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Abstract:
Public cloud computing providers offer a range of computing services to customers, including Infrastructure as a Service (IaaS), Platform as a Service (PaaS), and Software as a Service (SaaS). As more organizations adopt cloud computing, the need for evaluating the performance and scalability of public cloud providers has become increasingly important. This paper presents an empirical study of the performance and scalability of four major public cloud providers: Amazon Web Services (AWS), Microsoft Azure, Google Cloud Platform (GCP), and IBM Cloud.
We evaluate the providers using a set of benchmarks that simulate various types of workloads, including web server, database, and scientific computing workloads. Our results demonstrate that AWS, Azure, and GCP perform well across all types of workloads, while IBM Cloud lags behind in several areas.
Furthermore, we examine the scalability of the providers by increasing the workload size and measuring their response times. Our results show that AWS, Azure, and GCP are able to scale up to larger workloads with only a moderate increase in response time, while IBM Cloud exhibits poor scalability in some cases.
Overall, our study provides valuable insights for organizations considering public cloud providers for their computing needs. The results can help organizations make informed decisions when selecting a provider based on their specific workload requirements.
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I. Introduction 
Background on public cloud computing providers Importance of evaluating provider performance and scalability Overview of the empirical study

Public cloud computing providers offer a range of computing services to customers, including Infrastructure as a Service (IaaS), Platform as a Service (PaaS), and Software as a Service (SaaS). These services are typically accessed over the internet and provide customers with access to computing resources that would otherwise be expensive or difficult to manage on their own. As more organizations adopt cloud computing, the need for evaluating the performance and scalability of public cloud providers has become increasingly important.
In this paper, we present an empirical study of the performance and scalability of four major public cloud providers: Amazon Web Services (AWS), Microsoft Azure, Google Cloud Platform (GCP), and IBM Cloud. Our study focuses on evaluating the performance and scalability of these providers using a set of benchmarks that simulate various types of workloads, including web server, database, and scientific computing workloads.
The main objectives of our study are to provide insights into the performance and scalability of public cloud providers, to compare the performance of different providers, and to help organizations make informed decisions when selecting a provider based on their specific workload requirements. In the following sections, we describe the related work on evaluating cloud provider performance and scalability, the methodology used in our study, and the results and implications of our study.
II. Related Work 
Literature review on evaluating cloud provider performance and scalability Comparison of previous studies with our methodology and results
A significant body of research has been devoted to evaluating the performance and scalability of public cloud providers. Most studies have focused on comparing the performance of different providers using a set of benchmarks that simulate various types of workloads. Other studies have evaluated the performance and scalability of specific cloud services, such as storage or computing services.
Previous studies have used a range of benchmarks to evaluate cloud provider performance and scalability, including SPECjvm2008 for Java workloads, SPEC CPU2006 for CPU-intensive workloads, TPC-W for web server workloads, and Hadoop for big data processing workloads. However, the choice of benchmarks can have a significant impact on the results and the insights gained from the study.
In our study, we used a set of benchmarks that are representative of the most common types of workloads that organizations typically run on public clouds. We used SPEC CPU2006 for CPU-intensive workloads, TPC-W for web server workloads, and LINPACK for scientific computing workloads. We also used a custom benchmark for evaluating database performance.
Our study is different from previous studies in that we used a more comprehensive set of benchmarks and evaluated the performance and scalability of multiple cloud providers using the same set of benchmarks. This allows for a more direct comparison of the performance and scalability of different providers, which is useful for organizations that are considering multiple providers.
Overall, our study builds on the existing literature by providing a more comprehensive and direct comparison of the performance and scalability of public cloud providers.
III. Methodology 
Description of the benchmarks used for evaluating provider performance Overview of the experimental setup and data collection methods Statistical analysis techniques used for comparing provider performance and scalability
In this section, we provide a detailed description of the methodology used in our study for evaluating the performance and scalability of public cloud providers.
Benchmark Selection: We selected a set of benchmarks that are representative of the most common types of workloads that organizations typically run on public clouds. We used SPEC CPU2006 for CPU-intensive workloads, TPC-W for web server workloads, and LINPACK for scientific computing workloads. We also developed a custom benchmark for evaluating database performance.
Experimental Setup: We conducted our experiments on three leading public cloud providers: Amazon Web Services (AWS), Microsoft Azure, and Google Cloud Platform (GCP). We provisioned virtual machines with varying numbers of CPU cores and RAM sizes on each of the cloud providers, and we ran each benchmark on each virtual machine configuration.
Data Collection: We collected a range of performance metrics, including CPU utilization, memory usage, disk I/O, and network I/O. We also collected scalability metrics, such as the time taken to complete a workload as the number of virtual machines increased. We collected these metrics using various monitoring tools and scripts.
Statistical Analysis: To compare the performance and scalability of the different cloud providers, we used statistical analysis techniques, including ANOVA (analysis of variance) and Tukey's HSD (honestly significant difference) test. These tests allowed us to determine whether there were significant differences in performance and scalability between the different providers and to identify which providers performed better on each benchmark.
Overall, our methodology allowed us to conduct a comprehensive and direct comparison of the performance and scalability of public cloud providers using a range of benchmarks and performance metrics.
IV. Results 
Presentation of the results for each provider and workload type Comparison of provider performance and scalability Discussion of the implications of the results for organizations
In this section, we present the results of our empirical study on the performance and scalability of public cloud computing providers.
Overall, our results show that all three providers – Amazon Web Services (AWS), Microsoft Azure, and Google Cloud Platform (GCP) – perform well across a range of workloads, but there are some differences in performance and scalability that organizations should be aware of.
CPU-Intensive Workloads: In terms of CPU-intensive workloads, AWS performed slightly better than Azure and GCP. Specifically, AWS achieved higher CPU utilization and lower execution times on the SPEC CPU2006 benchmarks than the other two providers.
Web Server Workloads: For web server workloads, Azure performed slightly better than AWS and GCP. Specifically, Azure achieved lower response times and higher throughput on the TPC-W benchmark than the other two providers.
Scientific Computing Workloads: In terms of scientific computing workloads, GCP performed slightly better than AWS and Azure. Specifically, GCP achieved higher performance and scalability on the LINPACK benchmark.
Database Workloads: For database workloads, AWS and Azure performed similarly, achieving higher transaction rates and lower response times than GCP on our custom benchmark.
Overall, our results indicate that organizations should carefully consider their workload requirements and select a cloud provider based on their specific needs. Additionally, our results highlight the importance of evaluating provider performance and scalability before selecting a cloud provider.
Our study also has important implications for cloud providers, as it demonstrates the importance of investing in performance and scalability improvements to remain competitive in the market.
V. Discussion 
Interpretation of the results in light of the study's objectives Examination of the limitations and assumptions of the study Suggestions for future research on evaluating cloud provider performance and scalability
Interpretation of the Results: The results of this study have significant implications for organizations using public cloud computing providers. The study has shown that the performance and scalability of public cloud providers can vary widely depending on the workload type. Therefore, organizations should carefully evaluate providers before making decisions on which to use for their specific workload requirements. The results also suggest that certain providers may perform better on specific workload types, indicating that a multi-cloud strategy may be beneficial for some organizations.
Examination of Limitations and Assumptions: One limitation of this study is that it only evaluated four public cloud computing providers, which may not be representative of the entire industry. Additionally, the study only evaluated performance on a limited number of workload types, and did not evaluate the cost of each provider. Future research should aim to evaluate a wider range of cloud computing providers and workload types, as well as consider cost as a factor in the evaluation.
Another assumption of this study is that the results are generalizable to all organizations using public cloud computing. However, different organizations may have different workload requirements and configurations, which may impact the performance and scalability of cloud providers differently. Therefore, it is important for organizations to conduct their own evaluations to ensure that they are selecting the best cloud provider for their specific needs.
Future Research Suggestions: Future research should focus on developing more comprehensive and standardized benchmarking methods for evaluating cloud provider performance and scalability. This will allow for more accurate and meaningful comparisons between providers. Additionally, research could investigate the impact of factors such as network latency and location on provider performance and scalability, as these factors may be important for organizations with specific geographic requirements. Finally, research could also explore the potential benefits and drawbacks of a multi-cloud strategy for organizations seeking to optimize their cloud computing resources.
VI. Conclusion 
Summary of the study's contributions and key findings Implications for organizations and the cloud computing industry Final thoughts and recommendations.
In conclusion, this empirical study provides insights into the performance and scalability of public cloud computing providers. Our results suggest that provider performance varies widely depending on the workload type, and that providers exhibit different levels of scalability across workloads. These findings have important implications for organizations considering public cloud computing providers, as they highlight the need for careful evaluation and selection of providers based on their ability to meet specific workload requirements.
Furthermore, this study highlights the importance of ongoing evaluation of cloud provider performance and scalability, as the cloud computing industry continues to evolve and providers introduce new services and technologies. As such, we recommend that organizations conduct regular performance evaluations of their cloud providers to ensure that their computing needs are being met effectively and efficiently.
Overall, this study provides a valuable contribution to the growing body of research on cloud provider performance and scalability, and we hope that it serves as a useful guide for organizations navigating the complex landscape of public cloud computing.
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