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Abstract— As a result of the exponential rise of data
pertaining to millennials, it has become increasingly difficult to
store, retrieve, and evaluate the data as required. For the
purpose of ensuring that everyone has access to the data
whenever they want it, it is kept in large clusters. This
diversified collection of clusters is utilised for the replication and
storage of files. There are two factors that impact the
dependability of the data that is being requested: the file
replication factor and the connectivity between clusters. As a
result of the increased number of duplicates that are
manufactured, the rising demand for replicas leads to an
increase in the amount of energy that is consumed as well as the
amount of time that is wasted. Unfortunately, as a result of this,
the system may become unstable and may not immediately react
to the user’s request. The system recommends a way of file
replication that is trustworthy, efficient, and energy-saving.
This approach only duplicates files when there is a significant
demand from users. This is done in order to conserve space on
clusters. The process of storing files on clusters according to the
demand for data has the potential to preserve cluster energy and
choose clusters depending on the capacity of their replica
storage spaces. A number of different strategies may be used in
order to achieve performance goals. These strategies include
streamlining the process of file read latency for users,
minimising congestion for user requests, and developing a
strategy for quick file replication in the case of a failure.

Keywords— Replica, Energy-Efficient Adaptive File
Replication (EAFR), Data Replication for Efficient Cluster
Scheduling (DARE).

. INTRODUCTION

Within the scope of this investigation, an energy-efficient
adaptive file replication system aims to improve data
availability by taking into consideration the popularity of files
and the efficiency of storage systems. The handling,
processing, and transport of enormous volumes of files all at
once is the responsibility of data-intensive clusters.
Additionally, in order to increase the amount of data that is
accessible, certain file systems produce and store three copies
of each file on servers that are dispersed across a number of
racks. To ensure that data is accessible during the random
replica destination selection process, it is necessary for all
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servers to remain active, which results in the use of power.
The random selection of replica destinations does not take
into account the bandwidth of the destination or the
capabilities of the request processor. As a result, network
congestions may occur as a consequence of connection
capacity constraints, and servers may get overburdened with
data requests. The handling, processing, and transport of
enormous volumes of files all at once isthe responsibility of
data-intensive clusters. Additionally, in order to increase the
amount of data that is accessible, certain file systems produce
and store three copies of each file on servers that are dispersed
across a number of racks. Both the availability of data and
the efficiency of the file system may be further enhanced by
making-use of the heterogeneity of the file system and the
server, which they tend to take for granted. Due to the fact
that the popularity of files fluctuates greatly, it is likely that a
strict minimum of three copies will not be able to reply
quickly enough to an influx of read requests to "hot" files,
while at the same time wasting resources (such as energy) on
copies of "cold" files that are seldom used. Because servers
differ in terms of network speed, hardware design, and
capacity, it is essential to select replica servers in order to
ensure that there is a minimum delay in both the replication
process and the response time to requests. The greatest
number of service requests that may be serviced at the same
time is referred to as capacity. The EAFR, which stands for
Energy-Efficient Adaptive File Replication System, that we
have presented is comprised of three components. Through
the process of adjusting to the fluctuating popularity of files
over time, it achieves a balance between the availability of
data and the efficiency of its operations. If a file is popular,
there will be more copies of it, but if it is not popular, there
will be less copies. Inaddition, servers are classified as either
hot or cold servers according to the amount of energy they
consume; cool servers are utilised for the storage of cold files
respectively. This contributes to the efficiency of energy use.
The next thing that EAFR needs to do is select a server that
is capable of storing a copy and has sufficient resources, both
physical and virtual. We recommend a few things in order to
make EAFR even better: a method for selecting data nodes

IJCRT2505727 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ g305


http://www.ijcrt.org/

www.ijcrt.org

© 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

that is aware of the network in order to reduce the amount of
time it takes for files to be read; a method for maintaining
replicas that are aware of the load in order to ensure that
backup copies of files are made quickly in the event that a
replica node fails; and a method for adjusting the
transmission rate dynamically in order to prevent possible
congestion while copying files to a server.
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Figure 1.1: Map-Reduce Architecture.

Il.  LITERATURE SURVEY

This article efficient distribution of resources is of the utmost
importance in clusters that are comprised of economical
Single-Board Computers (SBCs) that have a restricted amount
of processing capabilities. In resource-constrained contexts,
where energy efficiency and cost-effectiveness are of the
utmost importance, these clusters are increasingly being
implemented in edge computing environments. One of the
most significant difficulties associated with Hadoop YARN
scheduling is load-balancing. This is because frugal nodes
within the cluster have the potential to become overloaded,
which may lead to a decline in performance as well as
numerous instances of out-of-memory problems, which can
eventually result in task failures. Within the scope of this
research, we provide an Adaptive Multi-criteria Selection for
Efficient Resource Allocation (AMS-ERA) in Frugal
Heterogeneous Hadoop Clusters. Our criteria takes into
account the requirements for tasks in terms of CPU, memory,
and disc space, and then matches those requirements with the
resources that are available in the cluster in order to achieve
optimal resource allocation. We build a heterogeneous SBC-
based cluster that is comprised of 11 SBC nodes in order to
verify our strategy. We then conduct many tests in order to
evaluate the performance of the cluster by utilising the
Hadoop wordcount and terasort benchmark for a variety of
workload settings inside the cluster. On the basis of these
findings, the Hadoop-Fair, FOG, and IDaPS scheduling
techniques are evaluated and contrasted. Using terasort and
wordcount as benchmarks, our findings indicate that the
proposed AMS-ERA leads in a considerable increase in
performance, with a reduction in execution time of 27.2%,
17.4%, and 7.6% correspondingly.[1]

The efficient processing of enormous datasets in
heterogeneous Hadoop clusters offers a significant problem in
this age of ever growing accumulation of vast amounts of data.
Traditional job schedulers frequently have difficulty adapting
to the dynamic and diversified nature of big data workloads as
well as the complexity of heterogeneous settings. This results
in inefficient resource utilisation and longer task execution
durations. A unique approach that is meant to tackle these
issues is presented here in the form of Adoptive Load
Balancing schedule, which is the result of this study. The
model that we have presented makes use of a dynamic
scheduling algorithm that is aware of resources and
intelligently adjusts to the peculiarities of real-time workloads
and the capabilities of nodes. It is equipped with a strong
optimisation engine that includes a Node Profiler, Adaptive

Scheduler, Task Classifier, Performance Monitor, and Load
Balancer, all of which work together in a seamless manner to
improve task execution and resource utilisation. We have
conducted testing on both traditional and current models, such
as the default Hadoop schedulers, as well as with our
suggested model, and the results have shown that our
proposed model is far more effective than the traditional
methods. It beat these models in a variety of parameters,
including the amount of time it took to execute the work, the
efficiency with which data was allocated, the amount of time
it took to transmit data, and the amount of resources that were
used. It may be concluded that the Adaptive Load-Balancing
Job Scheduler Approach represents a significant advancement
in the realm of distributed computing for the purpose of big
data analytics. By optimising resource utilisation, it not only
improves the performance and efficiency of Hadoop clusters,
but it also makes a contribution to the economic and
environmental sustainability of the distributed computing
environment. This technique demonstrates how to provide
more responsive, efficient, and scalable solutions for the
processing of large amounts of data in contexts that involve
heterogeneous computing.[2]

Execution time, computational complexity, and efficiency are
some of the primary challenges that traditional parallel
computing for power management systems faces. These
challenges include process time and delays in power system
condition monitoring, particularly consumer  power
consumption, weather data, and power generation for the
purpose of detecting and predicting data mining in centralised
parallel processing and diagnosis.  Because of these
limitations, data management has emerged as an important
factor to address in research and a bottleneck in the process.
Cloud computing-based approaches have been created for the
purpose of handling data in power management systems in an
effective manner. This was done in order to deal with the
limits that were imposed. The purpose of this study is to
examine the notion of cloud computing architecture, which is
developed to fulfil the multi-level real-time needs for
improving monitoring and performance. This architecture is
built for various application scenarios for power system
monitoring. - After” that, cloud computing solutions are
explored against the backdrop of big data, and developing
parallel programming models like Hadoop, Spark, and Storm
are briefly introduced in order to analyse the advancements,
restrictions, and innovations that have occurred in these
models. A model was developed by using related assumptions
in order to estimate the major performance metrics of cloud
computing applications. These metrics include core data
sampling, modelling, and the analysis of the competitiveness
of big data. In conclusion, it presents a novel design idea that
is based on cloud computing, and it goes on to provide some
recommendations that are centred on cloud computing
infrastructure, as well as ways for handling real-time big data
inside the power management system, which are necessary in
order to overcome the difficulties associated with data
mining.[3]

As a framework for the analysis and processing of large
amounts of data, Hadoop YARN has emerged as the
dominating option. When it comes to energy economy,
however, the scheduler that is built into the Hadoop YARN
architecture is not meant to be efficient. This article provides
an update to the existing Hadoop YARN architecture that is
more energy-efficient in order to solve the problem that has
been presented. In addition, we describe the MapReduce
scheduling in the heterogeneous Hadoop YARN cluster as an
energy consumption optimisation issue, and we offer a
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heuristic approach to solve this optimisation problem. This
algorithm is then used to optimise the energy consumption. In
order to enhance the Hadoop YARN cluster's performance
and achieve greater energy economy, the suggested technique
makes use of load balancing as well as dynamic
voltage/frequency scaling. In order to determine whether or
not our approach is successful, we conduct exhaustive tests on
a real Hadoop YARN cluster that is comprised of five servers.
The results demonstrate that our approach is capable of
achieving superior performance and delivering substantial
reductions in energy consumption when compared to three
different approaches that were applied to issues that were
comparable.[4]

Companies in the information technology (IT) industry who
are working towards the goal of lowering their carbon
footprint while also delivering large-scale cloud services face
a significant obstacle as energy conservation. Especially in
light of the growing amount of data that is dispersed around
the globe, these businesses frequently rely on the technology
of data replication in order to fulfil the objectives of their
tenants, such as performance. We present a static and multi-
objective data replication approach (E2ARS) in this research.
The purpose of this strategy is to minimise the amount of
energy that is consumed as well as the amount of money that
is spent by the provider. E2ARS makes use of the
heterogeneity of the cloud as well as technologies that are
efficient with energy. The first thing that we do is compare
the various policies that we have designed for our plan, which
range from merely taking into account energy consumption to
only taking into account spending. What should come as no
surprise is that the more you wish to limit the amount of
energy that is consumed, the less you duplicate. After that, we
examine E2ARS in relation to several tactics that have been
published in the past. In situations when those solutions only
accomplish one of the two goals, E2ARS is able to lower both
energy consumption and expense thanks to its
implementation.[5]

Regarding the success of a nation's economy, the energy
policy of that nation is of the utmost importance. Dependence
on imports, diversification of energy sources, rising global
energy demand, energy efficiency, climate effect, and other
issues are among the many things that should be taken into
consideration with regard to energy. The estimation of energy
consumption and the levels of energy efficiency within the
economy are the foundations upon which effective energy
planning is built. The article describes the findings of research
that was carried out for these two indicators, with the energy
system of the Republic of Bulgaria serving as the topic of the
investigation. For the purpose of forecasting the energy
intensity of the economy, mathematical models are offered.
These models are developed via the study of the trend model
with time series and by the use of artificial neural networks.
Additionally, a neural network model has been constructed for
the purpose of forecasting the final energy consumption. This
model is based on data regarding the gross domestic product
as well as the energy intensity of the environment.[6]

It is the responsibility of the Hadoop distributed file system,
often known as HDFS, to store extremely huge data sets in a
dependable manner on several clusters of commodity
equipment. The High-Density File System (HDFS) offers
high throughput data service by utilising replication to fulfil
the requests of customers. Replicating data is a compromise
that involves sacrificing greater data availability in exchange
for increased disc consumption. In recent research, many data
replication management frameworks have been proposed.

These frameworks are designed to dynamically adjust the
replication factor of fles in accordance with the popularity of
the data. This allows for the retention of more replicas for data
that is in high demand, which ultimately improves the system's
overall performance. As the popularity of the data decreases,
these methods limit the replication factor, which in turn causes
a shift in the distribution of the data and ultimately results in
an imbalanced distribution of the data.  The cluster
experiences hot spots, low data locality, and high network use
as a result of an imbalanced distribution of data. The first
thing that we have established in this paper is that lowering
the replication factor results in an imbalanced distribution of
data when the default replica deletion mechanism of Hadoop
is utilised. Then, we demonstrate that even maintaining a
balanced data distribution by the use of WBRD (data-
distribution-aware replica deletion strategy), which we
suggested in earlier work, results in sub-optimal performance
on heterogeneous clusters. We suggest a heterogeneity-aware
replica deletion strategy (HaRD) as a solution to this problem
in order to avoid further complications. When removing
replicas, HaRD takes into account the processing capabilities
of the nodes; as a result, it stores a greater number of replicas
on the nodes with more processing capability. We carried out
a performance study on a specialised heterogeneous cluster
consisting of 23 nodes following the implementation of HaRD
on top of HDFS system. When compared to Hadoop and
WBRD, respectively, our findings indicate that HaRD was
able to minimise execution time by as much as sixty percent
and seventeen percent.[7]

The expectations that consumers have for processing power
are growing on a daily basis as a result of the development of
technology. Computing in the cloud is one of the most
cutting-edge technologies that provides users with the ability
to fulfil their computationally intensive needs. In order to
enable on-demand provisioning of resources, cloud
computing has taken use of virtualisation technology. This has
led to a growth in the complexity of cloud infrastructure,
which means that failures are absolutely unavoidable.
Mistakes like this might lead to failure, which would result in
significant losses for the organisations. The techniques that
are utilised for fault management typically necessitate the
utilisation-of more resources, which in turn increases the
intake of energy. In addition, cloud infrastructure involves a
significant amount of energy consumption and is the primary
contributor to the amount of carbon content. The combination
of rising demand and a finite supply of renewable resources
have resulted in severe energy crises. Therefore, energy-
efficient fault-tolerant solutions are required in order to
tolerate faults and ensure dependable, scalable, and flexible
availability of cloud services. This will avoid the failure of the
system while simultaneously reducing the amount of energy
that is consumed. When it comes to cloud computing services,
fault tolerance and energy efficiency are two of the most
important factors that need to be taken into consideration
concurrently in order to guarantee availability, performance,
and dependability. Within the scope of this work, the
fundamental ideas of faults, mistakes, and failures are
discussed. In addition to this, it addresses the various
solutions for fault tolerance as well as the differences and
similarities between energy efficiency and fault tolerance.[8]
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Hadoop and MapReduce are playing a significant role in the
storing and processing of parallel data in shared distributed
systems. This includes the processing of distributed data as
well. When it comes to the quantity of work and clusters,
Hadoop was primarily developed for environments that are
similar to one another. Heterogeneity becomes a major
difficulty to confront when new technologies are brought to
Hadoop. This is owing to the fact that Hadoop-schedulers
have produced undesirable outcomes and performance has
deteriorated.There is a persistent effort being made by
researchers to mitigate the negative impacts that heterogeneity
might have. By classifying some of the current schedulers
according to the parameters that impact the heterogeneity
factor, the purpose of this research is to shed some insight on
the aforementioned factor.[9]

When it comes to dealing with data (or storage that holds these
data) in large-scale distributed systems, data replication offers
an effective technique from which to handle the situation. It
is generally accepted that data replication is one of the
optimisation strategies that have been implemented in
distributed systems, such as database communities. This
strategy involves maintaining multiple copies of data at two or
more resource sites in order to achieve high levels of
performance, availability, and reliability in distributed
systems. As a consequence of this, it has come to light that
the process of selecting resources, which may be considered a
component of resource management, is intricately intertwined
with the techniques for data replication and resource
management in distributed systems. Therefore, the purpose of
this study is to explore the various data replication
mechanisms that are now in use in distributed systems,
including distributed database management systems (DBMS),
data grids, and cloud computing environments. In addition, a
study of resource management in distributed systems is
presented, with a particular emphasis placed on Grid
computing as well as cloud computing.[10]

MapReduce and distributed file systems such as HDFS have
emerged as the paradigm for the creation of large-scale
applications that require a significant amount of data. This is
due to the recent growth of services that are based on the
Internet. The amount of data that is produced by social media
platforms is really substantial, and as a result, it necessitates a
more rapid execution, which in turn presents a significant
challenge to the task throughput. In order to complete large-
scale data processing, it is necessary to handle a variety of
difficulties, including the distribution of data, the scheduling
of tasks, and the execution of jobs. Through the use of a
hybrid data placement method and an adaptive cluster
reconfiguration algorithm, a unique technique is given with
the intention of enhancing the distribution of data inside the
MapReduce framework. A number of data placement tactics,
such as profiling and pipelining in rack aware data placement
methodology, are included in the approach. A faster reaction
time will be achieved by the implementation of the proposed
technique, which will result in increased efficiency for replica
placement.[12]

I1l. PROPOSED METHODOLOGY

This picture depicts the EAFR that has been proposed for this
project, which aims to reduce the amount of time it takes for
replication to finish, as well as the amount of power that is
consumed. EAFR dynamically increases the number of
replicas for files that are regularly accessed in order to handle

high request loads and, as a result, reduce the amount of time
it takes for files to be read into memory. At the same time, it
decreases the number of replicas for files that are viewed
infrequently without compromising the read efficiency of
those files.

3 Task Trackers On J Datavodes

Figure 3.1: System Architecture

In order to improve the availability of data, we have developed
a solution for EAFR that takes into consideration the
popularity of files as well as the efficiency of the file storage
system. Clusters that are heavy on data are characterised by
the simultaneous storage, processing, and transportation of
many files. Certain file systems produce and keep three
replicas of each file on servers that are randomly selected and
scattered across many racks. This is done in order to improve
the availability of your data. Because the selection of replica
sites is completely random, it is necessary to keep all servers
running continuously in order to ensure that data is always
accessible. This leads to an exorbitant amount of power usage.
The random selection of replica destinations disregards the
bandwidth of the destination as well as the capability of the
request to be processed. This might potentially lead to network
congestion due to the capacity constraints of some
connections, which could result in the server being overloaded
with data requests.

IV. EXPERIMENTAL RESULTS

We have created a system for EAFR with the intention of
enhancing the availability of data while taking into account
the significance of file popularity and the effectiveness of the
file storage system. A significant number of files are
concurrently stored, processed, and transported in clusters
that are characterised by their high data density. A number
of file systems generate and store three copies of each file on
servers that are randomly picked from a variety of racks. This
is done in order to improve the amount of data that is
available. The random selection of replica destinations
necessitates the continuous operation of all servers in order to
guarantee the availability of data; nevertheless, this increases
the amount of power that is used. There is a possibility that
network congestions may emerge as a result of capacity
limitations on some connections, and the server may become
overburdened with data requests. This is because the random
selection of replica destinations does not take into account the
bandwidth and capacity of the destination to handle requests.
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Figure 4.1: Time Analysis

V. CONCLUSION

The needs of data-intensive clusters, which require file
systems to have fast file read latency and low power
consumption, have been met by the implementation of a
system that has been designed to meet those expectations. The
system makes use of a dynamic transmission rate adjustment
strategy to reduce the likelihood of cast congestion occurring
during the process of file replication to a server. Additionally,
it employs a network-aware data node selection strategy to
minimise the amount of time it takes for files to be read.
Furthermore, it employs a load-aware replica maintenance
strategy to efficiently create file replicas in the event that
replica nodes fail. The results of experiments conducted on a
large cluster that is representative of the actual world reveal
that EAFR and the recommended techniques are successful in
meeting the requirements of file systems that are present in big
clusters. In the future, it will be possible to increase file
security by introducing server failure tolerance into the system
infrastructure.  In addition to improving efficiency, data
partitioning methods also improve security. As a consequence
of this, the most recent transmission speed of a server may be
used as a prediction for the pace at which it will transmit data
in the near future. It is possible for EAFR to assign a new file
replica without taking into account the usage of links or
monitoring the condition of network congestion. The data
transfer rate of recent files is taken into consideration while
making the decision about the location of the replica. Future
study will concentrate on improving data localisation in
replica placement and determining the appropriate number of
cold servers to maximise energy savings while preserving file
read efficiency. Both of these subjects will be addressed in the
future.
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