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ABSTRACT 

As organizations increasingly migrate to cloud-based environments, optimizing modern cloud data 

warehousing solutions has become a critical focus for ensuring efficient data management and analytical 

capabilities. This research explores the techniques and strategies for optimizing contemporary cloud data 

warehousing solutions, aiming to provide actionable insights for organizations seeking to enhance their data 

warehousing performance, scalability, and cost-efficiency. 

The study begins by examining the fundamental principles of cloud data warehousing, highlighting the 

differences between traditional on-premises systems and modern cloud-based solutions. It delves into key 

cloud data warehousing platforms, such as Amazon Redshift, Google BigQuery, and Snowflake, assessing 

their architecture, features, and optimization techniques. 

One significant area of focus is performance optimization. The research investigates techniques such as data 

partitioning, indexing, and materialized views, which are essential for improving query response times and 

overall system performance. It also explores the role of automated scaling, where cloud platforms 

dynamically adjust resources based on workload demands, enhancing both performance and cost-efficiency. 

The study emphasizes the importance of query optimization practices, including the use of efficient SQL 

queries and optimization hints, which contribute to reduced query execution times and improved system 

throughput. 

Another crucial aspect addressed is scalability. The research evaluates strategies for scaling cloud data 

warehousing solutions to handle varying data volumes and user loads. Techniques such as horizontal scaling, 

where additional resources are added to distribute the load, and vertical scaling, where existing resources are 

upgraded, are discussed. The paper also explores the concept of elastic scalability, a hallmark of cloud 

environments, which allows for seamless adjustments in capacity based on real-time needs. 

Cost optimization is a critical concern for organizations adopting cloud data warehousing solutions. The study 

examines methods to manage and reduce costs, such as selecting appropriate pricing models (e.g., on-demand 

vs. reserved instances), optimizing storage and compute resource usage, and employing cost monitoring and 

management tools. Strategies for minimizing data transfer and storage costs, including data compression and 

lifecycle management, are also discussed. 
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The research further explores security and compliance considerations, addressing how to optimize data 

warehousing solutions while maintaining robust security measures and regulatory compliance. Techniques for 

securing data at rest and in transit, as well as managing access controls and auditing, are evaluated to ensure 

that optimization efforts do not compromise data integrity and security. 
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Introduction 

Background and Context 

In the digital era, cloud computing has revolutionized data management, providing organizations with scalable, 

flexible, and cost-effective solutions. Among the various cloud services, data warehousing has become a 

cornerstone for businesses seeking to harness vast amounts of data for strategic decision-making and analytics. 

Traditional on-premises data warehousing solutions often struggled with issues such as limited scalability, 

high infrastructure costs, and complex maintenance requirements. The advent of modern cloud data 

warehousing solutions has addressed these challenges, offering enhanced performance, scalability, and cost-

efficiency. 

Cloud data warehousing platforms like Amazon Redshift, Google BigQuery, and Snowflake have emerged as 

leading solutions, each bringing unique features and capabilities to the table. However, optimizing these 

modern cloud data warehousing solutions to fully leverage their potential remains a significant concern for 

many organizations. Effective optimization ensures that these platforms deliver high performance, handle 

growing data volumes seamlessly, and operate within budget constraints. 

Importance of Optimization 

Optimization in cloud data warehousing is crucial for several reasons: 

1. Performance Enhancement: As data volumes and query complexities increase, maintaining fast 

query response times and system throughput becomes essential. Optimization techniques, such as 

query tuning and efficient indexing, are critical for achieving high performance and minimizing 

latency. 

2. Scalability Management: Cloud environments offer elastic scalability, allowing organizations to 

adjust resources based on workload demands. Optimizing scalability ensures that the system can handle 

varying data loads and user requests without performance degradation. 

3. Cost Efficiency: Managing costs in cloud data warehousing involves selecting appropriate pricing 

models, optimizing resource usage, and minimizing unnecessary expenditures. Cost optimization 

strategies help organizations balance performance and budget, ensuring that cloud resources are used 

effectively. 
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4. Security and Compliance: While optimizing performance and cost, maintaining robust security and 

compliance is imperative. Ensuring that optimization practices do not compromise data integrity or 

violate regulatory requirements is a key aspect of effective data warehousing management. 

Research Focus 

This research paper focuses on the techniques and strategies for optimizing modern cloud data warehousing 

solutions. It aims to provide a comprehensive analysis of performance optimization methods, scalability 

strategies, and cost management practices. By exploring these aspects, the study seeks to offer practical 

recommendations for organizations looking to enhance their cloud data warehousing capabilities. 

The paper will delve into various optimization techniques employed by leading cloud data warehousing 

platforms and compare their effectiveness in real-world scenarios. It will also address the challenges and trade-

offs associated with different optimization approaches, providing valuable insights for data professionals and 

decision-makers. 

Objectives 

The primary objectives of this research are to: 

1. Investigate key performance optimization techniques for cloud data warehousing solutions. 

2. Analyze strategies for effective scalability and resource management. 

3. Examine cost optimization methods and their impact on overall efficiency. 

4. Evaluate security and compliance considerations in the context of optimization. 

Problem Statement 

As organizations increasingly migrate their data management and analytical operations to cloud-based 

environments, the need to optimize cloud data warehousing solutions has become more critical. Cloud data 

warehousing platforms, such as Amazon Redshift, Google BigQuery, and Snowflake, offer significant 

advantages over traditional on-premises systems, including scalability, flexibility, and cost efficiency. 

However, realizing the full potential of these modern solutions requires effective optimization strategies 

tailored to the unique characteristics of cloud environments. 

Despite the advancements in cloud data warehousing technologies, several challenges persist in optimizing 

these platforms to achieve peak performance, manage scalability, and control costs. These challenges can 

impact an organization’s ability to leverage its data effectively and make informed business decisions. The 

primary issues include: 

1. Performance Optimization: Cloud data warehouses must handle complex queries and large volumes 

of data while maintaining fast query response times and system throughput. Performance optimization 

involves tuning queries, optimizing indexing strategies, and leveraging advanced features such as 

materialized views. However, organizations often struggle with identifying the most effective 

optimization techniques and balancing performance improvements with resource utilization. 

2. Scalability Management: One of the primary advantages of cloud data warehousing is the ability to 

scale resources elastically based on workload demands. While cloud platforms provide mechanisms 

for scaling, managing this scalability effectively remains a challenge. Organizations need to implement 

strategies for both horizontal and vertical scaling to ensure that their data warehousing solutions can 

handle fluctuating data volumes and user loads without degrading performance. 

3. Cost Efficiency: Cloud data warehousing solutions typically operate on a pay-as-you-go pricing 

model, which can lead to unpredictable costs if not managed properly. Organizations must navigate 

various pricing models, such as on-demand and reserved instances, and optimize their use of storage 

and compute resources to control costs. Cost management involves monitoring usage, analyzing cost 

drivers, and implementing strategies to minimize unnecessary expenditures. Achieving cost efficiency 

while maintaining performance and scalability is a complex challenge. 
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4. Security and Compliance: Ensuring data security and compliance with regulatory requirements is a 

critical aspect of optimizing cloud data warehousing solutions. Organizations must implement robust 

security measures to protect data at rest and in transit, manage access controls, and adhere to industry-

specific regulations such as GDPR and HIPAA. Balancing optimization efforts with security and 

compliance needs can be challenging, as enhancing performance and scalability may inadvertently 

impact data protection. 

5. Integration and Interoperability: Cloud data warehousing solutions must often integrate with other 

cloud services and on-premises systems. Ensuring seamless integration and interoperability while 

optimizing performance and cost can be complex. Organizations need to address issues related to data 

migration, synchronization, and compatibility between different platforms and services. 

6. User Experience and Management: The complexity of cloud data warehousing platforms can affect 

user experience and management. Effective optimization requires not only technical expertise but also 

user-friendly tools and interfaces that simplify management tasks. Organizations may face difficulties 

in navigating the features and configurations of cloud data warehousing solutions, impacting their 

ability to implement optimization strategies effectively. 

 

Significance 

The significance of optimizing modern cloud data warehousing solutions extends across various domains, 

including operational efficiency, cost management, and strategic decision-making. As organizations 

increasingly transition to cloud-based data infrastructures, understanding and implementing effective 

optimization techniques becomes crucial for leveraging the full potential of cloud data warehousing platforms. 

The significance of this research topic is underscored by several key factors: 

1. Enhanced Performance and Efficiency 

Optimizing cloud data warehousing solutions directly impacts the performance and efficiency of data 

processing and analytics. By employing advanced optimization techniques, organizations can significantly 

improve query response times, system throughput, and overall data handling capabilities. This enhanced 

performance enables businesses to derive actionable insights more rapidly and make informed decisions based 

on real-time data. Improved efficiency also translates to a better user experience, facilitating more effective 

data management and analytics. 

2. Cost Management and Optimization 

Cost efficiency is a critical consideration for organizations utilizing cloud data warehousing solutions. Cloud 

platforms operate on a pay-as-you-go model, which can lead to variable costs based on usage patterns. 

Effective optimization strategies help organizations manage and reduce these costs by optimizing resource 

allocation, selecting appropriate pricing models, and minimizing unnecessary expenditures. Cost management 

not only helps in controlling the budget but also ensures that organizations achieve the best value for their 

investment in cloud data warehousing. 

3. Scalability and Flexibility 

One of the primary advantages of cloud data warehousing is its scalability. Organizations can scale their data 

processing resources up or down based on workload demands, which is crucial for handling varying data 

volumes and user loads. Optimizing scalability ensures that cloud data warehousing solutions can efficiently 

accommodate growth and changes in demand without compromising performance. This flexibility supports 

business agility, allowing organizations to adapt to evolving data requirements and market conditions. 

4. Data Security and Compliance 

In the context of cloud data warehousing, security and compliance are paramount. Optimizing cloud solutions 

involves not only enhancing performance and cost efficiency but also ensuring robust data protection and 
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adherence to regulatory requirements. Effective optimization practices must incorporate security measures to 

safeguard data from breaches and ensure compliance with data protection regulations such as GDPR and 

HIPAA. Balancing optimization with security and compliance considerations is essential for maintaining data 

integrity and trust. 

5. Strategic Decision-Making 

Data-driven decision-making is a cornerstone of modern business strategy. Optimizing cloud data 

warehousing solutions enhances the ability of organizations to analyze large volumes of data quickly and 

accurately, providing valuable insights that inform strategic decisions. By improving data accessibility, 

processing speed, and analytical capabilities, organizations can gain a competitive edge and drive innovation. 

6. Competitive Advantage 

Organizations that successfully optimize their cloud data warehousing solutions are better positioned to gain 

a competitive advantage in their respective industries. Efficient data management and analytics capabilities 

enable businesses to respond more effectively to market trends, customer needs, and operational challenges. 

Optimization contributes to a more agile and responsive organization, which is crucial for staying ahead in a 

rapidly evolving business landscape. 

7. Innovation and Future Readiness 

As technology continues to advance, cloud data warehousing solutions will evolve with new features and 

capabilities. Researching and implementing optimization techniques positions organizations to leverage 

emerging technologies and innovations effectively. By staying ahead of optimization trends, organizations can 

future-proof their data warehousing strategies and remain at the forefront of technological advancements. 

 

Survey 

 
Company 

Name 

Platform Name Key Features Target Market Pricing Model 

Amazon Redshift Scalability, high-performance 

queries, integration with AWS 

services 

Enterprises, SMEs On-demand, reserved 

instances 

Google BigQuery Serverless, real-time analytics, 

integration with Google Cloud 

services 

Enterprises, data 

analysts 

On-demand, flat-rate 

pricing 

Snowflake Snowflake Multi-cloud support, scalability, 

data sharing, zero-copy cloning 

Enterprises, data 

professionals 

On-demand, capacity 

pricing 

Microsoft Azure Synapse Integrated analytics, big data 

processing, data integration 

Enterprises, data 

scientists 

On-demand, reserved 

capacity pricing 

IBM Db2 Warehouse AI-driven analytics, integrated 

with IBM Cloud services 

Enterprises, AI 

researchers 

On-demand, 

subscription pricing 

Oracle Oracle Autonomous 

Data Warehouse 

Self-tuning, auto-scaling, security 

features 

Enterprises, large 

organizations 

On-demand, annual 

subscription 

Teradata Vantage Advanced analytics, data lake 

integration, scalability 

Large enterprises, 

data analysts 

Subscription-based 

pricing 

SAP SAP Data 

Intelligence 

Data integration, real-time 

analytics, enterprise-grade 

security 

Enterprises, SAP 

users 

Subscription-based 

pricing 

Cloudera Data Platform Unified data architecture, 

scalability, integration with 

Hadoop 

Enterprises, big 

data users 

Subscription-based 

pricing 

Qubole Qubole Data Service Managed Hadoop, Spark, and 

Presto, cost-efficient scaling 

Enterprises, data 

engineers 

Pay-as-you-go pricing 
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Survey Analysis 
Attribute Category Details Count 

Key Features Scalability Supports scaling based on demand and workload. 9 

 Real-time Analytics Capable of real-time data processing and analytics. 4 

 Integration with Cloud 

Services 

Seamless integration with other cloud services and platforms. 8 

 Data Sharing Enables data sharing across different platforms or with external 

parties. 

2 

 AI-driven Analytics Uses AI to enhance analytics capabilities and performance. 1 

 Self-tuning Automated tuning and performance optimization. 1 

 Managed 

Hadoop/Spark/Presto 

Provides managed services for big data processing frameworks 

like Hadoop and Spark. 

1 

Target 

Market 

Enterprises Large organizations with extensive data needs. 10 

 SMEs Small to medium-sized enterprises. 1 

 Data Analysts/Scientists Professionals focused on data analysis and research. 3 

 AI Researchers Specialists working on artificial intelligence projects. 1 

Pricing 

Model 

On-demand Pay-as-you-go pricing based on actual usage. 8 

 Reserved Instances Pricing for reserving capacity in advance, usually at a discounted 

rate. 

5 

 Flat-rate Pricing Fixed pricing regardless of usage. 1 

 Subscription-based Regular subscription payments for access to the platform. 6 

 Pay-as-you-go Flexible pricing based on actual usage, commonly with cloud 

services. 

1 

 

Research Methodology 

1. Research Design 

This study will employ a comparative research design to evaluate and contrast optimization techniques and 

strategies across different cloud data warehousing platforms. The primary objective is to identify best practices 

and provide actionable insights for optimizing performance, scalability, and cost efficiency. The research will 

use both qualitative and quantitative methods to ensure a comprehensive analysis. 

2. Data Collection 

a. Literature Review 

 Objective: To gather existing knowledge and research on cloud data warehousing optimization. 

 Sources: Academic journals, industry reports, white papers, and technical documentation from cloud 

service providers. 

 Method: Systematic review of relevant literature to understand current optimization techniques and 

strategies. 

b. Case Studies 

 Objective: To examine real-world applications and optimizations implemented by organizations using 

different cloud data warehousing platforms. 

 Sources: Case studies published by cloud service providers, industry publications, and company 

reports. 

 Method: Analysis of case studies to identify practical optimization approaches and their outcomes. 

c. Surveys and Interviews 

 Objective: To gather insights from professionals and experts in the field of cloud data warehousing. 

 Participants: Data engineers, IT managers, cloud architects, and data scientists. 
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 Method: Structured surveys and semi-structured interviews to collect qualitative data on optimization 

practices, challenges, and solutions. 

3. Data Analysis 

a. Comparative Analysis 

 Objective: To compare optimization techniques and strategies across different cloud data warehousing 

platforms. 

 Method: Qualitative and quantitative comparison of key features, performance metrics, scalability 

options, and cost management strategies. 

 Tools: Data visualization tools and comparative metrics to illustrate differences and similarities among 

platforms. 

b. Performance Metrics 

 Objective: To assess the effectiveness of optimization techniques in improving performance. 

 Metrics: Query response times, system throughput, resource utilization, and data processing speed. 

 Method: Analysis of performance benchmarks and metrics provided by cloud service providers and 

third-party evaluators. 

c. Cost Analysis 

 Objective: To evaluate the cost-effectiveness of different optimization strategies. 

 Metrics: Total cost of ownership (TCO), cost per query, cost per GB of data processed, and cost 

savings from optimization. 

 Method: Financial analysis of pricing models and cost management strategies, including case studies 

and user-reported data. 

d. Security and Compliance Assessment 

 Objective: To ensure that optimization practices do not compromise data security and regulatory 

compliance. 

 Criteria: Data protection measures, compliance with regulations (e.g., GDPR, HIPAA), and security 

features. 

 Method: Evaluation of security protocols and compliance measures implemented by cloud data 

warehousing platforms. 

4. Data Validation 

a. Triangulation 

 Objective: To enhance the validity and reliability of the research findings. 

 Method: Cross-referencing data from literature review, case studies, surveys, and interviews to 

validate results and conclusions. 

b. Peer Review 

 Objective: To ensure the accuracy and quality of the research. 

 Method: Submission of findings to experts in the field for review and feedback. 

5. Reporting and Interpretation 

a. Reporting 

 Objective: To present the research findings in a clear and comprehensive manner. 

http://www.ijnrd.org/


 © 2023 IJNRD | Volume 8, Issue 3 March 2023 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2303501 International Journal of Novel Research and Development (www.ijnrd.org)  
 

h779 

 

 Method: Preparation of detailed reports, including comparative tables, performance metrics, cost 

analysis, and case study summaries. 

b. Interpretation 

 Objective: To draw conclusions and provide actionable recommendations based on the research 

findings. 

 Method: Analysis of results to identify key insights, best practices, and strategic recommendations for 

optimizing cloud data warehousing solutions. 

Key Findings 

1. Performance Optimization: Performance optimization remains a fundamental concern for cloud data 

warehousing. Techniques such as query optimization, efficient indexing, and data partitioning play a 

crucial role in enhancing query response times and overall system throughput. Platforms like 

Snowflake and Google BigQuery offer advanced features, such as materialized views and automatic 

query optimization, which significantly improve performance. Organizations that implement these 

techniques effectively can achieve faster data processing and better support for analytical workloads. 

2. Scalability Strategies: Scalability is one of the primary advantages of cloud data warehousing 

solutions. Both horizontal and vertical scaling options are available, allowing organizations to adjust 

resources based on demand. Platforms such as Amazon Redshift and Azure Synapse offer elastic 

scalability, enabling businesses to handle fluctuating data volumes and user loads efficiently. Effective 

scalability management involves selecting the appropriate scaling strategy, optimizing resource 

allocation, and ensuring that scaling does not compromise performance or incur unnecessary costs. 

3. Cost Management: Managing costs is a critical aspect of optimizing cloud data warehousing 

solutions. The pay-as-you-go pricing model, commonly used by platforms like AWS Redshift and 

Google BigQuery, offers flexibility but can lead to unpredictable costs. By implementing cost 

optimization strategies such as resource monitoring, usage analysis, and choosing the right pricing 

model (e.g., reserved instances or flat-rate pricing), organizations can control expenditures and achieve 

cost efficiency. Balancing cost management with performance and scalability needs is essential for 

maximizing the value of cloud investments. 

4. Security and Compliance: Ensuring robust security and compliance is integral to optimizing cloud 

data warehousing solutions. Security measures, such as encryption, access controls, and regular 

security audits, must be in place to protect data from breaches and ensure compliance with regulations 

like GDPR and HIPAA. The research highlights that while optimizing for performance and cost, 

organizations must not overlook security considerations. Platforms with built-in security features and 

compliance certifications provide an additional layer of assurance. 

5. Integration and Interoperability: The ability to integrate seamlessly with other cloud services and 

on-premises systems is crucial for effective data management. Platforms that offer strong integration 

capabilities enable organizations to streamline data workflows and enhance overall efficiency. The 

study found that integration with cloud services is a common feature among leading platforms, which 

helps organizations build a cohesive data infrastructure. 

Recommendations 

Based on the research findings, several recommendations can be made for organizations looking to optimize 

their cloud data warehousing solutions: 

1. Adopt Advanced Optimization Techniques: Organizations should leverage advanced optimization 

techniques, such as query tuning and data partitioning, to enhance performance. Utilizing features like 

materialized views and automated query optimization can further improve query response times and 

system efficiency. 

2. Implement Effective Scalability Strategies: To manage scalability effectively, organizations should 

adopt both horizontal and vertical scaling strategies. Regularly review and adjust resource allocation 

based on workload demands to ensure that the system can handle varying data volumes and user loads 

without performance degradation. 
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3. Optimize Cost Management: Organizations should continuously monitor resource usage and analyze 

cost drivers to implement effective cost management strategies. Consider using a combination of on-

demand and reserved instances to balance flexibility with cost savings. Regularly review pricing 

models and adjust as needed to achieve cost efficiency. 

4. Prioritize Security and Compliance: Ensure that security measures and compliance with regulatory 

requirements are integrated into optimization practices. Regularly update security protocols, perform 

audits, and stay informed about regulatory changes to maintain data protection and compliance. 

5. Enhance Integration and Interoperability: Focus on platforms that offer strong integration 

capabilities to streamline data workflows and enhance efficiency. Evaluate the compatibility of cloud 

data warehousing solutions with existing systems and other cloud services to build a cohesive data 

infrastructure. 

Directions for Future Research 

1. Impact of Artificial Intelligence and Machine Learning 

Future research could explore how artificial intelligence (AI) and machine learning (ML) technologies are 

transforming cloud data warehousing optimization. AI and ML algorithms have the potential to automate and 

enhance various aspects of data management, including performance tuning, anomaly detection, and predictive 

analytics. Investigating how these technologies can be integrated into cloud data warehousing solutions to 

improve efficiency and effectiveness will be crucial. Studies could focus on developing AI-driven optimization 

models, evaluating their impact on performance and cost, and understanding their practical applications in 

different industry contexts. 

2. Advanced Cost Management Techniques 

As cloud data warehousing solutions become more sophisticated, new pricing models and cost management 

strategies are likely to emerge. Future research could examine innovative approaches to cost optimization, 

such as dynamic pricing models that adapt to usage patterns or advanced cost prediction algorithms. Research 

could also investigate the impact of emerging technologies, like serverless architectures, on cost management 

and overall pricing strategies. Understanding how organizations can leverage these advancements to achieve 

cost savings while maintaining performance and scalability will be valuable. 

3. Industry-Specific Optimization Strategies 

Different industries have unique data management requirements and challenges. Future research could explore 

how cloud data warehousing optimization strategies vary across different sectors, such as finance, healthcare, 

retail, and manufacturing. By conducting industry-specific studies, researchers can identify tailored 

optimization approaches that address the specific needs and constraints of each sector. This could lead to the 

development of best practices and guidelines for optimizing cloud data warehousing solutions in various 

industry contexts. 

4. Integration of Edge Computing with Cloud Data Warehousing 

With the growing adoption of edge computing, there is an opportunity to investigate how integrating edge 

computing with cloud data warehousing can enhance performance and data processing capabilities. Future 

research could explore how edge computing can complement cloud data warehousing by enabling real-time 

data processing closer to the data source. Studies could focus on the architectural considerations, performance 

implications, and practical challenges of integrating edge computing with cloud data warehousing solutions. 

5. Security and Compliance Innovations 

As data security and regulatory compliance remain critical concerns, future research should examine new 

approaches and technologies for ensuring data protection in cloud data warehousing environments. 

Investigating advancements in encryption techniques, access controls, and compliance management tools 

could provide valuable insights into enhancing security and meeting regulatory requirements. Research could 
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also explore how emerging threats and evolving regulations impact cloud data warehousing practices and what 

innovative solutions can be developed to address these challenges. 

6. User Experience and Management Tools 

The complexity of cloud data warehousing platforms can impact user experience and management. Future 

research could focus on developing and evaluating user-friendly management tools and interfaces that simplify 

optimization tasks and enhance user experience. Studies could investigate how improved tools and interfaces 

can help organizations manage their data warehousing solutions more effectively and efficiently. Research 

could also explore the role of training and support in improving user proficiency and satisfaction. 

7. Comparative Studies of Emerging Cloud Platforms 

With the rapid development of new cloud data warehousing platforms and technologies, future research could 

conduct comparative studies to evaluate their performance, scalability, and cost-effectiveness. Analyzing and 

comparing emerging platforms against established solutions can provide valuable insights into their strengths 

and limitations. This research could help organizations make informed decisions when selecting cloud data 

warehousing solutions and contribute to the development of industry benchmarks. 
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ABBREVIATIONS 

  AI - Artificial Intelligence 

  AWS - Amazon Web Services 

  DBMS - Database Management System 

  ETL - Extract, Transform, Load 

  GCP - Google Cloud Platform 

  HDFS - Hadoop Distributed File System 

  ML - Machine Learning 

  OLAP - Online Analytical Processing 

  RDS - Relational Database Service 

  SQL - Structured Query Language 

  TCO - Total Cost of Ownership 

  UCI - Universal Cloud Interface 

  VMS - Virtual Machine Service 
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