, facilitating improved 

interaction design in human-computer interfaces 

(Duan et al., 2024). 

Robotic navigation experiments confirmed the 

efficacy of II-NVM mapping combined with ant 

colony path planning. Normal vector-assisted 

mapping reduced localization errors in dynamic 

indoor environments, while ant colony-based 

route optimization provided efficient, constraint-

aware navigation solutions for logistics robots, 

ensuring both safety and operational efficiency 

(Zhao et al., 2025; Zhao et al., 2025). Real-time 

video tracking algorithms leveraging CNN 

architectures accurately identified and tracked 

moving objects under occlusion and varying 

lighting conditions, demonstrating robust feature 

extraction and temporal continuity (Tan et al., 

2024). 

LLM-based social network interventions exhibited 

strong contextual understanding and adaptive 

response generation. Knowledge-enhanced 

frameworks facilitated crisis recognition, message 

relevance prioritization, and timely intervention, 

improving outcomes in simulated social network 

scenarios (Wu & Huang, 2025). Collaborative 

educational network analysis using concept maps 

highlighted LLMs' potential for promoting 

semantic alignment, learning progression tracking, 

and interactive knowledge construction 
(Freedman et al., 2024). 

Discussion 

The convergence of heuristic optimization, deep 

learning architectures, and large language model 

intelligence presents significant theoretical and 

practical implications. From a theoretical 

perspective, quantum-inspired heuristics embody 

a novel paradigm in which probabilistic 

representations can augment classical 

optimization, offering insights into emergent 

system behaviors under uncertainty (Su et al., 

2022). Similarly, the hierarchical feature extraction 

and temporal weighting inherent in CNN-LSTM-

Attention architectures provide a framework for 

understanding complex spatiotemporal 
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interactions, bridging gaps between statistical 

modeling and deep learning interpretability (Shen 

et al., 2024). 

In human-centered applications, the integration of 

BERT-XGBoost and LLM-enhanced frameworks 

underscores the importance of context-aware 

computation in psychological and educational 

domains. By incorporating semantic attention 

mechanisms and domain-specific embeddings, 

these models can provide nuanced interventions, 

improve decision-making fidelity, and enhance 

collaborative learning experiences (Duan et al., 

2024; Freedman et al., 2024). 

Limitations of this study include computational 

overhead associated with hybrid deep learning and 

LLM integration, potential biases in training 

datasets, and challenges in real-time deployment 

under constrained hardware environments. Data 

privacy concerns are particularly salient in LLM 

applications, necessitating the use of differential 

privacy protocols, secure inference pipelines, and 

ethical oversight (Yan et al., 2024; IJSPV, 2025). 

Additionally, while heuristic and quantum-

inspired algorithms offer adaptability, their 

stochastic nature may result in occasional sub-

optimal task allocations under extreme load 

variability, warranting continued refinement and 

hybridization with deterministic optimization 

methods. 

Future research directions include the 

development of adaptive co-learning frameworks 

in which heuristic optimization, predictive 

modeling, and LLM intelligence continuously 

influence each other in real time. Such frameworks 

could incorporate reinforcement learning, online 

model updating, and real-world sensor feedback to 

further enhance predictive accuracy, operational 

efficiency, and human-computer interaction 

quality. Moreover, expanding the scope of 

evaluation to multi-domain, large-scale datasets 

will provide additional evidence for the 

generalizability and robustness of these integrated 

approaches. Ethical considerations, particularly 

regarding automated decision-making in social and 

educational contexts, must also remain central to 

future developments. 

Conclusion 

This study demonstrates the transformative 

potential of integrating mixed-heuristic quantum-

inspired optimization, multi-scale deep learning 

architectures, and large language model 

intelligence in real-time systems. By providing a 

cohesive framework that addresses task 

scheduling, predictive modeling, robotic 

navigation, and human-computer interaction, the 

research elucidates the synergistic benefits of 

combining algorithmic precision, temporal and 

spatial learning, and context-aware generative 

intelligence. The findings highlight significant 

improvements in computational efficiency, 

predictive accuracy, and adaptive response 

capabilities, while also acknowledging limitations 

related to computational load, data privacy, and 

deployment feasibility. This integrative approach 

offers a foundational blueprint for the next 

generation of intelligent systems, emphasizing 

robustness, scalability, and ethical responsibility in 
complex, dynamic environments. 
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