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Abstract: This paper focuses on the critical dimensions of cloud computing, including resource management and
orchestration, and optimal memory utilization. It traces the evolution of cloud computing and identifies salient features
such as on-demand self-service, resource pooling, and rapid elasticity. The paper identifies memory management and
optimization as key performance drivers in the era of modern clouding, which both cuts costs and ensures system stability
in the technological infrastructure. It also identifies and elaborates on advanced memory optimization technologies that
are instrumental in improving the quality of cloud services, thereby reducing a bottleneck in dynamic resource allocation,
and the critical elements that orchestration plays in a complex cloud environment. The paper also discusses the role of
micro services and container management, which eases the nature of workflow orchestration in cloud computing to
operate in an efficient manner. Such a discussion and analysis provide crucial information on various memory
management strategies and opportunities to improve performance, efficiency, and reduced resource waste in the field of
cloud computing.
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L INTRODUCTION

Cloud computing is the delivery of on-demand computing resources—everything from applications to data centres over
the internet on a pay-for-use basis. It is as if, you rent a superpower computer that sits remotely which can be accessed
remotely by paying some money without even worrying about the hardware and software maintenance of it.

A. Cloud Computing Features

On-Demand Self-Service in which you can provision computing resources as needed just like turning on a tap for water.
Broad Network Access like capabilities are available over the network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms (e. g., mobile phones, tablets, laptops of varying capability).
Resource Pooling in which cloud providers create a giant pool of shared resources/data centre which leads to cost- saving.
Rapid Elasticity which increases or decreases the resources in a few minutes according to requirement(observer). [1]

B. Evolution and Market Trends

The cloud business has changed a lot over time. Before, companies had to be responsible for the security and management
of their data centres. This was expensive and only the few with knowledge could do it. Because of technological
development and faster internet, businesses began to use the cloud. This helped save on costs and provide flexibility. The
cloud market has quickly expanded to include major giants, such as Amazon Web Services (AWS), Microsoft Azure, and
Google Cloud.

Large corporations all the way down to the smallest start-ups need to utilise the cloud in order to be competitive in the
ever moving environment of digital innovation. Now, the new cloud computing trends are about to deliver significant
gains to transform business. These include hybrid cloud which is a mix of cloud and on- premises, and Edge computing
which is aimed at data processing with more data locality. Businesses can gain a greater understanding and insights into
the digital data which can only be described as a competitive advantage. [2]
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Fig. 1 Simple Architectural View of Cloud Computing

C. Importance of Resource Management and Orchestration

Resource management, combined with orchestration, are extremely important in cloud computing because they allow us
to use CPU, memory, and network resources efficiently. Resource management, to avoid waste and reduce costs by
increasing resource utilization, improves the performance over time. Orchestration automates the formation and
coordination of software with the goal of more easily managing complex cloud environments. Both help improve resource
usage, make scaling easier, and ensure stability of the system, ensuring that cloud services remain reliable and cost-
effective. Resource management and scalability is vital for optimising performance and reducing costs in cloud
paradigms. Providers can be optimised for dynamic deployments as they provide technical powerhouses such as CPU,
RAM, and storage. This hands-off management reduces IT costs and delegates any routine tasks to whoever is
responsible. [3]

Additionally, orchestration increases performance by automatically setting up and scaling applications, where resources
are distributed highly effectively over the variables of multiples. These systems help minimise latency, improve response
times and augment user satisfaction, leading to a better overall system. An efficient orchestration of resources is able to
deploy applications quickly and also adjust to accommodate unexpected change in system performance.

Modern web design relies on careful management and planning. It must provide an easy and smooth path to a goal. This
requires integrating different resources; such as Infrastructure as a Service (IaaS), Platform as a Service (PaaS), and
Software as a Service (SaaS); services with reliable, secure, and performant orchestration across cloud computing
infrastructures. Microservices architectures and containerized environments are some of the most popular architectural
styles for cloud-native applications. In environments fuelled by Kubernetes and Docker Swarm, for example,
professionals can grant AWS CloudFormation templates and scripts the power to automate container deployment, scaling,
and management across cluster hosts in pursuit of consistent performance and high availability.

Resource management and orchestration allow delivering support for deploying applications across an environment
connects to multiple cloud providers promoting a superior workload distribution among those resources while ensuring
proper performance and compliance. [4]

Optimizing memory is important. Memory is shared between many VMs and applications in cloud environments. Use
memory effectively to keep performance good. If you don't, you'll have performance interruptions and latency in your
apps. In addition, your app might die, which will upset your users. On top of your application's bad performance, you
will have to pay bigger bills. Proper memory management enables you to keep the application humming nicely while
still keeping costs low.

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 225


https://ijarcce.com/
https://ijarcce.com/

IJARCCE ISSN (O) 2278-1021, ISSN (P) 2319-5940

m International Journal of Advanced Research in Computer and Communication Engineering
Impact Factor 8.102 :: Peer-reviewed & Refereed journal :: Vol. 13, Issue 9, September 2024
DOI: 10.17148/IJARCCE.2024.13928

II. BACKGROUND AND LITERATURE REVIEW

The development of cloud resource management has evolved over time. Most early approaches actually began by
allocating resources through physical servers, which was the primary means of allocation for businesses that used
dedicated hardware. Dedicated, nonvirtualized physical hardware meant waste and high-operational expense levels. The
beginning of the virtualization decade with a focus in the 2000s made it possible to provide for multiple virtual machines
on one physical server. This optimized resource utilization and thereby significantly cut down the cost of projects. In this
emerging phase of cloud computing, static provision was more common. Resources were here often over-provisioned to
satisfy a stipulated demand-that is, it was more probable to waste. Resource management was also manual, and
administrators had to be constantly monitoring and adjusting the resources based on their insight. This ongoing task did
not help to lighten the load on IT teams but instead underlined the need for a better and more automated resource
management solution to evolve alongside cloud technology. [5]
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Fig. 2 Types of Users of Cloud in Millions

Modern cloud platforms use optimizes resource use with dynamic resource allocation techniques, such as autoscaling,
that automatically switch resources on according to requirements. This also helps reduce upfront costs. Coral reefs have
changed all of resource management through the advent of containers (such as Docker) allowing applications and
resources to be built more lightly and exchanged easily in other systems- which can save time as well enhance efficiencies
by utilizing standard mechanisms across environments instead of requiring support for varied ones.

Kubernetes is a heavily used DevOps tool that has helped many businesses manage their resources through the automation
of deploying containerized apps in any technological area. Utilizing Al has helped this tool make more data-driven
recommendations so they know when it’s time to scale and scale infographics out into new technology, rather than waiting
until a problem hits. Eddy in Al/Machine Learning algorithms as well are now being used with cloud data centres for
workload prediction. This optimization of resource use divides tasks to decrease overall job wait time and others, which
ultimately help you in reducing your overall data centre energy consumption rates. Serverless Computing abstracts itself
from developers and automatically scales resources so you get more help keeping costs low and management simple. [6]
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II1. CORE CONCEPTS IN ORCHESTRATION

In cloud computing, orchestration involves automating the coordination of complex systems, services, or applications so
that complicated tasks or workflows can be executed. This can achieve a service on a macro level, which is not restricted
to a workflow or one task. Orchestration is crucial in the cloud because you're bringing together a lot of components
where various services, APIs, and different pieces need to work together in seamless order.

A. Key Components:

Workflows: These are predefined operations that automate processes. Workflows can be simple or complex.
Services: Cloud services or to deliver an end-to-end solution.

Policies: Rules that resources are managed, and used.

Triggers: Events alter workflows, e.g. scaling up resources when traffic increases.

Monitoring and Logging: Continuous tracking and recording to ensure that the orchestration is proceeding correctly and
efficiently.
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Fig. 3 Key Components of Cloud

B. Memory Management Techniques

Page Level of Segment Level to improve efficiency and reduce waste by dividing memory into Variable size segment or
fixed size pages. Memory Management is where the programmer has total control over the memory management process.
They do this with the malloc/free functions in C for instance. Feel free to use the rest of that sentence: despite this, it is
in practice highly error prone due to the natural human qualities of forgetfulness and mistakes. Moreover, it can often
make efficient programming a real pain, meaning this is very much not recommended.

Current Approaches to Memory Management are the present methods of memory management employ both classic
techniques and new innovations with the purpose of enhancing the performance efficiency of programs. Traditional
memory management usually uses mechanisms like garbage collectors, which automatically clean up memory so as to
prevent leakage, though this may degrade the performance of the program. More importantly, heap allocation manages
dynamic memory but does have problems such as memory fragmentation that can indeed cause wastage and increased
access times relative to stack allocation, where memory is allocated based on the LIFO method. Virtual memory is a good
practical answer for applications that are short lived and open and close immediately; however, programs that run for an
extended period of time will have long load times, generating a significant disadvantage. Novel advancements in memory
optimization allow the use of even more powerful techniques. For example, in-memory computing takes advantage of
idle excess server resources to accelerate RAM for big data and real-time applications, and it greatly enhances
performance. Another good point is the capability to remove duplicate data in virtual machines using data deduplication,
which further frees up space and saves time. The second additional optimization is memory compression, which tends to
reduce the space taken by memory in order to allow more byte count data. The last optimization is NUMA, or Non-
Uniform Memory Access, where this is aimed at providing faster response times in the system, mainly from multi-core
systems, by ensuring memory access is based on how close the processor is to the source. Another very significant role
of predictive analytics lies in an intelligent memory management, which will predict the memory sizing requirements
into the cloud, better allocating resources. Another form of non-volatile random access memory is persistent memory,
which will retain data even when the machine is turned off, therefore adding that extra layer of reliability to modern
memory management practices. These strategies taken together represent an all-around evolution of how memory is
managed, with it responding directly to the ever-growing demands of today's computing environment. [7]
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Iv. CLOUD RESOURCE MANAGEMENT

Fig. 4 Resource Allocation

A rigid allocation strategy in resource management involves decisions made to sustain some resources without
fluctuation. Such a system can be simple and straightforward in its implementation and setting up but does not really
provide much efficiency compared with dynamic systems. Flexible allocation bases adjustments of resources on current
needs, using efficient models for the best optimization. Precedence-based allocation will, in the meanwhile, propagate a
sense of task priority; tasks will execute in a certain order for better efficiency. Load balancing also does its best for
resource management by smartly distributing workload, which can significantly boost performance, especially when
applied to groups of virtual instances. Power savings initiatives, including the reduction of lighting consumption in
unoccupied rooms, also leads to minimizing costs incurred because of operation. Lastly, score-based allocation relies on
using many strategies integrated together so as to increase use of resources as much as possible, such that best methods
will be considered in a holistic approach. All of these strategies put together give a more comprehensive and effective
framework to manage resources. [8]

V. STATIC VS DYNAMIC ALLOCATION

The two different ways through which resource management operates in a cloud environment are static and dynamic
allocation. In the case of static allocation, resources are distributed before the event of its utilization, most of the times
on a fixed parameter rather than real time demand which leads to resource usage that is predictable but sometimes
inefficient. It only works where stable workloads ensure high resource consistency, but in doing so, it penalizes with
resource scarcity and inefficiency since it does not adjust to current requirements. The more dynamic allocation is
receptive in its readiness to supply resources only when needed, real-time adjustment to immediate needs. This capability
does not only optimize resource utilization and reduce cost, but it also enhances performance; hence it is suitable for such
fluctuating workloads that may experience uncertain changes in demand.

Dynamic allocation has an important component, where there is resource pooling: many users dispersed in different
locations could efficiently share pool resources by helping with scalabilities and minimizing idle resources that would
disrupt efficiency. In addition, dynamic scaling and elasticity are the instruments that can be used for cloud resources
management with the use of mechanisms such as auto-scaling; it adjusts the resources in real-time based on demand.
Auto-scaling can be separated into two scaling types: scaling out, which is to increase or decrease VM/ container instances
based on load changes, while scaling up modifies the resources associated with a single VM, transforming them to match
higher power demands. This capability can be demonstrated by services such as Amazon EC2 Auto-Scaling and Azure
Virtual Machine Scale Sets, which use real-time measurement of CPU and memory usage to make fine-tuning resource
allocation.
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Hyperparameters are at the core of these processes, monitoring the performance metric in order to dictate scaling
behavior; automation policies define how scaling triggers and cloud load balancers distribute incoming network traffic,
thus preventing the overload on any single server. In addition, predictive models of the load make use of historical data
and machine learning to forecast the demand for services, proactively manage the resources involved. Though local cloud
servers take much longer time to grow and can be more predictable, cloud servers at remote locations are scaled up much
more dynamically with increased demand, thus optimizing overall resource utilization by using capabilities from both

local and remote locations.
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A. Core Elements

Hyperparameters which are monitor based on time or metric to decide on scaling behaviour. Automation (policy) defining
when to scale up or down according to some specified condition. Cloud Load Balancers distribute network traffic that’s
incoming, to your app. This is to make sure no one server is overloaded when other servers might have available CPU
time. Load Prediction Models predicting how busy a service will be allowing a company to prepare up front by using
historical data, real-time metrics and machine learning models. Local cloud server growth is slower and more predictable,
while remote cloud growth is faster and more dynamic. Remote cloud servers are added in response to increasing demand,

while local cloud servers are utilized first before scaling to remote resources. [9]
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Fig. 6 Local and Remote Cloud Server Comparison
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B. Sorts of Models

Predictions which use processes like moving averages or ARIMA to anticipate how busy something will be, although
more mixed patterns can stymie them. Machine Learning Models which are contrary to statistical models, these models
predict with nonlinear relationships, becoming more accurate over time. Hybrid Models combine statistical and machine
learning techniques to get the benefits of both.

C. Problems & Applications

Quality Of Data which depend on having clean historical data. Trends and Seasonality should show regular patterns and
even Long term trends. Instant Updating needs to be done depending on a range of different workloads. It has many
applications including proactive auto-scaling which resizes clusters according to expected performance before they start
affecting it and it is also cost efficient as resources should only be allocated when and where needed.

VI ORCHESTRATION IN CLOUD COMPUTING

Orchestration in relation to cloud computing is the process by which the various arrangements and dealings of
commendable computer systems, middleware, and services are done automatically. Cloud orchestration can be defined
as the process of interaction of at least two or more utilities, applications and/or structures in one or more cloud
environments, be they private and/or public. It encompasses the overseeing and coordination of pre-scheduled,
mechanized processes in the process of forming well-coordinated processes and procedures. This process is critical
especially for organizations that use multiple Platform as a Service (PaaS) cloud offerings since it enables the handling
of such issues such as workload orchestration, resource provisioning, and service delivery. [10]

Overall, the primary objective of cloud orchestration is the ability to automate the complete process of application
deployment where the firm acquires, provisions the servers, networks, and storage required for a specific service.
Orchestration tools are powerful in the context that it allows IT teams to perform many actions automatically, decreasing
the likelihood of errors, and enforcing governance policies on the cloud environment.

Besides making service delivery faster, this automation also makes resource utilisation more efficient, thereby achieving
cost efficiencies and flexibility of operations. Cloud orchestration can be differentiated from cloud automation since the
former is oriented how on entire cloud applications in form of connected processes, whereas the latter is primarily oriented
around singular tasks. Because organizations have embraced the hybrid and multi-cloud models as they search for the
approach that fits them best the coordination become crucial in develop to sustain the unity of operating system spanning
across the multiple cloud models. [11]
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Fig. 7 Benefits of Cloud Computing

A. Importance

Automation in an organization very significantly reduces the operational cost as it makes it easy to manage resources.
With minimal human involvement in repetitive tasks, automation controls errors with a perfect view of overall operational
efficiency. This streamlined approach offers greater scalability and flexibility as it enables an organization to fast adapt
itself in the changing demands. Besides, it supports compliance and consistency in cloud environments for even more
improved service delivery. At increased speed of deployment, what actually happens in the business world is the decrease
in the time-to-market, which enables fast response to opportunities. In short, automation saves cost by minimizing
consumption but optimizes the delivery system through efficiency anywhere on its horizontal axis

B. Key Objectives

This means to put into an automatic mode the evaluation of intricate business processes. Maximise resource utility,
especially of assets and equipment. Maintain the availability and the dependability of the service. Simplify the process
and the ability to scale. Also, enable coordination of various cloud services integrated in the same solution. Role in
Managing Complex Environments helps in deploying and also in scaling the applications. Optimises flows and the
availability of resources. Improves resource management and costs saving. Reduces complexity and lowers the degree
of deviation from industry best practices in multi-cloud and hybrid scenarios. Helps to synchronise and coordinate a
range of services in the cloud environment.

C. Service Orchestration and Workflow Automation

Microservices and Container Management means the working of multiple services, tasks, or processes can be managed
and thus termed as service orchestration and workflow automation. All these concepts are vital in today’s, cloud and IT
infrastructure particular with USE of microservices and containers.
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It is an architectural style in which a large application is developed as a manner of loosely-connected, bite-sized service
instances. Great attention should be paid to container management to organize microservices deployment, scaling, and

further maintenance. Whenever a piece of software is used, its dependencies must also be present and in the right form—
containers solve this problem. [12]

Fig. 8 Challenges of Cloud Orchestration

D. Key components of microservices and container management

Container Orchestration: Containers: Kubernetes and Docker Swarm offer an automated method of creating, managing
and running applications hosted in containers for immense convenience. They are responsible for a set of containers and
have to control and monitor them if they perform correctly and if it is necessary to increase the number of containers in
a cluster. [13]

Service Discovery and Load Balancing allows to discover and organize network locations of microservices on their own
and distribute traffic between them. Monitoring and Logging involves Metrics collected by Prometheus and displayed
with the help of Grafana concern the availability and work of microservices. ELK Stack is one such infrastructure that
provide a centralized logging which in turn helps in collecting log from multiple services Workflow Manager Software
(e. g., Apache Airflow, AWS Step Functions). Simply stated, workflow engines are a tool for automating a work flow
which in this case is a set of functions or activities that are to be performed in a sequential manner. They handle
dependencies, timing issues and how to handle errors since tasks are supposed to be done in a certain order. Apache
Airflow: A programming language that enables the creation and the management of the processes as well as the
performance control. Airflow utilizes Directed Acyclic Graphs (DAGs) to model a task and contains only one sub-task.
Data pipelines are one of the most common scenarios where Akka.NET is applied as well as ETL processes and other
automatic procedures.

AWS Step Functions: Ready-to-use and centrally executed solution to simplify the management of partes of Distributed
Applications and Micro services with VM-sons Flows. The following are some of the features of Step Functions that
make it adequate for orchestrating serverless applications and working with other AWS services; error handling, retrying,
and state management. [14] Microservices / container management and workflow automation are among the most
important Domain to maintain complex distributed systems which are not easy to manage and requires less human
interaction.
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VI EFFICIENT USE OF MEMORY IN CLOUD COMPUTING

Memory Management
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A. Memory Management Techniques

An optimized system, hence a cost-minimized system, finds the maintenance of efficiency in cloud computing
indispensable. Several memory management techniques have gone quite a long way toward achieving this need. For
example, through virtualization, several virtual machines are able to share common physical memory resources, thus
avoiding waste and increasing utilization. Memory compression techniques may be further good for shaving off peak
utilization for the purposes of maximizing space by reducing the memory footprint of applications[15].Data deduplication
eliminates redundant data, and saves both memory and storage. In-memory computing reduces data processing time and
hence keeps very frequently accessed data in RAM-very useful for big data applications. Real-time orchestration
dynamically adjusts and allocates memory resources based upon workload demands to deliver perfect results. With these
techniques, the cloud providers will be able to make memory management the heart of effective cloud computing
strategies while improving on resource efficiency, lowering latency, and cutting down on operational cost.[16]

B. Virtualization and Memory Overhead

In virtualization, instead of having one or several systems on one or several physical systems, it will be possible to host
several systems within one physical system. Although this enhances flexibility in resource use and storage, it creates the
problem of memory overhead because one has to deal with several virtual environments. The idea is to investigate how
hypervisors manage memory and which options bring useful experiences of sharing the resources and dividing them
simultaneously. [17]

C. In-Memory Computing and Caching Strategies

In-memory computing means storing the data actually in RAM instead of on disk so that they can be processed faster.
Caching policies involve storing data that have been used quite frequently in a cache so that the time spent on accessing
them and the usage of the main memory can be reduced. These strategies protect performance and present issues with
coordination of data consistency and coherence can be core to discussing the ways the strategies enhance the usage of
memory. [18]

D. For the section on Service Orchestration and Workflow Automation:

Service Workflow

Orchestration Automation
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Service Orchestration means the workings of different techniques all in a bid to bring out a certain end product or process
chain. Co-ordination affects services functionality making them interrelate in harmony thus affecting memory usage in
the way services are received and used by the system. [19]

Workflow Automation is a form of application of technology where man interferences are minimized or eliminated,
through pre-programmed processes. When placed in the context of memory management, efficiency can be achieved
through the automation of work-flows so as to avoid taking up considerable amounts of memory by managing tasks
intelligently. [20]

VIII. FUTURE SCOPE

The sea change happens as Al-driven resource optimization addresses the efficient management of resource needs
through the use of artificial intelligence in predicting workload demand proactively, the prevention and reduction of waste
generated, and the improvement of efficiency. Further extending the enablement of this optimisation is the integration of
edge computing technologies that enhance performance through processing information near its origin, reducing latency,
and offering novel ways to optimize memory usage. Then, serverless architecture research highlights the influence of this
computing model on distribution and performance related to memory, given the spread of throughput and efficiency.
Hybrid cloud strategies promote better orchestration of resources and real-time redistribution between public and private
clouds. Innovations that propose optimizing memory-efficient data processing are proposed to develop systems and
caching techniques that decrease memory overhead and shorten execution times. Modern containerization techniques are
also researched and developed to achieve better resource sharing and memory isolation. Energy-optimized resource
management strategies are also in the process of development to cool and redistribute memory inside cloud data centers
that would further be used with less consumption of power. The third area of research is the development of capabilities
for real-time orchestration, which is dynamic prediction and memory re-allocation as a part of more rapid live streaming
analysis and optimizing performance to ensure optimal and efficient performance in an evolutionary digital space.

IX. CONCLUSION

Dynamic optimization is a vital strategy for cloud computing that involves intelligently allocating resources to meet
fluctuating demands. By dynamically adjusting computing power, memory, and network resources, it ensures that
applications perform optimally while minimizing costs. This adaptive approach offers several benefits including
improved performance in which applications can scale up or down to handle varying workloads, resulting in better user
experiences and faster response times. Enhanced reliability by avoiding resource bottlenecks, dynamic optimization helps
prevent service disruptions and downtime. Reduced costs by optimizing resource utilization, organizations can avoid
paying for excess capacity, leading to significant cost savings. In conclusion, dynamic optimization is a cornerstone of
efficient cloud computing, enabling businesses of all sizes to benefit from scalable, reliable, and cost-effective solutions.
Resource management and orchestration benefits cloud resources in many ways. Dynamic optimisation allocates
computing power, memory, and network resources to adapt to the varying demands of applications. This enables
performance and reliability improvements for all cloud services, while simultaneously driving down total costs and
making cloud solutions accessible for businesses of all sizes. Memory optimisation in cloud computing is equally crucial.
A range of effective memory management practices, capitalising on the likes of virtualisation, in-memory computing,
and modern caching techniques, prevent performance bottlenecks and lower latencies.
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