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Abstract

Federated Cloud Strategies optimize resource consumption and scalability in cloud computing by
connecting several cloud providers for seamless workload movement. VMware Motion and Microsoft
Hyper-V allowed live VM migration in a single cloud environment, but they were limited to ecosystems,
limiting scalability and performance improvement. New inter-cloud migration methodologies have
emerged to solve the challenges of flexible, scalable, and cost-effective solutions in federated cloud
systems. Traditional systems were efficient in one cloud but had trouble transferring VMs between
diverse clouds, resulting in high prices, performance bottlenecks, and poor resource allocation. They
lacked automatic optimization and were prone to migration failures and inefficiencies, preventing
enterprises from fully leveraging cloud computing. This project uses federated cloud solutions to
optimize resource performance and reduce operational expenses to boost profitability. Intelligent
decision-making, machine learning algorithms, and dynamic resource allocation enhance VM migration
across federated cloud platforms in the proposed system. It improves migration efficiency, reduces
costs, and ensures speedier, more reliable migrations while maximizing resource utilization, giving
enterprises a cost-effective way to boost profitability and performance in federated cloud environments.
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1. INTRODUCTION

Cloud VM migration through Federated Cloud Strategies is a key solution in cloud computing that
enables efficient resource allocation across multiple cloud providers. This approach helps in reducing
operational costs, improving scalability, and optimizing the total cost of ownership (TCO). It has various
applications in enterprises for load balancing, disaster recovery, and multi-cloud management. With the
growth of cloud infrastructure in India, federated cloud migration is gaining traction for its potential to
enhance operational efficiency and cost-effectiveness. Traditional cloud VM migration strategies face
challenges such as high operational costs, inefficiencies in resource allocation, and a lack of
interoperability between different cloud platforms. These issues arise from the inability to effectively
manage workloads across diverse cloud providers. Moreover, manual migration processes often lead to
service downtimes and performance bottlenecks. The absence of automation and optimization in these
systems limits their scalability. Federated cloud strategies aim to address these issues by providing a
more streamlined and cost-efficient migration process. The motivation behind this research stems from
the increasing complexity and cost of managing cloud workloads across multiple platforms. Federated
cloud strategies present an opportunity to overcome the limitations of traditional cloud environments,
offering cost optimization, better performance, and seamless migration between cloud providers. With
the rise in cloud adoption, particularly in India, the need for efficient VM migration solutions has never
been more critical. The goal is to reduce operational costs and improve cloud service flexibility. This
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research will contribute to the development of more intelligent and automated cloud migration
solutions.

In the current cloud environment, organizations are often faced with high operational costs and
inefficiencies when managing resources across multiple cloud platforms. The lack of integration
between cloud providers further exacerbates these issues. As more businesses move to the cloud,
especially in India, the need for efficient and cost-effective VM migration becomes critical. Federated
cloud strategies offer a solution to this problem, allowing for smooth migration between clouds,
ensuring minimal downtime, and optimizing resource utilization. Real-time cost optimization, enhanced
scalability, and flexibility are increasingly demanded by industries, making this research essential. This
solution will cater to the growing need for dynamic cloud resource management.

2. LITERATURE SURVEY

Virtual Machine (VM) live migration is a core functionality in modern cloud and edge computing
environments. It enables workload balancing, proactive fault tolerance, and efficient resource utilization
without significant service disruption. However, live migration raises challenges related to performance
overhead, service downtime, energy consumption, and security risks. Researchers have tackled these
challenges from various angles, developing models and frameworks that aim to minimize migration
time, predict downtime, optimize resource usage, and bolster security.

Several works propose analytical models to characterize the live migration process and predict its
impact under diverse workloads. Aldhalaan and Menascé [2] developed a quantitative performance
model focusing on parameters such as memory size, dirtying rate, and available bandwidth, which helps
optimize resource allocation and reduce migration overhead. Similarly, Wu and Zhao [7] presented a
mathematical model considering the CPU usage and memory write intensity during the pre-copy
migration phase, thereby identifying potential bottlenecks and suggesting optimizations.

Nathan et al. [1] provided a comprehensive performance model capturing multiple dimensions of live
migration, including network traffic, memory page dirtying, and virtualization overhead. Their work
offers a holistic view that can be instrumental in both planning and execution stages. In a similar vein,
Rybina ef al. [8] focused on predicting the time cost of live migration by analyzing how resource
utilization patterns affect the overall duration. Galloway et al. [6] proposed an empirical framework for
evaluating performance metrics—such as total migration time and throughput—across different VM
configurations, enabling data-driven decisions.

Empirical evaluations are critical for validating theoretical models. Luo et al. [4], although primarily
discussing a baseband cloud solution for high-speed trains, underscore the importance of robust cloud-
based communication services, which directly relate to maintaining performance continuity during
migrations. Likewise, Ha et al. [5] explored just-in-time provisioning for cyber foraging in mobile
systems, highlighting the necessity for quick VM deployment and efficient resource management—key
lessons transferable to live migration strategies in highly dynamic environments.

Service downtime is a pivotal concern, especially for mission-critical applications. Salfner ef al. [3]
tackled this challenge by proposing a mechanism to estimate downtime accurately, enhancing reliability
in continuously operating environments. Their approach helps administrators plan migration windows
and implement proactive strategies to keep services highly available. By combining downtime
estimation with performance models, cloud operators can orchestrate smoother migrations that limit
disruptions to end-users.
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As data centers grow in scale, reducing energy consumption becomes a pressing objective. Strunk [9]
introduced a lightweight model to estimate the additional energy cost associated with live migration,
taking into account CPU and network usage. This model allows system architects to balance
performance requirements with sustainability goals, particularly useful when large numbers of
migrations are involved or when optimizing across green data centers.

With an increasing number of workloads moving to virtualized environments, security aspects of live
migration have garnered significant attention. Verma [11] discussed secure VM migration in the cloud
through a multi-criteria optimization model, emphasizing parameters such as encryption overhead,
network latency, and resource utilization. Such methodologies help ensure that sensitive data remains
protected during transit and that the cost of additional safeguards does not negate the benefits of
mobility.

To complement security considerations, Torquato et al. [10] devised a model that assesses availability
and security risks in systems employing VM Monitor (VMM) rejuvenation. By incorporating live
migration scheduling, they reduce vulnerability windows and enhance both reliability and resilience.
This integrated approach to availability and security highlights a growing trend where performance,
risk management, and reliability converge.

The complexity of live migration scales with the size and heterogeneity of cloud infrastructures. Wang
et al. [12] propose a multiagent-based framework for resource allocation aiming to reduce energy usage
in cloud systems, a principle that can be extended to scheduling migrations and determining optimal
VM placements. Additionally, Xiao et al. [13] suggest a novel gorilla troops optimizer that employs
lens opposition-based learning and adaptive B-hill climbing to tackle global optimization challenges.
Although not focused exclusively on migration, these evolutionary techniques can refine scheduling
decisions and reduce overall overhead in large-scale virtualized environments.

3. PROPOSED SYSTEM

The proposed algorithm for VM migration through Federated Cloud Strategies focuses on optimizing
cloud resource utilization and reducing costs during VM migrations by leveraging federated cloud
resources. The algorithm steps are designed to automate the process of VM migration, ensuring minimal
downtime, enhanced scalability, and improved cost-effectiveness. Below is a step-by-step explanation
of the algorithm's research procedure:

Step 1: Resource Generation and Initialization

In this step, the initial resources required for migration are generated and initialized. The cloud provider
(CP), data center (DC), and virtual machine (VM) information are retrieved. For simulation purposes,
virtual machines are assigned specific attributes such as size, distance, and resource consumption.
Random values are generated to simulate real-world scenarios, considering the geographical location
(distance) and the resource requirements (size) of each VM. This step ensures that the system has a base
dataset to work with when simulating VM migrations.

Step 2: Calculating Migration Costs (Non-Federated Migration)

In this step, the algorithm calculates the total migration cost for a set of VMs and their associated
resources using the non-federated approach. The migration cost is determined by the distance between
data centers and the resource consumption (size) of the VMs. Each VM migration cost is computed
using a cost function that incorporates these factors, specifically considering running costs, which are
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impacted by the geographical distance between data centers and the resource size. The initial total cost
for migration without considering federated strategies is calculated, forming a baseline for comparison.

Step 3: Simulation of Federated Cloud Migration Strategy

In this step, the algorithm simulates the migration of VMs using the federated cloud approach. The
simulation begins by sorting the existing VM resources based on their cost and distance, with the aim
of optimizing resource allocation. The federated cloud strategy involves identifying the most cost-
efficient data centers (DCs) and selecting them for VM migration. The algorithm dynamically
reallocates VMs from higher-cost to lower-cost data centers in a way that minimizes the overall
migration cost. The federated cloud strategy considers multiple cloud providers (CPs) to balance the
load and costs of resources optimally.
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v
Plan -—-o--> Migration Migration
Controller

Virtual-
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Figure 1. Proposed block diagram.
Step 4: Cost Comparison between Non-Federated and Federated Approaches

After the federated migration simulation, the algorithm compares the migration costs between the non-
federated and federated approaches. This comparison is essential to measure the cost-efficiency and
performance improvements achieved by the federated migration strategy. The algorithm calculates the
total migration cost for both approaches and identifies the cost reduction achieved by migrating VMs
across multiple cloud providers. This step provides the primary metric for evaluating the effectiveness
of the federated strategy.

Step 5: Generating Cost Comparison Graphs
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Once the migration costs are calculated, the algorithm proceeds to visualize the results through graphs.
The cost comparison between non-federated and federated migration approaches is plotted, showing
the differences in migration costs as the number of virtual machines (VMs) increases. These
visualizations are crucial for understanding the impact of federated migration strategies on cloud
resource optimization. The graph highlights the cost savings and performance improvements of the
federated approach compared to traditional migration methods.

Step 6: Real-time Migration of Files and VM Allocation

In this step, the algorithm simulates the real-time migration of files and VM allocations. The system
allows users to upload files that represent workloads, which can then be migrated across cloud providers
or data centers. This step also includes updating the database to reflect the new VM location, ensuring
that the information is accurately tracked and updated in the system. This real-time migration
functionality ensures that the migration process is transparent and that the cloud infrastructure remains
synchronized across all involved providers.

Step 7: Data Logging and Result Recording

After completing the migration process, the algorithm logs the results of the migration, including cost
calculations, VM performance, and resource usage. This data is stored in the system's database for future
analysis and reporting. The logging process ensures that all actions taken during the migration are
documented, providing transparency and traceability for performance audits and optimization efforts.

Step 8: Optimization and Continuous Feedback Loop

The final step involves optimizing the migration process through a feedback loop. The algorithm learns
from previous migrations, continuously adjusting its parameters to improve efficiency. This
optimization step allows the system to fine-tune its operations over time, providing even better cost
savings and performance gains with each migration. The feedback loop enhances the algorithm's ability
to handle larger workloads and adapt to changing cloud conditions, ensuring that the migration strategy
remains effective as cloud environments evolve.

4. RESULTS AND DISCUSSION

The concept of federated cloud strategies and how they can be used to optimize cloud VM migration.
The page features a diagram illustrating a federated cloud architecture with multiple cloud providers
(CP1, CP2, CP3) and federated cloud managers (FCM).

¢ Title: Optimizing Cloud VM Migration Through Federated Cloud Strategies: A Cost-Efficient
Approach for Profitability Maximization

e Navigation bar: Home, User Login, New User Signup Here

e Diagram: A diagram illustrating a federated cloud architecture with multiple cloud providers
and federated cloud managers

o Text: The text on the page discusses the benefits of federated cloud strategies for cloud VM
migration, including cost savings and improved performance.
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Figure 2. Homepage
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Figure 3. Signup Screen.

The page displays a form for new users to sign up, with fields for username, password, contact number,
email ID, and address.

e Title: New User Signup Screen

e Form Fields: Username, Password, Contact No, Email ID, Address, Submit button
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Figure 4. Sign in

This page is built using HTML, CSS, and JavaScript. HTML structures the page layout, CSS styles its
appearance, and JavaScript might be used for dynamic elements like form validation or interactive
features.

The backend of this page is powered by Django. Django handles the logic behind the login form, such
as:

¢ Form Handling: Django provides a form framework to validate and process user input from
the login form.

e Authentication: Django's built-in authentication system manages user accounts and
passwords. It securely stores user credentials and verifies them during login attempts.

¢ Session Management: Django uses sessions to track user logins and maintain their state across
different pages.

e Database Interaction: Django interacts with a database (likely PostgreSQL or MySQL) to
store user information and other relevant data.
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Figure 5. User Home Screen

The cloud VM migration and federated cloud strategies. After logging in, the user is presented with a
dashboard-like interface. The page displays a welcome message to the user, along with a diagram
illustrating a federated cloud architecture. The navigation bar offers various options like "Generated CP
& DC", "Run Federated Migration", "Upload File to VM", "Live Migration", and "Logout". This
suggests that the application provides tools for managing and migrating virtual machines across
different cloud providers within a federated cloud environment. The overall purpose of this page seems
to be to provide a user-friendly interface for managing cloud resources and optimizing VM migration
processes.

€ > C ® http://127.0.0.1:8000/GenerateResource Y o

Generate Cloud Resources Screen

Total Cloud Providers

Total DC
|Generate Resources|

Figure 6. Generate Cloud Resources Screen
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This page provides a user interface for generating cloud resources within a federated cloud environment.
Based on the elements on the page, the functionality could include:

e Total Cloud Providers: This field allows the user to specify the number of cloud providers to
be included in the federated cloud setup.

e Total DC: This field allows the user to specify the number of data centers to be created under
each cloud provider.

e Generate Resources Button: Clicking this button triggers the generation of cloud resources
based on the user's input. This might involve creating virtual machines, networks, and storage
resources in the specified cloud providers and data centers.
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Figure 7. Cloud Providers.

This page displays the results of generating cloud resources within a federated cloud environment.
Based on the elements on the page, the functionality could include:

¢ Federated Cloud Diagram: This diagram visually represents the federated cloud architecture,
showing the cloud providers (CP1, CP2, CP3), data centers (DC1, DC2), and federated cloud
managers (FCM).

e Cloud Provider Table: This table displays information about the generated cloud providers,
including their names and associated data centers.

e Data Center Information: For each cloud provider, the table lists the data centers, their IDs,
cloud costs, and distances from each other.

¢ Non-Federated Migration Cost: This value might represent the estimated cost of migrating
virtual machines between data centers without using the federated cloud infrastructure.
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Figure 8. Cloud Provider graph

This page displays the results of comparing non-federated and federated migration costs. Based on the
elements on the page, the functionality could include:

Federated Cloud Diagram: This diagram visually represents the federated cloud architecture,
showing the cloud providers (CP1, CP2, CP3), data centers (DC1, DC2), and federated cloud
managers (FCM).

Cloud Provider Table: This table displays information about the generated cloud providers,
including their names and associated data centers.

Data Center Information: For each cloud provider, the table lists the data centers, their IDs,
cloud costs, and distances from each other.

Non-Federated Migration Cost: This value might represent the estimated cost of migrating
virtual machines between data centers without using the federated cloud infrastructure.

Federated Migration Cost: This value might represent the estimated cost of migrating virtual
machines between data centers using the federated cloud infrastructure.

Total Migration Cost Graph: This graph compares the total migration costs for non-federated
and federated migrations across different numbers of virtual machines.
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Figure 9. Upload File Screen

This page provides a user interface for uploading files to virtual machines within a federated cloud
environment. Based on the elements on the page, the functionality could include:

o File Selection: The user can select a file from their local machine using the "Browse File"
button.

¢ Cloud Provider and VM Selection: The user can choose the desired cloud provider and virtual
machine from dropdown menus.

e Upload Button: Clicking this button initiates the file upload process, transferring the selected
file to the specified VM.
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Figure 10. File Migration Screen
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This page provides a user interface for initiating live migration of files between virtual machines within
a federated cloud environment. The user can select the file to be migrated, the source and destination
cloud providers, and the source and destination virtual machines. Once the user clicks the "Migrate
File" button, the backend likely handles the migration process, which might involve transferring the file
over the network while the VM remains active. The backend of this page uses a combination of
technologies to handle the migration process. This might include a web framework like Django or Flask
to handle user requests and render the web page, a file transfer protocol like FTP or SFTP to transfer
the file between VMs, and potentially virtualization technologies like KVM or VMware to manage the
live migration process.

5. CONCLUSIONS

In conclusion, the adoption of federated cloud strategies for VM migration marks a significant
advancement in cloud computing. This methodology empowers organizations to efficiently manage
resources across diverse cloud ecosystems, enhancing scalability and profitability. By addressing
critical challenges such as cost, performance bottlenecks, and compatibility, this approach lays the
foundation for a future where cloud infrastructures are more interconnected, intelligent, and adaptable.
It ensures that businesses can fully leverage the power of cloud computing, paving the way for
sustainable growth and technological innovation. Furthermore, the development of standardized
protocols for inter-cloud communication is essential to ensure interoperability between diverse cloud
providers. This would enable seamless VM migration across heterogeneous platforms, fostering greater
collaboration and efficiency in the cloud ecosystem.

REFERENCE

[1] S. Nathan, U. Bellur, and P. Kulkarni, “Towards a comprehensive performance model of virtual
machine live migration,” in Proceedings of the Sixth ACM Symposium on Cloud Computing. ACM,
2015, pp. 288-301.

[2] Aldhalaan and D. A. Menascé, “Analytic performance modelling and optimization of live vm
migration,” in European Workshop on Performance Engineering. Springer, 2013, pp. 28—42.

[3] F. Salfner, P. Troger, and M. Richly, “Dependable estimation of downtime for virtual machine live
migration,” Int. J. on Advances in Systems and Measurements, vol. 5, 2012,

[4] Q. Luo, W. Fang, J. Wu, and Q. Chen, “Reliable broadband wireless communication for high speed
trains using baseband cloud,” EURASIP Journal on Wireless Communications and Networking, vol.
2012, no. 1, p. 285, 2012.

[5] K. Ha, P. Pillai, W. Richter, Y. Abe, and M. Satyanarayanan, “Just-in-time provisioning for cyber
foraging,” in Proceeding of the 11th annual international conference on Mobile systems, applications,
and services. ACM, 2013, pp. 153-166.

[6] M. Galloway, G. Loewen, and S. Vrbsky, “Performance metrics of virtual machine live migration,”
in Cloud Computing (CLOUD), 2015 IEEE 8th International Conference on. IEEE, 2015, pp. 637-644.

[71Y. Wu and M. Zhao, “Performance modeling of virtual machine live migration,” in Cloud Computing
(CLOUD), 2011 IEEE International Conference on. IEEE, 2011, pp. 492-499.

[8] K. Rybina, W. Dargie, S. Umashankar, and A. Schill, “Modelling the live migration time of virtual
machines,” in OTM Confederated International Conferences “On the Move to Meaningful Internet
Systems”. Springer, 2015, pp. 575-593.

1397 M. Vanitha et al 1386-1398



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

[9] Strunk, “A lightweight model for estimating energy cost of live migration of virtual machines,” in
Cloud Computing (CLOUD), 2013 IEEE Sixth International Conference on. IEEE, 2013, pp. 510-517.

[10] Torquato M., Maciel P., and Vieira M., “A Model for Availability and Security Risk Evaluation for
Systems with VMM Rejuvenation Enabled by VM Migration Scheduling,” IEEE Access, vol. 7, pp.
138315-138326, 2019. DOI: 10.1109/ACCESS.2019.2943273

[11] Verma G., “Secure VM Migration in Cloud: Multi-Criteria Perspective with Improved
Optimization Model,” Wireless Personal Communications, vol. 124, no. 5, pp. 75-102, 2022.

[12] W. Wang, Y. Jiang, and W. Wu, “Multiagent-Based Resource Allocation for Energy Minimization
in Cloud Computing Systems,” IEEE Transactions on Systems, Man, and Cybernetics: Systems, vol. 7,
no. 2, pp. 205-220, 2017. DOI: 10.1109/TSMC.2016.2523910

[13]Y. Xiao, X. Sun, Y. Guo, S. Li, Y. Zhang, and Y. Wang, “An Improved Gorilla Troops Optimizer
Based on Lens Opposition-Based Learning and Adaptive -Hill Climbing for Global Optimization,”
Computer Modeling in Engineering and Sciences, vol. 131, no. 2, pp. 815-850, 2022.

1398 M. Vanitha et al 1386-1398



