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Abstract: The study investigates key aspects of data management in
distributed systems, focusing on fragmentation, replication and fault
tolerance. With the increasing complexity of modern applications, efficient
data handling across multiple nodes has become critical. The study begins
by reviewing existing literature and moves on to analyze fragmentation
techniques, evaluating their role in optimizing performance and resource
utilization. Replication methods are discussed next, highlighting how data
duplication improves availability and resilience against failures. The results
indicate that efficient data management techniques in distributed systems
significantly improve performance, availability and reliability. These
findings contribute to a deeper understanding of the challenges and
opportunities in distributed system environments, offering valuable insights
for researchers and practitioners.
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Introduction
Because of their shared philosophical foundations,

grid computing and cloud computing are frequently
confused. There is a lot of overlap between the two ideas
and they both aim to provide services to users by pooling
resources. Because of their network architecture and
multitasking capabilities, users in different places can
access one or more program instances to perform
separate but related tasks. The difference between grid
computing and cloud computing is that the former
involves virtualizing computing resources to store
massive amounts of data, while the latter involves
applications accessing resources indirectly through an
internet service. In contrast to cloud computing, which
centralizes resource management, grid computing
disperses resources across grids (Srivastava & Khan,
2018). Grid computing is a computational architecture
that relies on a network of interconnected computers to
aggregate and process massive volumes of data. Grid
computing is an enormous network of interconnected
computers that address a common problem by dividing it
into smaller, more manageable pieces called grids. Due
to its decentralized design, it handles job scheduling and

management in a dispersed approach, disregarding the
passage of time. Figure (1) shows how the cluster of
computers works as a virtual supercomputer, which
facilitates large-scale tasks like data processing by giving
users easy and scalable access to resources located all
over the world (Shakarami et al., 2020).

Instead of utilizing resources independently,
applications in the cloud contribute to a shared pool. This
way, the resources are not directly accessible to the
applications. Designed for the remote provision of
scalable and quantifiable IT resources, it represents a
new paradigm in computing and is based on network
technology. Making available a shared pool of
configurable computing resources and high-level
services on demand removes the need to invest much in
local Infrastructure. The distributed computer resources
are supervised by central management. In order to use
applications and Software from any location, users are
not required to know the exact whereabouts of their data.
"Pay only for what you require," the old adage says. As
can be observed in Figure (2).

Allocating resources over multiple servers in clusters,
grid computing, and cloud computing make optimal use
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of computing resources and make it easier to build
applications without breaking the bank on hardware and
Software. Computing in a grid is a method whereby
computers from many fields work together to accomplish
a common goal.

Fig. 1: Grid computing (Shakarami et al., 2020)

Fig. 2: Cloud computing (Kumar et al., 2019a)

Grid computing, which involves storing massive
amounts of data via virtualizing computing resources, is
reviewed in this study. Cloud computing, on the other
hand, is characterized by an application’s indirect, rather
than direct, access to resources and data through an
internet service. By using either a centralized or
decentralized replication technique, data is partitioned
into numerous smaller, autonomous bits and then allotted
to a preset, geographically dispersed environment.

By keeping numerous copies at each location
depending on user access or work behaviour, replication
ensures data transparency in a distributed database
system. A system loses credibility or crashes in a Grid or

Cloud computing setting if it doesn’t work as planned.
Additionally, the article discusses fault tolerance in
fusion systems operating in Grid-Cloud distributed
systems.

This study outline is as follows: A literature review is
provided in the first section to set the stage for the
subsequent debates. In Section 1, we take a look at the
fragmentation, replication and fault tolerance. In the
latter section, the study’s findings are provided.

Literature Review
Data Grid and Cloud environment handle data

sharing and data-intensive tasks (Srivastava & Khan,
2018). The high latency and massive amount of data
needed by data-intensive activities make data availability
and fast data access challenging (Shakarami et al., 2020).
Grid computing can be categorized into three main
forms, each with its own set of uses and applications.
Not only are there no clear-cut differences between the
various grid types, but many grids actually use a
combination of more than one (JosephNg et al., 2020).
The different kinds of grids are as follows.

Computational grid: Allowing resources for
processing power is the main emphasis of the
computational grid. As an example, the majority of the
apparatus consists of high-performance servers
(JosephNg et al., 2020).

Scavenging grids: As an example, they are commonly
used with large numbers of desktop workstations, each of
which is normally given control over when its resources
are available for grid participation (Argungu et al.,
2020).

A data grid is a system of interconnected computer
resources spread out over multiple locations, either
within the same country or in other countries (Khan et
al., 2021). Consider the following hypothetical technical
scenario: Two colleges are conducting a life science
study, and each of them has its own dataset. A grid
connecting all of these sites improves control over data
access rights and communication management (Aral &
Ovatman, 2018; Li et al., 2020).

Both the efficacy of replication schemes and the
ability to provide a high-level overview of mind grid
topologies are significantly affected by the underlying
architecture of the grid (Li et al., 2020; Awad et al.,
2021). When data needs to be shared across several
global partnerships, hierarchical and tree models are
employed (Awad et al., 2021; Hamrouni et al., 2016).

Tree topology isn't perfect, either. The grid's
hierarchical design allows for the specialized conveyance
of data via predetermined routes. Not only that, but it's
also impossible for nodes on the same tier or siblings to
transfer data to each other (Awad et al., 2021; Hamrouni
et al., 2016).

http://192.168.1.15/data/13051/fig1.jpeg
http://192.168.1.15/data/13051/fig1.jpeg
http://192.168.1.15/data/13051/fig2.png
http://192.168.1.15/data/13051/fig2.png
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Similarly, P2P systems allow for more versatile
component communication and get beyond these
restrictions. Programmes running on P2P systems are
able to carry out decentralized tasks because they make
use of distributed resources. The sharing of resources is
where a P2P system and a grid system intersect. What
sets a P2P system apart from others that share resources
is the symmetric communication architecture between
peers, who can act as both serves and clients (Awad et
al., 2021; Hamrouni et al., 2016; Khan et al., 2021).

An architecture that incorporates elements from all of
the aforementioned topologies can be described as a
hybrid topology. When academics are working on a
project and wish to make their findings widely accessible
for cooperation, they usually use it (Awad et al., 2021;
Hamrouni et al., 2016).

One of the most crucial methods of managing data in
grid systems is the replication approach. Improving data
availability, fault tolerance, scalability, and bandwidth
usage are goals of grid optimization, and one way to
achieve these goals is by data replication. One way to
optimize replicas and cut down on file access times is by
directing access requests to the most relevant copies and
automatically copying frequently used files based on
access data.

The on-demand capacity management paradigm’s
practical and economic benefits have contributed to
cloud computing’s meteoric rise in popularity (Khan et
al., 2021). There has been a recent shift in computing
towards outsourcing data processing to huge, central data
centres run by third parties (Subramanian & Jeyaraj,
2018). Cloud computing’s elasticity and adaptability,
together with its ability to cut down on infrastructure
investments and resource management costs, make it a
compelling option for consumers (Gai et al., 2020).
Cloud computing has been around for a long, according
to everyone. However, academics are still debating its
precise definition, architecture and models. Web
services, Service Oriented Architecture (SOA),
virtualization in cloud grid computing and other similar
concepts are not novel; rather, they stand as the
culmination of relevant and established distributed
computing ideas and technology (Subramanian &
Jeyaraj, 2018).

In order to evaluate and develop data replica
placement methods, Zheng et al. (2024) offer a real-
world scenario-based approach for data replica
placement in hybrid edge-cloud architecture. This model
emphasizes features related to latency, dependability and
load.

Many cloud providers now provide a wide variety of
services, including Infrastructure as a Service (IaaS),
Platform as a Service (PaaS) and Software as a Service
(SaaS). These services are accessible to users through
web browsers and the Internet. Although cloud
computing has made many once difficult tasks much

easier for clients, there is still a need for cost-effective,
specialized cloud services that can adapt to changing
Quality of Service (QoS) requirements and prevent
Service Level Agreement (SLA) violations. A few of the
most common quality of service metrics are reliability,
security and response time.

For cloud computing, availability is of the utmost
importance. If you believe (Kumar et al., 2018), one of
the top 10 challenges with cloud computing is
availability. Aside from the obvious negative impact on
user experience, service outages also lead to substantial
drops in revenue (Abdel-Basset et al., 2018). Many
cloud service providers use replication strategies to
ensure SLA adherence and tackle this problem. These
approaches are believed to be good at preserving
computing's availability, fault tolerance, Flexibility and
scalability. Cloud replication supports a variety of
service levels, each with its own fine-grained replication
options. Infrastructure as a Service (IaaS) providers often
replicate virtual machines, but Software as a Service
(SaaS) providers are more likely to replicate services,
applications, or data at the application or data level
(Mesbahi et al., 2018).

In order to mitigate the drawbacks of cloud
computing, such as slow data access and unavailability,
data replication is a crucial tool (Li et al., 2020). There
are several benefits to it. Data access time and bandwidth
consumption are two areas that it can help with. Also, it
might make things more available, scalable and load-
balanced (Ramesh Naidu et al., 2021). File replication
and storage methods that are close to the data requester
are referred to as replication (Gill et al., 2019). Many
different types of databases and systems rely on data
replication, including DBMS, distributed databases,
mobile systems, cloud, P2P and fog (Mansouri & Javidi,
2020).

In some fields of scientific application, including
water and rain measurements, massive amounts of data
are rapidly becoming a shared resource. Usually,
numerous data centres are used to house such massive
databases. For distributed management of large datasets,
the data replication approach is the method of choice.

Fragmentation

The challenging job of managing fragmented
database replication falls on administrators due to the
fact that the distributed database is partitioned into
multiple replicas. When a database is divided into
multiple smaller, autonomous portions, the process is
called fragmentation of data. When data is accessed in
fragments, a table view context and partial data access
are introduced. This is the initial stage in replacing
coarse-grained techniques with fine-grained ones when
picking data items. After data fragmentation, a preset,
geographically dispersed environment is assigned to each
fragment using one of four techniques: Centralization,
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Fragmentation, Complete Replication, or Partial
Replication. By keeping numerous copies at each
location depending on user access or work behaviour,
replication in a distributed database system maintains
data transparency. Availability of data, fault tolerance
and reliability at the site level are all guaranteed by these
authors reported in Castillo-García et al. (2023).

All data distribution methods have one thing in
common: they all aim to improve dispersed performance
by doing the following:

1. Making data readily available to the workforce at all
times and breaking the workload down into smaller,
more manageable chunks

2. A modular design ensures that subqueries will run
quickly

3. Making it easy to expand the network
4. Assembling the available storage space
5. Easier maintenance of data sites

Due to its many flaws, the prior centralized system
was replaced with a decentralized one. Here are a few
examples:

1. Load balance performance: In a centralized system,
the database is accessed by multiple users
simultaneously, which puts a strain on the system.
This is because multiple users' queries are handled
simultaneously. Database performance suffers,
making it harder to respond quickly to queries from
multiple users requesting the same data items

2. Intricacy and growth: As a result of the massive
workforce, the data-centralized system is growing at
an alarming rate. This makes the logical structure
harder to understand and necessitates greater room
for data storage. Additional database growth in this
environment increases the likelihood of inadvertent
data deletion

3. Ensuring data availability and maintenance: Data
availability and service interruptions caused by
maintaining massive amounts of data in a single
database might last for quite a while. With a
distributed database, this limitation can be easily
addressed through data availability and
maintenance. In a decentralized system, data is
accessible to all nodes on the network

4. Fault tolerance: The central system’s lack of fault
tolerance has a negative impact on data availability.
However, a distributed approach simplifies this task
by incorporating fault tolerance through replication.
By ensuring that performance is unaffected by node
failure, data is always available

In a distributed setting, a heuristic approach to query
fragmentation is proposed to lower the Transmission
Costs (TC) of queries. A cost-effective relational model
is the foundation of fragmentation, which subsequently
progresses to DDBS design. Afterwards, several
scenarios based on replication were introduced, such as a
Mixed Replication-Based Allocation Scenario (MAS), a

Full Replication-Based Allocation Scenario (FAS) and a
Non-Replication-Based Allocation Scenario (NAS)
(Bittencourt et al., 2018).

They propose a modified Bound Energy Algorithm
(BEA), a hierarchical approach to vertically dividing the
network into components and placing those components
in particular locations within the network, to address
these issues. Optimal allocation site selection, cluster
cost calculation and attribute affinity clustering are all
made easier with this method (Kaur et al., 2019).
Everything that can be obtained with a single query has
been bundled together. By comparing and analyzing
them from a design standpoint, the study sought to
identify the pros and cons of current algorithms. All it
does is show how a distributed context might benefit
from a dynamic architecture for data fragment
distribution (Kaur et al., 2019).

An approach to dynamic fragment allocation that
does not duplicate data is proposed in order to improve
speed. The shifting pattern of access at various locations
forms the basis of this. Pieces are redistributed based on
the threshold value and the amount of data available on
each fragment. This unique method alters the
reallocation strategy by changing the read/write data
volume factors, adding a threshold time volume and
using the Distance Constraints Algorithm. As a result, the
write data volume is considered during the reallocation
procedure, and fragmentation is approaching at multiple
sites. The distributed system's overall performance is
enhanced as a result of this study (Nashat & Ameer,
2019).

Additionally, in order to ensure efficient and fault-
tolerant data access in the systems, the replication
method endeavours to keep numerous replicas. Despite
prior research on data management (Qin et al., 2018),
few algorithms take a holistic look at the pros and cons
of different replication strategies. To make data more
accessible and efficient, several of them employ
replication. As the system’s copy count increases, these
metrics get better. Data replication uses energy and costs
money for the provider, which is the most crucial aspect
they failed to mention. Consequently, a data replication
method that considers balancing many trade-offs is
necessary (Qin et al., 2018).

It has been previously investigated how to fragment
tables so that local data can be accessed. Some of the
studies on distributed file systems are also relevant to
this. The usual level of detail of the data being
considered (files vs. table) and the necessity of
fragmentation features that can be used for partitioning
in distributed database systems are two key differences
between distributed file systems and distributed database
systems.

Allocation of fragments and fragmentation are
closely related processes. Fragment allocation is the sole
function of some methods, while fragmentation is the
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sole function of others (Pandian & Smys, 2020; Castro-
Medina et al., 2020a). More than one method combines
the two responsibilities (Castro-Medina et al., 2020b).
Some methods combine fragmentation, allocation and
replication into a single process, whereas others conduct
replication independently of the other two steps
(Argungu et al., 2020; Awad et al., 2021; Mesbahi et al.,
2018; Bittencourt et al., 2018; Kaur et al., 2019; Ahmad
et al., 2021a). Also, we still think re-fragmentation and
reallocation deserve more attention as replication
alternatives, even though dynamic replication methods
can optimize for different metrics based on (Argungu et
al., 2020; Mesbahi et al., 2018; Bittencourt et al., 2018;
Kaur et al., 2019; Ahmad et al., 2021b).

The following are undoubtedly the difficulties and
concerns addressed as follows:

1. Managing a database with fragmented replications:
Database administrators encounter challenges when
partitioning a database into separate portions or
duplicates. The database can be "fragmented" into
smaller, more manageable pieces to facilitate partial
data access and context-specific table views. Data
item selection begins with this fine-grained
approach, which is distinct from coarse-grained
techniques

2. Methods for distributing data fragments: Once data
has been fragmented, it must be given to contexts
that are geographically spread. Centralized, full-
replication, partial replication and fragmentation-
based systems are among the mechanisms
employed. Assuring data availability, fault
tolerance, reliability and openness at individual sites
is made possible through replication

3. Goals of data distribution methods: In order to
improve distributed performance as a whole, data
distribution methods divide workloads, use modular
architecture to execute subqueries quickly, build
networks that can accommodate new users, manage
storage space effectively and make data site
maintenance easier

4. Problems with the centralized system: Moving away
from centralized to decentralized systems is
happening for a number of reasons. Problems with
data availability and maintenance in central
databases, complexity and growth challenges as
data volumes increase, problems with load
balancing and performance due to several users’
requests once and a lack of fault tolerance are all
examples of such concerns

5. A heuristic approach to query fragmentation: A
heuristic approach to query fragmentation is offered
with the goal of lowering query transmission costs
in faraway environments. Here, we propose to use a
relational model to efficiently partition the data and
then explore different replication-based allocation
scenarios, including mixed replication, full
replication and non-replication

6. Bond Energy Algorithm (BEA) Data
Fragmentation: As a hierarchical approach to
network fragmentation and geographical region
assignment, the enhanced Bond Energy Algorithm
(BEA) is proposed. Optimal allocation decisions,
cluster allocation costs, attribute affinity, and
clustering are all part of this approach

7. Method of dynamic fragment allocation: To
improve efficiency, we provide a dynamic fragment
allocation method that is not duplicated. When
access patterns at different locations change, pieces
are reassigned accordingly. Improved performance
in distributed systems is the consequence of factors
like read/write data volume, threshold time volume
and distance constraints being considered

Database replication, allocation strategies, and
moving from a centralized to a distributed system are all
complicated by these issues. With the goal of improving
distributed data management's performance and
reliability, numerous strategies and approaches have been
proposed to address these issues.

Replications

Reducing access latency, increasing grid performance
and decreasing job response time are the three main
goals of nearly all replication systems. Similarly,
practically every replication strategy may be used to
lessen the load on the network, which in turn boosts data
availability and efficiency. The objective is to ensure that
it is kept close to the user for easy access. Aiming to
distribute the workload evenly among all data servers is
one goal of many replication systems. The system's
performance is enhanced, and response time is reduced.
By making several copies of each job, replication
provides fault tolerance (Isukapalli & Srirama, 2024). A
master copy will be maintained to track the number of
copies of each task and their locations. However, as the
number of replicas grows, the expense of maintaining
them becomes an overhead for the system. Minimizing
the amount of data grid copies is an objective of some
techniques. This keeps the replica's maintenance
expenses low and guarantees optimal storage utilization.
Placing replicas strategically and determining the ideal
number of replicas are aspects of some techniques. There
are a number of interconnected key aspects, one of which
is the strategic placing of copies. By strategically placing
the replicas, for instance, it becomes easier to distribute
the workload among the available servers. The expense
of upkeep is also associated with it. A strategy's load on
the system will increase as replica maintenance costs
become unsustainable if it continues to blindly replicate
popular files (Ahmad et al., 2021a).

The time it takes for a job to run is another important
metric. Optimal replica placement is the goal of some
replication algorithms, which attempt to decrease job
execution time. Replicas should be located closer to
users in order to decrease reaction time and, by
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extension, the time it takes for jobs to be executed. As a
result, the system’s throughput will be enhanced. The
possibility of using replication to offer fault tolerance
and quality assurance has only been considered by a
small number of replication systems. All methods of
replication require a subset of these parameters.

Other replication algorithms are based on earlier
proposals for replication replacement techniques. A few
key examples of both old and current replication
algorithms are detailed below.

A solution that has been put into practice is the
simple optimizer algorithm (Javadpour et al., 2023).
Rather than replicating, it reads the necessary duplicate
remotely. When compared to competing algorithms, a
simple optimizer not only uses less storage space but
also completes jobs faster and uses fewer network
resources overall. The top client in terms of file size.
Every node in the network checks the request count for
each of its files at regular intervals; if it finds that the
count has surpassed a specific point, it finds the best
client to handle that file (Lv and Xiu, 2020). Replication
provides support for the Cascading Tree design. The data
files are initially created at the top level, and a copy is
made at the following level when the number of file
visits surpasses a certain threshold. But it starts out on
the best client route and continues along it until it
reaches the best client (Geng et al., 2019).

Plain Cashing: This is an additional algorithm for
replicating data. With this method, whenever a client
requests a file, a local copy is made. The client's storage
capacity can only hold a single file at a time. Therefore,
huge files will be replaced promptly (Geng et al., 2019).
Cashing out plus Cascading is a strategy that combines
cascading and plain cashing. While the server routinely
detects which files are popular and propagates them
down the hierarchy, the client stores the file locally in its
cache. Remember that clients are always at the very top
of the tree, but that every node in the hierarchy has the
potential to function as a server. Sibling nodes are those
that share a parent (Geng et al., 2019).

Quick distribution: A duplicate of the file is created
and then served at each node route to the client using this
method. At each level, a copy is created whenever a
client requests a file. When a node gets a file but doesn’t
have enough space, it will delete the one with the lowest
popularity rating (Geng et al., 2019).

The Least Frequently Used (LFU) approach does the
same thing, constantly duplicating files to local storage
systems. To make room for a new copy, if the local
storage space is full, the one with the fewest accesses is
eliminated. The duplicate with the lowest demand
(popularity) gets deleted from local storage by LFU,
regardless of how recently it was stored (Kaushik et al.,
2021). At the same time, the LRU strategy constantly
backs up files to the local storage system. In the LRU
technique, the requested site stores the necessary replicas

in the cache. When the local storage becomes full, the
oldest replica is removed to make room for new ones. If
the new replica is larger than the oldest replica, the oldest
file is erased, followed by the second oldest file and so
on (Kaushik & Santosh, 2020).

In addition, the Proportional Share Replica (PSR)
policy developed from the Cascading approach. This
heuristic method assigns replicas to the most optimal
places, given that the total number of sites and replicas to
be distributed is known in advance. If a site’s capacity to
handle replica requests is slightly greater than or equal to
the ideal load distribution, then replicas are distributed to
that site (Ciccozzi et al., 2023). An innovative dynamic
replication technique, Bandwidth Hierarchy Replication
(BHR), reduces the time it takes to retrieve data in a data
grid network and avoids network congestion. The BHR
approach makes use of "network-level locality," which
guarantees that the critical file is kept at a location with
high bandwidth in comparison to the location where the
job is executed. The OptorSim Simulator was used to test
the BHR method. The results show that the BHR method
outperforms other optimization techniques in terms of
data access time when an internet bandwidth hierarchy is
present. By utilizing a network-level strategy, BHR
sidesteps site-level optimization replicas (O’brien et al.,
2018).

Another two dynamic replication algorithms
suggested for the multi-tier data grid design are Simple
Bottom-Up (SBU) and Aggregate Bottom-Up (ABU).
Any client data file that goes above a certain threshold is
replicated by the SBU algorithm. The biggest problem
with SBU is that it doesn't care about the connection to
records of past access. In order to get to the bottom of the
problem, ABU will compile all relevant historical
documents and send them to the top tier. The Quick
Distribution method proved to be the most effective.
Data access distribution, interval checking, and replica
sever capacity were calculated from the data access
arrival rate and replica server capacity (Ullah et al.,
2018).

An operation research-based strategy for replica
placement that is worth mentioning is the multi-objective
approach. Here, the data request pattern and the present
state of the network are considered when a replica is
placed. The p-center problem seeks to find a solution that
will allow the replica server and user site to respond
faster. However, the p-center model's goal is to reduce
the overall response time between request and replication
sites, according to Ullah et al. (2018) and Xiao and
Zhang (2019). In the Weight-based dynamic replica
replacement approach, replica weight is also calculated
using the future access window from the previous access
history. The access cost is then calculated based on both
the number of copies and the network's current
bandwidth. There should be no deletion of low-weight
replicas since they do not contribute to improving data
access efficiency, but replicas with a high weight should
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be retained. The distribution method for access history is
similar to that of a zip file (He, 2020).

Another approach that replicates data dynamically is
the Latest Access Largest Weight (LALW). Using a
popular file as an example, LALW determines how many
copies and grid sites are needed for replication. Each
record of past data access is given a unique weight.
Given the present state of data availability, this suggests
that the record is more pertinent (Zhou et al., 2017).

The agent-based replica placement method is another
option for replica algorithms. This algorithm is suggested
to choose a potential spot to put the duplicate. An agent
will be set up for every location to store the master data
files for the shared environment. Finding a potential
location to set up a replica that minimizes application
response times, network traffic, and access charges is an
agent's principal objective. In addition, agents build
replicas at appropriate locations by prioritizing grid
resources according to resource configuration, network
bandwidth and agent's insistence on the replica at their
sites (Cheng et al., 2018).

Also, APBRP, or Adaptive Popularity Based Replica
Placement, is also important. The technique is a replica
placement mechanism that uses hierarchical data grids
and is directed by "file popularity," by strategically
placing replicas near customers; this method aims to
decrease data access time while optimizing the utilization
of storage and network resources. How well APBRP
works depends on the threshold value that is selected in
proportion to the popularity of the files. Data request
arrival rates are used by APBRP to dynamically establish
this threshold (Khaldi et al., 2020).

The Efficient Replication approach is another
powerful replica technique; it takes site dynamics into
account when replicating dynamic data grids. File
availability, response time and bandwidth consumption
can all be improved using this method. In order to
achieve grid-wide load balancing, it employs replica
placement and file requests. Because most grids employ
a "load" strategy instead of an "update" one, this
approach will prioritize read-only access and will result
in minimal dynamic updates. The three stages provided
by this algorithm are as follows:

1. Ran a list of all files and chose the ones with the
highest number of requests and copies to replicate

2. Choosing the most suitable locations for the files,
considering the number of requests and the relative
usefulness of each location on the grid, follows
from the previous step

3. Picking the optimal copy while keeping in mind the
bandwidth and functionality of each site (Tripathi et
al., 2020)

On top of that, replication methods would be
incomplete without the Value-Based Replication Strategy
(VBRS). In an effort to boost system performance and

decrease network latency, the VBRS was suggested. To
avoid duplicating files, VBRS allows users to choose a
threshold before deciding whether to replicate the
requested file. There are two portions of VBRS. Finding
out if the requested file needs to be copied to the local
storage site begins with calculating the threshold. In the
second stage, the replacement mechanism is engaged if
there isn't enough capacity at the local storage site to
copy the requested file. When formulating the policy for
replacing replicas, it is necessary to consider the value of
each replica, which is established by the file's access
time and frequency. Network latency can be reduced by
the VBRS algorithm, according to the findings of the
trials (Mohammad Hasani Zade et al., 2021).

The Enhanced Fast Spread (EPS) method is also
highly regarded. When it comes to data grid replication
strategies, the EPS is an upgraded version of Fast
Spread. The goal of recommending this approach was to
decrease bandwidth usage and increase overall response
time. It takes a lot of things into account, such as the size
of the replica, the frequency and number of requests and
the most recent request for the replica. With the EFS
method, you may replace less important duplicates with
more important ones while keeping only the most
important ones. A dynamic threshold is used to do this by
deciding whether the replica should be stored at each
node along the route to the requester (Dähling et al.,
2021).

Another enhanced variant of the popular fast spread
used in multi-tier data grid settings is Predictive
Hierarchical Fast Spread (PHFS). In an effort to improve
performance that takes spatial proximity into account,
the PHFS pre-replicates the minimum hierarchical
fashion and seeks to foresee future needs. This technique
makes the most efficient use of available storage space
by obtaining additional access locales by hierarchical
replication of data objects in various layers of a multi-tier
data grid. Data grids that are read-intensive are the
intended target of this technique. A priority mechanism
and component for changing replication configurations
are used by the PHFS technique to adapt the replication
configuration to the current state of affairs. It also
presumes that, with a high degree of certainty, the users
operating in the same environment will request certain
files (Rabie et al., 2021).

In a similar vein, DHR is a Hierarchical replication
algorithm that finds the best places to put copies.
Consequently, most people may get that copy through the
top site. This algorithm chooses the optimal replica when
many sites hold them, minimizing access latency. Users
executing jobs are directed to the optimal replica location
via the DHR algorithm's replica selection method, which
takes data transfer time and the queued number of replica
requests into account. It doesn't duplicate files but rather
stores them in the most popular and optimal location
rather than storing them in several locations (Alzakholi
et al., 2020).
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When it comes to dynamic data replication strategies,
one of the greatest is EMRALW or Enhanced the Most
Recent Access Largest Weight. Compared to the Original
Latest Access Largest Weight method, this one is far
better. EMRALW considers three crucial variables while
erasing files:

1. The replicas with the lowest usage rates
2. Replicas that haven't been in use for a long time
3. How big is the replica?

Each duplicate is stored by EMRALW at a suitable
location in the region that will have the most future
access to it. The EMRALW method achieves better
performance than the other algorithms and efficiently
uses storage by preventing the formation of unneeded
duplicates, according to the testing results (Meng et al.,
2019).

Fault Tolerance

The term "cloud computing" describes the practice of
providing shared computing resources, including storage,
operating systems, and virtualization, over the Internet as
a service. Customers still have a lot of concerns about
reliability in a cloud computing setting, despite the fact
that the benefits of cloud computing include cheap rates,
pay-per-use on-demand service, and guaranteed quality
of service. The ability of a task to consistently finish
within a given time limit is what the term "reliability"
means. Systems lose confidence or crash in Grid or
Cloud Computing environments when they don't work as
planned. When Software or hardware fails to perform as
expected, we say that the system has failed. To continue
working properly in the face of such setbacks, we need
fault-tolerance abilities (Kumar et al., 2019b). A wide
variety of errors are possible (Sharif et al., 2020).

Network faults: These can be caused by packet loss,
network partitioning, or link failure.

Faults in the Processor: These processor faults
happen as a result of the operating system’s actions.

Process faults: These occur when there are problems
with the program or insufficient resources.

Service expiration faults: When the service timeout
duration of the resource expires while the app is
executing, this sort of failure occurs.

When it comes to fault tolerance in the cloud, three
different methods exist (Alarifi et al., 2019; Fard et al.,
2020):

The Proactive Fault Approach: This method replaces
distributed components before they fail and finds
problems before they happen. It involves avoiding
recovery from errors and instead preparing for defects.
Following are some of the tactics used in the Proactive
Fault Tolerance method:

1. Software rejuvenation: A system that has been
restarted at regular intervals will be started in a

different state each time
2. Auto-Repair: When a program is operating on many

virtual machines, and this technology detects a
problem, it takes over the application

3. Preemptive migration: This approach continually
assesses an application and moves resources to a
different virtual machine if one gets too busy

Reactive fault tolerance: This technique is used to
reduce or eliminate the impact of a system failure as
soon as it occurs. Here are the techniques that are part of
this method:

1. Checkpointing: It is possible to continue a failed
task from the most recent checkpoint rather than
having to start it from the beginning. The resource
cache is where checkpoints are kept. This approach
is used for applications on a large scale

2. Task resubmission: This method sends out failed
tasks again to the same or a different computer so
they can be executed again

3. S-Guard: This technique, which is used in
HADOOP and Amazon EC2, guarantees that the job
is rolled back if it fails

4. Job migration: When one machine stops working,
another one takes over the duty. Errors may be
resolved, and batch programs can be migrated over
a cloud to several data centres using specific
algorithms. Haproxy is used to complete this task

5. Exceptions that are defined by the user: Using this
method, the user can dictate what to do in the case
of a workflow task failing at any point

Adaptive fault tolerance method: This method works
by automatically executing all procedures depending on
the system’s current state. To ensure that essential
modules are reliable, it monitors the dependability of
virtual machines per process.

By combining proactive and reactive fault tolerance
tactics, the adaptive fault tolerance method can
effectively reduce faults. Replication, checkpointing and
fragmentation are some of the tactics. By dividing a large
file into smaller ones, fragmentation makes it possible to
merge them into a single larger file while preserving all
of the original data. This approach lessens the quantity of
irrelevant data applications retrieved (Fard et al., 2020;
Ubaidillah et al., 2021; Castro-Medina et al., 2019;
Santos et al., 2019; Qiu et al., 2021; Arunarani et al.,
2019; Awad et al., 2019; Ahmad et al., 2021b; Rady et
al., 2019; Kaushik et al., 2021).

Automatic Software Self-Healing Through Rescue
Points, or Assure, is an additional method of tolerance.
Works well for rescue points that handle faults that
programmers expect. In the event of a program failure,
ASSURE will step in and restore execution to the closest
rescue point utilizing virtualization, allowing the
application to recover.

Not only that, but HAProxy works wonders. "High
Availability Proxy" is the abbreviation of this term. By
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distributing the workload over numerous computers, this
tool enhances the reliability and efficiency of a server
cluster. It is a free and open-source program that helps
websites with load balancing. Its efficiency with CPU
and memory is commendable. Its steadiness and
durability have also brought it fame. Many popular
websites, including Twitter (X), Stack Overflow, and
GitHub, use this method to reduce their heavy traffic.

The SHelp is an important player in this space. Using
error virtualization and rescue points, SHelp is a runtime
setup that can handle virtual machines. It reduces
duplication of effort and bounces back fast from
mistakes caused by the same or similar flaws. SHelp
makes it possible for server programs to quickly recover
from these issues.

When it comes to cloud storage, Amazon Elastic
Compute Cloud (EC2) is a powerful online service
platform that caters to customers' individual
requirements. This is the most effective method of time
management because it gives programmers the resources
they need to create programs that never crash.

Hadoop has also recently exploded in popularity.
Many cloud computing services rely on Hadoop. It
allows a cluster of computers to handle enormous
datasets in a distributed fashion; it is an open-source
project from the Apache Software Foundation.
Infrastructure as a service, platform as a service and
Software as a service are all part of its public-private
cloud packages.

Many versions are used based on the previously
mentioned technology: The idea of replication-based low
Latency Fault Tolerance (LLFT) was introduced by
(Almutairy et al., 2019) to provide fault tolerance in
distributed applications hosted in the cloud. This
paradigm uses many replication techniques to protect
programs from different types of faults. The primary
aspects of cloud computing that are addressed by Kumar
et al. (2017) are its reliability, availability, and security.
Also, the researcher explores several intrusion detection
approaches with a focus on how to enhance RAS via the
use of virtualization technologies. Use the model
suggested by Jhawar and Piuri (2017) to make grid
computing more reliable. The core principle is that
reliable service providers are the only ones that can
provide the data storage, networking and computing
power that a cloud infrastructure needs to function
properly. Additionally, in order to enhance the integration
of different limitations, it has prioritized several
dependability criteria. Since the introduction of a
virtualized technology-based Fault Tolerance
Management (FTM) approach (Bharany et al., 2022) to
study fault tolerance, cloud computing systems have
become much more dependable and accessible.

An important addition came from (Bala and Chana,
2015), who put out a model of DAFT that is compatible
with cloud fault tolerance semantically and ethically. To

make this design more reliable, they use checkpointing
and replication to make it fault-tolerant. A model for
intelligent task failure detection based on proactive fault
tolerance was used to forecast the failure task in
scientific process applications (Amin et al., 2015).

An agent-based Fault Tolerance and Recovery
System (FRAS) was also proposed (Charity & Hua,
2016). When things go wrong, the recovery agent uses
the rollback feature. This approach proposes a recovery
mechanism for agents to maintain a consistent state in a
system.

Furthermore, the concept of migration-based Virtual
Data Centers (VDCs) was first proposed by Agarwal and
Sharma (2015). To resolve server failures caused by
virtual machines becoming overcrowded, resources are
transferred to other virtual machines. The idea of Cloud
Fault Tolerance (CFT) was put forth by Jamil et al.
(2021). In this paradigm, the dependability of computer
nodes is tracked, and nodes are chosen according to their
reliability. They remove the node that keeps giving us
false results. Jamshidi et al. (2018) introduced a fault
tolerance paradigm that relies on decisions. Accuracy
and response time are the two metrics that define a
node's reliability in this paradigm. When a node stops
working, they try to fix it from the past, and they add or
remove nodes depending on how reliable they are.

If they want a more reliable cloud computing
ecosystem, we should look into the methods suggested
by (Agarwal and Sharma, 2015) for fault tolerance and
monitoring. This article covers cloud fault tolerance
research priorities for the future and gives details on the
numerous strategies and approaches used for fault
tolerance. For software rejuvenation in the cloud, (Jamil
et al., 2021) proposed a reliability model based on
dynamic fault trees. System performance may be
continuously degraded owing to resource depletion,
fragmentation and fault accretion; this model emphasizes
the software ageing problem. A method for cloud
computing fault tolerance was proposed by Jamshidi et
al. (2018). The model's developer elaborates on the
process by which faults give rise to major problems. In
order to anticipate these mistakes and act appropriately
before or after a failure happens, this model makes use of
a number of fault tolerance mechanisms. The idea of FT-
Cloud was first presented by Hasan and Goraya (2018).
This part is decided by how well developers of cloud
applications are rated. Direct fault tolerance is built into
this algorithm. An AFTRC strategy was proposed in the
context of real-time cloud computing by Noraziah et al.
(2021); Ubaidillah et al. (2020); Ubaidillah et al. (2021);
Almjlae et al. (2019); Awang et al. (2019)). Computing
in real-time on the cloud is the foundation of this
concept. Forwarding recovery is an advantage it offers.
There is a lot of fault tolerance in this model.
Additionally, this model highlights reversal recovery
through checkpointing.
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To sum up, the following are some of the most
important issues that were found throughout the
literature review on cloud/grid computing fault tolerance:

1. Processing happens via remote machines, which
increases the likelihood of errors

2. Effective methods for fault detection must be
developed

3. Customers only get limited data since the system is
so dense

4. We need to create more technology that can predict
faults in real-time

5. Understanding the ever-changing system state is
challenging because of the dynamic nature of the
cloud environment

6. Fault tolerance methods should be put in place even
though the customer’s organization isn’t worried
about data centre faults.

7. We can use new metaheuristic algorithms for
detecting fault tolerance, such as in Azrag et al.
(2018); Kunna et al. (2018); Adam Kunna Azrag et
al. (2020)

Conclusion
In this study, we explore fragmentation, replication

and fault tolerance as critical components of data
management in distributed systems. The research
emphasizes that fragmentation enhances performance
and resource allocation by distributing data among
remote nodes, which is essential for meeting diverse
computational demands. Replication strategies,
particularly those balancing consistency and latency,
prove indispensable for maintaining data availability and
integrity, especially in expanding, complex systems.
Finally, fault tolerance is a key factor in ensuring system
resilience, as our analysis highlights various adaptive
strategies that address failures at both the hardware and
software levels. Overall, this research contributes
significantly to understanding how these components
interact to improve performance, reliability and system
scalability. The insights gathered here offer a robust
foundation for future work in optimizing distributed data
management, benefiting researchers, system designers
and developers.
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