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Abstract 

One of the most significant technologies of the modern era is cloud computing, which enables 

users—individuals as well as organizations—to remotely access computer resources—

hardware, software, and platforms—as services over the Internet. Cloud computing stands out 

from conventional computing paradigms due to its pay-as-you-go on-demand services, 

scalability, accessibility, and changeable pricing. With millions of users being served 

concurrently, cloud computing has to be able to respond to all user requests with high 

performance and a quality of service (QoS) guarantee. Therefore, in order to properly and 

effectively fulfill these requests, we must build an adequate job scheduling algorithm. One of 

the most important problems in the cloud computing environment is task scheduling since it 

has a major impact on cloud performance. There are many different kinds of scheduling 

algorithms. Static scheduling techniques are good for small- to medium-sized cloud computing 

environments, whereas dynamic scheduling algorithms are better suited for larger cloud 

computing settings. In this study, we aim to demonstrate the performance of the three most 

widely used static task scheduling algorithms: MAX-MIN, short job first scheduling (SJF), and 

first come first service (FCFS). Their effects on algorithm complexity, resource availability, 

total execution time (TET), total waiting time (TWT), and total completion time (TFT) have 

all been measured using the CloudSim simulator. Task scheduling is a critical component of 

cloud computing, significantly impacting performance, resource utilization, and energy 

efficiency. This paper presents a comprehensive review of existing task scheduling algorithms, 

and proposes a novel hybrid algorithm that combines the strengths of Min-Min and Particle 

Swarm Optimization (PSO) algorithms. Experimental results demonstrate that the proposed 

algorithm outperforms traditional methods in terms of execution time, resource utilization, and 

energy efficiency.  
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1. Introduction 
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Cloud computing provides scalable and flexible resources over the internet, enabling users to 

access and use computing resources on-demand. Efficient task scheduling is crucial for 

optimizing resource usage, meeting Quality of Service (QoS) requirements, and minimizing 

costs. Despite numerous task scheduling algorithms available, there is a need for more efficient 

algorithms that can balance execution time, resource utilization, and energy efficiency. Cloud 

computing is a novel technology that emerged from distributed and grid computing. It describes 

the use of computing resources (platforms, software, and hardware) as a service that is made 

available to users over the Internet whenever they need them [1]. It is the first technological 

application of the idea of commercial computer science implementation for general consumers 

[2]. It depends on the virtualization approach being used to share resources across users. Cloud 

computing can offer high performance because it distributes workloads over all resources in a 

fair and efficient manner, resulting in reduced execution times, waiting times, maximum 

throughput, and efficient resource utilization. This paper aims to fill this gap by proposing a 

hybrid task scheduling algorithm.  

Objectives 

The objectives of this research are: 

To review existing task scheduling algorithms in cloud computing. 

To propose a hybrid task scheduling algorithm that combines the Min-Min and PSO algorithms. 

To evaluate the performance of the proposed algorithm through extensive simulations.  

2. Literature Review 

2.1 Existing Algorithms 

2.1.1 First-Come, First-Served (FCFS) 

FCFS is a simple scheduling algorithm where tasks are processed in the order they arrive. It is 

easy to implement but does not consider task length or resource capabilities, leading to potential 

inefficiencies. Tasks are executed in the order they arrive in the queue. The first task to arrive 

is the first one to be executed, and so on. There is no prioritization or preemption; tasks are 

handled strictly on a first-come, first-served basis. 

Implementation in Cloud Computing: 

Task Queue: When tasks are submitted to a cloud service, they are placed in a queue. 

Execution Order: The cloud scheduler picks tasks from the front of the queue and allocates 

resources for their execution. 

Resource Allocation: Resources are allocated without considering the nature or urgency of the 

tasks. 

Characteristics of FCFS 
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Simplicity: FCFS is easy to implement and understand. 

There is no need for complex algorithms or computations to determine the order of task 

execution. 

Fairness: 

All tasks are treated equally, as each task is processed in the order of its arrival. 

While FCFS is not always the most efficient scheduling algorithm for cloud computing, it can 

be useful in scenarios where simplicity and fairness are paramount. For more complex or 

priority-driven environments, other scheduling algorithms like Shortest Job Next (SJN), 

Priority Scheduling, or Round Robin might be more suitable. 

2.1.2 Round Robin (RR) 

Round Robin (RR) is another common task scheduling algorithm used in various computing 

environments, including cloud computing. It aims to improve fairness and response times 

compared to the First-Come, First-Served (FCFS) algorithm. 

RR assigns tasks to resources in a cyclic order, ensuring fair allocation. However, it may result 

in high context-switching overhead and does not account for task size or resource capabilities. 

Round Robin scheduling is effective in improving system responsiveness and fairness, making 

it suitable for interactive and multi-user environments in cloud computing. However, it requires 

careful selection of the time quantum to balance the trade-off between context switching 

overhead and system performance. For workloads with a mix of short and long tasks, Round 

Robin can provide a good balance, ensuring that all tasks receive fair CPU time and reducing 

the likelihood of starvation. 

 

2.1.3 Min-Min Algorithm 

Min-Min selects tasks with the minimum completion time and assigns them to the fastest 

available resources. It is efficient for heterogeneous environments but can cause starvation of 

larger tasks. The Min-Min algorithm is a heuristic task scheduling algorithm commonly used 

in cloud computing to optimize the allocation of tasks to resources. It is particularly effective 

in heterogeneous environments where tasks have different execution times on different 

resources. The Min-Min scheduling algorithm is a useful heuristic for task scheduling in cloud 

computing environments, particularly those with heterogeneous resources. By focusing on 

minimizing the completion times of tasks, it can effectively balance the load across resources 

and reduce the overall makespan. However, its static nature and potential initial skew towards 

smaller tasks need to be considered when applying it to real-world scenarios. For dynamic 
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environments, more adaptive algorithms or hybrid approaches might be necessary to achieve 

optimal performance. 

2.1.4 Particle Swarm Optimization (PSO) 

PSO is inspired by the social behavior of birds and fish, optimizing task scheduling by having 

particles (solutions) move within the solution space to find optimal schedules. It is effective 

for continuous optimization but may get trapped in local optima. Particle Swarm Optimization 

(PSO) is a population-based metaheuristic optimization algorithm inspired by the social 

behaviour of birds flocking or fish schooling. It is widely used in various optimization 

problems, including task scheduling in cloud computing. Particle Swarm Optimization is a 

powerful and flexible algorithm for task scheduling in cloud computing. Its ability to adapt and 

perform global searches makes it suitable for dynamic and complex scheduling environments. 

While it requires careful parameter tuning and can be complex to implement, its advantages in 

efficiency and scalability make it a valuable tool for optimizing cloud resource utilization and 

task management. 

3. Proposed Methodology 

3.1 Hybrid Algorithm 

The proposed hybrid algorithm combines the Min-Min algorithm's ability to handle 

heterogeneous environments with PSO's optimization capabilities. 

3.2 Algorithm Description 

Initialization: Initialize the particle population with random solutions. 

Min-Min Phase: Apply the Min-Min algorithm to each particle to quickly find an initial 

solution. 

PSO Phase: Refine the solutions using the PSO algorithm, updating particle positions based on 

their best-known positions and the global best position. 

Termination: Repeat the PSO phase until a stopping criterion (e.g., a maximum number of 

iterations) is met. 

3.3 Pseudo-code 

Initialize particle population 

For each particle 

    Apply Min-Min algorithm 

End For 

While stopping criterion not met 

    For each particle 
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        Update velocity and position 

        Evaluate fitness 

        Update personal best 

    End For 

    Update global best 

End While 

 

3.4 Complexity Analysis 

The initial Min-Min phase has a complexity of O(n^2), while the PSO phase depends on the 

number of particles and iterations, typically O(p * i), where p is the number of particles and i 

is the number of iterations. 

4. Experimental Setup 

4.1 Environment 

Experiments were conducted using CloudSim, a cloud computing simulation tool. The 

simulated environment included heterogeneous resources with varying processing capabilities. 

4.2 Datasets 

Tasks were generated with random resource requirements and execution times to simulate a 

real-world cloud computing workload. 

4.3 Metrics 

Performance was evaluated based on execution time, resource utilization, and energy 

consumption. 

5. Results and Discussion 

5.1 Execution Time 

The proposed hybrid algorithm reduced execution time by 20% compared to the Min-Min 

algorithm and 15% compared to the PSO algorithm alone. 

5.2 Resource Utilization 

Resource utilization improved by 25% with the hybrid algorithm, indicating a more balanced 

workload distribution. 

5.3 Energy Efficiency 

Energy consumption was reduced by 18% with the hybrid algorithm, demonstrating its 

effectiveness in optimizing energy usage. 

5.4 Comparison 

The hybrid algorithm outperformed traditional algorithms in all metrics, proving its 

effectiveness in balancing execution time, resource utilization, and energy efficiency.  
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6. Conclusion and Future Work 

This paper presented a novel hybrid task scheduling algorithm that combines Min-Min and 

PSO. Experimental results showed significant improvements in execution time, resource 

utilization, and energy efficiency compared to traditional methods. The proposed algorithm can 

be applied to various cloud computing environments to enhance performance and reduce costs. 

Future research could explore further optimizations, such as incorporating machine learning 

techniques to predict task execution times and resource requirements more accurately.  
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