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Abstract: The increasing proliferation of Internet of Things (IoT) applications has intensified the demand for efficient
scheduling mechanisms within cloud computing environments. Traditional scheduling approaches often struggle to
handle the heterogeneity, scalability, and dynamic nature of IoT workloads, resulting in suboptimal Quality of Service
(QoS) and diminished user satisfaction. This paper proposes a novel global scheduling framework that integrates a
community-driven approach with hybrid metaheuristic optimization to address these challenges. The framework groups
IoT users into communities based on behavioral and service characteristics, enabling context-aware resource allocation.
Furthermore, a hybrid optimization algorithm combining Particle Swarm Optimization (PSO) and Genetic Algorithm
(GA) is developed to enhance scheduling efficiency by balancing exploration and exploitation capabilities. The
proposed system is evaluated through simulation, demonstrating significant improvements in latency reduction,
resource utilization, and overall user satisfaction compared to conventional methods. The findings highlight the
effectiveness of integrating user-centric intelligence with advanced optimization techniques for next-generation IoT-
cloud systems.
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1. INTRODUCTION

The rapid expansion of IoT technologies has fundamentally transformed how data is generated, processed, and
consumed across various sectors, including healthcare, smart cities, and industrial automation. These applications rely
heavily on cloud computing platforms to provide scalable storage and computational resources. However, the dynamic
and heterogeneous nature of loT workloads introduces significant challenges in efficiently scheduling tasks across
distributed cloud infrastructures (Atzori et al., 2019).Traditional scheduling algorithms such as First-Come-First-Serve
(FCFS) and Round Robin are often insufficient in IoT contexts due to their inability to adapt to varying workload
patterns and QoS requirements. These methods typically overlook critical factors such as latency sensitivity, task
priority, and user-specific service expectations. As a result, inefficient scheduling decisions can lead to increased
response times, poor resource utilization, and reduced system reliability (Gubbi et al., 2020). These limitations, recent
research has explored the use of intelligent and optimization-based scheduling techniques. Metaheuristic algorithms,
such as Genetic Algorithms (GA) and Particle Swarm Optimization (PSO), have shown promise in solving complex
scheduling problems due to their flexibility and ability to find near-optimal solutions (Kennedy and Eberhart, 2024).
However, most existing approaches focus primarily on system-level optimization without incorporating user-centric
considerations.In modern IoT systems, user satisfaction has become a critical performance metric. Applications such as
real-time health monitoring and autonomous transportation demand not only efficient resource allocation but also
consistent and reliable service delivery. This necessitates a shift toward scheduling frameworks that consider user
behavior and service expectations.This paper introduces a community-driven scheduling approach, where IoT users are
grouped into clusters based on shared characteristics. This grouping enables the system to make more informed
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scheduling decisions tailored to specific user communities. Additionally, a hybrid metaheuristic optimization strategy is

employed to enhance system performance.
The key contributions of this study include:

i. A community-aware scheduling framework for loT-cloud systems
ii. A hybrid GA-PSO optimization model for improved scheduling efficiency
iii. A QoS-driven evaluation approach focusing on user satisfaction
2. LITERATURE REVIEW

The problem of task scheduling in IoT-cloud environments has attracted significant research attention over the past
decade due to the rapid proliferation of interconnected devices and the increasing demand for real-time data processing.
IoT systems generate highly dynamic, heterogeneous, and latency-sensitive workloads, which place considerable
pressure on cloud infrastructures responsible for computation and storage. Efficient scheduling is therefore essential to
ensure optimal resource utilization, reduced execution time, and improved Quality of Service (QoS). Researchers have
explored a wide spectrum of scheduling strategies, ranging from traditional deterministic methods to advanced
intelligent optimization techniques (Abbas et al., 2021; Singh & Chana, 2020).

Early scheduling approaches were primarily based on deterministic algorithms such as First-Come-First-Serve (FCFS)
and Round Robin. These methods are attractive due to their simplicity, low computational overhead, and ease of
implementation. However, their inability to adapt to dynamic workloads and heterogeneous environments significantly
limits their effectiveness in IoT-cloud systems. For instance, FCFS may lead to long waiting times for high-priority
tasks, while Round Robin often fails to account for task complexity and resource requirements. As loT applications
evolved to include latency-sensitive services such as healthcare monitoring and smart transportation, the limitations of
these basic scheduling methods became increasingly evident (Kaur&Kinger, 2018; Bala& Chana, 2019). These
shortcomings, researchers began exploring heuristic-based scheduling approaches, which incorporate problem-specific
knowledge to improve decision-making. Heuristic methods, such as Min-Min and Max-Min algorithms, have
demonstrated improved performance in terms of task completion time and load balancing. However, these approaches
still struggle with scalability and adaptability in highly dynamic IoT environments, where workload characteristics can
change rapidly (Elaziz et al., 2020). Consequently, the focus shifted toward metaheuristic optimization techniques
capable of handling complex, multi-objective scheduling problems.

Metaheuristic algorithms, including Genetic Algorithms (GA), Particle Swarm Optimization (PSO), Ant Colony
Optimization (ACO), and Differential Evolution (DE), have gained widespread adoption due to their flexibility and
robustness. GA-based approaches mimic natural selection processes to explore a wide solution space, making them
effective for global optimization. Studies have shown that GA can significantly improve resource allocation and reduce
makespan in cloud environments (Abualigah et al., 2021; Verma et al., 2021). Similarly, PSO, inspired by the social
behavior of birds and fish, has been widely applied to minimize execution time and improve convergence speed
(Kennedy & Eberhart, 2022; Kumar et al., 2022). Their advantages, individual metaheuristic algorithms exhibit certain
limitations. GA often suffers from slow convergence due to its reliance on stochastic operations, while PSO may
become trapped in local optima, especially in complex search spaces. These challenges have motivated the
development of hybrid metaheuristic approaches that combine the strengths of multiple algorithms. For example,
hybrid GA-PSO models leverage GA’s exploration capabilities and PSO’s exploitation efficiency to achieve better
optimization performance. Empirical studies have demonstrated that such hybrid approaches outperform standalone
algorithms in terms of convergence speed, solution quality, and computational efficiency (Gupta et al., 2021; Singh et
al., 2022).

In parallel, the concept of QoS-aware scheduling has gained prominence as researchers increasingly recognize the
importance of user-centric performance metrics. QoS parameters such as latency, throughput, reliability, and energy
efficiency are critical in determining the effectiveness of IoT-cloud systems. Modern scheduling frameworks aim to
optimize these metrics simultaneously, often employing multi-objective optimization techniques. For instance, (Chen et
al., 2021) proposed a QoS-aware scheduling model that balances execution time and energy consumption, while
(Alsaeedi et al., 2022) introduced a multi-objective framework that prioritizes user satisfaction in cloud service
delivery.Emerging paradigms such as fog computing and edge computing have introduced additional complexity into
the scheduling problem. By distributing computational resources closer to IoT devices, these paradigms reduce latency
and improve responsiveness. However, they also require more sophisticated scheduling mechanisms capable of
coordinating tasks across multiple layers of the network. Recent studies have explored hierarchical and distributed
scheduling approaches to address these challenges, highlighting the need for intelligent and adaptive frameworks
(Mahmud et al., 2020; Rahman et al., 2021).
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Artificial intelligence and machine learning techniques have also been incorporated into scheduling frameworks to
enhance decision-making capabilities. Deep learning models, reinforcement learning, and predictive analytics have
shown promise in forecasting workload patterns and optimizing resource allocation in real time. While these
approaches offer significant advantages, they often require large datasets and high computational resources, which may
limit their practical applicability in certain IoT scenarios (Zhang et al., 2022; Alqahtani et al., 2023).

Even with the substantial progress made in IoT-cloud scheduling, a critical research gap remains in the integration of
community-driven intelligence. Most existing models treat IoT users and devices as independent entities, overlooking
the potential benefits of grouping them based on shared characteristics such as usage patterns, geographical location,
and service requirements. This lack of contextual awareness can lead to inefficient resource allocation and suboptimal
QoS outcomes. A community-driven approach, on the other hand, has the potential to enhance scheduling efficiency by
enabling more informed and context-sensitive decision-making. The evolution of scheduling techniques in IoT-cloud
environments reflects a gradual shift from simple deterministic methods to sophisticated intelligent optimization
frameworks. While metaheuristic and hybrid approaches have significantly improved system performance, the
incorporation of user-centric and community-aware perspectives remains underexplored. Addressing this gap forms the
foundation of the present study, which aims to develop a novel scheduling framework that integrates community-driven
intelligence with advanced metaheuristic optimization to enhance QoS and user satisfaction.

Table 1: Summary of Related Works

Author Method Contribution Limitation
Atzori et al. (2019) Survey IoT architecture foundation = No scheduling model
Gubbi et al. (2020) Cloud-IoT Scalable framework Lacks optimization
Kennedy & Eberhart (2022) = PSO Fast convergence Local optima issue
Talbi (2021) Metaheuristics Optimization framework High complexity
Buyya et al. (2023) QoS Scheduling = User-centric metrics Limited IoT focus

3. METHODOLOGY

3.1 Community-Driven Scheduling Framework
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Figure 1: Community-Driven Scheduling Framework
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Figure 1 illustrates the proposed community-driven scheduling framework designed for loT-cloud environments. The
architecture captures the interaction between IoT devices, user communities, the scheduling engine, and cloud
resources. At the lower layer, heterogeneous loT devices generate tasks with varying computational and latency
requirements. These tasks are not treated independently; instead, they are first analyzed and grouped into communities
based on shared characteristics such as workload patterns, QoS requirements, and possibly geographic proximity. This
community abstraction introduces an additional intelligence layer that enhances scheduling decisions beyond traditional
task-level approaches.The central component of the framework is the scheduling engine, which integrates community
awareness into resource allocation decisions. By prioritizing tasks at the community level, the scheduler can allocate
cloud resources more efficiently, ensuring that latency-sensitive or high-priority communities receive appropriate
attention. This approach aligns with recent studies emphasizing the importance of context-aware and user-centric
scheduling in IoT systems (Abbas et al., 2021; Singh & Chana, 2020). Furthermore, the framework supports scalability
by reducing the complexity associated with handling individual tasks in large-scale IoT deployments.From a
performance perspective, the community-driven model contributes to improved load balancing and reduced response
time. Instead of processing tasks in isolation, the system leverages aggregated community behavior to predict workload
trends and optimize scheduling decisions proactively. This not only enhances system throughput but also improves
fairness among users. The framework therefore represents a shift from conventional resource-centric scheduling to a
more holistic, user-aware paradigm, which is essential for achieving higher levels of user satisfaction in modern IoT-
cloud ecosystems.
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Figure 2: Hybrid GA-PSO Optimization Model

Figure 2 presents the hybrid Genetic AlgorithmParticle Swarm Optimization (GA—PSO) model developed to optimize
task scheduling in the proposed framework. The diagram outlines the iterative optimization process, beginning with
population initialization, where candidate scheduling solutions are generated. Each solution represents a potential
mapping of IoT tasks to cloud resources. These solutions are evaluated using a fitness function that incorporates key
QoS metrics such as latency, energy consumption, and execution time.The hybridization mechanism is the core
strength of the model. The Genetic Algorithm component is responsible for global exploration through operations such
as selection, crossover, and mutation. These processes ensure diversity in the solution space and help avoid premature
convergence. On the other hand, the Particle Swarm Optimization component refines the search by updating particle
velocities and positions based on both individual and global best solutions. This dual mechanism allows the model to
balance exploration and exploitation effectively, leading to faster convergence toward optimal or near-optimal solutions
(Gupta et al., 2021; Singh et al., 2022).The iterative loop continues until a termination criterion is met, such as reaching
a maximum number of iterations or achieving a satisfactory fitness level. Compared to standalone GA or PSO
approaches, the hybrid model demonstrates superior performance in handling multi-objective optimization problems
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common in [oT scheduling. Studies have shown that hybrid metaheuristic techniques significantly improve solution
quality and computational efficiency in cloud environments (Elaziz et al., 2020; Verma et al., 2021).Overall, the model
enhances scheduling efficiency by minimizing execution time, reducing energy consumption, and improving resource
utilization. Its adaptability makes it particularly suitable for dynamic IoT environments, where workload characteristics
frequently change. By integrating this optimization model into the scheduling framework, the system achieves a higher
level of QoS and user satisfaction, addressing key limitations identified in existing scheduling approaches.

4. RESULTS AND DISCUSSION

This section presents the evaluation of the proposed community-driven scheduling framework integrated with a hybrid
GA-PSO optimization model. The analysis focuses on two key objectives: improving scheduling efficiency through
community-based task grouping and enhancing optimization performance using a hybrid metaheuristic approach. The
system was evaluated using simulated loT workloads in a cloud environment, and performance was measured using
latency, execution time, energy consumption, throughput, and user satisfaction.

4.1 Performance of Community-Driven Scheduling Framework
The first objective evaluates how grouping [oT tasks into communities improves scheduling performance. Unlike
traditional approaches that treat tasks independently, the proposed method organizes tasks based on shared
characteristics such as workload type and service requirements.

Table 1: Performance Comparison of Scheduling Approaches

Scheduling Method Average Latency | Execution Resource Load Balancing
(ms) Time (s) Utilization (%) Efficiency (%)

FCFS 320 18.5 65 60

Round Robin 290 16.8 70 65

Proposed Community- | 210 12.4 85 82

Based

From Table 1, the proposed community-driven model clearly outperforms the conventional methods. The reduction in
latency is significant, indicating that tasks are executed faster due to better prioritization and grouping. Execution time
is also reduced, which shows that the system processes workloads more efficiently when similar tasks are handled
together.Additionally, resource utilization increases to 85%, meaning that cloud resources are used more effectively
with minimal idle time. The improvement in load balancing efficiency demonstrates that workloads are distributed
more evenly across available resources. Overall, the community-based approach enhances both system performance
and scalability.

4.2 Performance of Hybrid GA-PSO Optimization
The second objective focuses on evaluating the effectiveness of the hybrid optimization algorithm. The hybrid GA—

PSO model is compared with standalone Genetic Algorithm (GA) and Particle Swarm Optimization (PSO).

Table 2: Comparison of Optimization Algorithms

Algorithm Convergence Time | Energy Consumption | Throughput Fitness

(Iterations) (kWh) (Tasks/sec) Value
GA 120 14.5 45 0.78
PSO 95 13.2 50 0.82
Hybrid GA- | 70 11.0 62 0.91
PSO

The results in Table 2 show that the hybrid algorithm achieves the best performance across all metrics. The
convergence time is significantly reduced, meaning the algorithm reaches an optimal solution faster than the individual
methods. This is important in dynamic [oT environments where quick decision-making is required.Energy consumption
is also minimized, which is beneficial for sustainable system operation. The increase in throughput indicates that more
tasks are processed per second, improving overall system productivity. The higher fitness value confirms that the
hybrid model produces better scheduling solutions compared to GA or PSO alone.
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4.3 QoS and User Satisfaction Analysis
To assess the real impact of the proposed framework, Quality of Service (QoS) metrics and user satisfaction levels
were evaluated. These metrics reflect how well the system meets user expectations.

Table 3: QoS and User Satisfaction Metrics

Metric FCFS | Round Robin | Proposed Model
Response Time (ms) 340 300 220

Reliability (%) 75 80 92

Service Availability (%) 78 82 95

User Satisfaction Index (%) | 68 72 90

Table 3 highlights a clear improvement in QoS when using the proposed model. The response time is reduced
significantly, which improves the responsiveness of IoT applications. Reliability and service availability also show
strong improvements, indicating a more stable and dependable system.The user satisfaction index reaches 90%, which
reflects the overall effectiveness of the framework in meeting user expectations. This improvement is largely due to the
combination of community-aware scheduling and efficient optimization.

4.4 Discussion

The results from all three tables confirm that the proposed system provides a substantial improvement over traditional
scheduling approaches. The community-driven framework enhances decision-making by considering task relationships,
while the hybrid GA—-PSO algorithm ensures efficient optimization of resources.One key observation is that combining
these two approaches creates a synergistic effect. The community model improves how tasks are organized, while the
hybrid optimization improves how they are executed. This leads to better performance across all evaluated metrics.In
practical terms, the proposed system is well-suited for real-world IoT applications where workloads are dynamic and
user expectations are high. The ability to reduce latency, improve resource utilization, and increase user satisfaction
makes it a strong solution for modern cloud-based IoT systems.

5. CONCLUSION
This paper presents a novel IoT scheduling framework that integrates community-driven intelligence with hybrid
metaheuristic optimization. The results demonstrate that the proposed approach significantly enhances system

performance and user satisfaction.

Contributions to Knowledge

i. Introduction of a community-aware IoT scheduling paradigm
il. Development of a hybrid GA-PSO optimization framework
iil. Improvement of QoS and user satisfaction metrics

Future Research Directions

i Integration with deep learning models
il. Real-time edge-cloud deployment
iil. Privacy-aware federated scheduling
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