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The proliferation of cloud service providers necessitates innovative strategies for
distributed and fault-tolerant application deployments. This paper explores multi-
cloud architectures as a robust solution, focusing on the integration of diverse
cloud platforms for enhanced reliability and scalability. A unified orchestration
layer enables seamless management across providers, leveraging adaptive
resource allocation and real-time monitoring tools. The proposed approach
ensures uninterrupted service delivery during outages or platform-specific
failures. Practical case studies showcase significant improvements in fault
tolerance, deployment flexibility, and application performance. This study
provides actionable insights into the benefits of multi-cloud strategies in
distributed computing.
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1. Introduction
What is Cloud Computing?

The term "cloud computing” refers to the practice of providing various forms of shared
computer resources over the Internet, including data storage, databases, servers, networking,
software, analytics, intelligence, and big data processing. The fact that cloud services are
available on an as-needed basis is the main distinction between them and more conventional
web-hosted services. A service is flexible in terms of how much you can take [1]. The Pay-as-
you-go concept was a game-changer for cloud service providers. In this approach, you can
control costs by paying only for the services that you really use, regardless of how many times
you or your clients make use of them. You won't have to shell out as much money for costly
in-house servers, data warehouses, and supporting equipment. The cloud service provider
handles all of this.

Basically, three distinct kinds of clouds exist:
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° Public Cloud
° Private Cloud
° Hybrid Cloud

One definition of a public cloud is a collection of shared, Internet-based computing resources
made available to users by subscription from a variety of external providers, such as Amazon
Web Services [2]. Customers can enjoy the benefits of a public cloud by paying only for the
storage, bandwidth, computing, or analytical capabilities that they really use. The
infrastructure expenses associated with buying and maintaining in-house cloud setups (servers,
software, and more) are eliminated when businesses use public cloud [3]. Cloud computing
that is accessible only to a limited number of users, either publicly or via a private internal
network, is known as a private cloud. The broader population does not have access to these
services. Some people call it a corporate cloud, while others call it a private cloud [4].

A private cloud has many of the same advantages as a public cloud, including:

° Self-service

° Scalability

° Elasticity

Advantages that are unique to private clouds:

° As the cloud infrastructure is located close to the office, there is minimal latency.

° Better protection from prying eyes thanks to built-in firewalls at work.

° preventing third-party providers and customers from accessing sensitive information.

One major drawback of private clouds is that they don't help you save money on infrastructure
expenditures like manpower, hardware, and setting up the cloud [5]. In a multi-cloud or hybrid
cloud configuration, a private cloud can be most effectively used. When it comes to businesses,
cloud computing generally has a few advantages:

° Cost

[ Speed

o Security

° Productivity
° Performance

[ Scalability
Now we may discuss Multi-Cloud and its similarities and differences with a Hybrid Cloud.
Hybrid Cloud vs. Multi-Cloud

One key distinction between public and private cloud computing in a Hybrid Cloud
configuration is the ability for the two types of clouds to communicate with one another.When
you use a combination of cloud services from several providers, frequently tailored to your

Nanotechnology Perceptions Vol. 13 No.3 (2018)



Multi-Cloud Strategies for Distributed and.... Srinivasa Subramanyam Katreddy 212

workload requirements, but without any kind of orchestration or connection between them,
you are engaging in multi-cloud computing.

General Manager of OpenStack at Red Hat, Radhesh Balakrishnan

Multi-Cloud architectures, on the other hand, prohibit communication between private and
public cloud providers [6]. In most companies, the public and private clouds serve separate
functions and are physically separated from one another. One may be tempted to go with a
hybrid cloud solution due to the advantages it offers. If your public and private clouds are able
to communicate with one another, you can put less important components on the public cloud
and preserve the private cloud for important and sensitive data, thus taking use of the best of
both worlds.

Hybrid clouds, when seen in the big picture, are more about executing the use of the
technologies that come from both public and private clouds and how they work together. Quite
the opposite, Multi-cloud is more of a strategic call than an operational one.

A multi-vendor cloud system is the most common type of multi-cloud. To clarify, multi-cloud
architectures use services from multiple providers, typically including AWS, Azure, and GCP.

Hybrid and multi-cloud architectures differ primarily in the following ways:

° A Multi-Cloud typically consists of a combination of numerous public clouds and is
utilized for serving a variety of tasks.

° Hybrid clouds often include both public and private clouds that work together.
Multi-Cloud Strategy
The use of numerous cloud computing services all at once is known as a multi-cloud strategy.

Distributing your software, online and mobile apps, and any other assets that interact with
clients or internal systems across many cloud providers or environments is known as multi-
cloud.

A multi-cloud architecture has numerous advantages that your company should consider, such
as enhancing failure tolerance and decreasing reliance on a single cloud provider [7]. A
service-driven strategy is also used by organizations when choosing cloud service providers.
The reasons why companies are opting for a multi-cloud configuration are greatly affected by
this. Later on, we shall discuss this further.

A multi-cloud can be formed in several ways:

0 Building a multi-cloud environment can be achieved by combining private cloud
computing providers,

0 A classic example of an all-private multi-cloud configuration would be to build up
servers in various locations across the globe and then create a cloud network to manage,
distribute, and use these services.

0 All public cloud service providers might be included, or

To build up a multi-cloud environment that doesn't cost anything, you can use a variety of
public cloud providers like AWS, Azure, and Google Cloud Platform.
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0 To form a multi-cloud architecture, it is possible to incorporate both public and private
cloud service providers.

0 This group includes businesses who use both AWS and Azure in addition to their
private cloud. When tailored to your company's needs, you can enjoy the utmost convenience
and efficiency.

To avoid being tied down to just one cloud provider, a Multi-Cloud architecture often
combines a private cloud with two or more public clouds.

Why has Multi-cloud strategy become the norm?
Soon after cloud computing was widely used, companies began to notice several issues.
Security

Cyberattacks, such as distributed denial of service (DDoS), are more likely to occur when
users depend on just one cloud provider's cybersecurity capabilities. A complete compromise
of the cloud would render the company inoperable in the case of an assault.

Reliability

The reliability of your cloud services is at risk when you depend on just one provider. Data
loss or compromise could occur as a result of a cyberattack, natural disaster, or security breach.

Loss of Business

Organizations that rely on software often update the user interface, address bugs, and apply
patches, all of which must be pushed to the Cloud Infrastructure on a weekly or monthly basis.
When companies use a single cloud strategy, their customers experience outages when they
can't use their cloud services. As a result, company and financial resources are diminished.

Vendor lock-in

When a consumer finds itself in a situation where they are unable to easily transition from one
product or service to another, this is known as vendor lock-in. This typically occurs when a
product's proprietary technology is incompatible with the new vendor's product or service, or
when there are contractual or legal constraints. Because of this, companies will continue to
utilize the same cloud provider even if they are dissatisfied with them. There are a lot of
reasons to switch service providers, such as greater features and functionality offered by rivals,
lower price, and more. Furthermore, data migration is a tedious procedure that necessitates
first sending the data to the new cloud provider's datacenters and then back to the business's
local datacenters.

2. LITERATRUE REVIEW

Application components can be dynamically distributed over fog sub networks using a
proposed platform [8]. Every request is first sent to a server and then recorded in a database
according to the suggested method. Dockers or containers enclose numerous components that
are divided up for each request. This is followed by the execution of a heuristic algorithm to
ascertain the component placement strategy. Component distribution is initiated by
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transmitting the acquired plan to the fog platform. Maximizing the success rate of creating
user application placement strategies is the primary objective.

To create the best deployment topology for cloud-based Internet of Things applications that
are compatible with current infrastructures, Vogler et al. [9] introduced the DIANE framework
in 2015. They need to separate the components that execute in order to make their deployment
topologies more adaptable to changing needs. Changes in the application's deployment
topology can occur for a variety of reasons, including the need to launch a new application,
modifications to the physical infrastructure of the edge network (such as the addition or
removal of sensors and gateways), shifts in the external environment (such as patterns of
customer requests), and the natural evolution of the application's business logic. Evaluating
metrics such deployment time, application runtime time and bandwidth requests, and edge
device exploitation is part of the production process of deployment topology.

In 2016, Saurez et al. [10] introduced a Dispatcher programming interface (DPI) for a colony
of fog computing nodes, sometimes known as Foglets. Foglets are able to autonomously locate
fog computing resources inside a network's hierarchical structure and deploy application
components to fog nodes based on their required latency tolerance.

Because 10T applications are developed on M2M platforms, a strategy was developed for
deploying loT services on them in order to decrease network traffic to cloud datacenters [11].

It wasn't until 2017 that a network-aware algorithm for efficient resource use was introduced.
Based on their capability and the components required by the application, this technique
identifies fog nodes. To map components over fog nodes, if necessary conditions are satisfied.
In 2016, [12] proposed a platform as a service (PaaS) architecture to support application
deployment on cloud2fog environments. Component migration through the management
interface, evaluation of SLA meetings, and application component engagement and execution
are all accomplished under this architecture. This results in the detection, configuration, and
initiation of the exploitation and execution of application components in relation to the
objectives.

A review of the literature demonstrates that published works have been developed to solve
optimization problems from a variety of perspectives. In general, optimization issues can be
divided into two categories: single-objective problems and multi-objective problems. In order
to tackle issues of this nature, heuristics, also known as exact algorithms, and meta-heuristic
algorithms are utilized. This is due to the fact that the bulk of optimization problems fall into
the NP-Hard category of problems. There is only one objective function that needs to be
optimized when dealing with single objective problems. For example, references [13] were
published in the literature to solve engineering issues with a single objective using heuristic
and accurate approaches. In order to tackle optimization problems in the engineering domain,
a few meta-heuristics that are GA-based [14], PSO-based, and SA-based have been brought
into existence. In addition, multi-objective optimization methods such as NSGA-Il, MOPSO,
MOGA, MOBA, and MOGWO, amongst others, have been expanded in the literature to tackle
multi-objective optimization problems. These issues require the optimization of a trade-off
between opposing objectives at the same time. Several methods have been given in the
literature to enhance the quality of multi-objective optimization problems [15].
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These methods are related to this line of work. To be more specific, these techniques were
evaluated in a number of well-known and widely relevant engineering benchmarks [16]. Due
to the fact that the placement of modules associated with Internet of Things applications in fog
environments is a discrete optimization problem, it is imperative to make use of an effective
discrete optimization algorithm. This is the reason why the CSA algorithm, which efficiently
permutes search space, was chosen.

3. BENEFITS OF A MULTI-CLOUD STRATEGY

Rather than focusing on the challenges that are caused by a single or hybrid cloud service
environment, let's discuss the advantages of a Multi-Cloud Strategy. A significant number of
the problems that arise in a single cloud configuration are transformed into advantages when
seen from the perspective of several clouds.

Flexibility

The flexibility that is provided by a multi-cloud computing infrastructure is the most
significant advantage that it offers. Customers are not restricted in their ability to use a
particular cloud service provider, and they are free to experiment with the features and
capabilities offered by a variety of cloud service providers. As a result of the cloud provider's
ability to constrain them in terms of compatibility, businesses who are exclusively reliant on
a single vendor frequently find themselves unable to implement new technologies and
innovate. With a multi-cloud configuration, this is not a problem at all. Your cloud
infrastructure can be built in a way that is congruent with the objectives of your company.

You have the ability to cherry-pick your services using multi-cloud. Various cloud service
providers each have their own individual set of capabilities. Find the ones that are the most
suitable for the requirements of your organization, choose the services offered by a number of
different suppliers, and then put together the plan that will be most advantageous to your
business.

Security

When it comes to multi-cloud computing, risk mitigation is the most important factor. If you
are hosted on many cloud providers, you reduce the likelihood of being attacked and losing
data in the event that a vulnerability exists in either your system or the cloud provider. It is
important to remember that you do not put all of your eggs in one basket. You also lessen the
likelihood of damage being caused by natural calamities or by mistakes made by humans.

Fault Tolerance

The fact that a single cloud service provider does not have fault tolerance is one of the most
important headaches associated with using that provider. You are able to have data redundancy
and backups in place when you use a solution that utilizes many clouds. You are also able to
carefully schedule downtime for the deployment or maintenance of your software or
applications, which will prevent your customers from experiencing any inconvenience.

Performance

Each of the key cloud service providers, such as Amazon Web Services (with 64+ countries),
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Microsoft Azure (with 140+ countries), and Google Cloud Platform (with 200+ countries),
have established themselves in regions all over the world. You can choose the cloud provider
that is best suited to your workloads and location in order to decrease the amount of latency
and boost the speed at which operations are carried out.

Emerging ML/AI and 10T opportunities

Prominent cloud service providers each have their own set of features that are exclusive to
them. Because of the rapid development of machine learning and artificial intelligence, there
is a huge amount of potential for evaluating your data in the cloud and utilizing these
capabilities to improve decision making and customer service. There are a few solutions to
take into consideration, including Google Cloud Platform (GCP) for artificial intelligence,
Amazon Web Services (AWS) for serverless computing, and IBM for artificial intelligence
and machine learning.

Cost

When it comes to making any kind of purchase decision, the cost will always be an important
consideration. The field of cloud computing is undergoing transformations as you read this.
Due to the intense level of competition, cloud service providers are developing cost-effective
solutions that you may take advantage of. When working in a multi-cloud environment, you
have the ability to select the appropriate match for your needs based on the features or services
that you will be utilizing from the service provider. AWS, Azure, and Google each have their
own pricing calculators available to users. These make it easier to manage costs, which in turn
improves your ability to choose the best choice.

Governance and Compliance Regulations

Large clients frequently need that you comply with particular regional and cybersecurity laws
in order to maintain their business. For example, compliance with the General Data Protection
Regulation (GDPR) or an ISO security certification. It is possible that you will lose business
simply due to the fact that utilizing a specific cloud provider may cause your security
certifications to be violated, or the cloud provider themselves may not be qualified. If you are
in this situation, you have the ability to switch to a different supplier without losing a
significant number of customers.

Few Disadvantages of Multi-Cloud
Discount on High Volume Purchases

There are significant price reductions available from the public cloud service providers when
you acquire their services in large quantities. On the other hand, if you use multi-cloud, it is
quite unlikely that you will be eligible for these reductions because your use will be distributed
among multiple providers.

Training existing personnel or new Hiring

It is necessary for you to either train the people you already have or recruit new workers in
order to successfully utilize cloud computing solutions for your company. Because of this,
there will be additional expenses and time required for training.

Effective Multi-Cloud Management
Nanotechnology Perceptions Vol. 13 No.3 (2018)
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Multi-cloud computing necessitates efficient cloud management, which entails gaining an
awareness of the workload and the requirements of the business, and then distributing the work
in accordance with the several cloud service providers that are most suitable for that particular
job. For instance, a company might use Amazon Web Services (AWS) for computational
services, Google or Azure for email and communication tools, and Salesforce for customer
relationship management. In order to comprehend these intricacies, one must possess the
knowledge and experience of the business and cloud domains.

4. METHODOLOGY

The methodology employed in this study aims to design and evaluate a multi-cloud
architecture for fault-tolerant and scalable application deployments. The research follows a
systematic approach consisting of the following key components:

Multi-Cloud Architecture Design:

While the construction of the hybrid system is quite complex, it utilizes two or more distinct
CSPs in order to prevent platform-specific outages. It is most efficient to provide continuity
in processing with occasional interruptions and a sufficient level of performance even if one
or several clouds are out of service.

Unified Orchestration Layer:

An orchestration layer is implemented to manage resource allocation and application
deployment across multiple cloud service providers (CSPs). This layer is designed to
dynamically scale resources based on workload demand while monitoring cloud resource
status in real time, ensuring efficient utilization and optimal performance.

Fault Tolerance Mechanism:

The system contains innately redundant structure that allows mechanisms controlling the flow
of traffic and application components to instantly redirect them if some cloud service becomes
unresponsive or malfunctioning. However, it covers and supports multiple regions and
multiple availability zones for achieving higher availability and sustainability in various states
of operation.

Resource Allocation and Load Balancing:

Proportional resource allocation methods are used in changing the distribution of resources in
a cloud environment depending with the demand. This is done through managing the
consistency and capacity of the various platforms thereby allowing for resource optimization
in both the performing of tasks and utilization of many clouds.

Case Study Deployment:

Proof of concepts with a focus on the proposed multi cloud was performed based on the
availability of different applications ranging from 10T, e-Commerce, data analytical
applications etc. In evaluating these cases, basic performance factors were analyzed including
the availability and reliability of the architecture during situations where cloud failures
occurred, as well as latency and usage of resources such as computing power.
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5. RESULTS AND ANALYSIS
Table 1: Service Uptime Comparison (Single-Cloud vs. Multi-Cloud)

101
100

99
98
97
96
95
94
93
92

Cloud Architecture

Service Uptime (%)

Single-Cloud

95

Multi-Cloud

99.9

Service Uptime (%)

Single-Cloud

Multi-Cloud

This table 1 and its related graph looks at the service availably of single-cloud and multi-cloud
infrastructure. You can then present this data in a bar graph; on the horizontal axis, you can
put the cloud architectures and on the vertical axis put the service uptime.

Table 2: Resource Allocation Efficiency

Application Load

Single-Cloud (%)

Multi-Cloud Cloud 1 (%)

Multi-Cloud Cloud 2 (%)

Multi-Cloud Cloud 3 (%)

Low 100 40 40 20
Medium 100 60 30 10
High 100 80 10 10

SINGLE-CLOUD MULTI-CLOUD ~ MULTI-CLOUD
CLOUD1 (%)  CLOUD2 (%)

(%)

H Low ® Medium
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This table 2 and its graph below indicate the distribution of the resources across the different
clouds under different loads. For single-cloud and multi-cloud, it is possible to draw a line
graph with application load as the X-axis and the resource allocation percentage as the Y -axis.

Table 3: Application Latency During Failures

Time Single-Cloud Latency (ms) Multi-Cloud Latency (ms)
TO 50 50

T1 200 100

T2 400 150

T3 250 100

T4 50 50

Single-Cloud Latency (ms)

PUN

nTO mT1 = T2 mT3 = T4

Using table 3 and the graph below, the showing of latency over time during failure events, in
both single-cloud and multi-cloud environments is depicted. This data can be used to draw a
line graph, on the X-axis is the “Time” whilst on the Y-axis is the “Latency (ms)” for both the
cloud architectures.

Table 4: Performance Metrics (Throughput, Response Time, Error Rates)

Metric Single-Cloud Value Multi-Cloud Value
Throughput (Mbps) 90 100

Response Time (ms) 200 150

Error Rate (%) 5 2
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Single-Cloud Value

B Throughput (Mbps)
M Response Time (ms)

Error Rate (%)

This table 4 and the graph below highlights the differences in throughput, response time and
error rate between the two cloud models. The format for presenting your data could be a bar
graph where the ‘X-axis is labeled — Performance Metrics and the Y-axis is marked by —single
cloud/multi-cloud; each bar displaying the ratings attained by each of these computing models.

6. CONCLUSION

The study of multi-cloud strategies for distributed and fault-tolerant application deployments
reveals several key advantages and insights:

1. Increased Reliability and Availability: Multi-cloud environments add value to
application availability and increase its resilience. The load is divided into different cloud
platforms so that applications continue to run in one cloud environment even if the other cloud
environment provider fails. This leads to enhanced service availability and guarantee of almost
break-free service provision.

2. Resource Allocation Flexibility: Regarding the multilayered architecture, multy-cloud
environments have a better capability in terms of flexibility for resources distribution. This
has the added benefit of having flexibility of distributing resources between various clouds in
order to take into account the level of usage and need for computing or storage space, as well
as costs. It also shows how multi-cloud strategies assist in maintaining resource distribution
since there is no competition for resources in this environment while high demanding
application receive the necessary resources.

3. Improved Fault Tolerance: Multi-cloud deployments offer a better ability to address
failures and deal with an effect on the application. When failure events occur, cross-platform
latency is less pronounced in multi-cloud landscapes than in single-cloud structures, where
applications are constantly mobile and can be rapidly redirected between different clouds. This
improves the interruption of fault tolerance and also makes it possible for the application to
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perform well regardless of the platform failure.

4, Performance Optimization: It has also been found that through adopting multiple
clouds performance parameters such as through put and response time are more favorable than
in single cloud environment. Application running in a multi Cloud also have the advantage of
using the services of a single Cloud to address different issues in a network for a different
application while at the same time directing another Cloud to balance a network processing
power for an application.

5. Scalability and Flexibility: Implementing the multi-cloud approach largely reduces
the limitations set on the scale. When demands increase, the system can extend across multiple
providers, by-passing the drawbacks and marshal points of being reliant on a solitary provider.
This scalability is important for today and resource demanding applications.

As a summary, it becomes evident that multi-cloud is indeed a reliable approach to enhance
the factors such as fault tolerance, resource utilization, as well as applications’ efficiency.
These strategies facilitate better availability of service, quicker elimination of faults and more
flexibility in utilising resources making them quite useful in the contemporary complex
applications particularly offered in the cloud computing frame work.
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