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Abstract— Adaptive algorithms for resource allocation in cloud computing systems are a key element of modern IT infrastructure that helps 

optimize the use of computing power, improve application performance and system load tolerance. The paper discusses various approaches to 

resource allocation, such as machine learning-based methods, optimization algorithms, heuristic methods and forecasting algorithms. The main 

attention is paid to the possibilities of dynamic adaptation to changing operating conditions and quality of service (QoS) requirements. The 

architectural features and performance criteria of adaptive algorithms are described, including adaptability, resource efficiency, scalability and 

fault tolerance. The study highlights the importance of developing and implementing adaptive solutions to improve the performance and reliability 

of cloud systems, as well as offers directions for further research and practical applications. 
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I. INTRODUCTION  

Adaptive resource allocation algorithms in cloud computing 

systems play a crucial role in ensuring efficient resource 

management and maintaining stable application performance 

under constantly changing workloads and user demands. With 

the increasing popularity of cloud technologies and the growing 

volume of data being processed, the need for more advanced 

and intelligent approaches to resource management is becoming 

more pronounced. Traditional methods, based on static 

parameters, are no longer able to meet the requirements of 

modern systems, making the implementation of adaptive 

algorithms capable of dynamically responding to changes in the 

operational environment highly relevant. 

The relevance of this topic is driven by the need to solve 

problems related to efficient resource management under 

constantly changing user requirements and growing data 

volumes. Traditional resource allocation methods often lack 

flexibility and fail to provide the required level of quality of 

service (QoS). In this context, adaptive algorithms that utilize 

machine learning methods, heuristic approaches, and 

optimization techniques are increasingly in demand to ensure 

high performance and reliability in cloud computing systems. 

The objective of this work is to explore modern adaptive 

resource allocation algorithms in cloud computing systems, 

evaluate their effectiveness, and develop recommendations for 

their implementation in practical operations to improve cloud 

resource management and enhance the quality of service. 

1. Review of Existing Resource Allocation Algorithms 

There are various resource allocation methods in cloud 

computing systems designed for different types of applications, 

such as big data, software services, scientific research, 

manufacturing, workflows, and healthcare. Among these, 

optimization and machine learning-based algorithms stand out, 

such as the Grasshopper Optimization Algorithm (GOA), Ant 

Colony Optimization, deep reinforcement learning, as well as 

various mechanisms, including auction-based ones. Systematic 

reviews provide a classification of task scheduling methods for 

single-cloud and multi-cloud environments, as well as for 

mobile cloud platforms. In addition, modern methods include 

multi-objective virtual machine placement mechanisms and 

energy-efficient approaches that consider CPU and memory 

energy consumption to reduce overall costs. 

Among recent proposals, optimization algorithms such as 

the Grey Wolf Optimizer (PCGWO) are noteworthy for 

minimizing processing time and task execution costs. 

Additionally, algorithms aimed at fair resource distribution and 

minimizing energy consumption are being used, which is 

particularly important as the number of resource requests 

grows. To address these challenges, multidimensional resource 

allocation models have been developed, employing weighted 

coefficient algorithms to optimize the use of physical servers, 

save energy, and ensure high quality of service. 

Forecasting and planning resource allocation is also actively 

advancing with the application of machine learning methods 

and statistical analysis. For example, models based on neural 

networks and combined approaches, including ARIMA and 

linear regression, are used for accurate load forecasting on 

virtual machines and servers. These methods allow predicting 

future requests and adjusting resources accordingly, thereby 

reducing costs and improving performance. 

However, existing methods have their limitations, such as 

the accuracy of predictions and the time required to process 

data. To improve these metrics, new algorithms are being 

proposed that use adaptive approaches and data preprocessing 

to enhance prediction efficiency and minimize resource costs. 

For instance, the EEMD-ARIMA method allows the 

decomposition of non-stationary time series into stationary 

components, which significantly improves forecasting accuracy 

and reduces errors. 

To solve the problem of delays in resource allocation, a 

proactive method based on request forecasting is proposed. This 

approach involves the use of an adaptive forecasting method 

and a proactive resource allocation strategy, allowing necessary 

capacities to be allocated in advance and ensuring uninterrupted 
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system operation. A multi-objective allocation method is also 

proposed, which optimizes the use of physical servers, 

minimizes costs, and improves the alignment of requests with 

resources [1]. 

Adaptive resource management in the context of cloud 

computing is the ability of systems to flexibly and dynamically 

redistribute computing power among various applications 

based on constantly changing requirements and quality of 

service (QoS) parameters. This process is carried out through 

the application of advanced algorithms and specialized tools 

that monitor the current resource load and analyze QoS 

requirements in real time, allowing for the adjustment of 

resource allocation in the most efficient way. 

Various methods are used to achieve optimal resource 

management, including machine learning, control theory, and 

optimization algorithms. These approaches allow for the 

development of the most suitable allocation strategy for each 

specific application, minimizing resource waste and ensuring 

QoS requirements are met [2]. 

An important aspect of this process is the selection of an 

appropriate data center, which is based on two key criteria: 

- Geographical distance, determining the network latency 

between the user and the data center. 

- Current load of the specific data center. 

The main advantages that adaptive resource management 

offers include: 

- Optimized use of computing power, achieved through 

dynamic resource redistribution based on the current needs of 

applications. 

- Increased overall efficiency of cloud systems, which is 

expressed in reduced losses and excessive resource 

consumption. 

- Improved application performance due to the prompt response 

to changes in resource requirements. 

- Enhanced scalability of cloud systems, enabling easy 

expansion of their capabilities without the need for manual 

intervention or the risk of failures. 

- Increased flexibility in resource management, allowing 

organizations to quickly adapt to changing conditions and 

needs, ensuring uninterrupted operation of applications [3]. 

To summarize the above, Table 1 will review the 

advantages and disadvantages of these algorithms. 

Thus, adaptive resource management in cloud systems is a 

key factor in ensuring high performance, efficiency, and 

reliability of modern information infrastructures. 

2. Architectural Features and Efficiency Criteria of Adaptive 

Algorithms 

The analysis of cloud computing architecture can be 

conducted from various perspectives, with the cloud computing 

system architecture being the key focus. In this approach, the 

architecture is represented as a hierarchy, including the 

infrastructure layer, cloud computing operating systems, 

product systems (covering aspects of security and 

management), and solution and service systems. 

The design of cloud computing architecture is a sequential 

process that begins with the collection and analysis of 

requirements. Following this, the architecture is developed 

based on the gathered data, potential improvements are 

evaluated, solutions are implemented, and continuous operation 

is ensured. 

 
TABLE 1. Advantages and disadvantages of adaptive resource allocation 

algorithms [3]. 

Resource 

Allocation 

Algorithm 
Advantages Disadvantages 

Direct Allocation 

- Simplicity of 

implementation 

- Fast resource 
allocation 

- Insufficient flexibility 
- Inefficient use of 

resources 

Dynamic 

Allocation 

- Flexibility 
- More efficient 

resource use 

- Complexity of 

implementation 

- High computational 
costs 

Priority-based 

Allocation 

- Support for critical 

tasks 
- Resource optimization 

- Possible delays in 

processing low-priority 
tasks 

SLA-based 

Allocation 

- Guaranteed quality of 

service 

- Alignment with 
customer needs 

- Difficulty in managing 

SLAs 

- Potential for resource 
overload 

Heuristic 
Allocation 

- Adaptation to 

changing conditions 

- Load balancing 

- Unpredictability of 

results 
- Possible suboptimal 

solutions 

ML-based 

Allocation 

- Continuous 

improvement of 

decisions 

- Ability to predict load 

- Requires large datasets 

for training 

- Complexity of 

implementation 

Prediction-based 

Allocation 

- Increased allocation 
accuracy 

- Improved quality of 

service 

- Forecasting errors can 

lead to inefficient 
allocation 

Market-based 

Allocation 

- Efficient distribution 

based on supply and 

demand 
- Flexibility 

- Complexity of 

implementation 

- Potential for market 
instability 

Centralized 

Allocation 

- Full control over 

allocation 

- Simplicity of 
monitoring and 

management 

- Potential bottlenecks 

- Lower fault tolerance 

Decentralized 

Allocation 

- High fault tolerance 

- Scalability 

- Complexity of 
coordination 

- Potential inefficiency 

in allocation 

 

To successfully design cloud computing architecture, six 

key principles should be considered: reasonable deployment, 

business continuity, elastic scalability, operational efficiency, 

security compliance, and continuous operation. These 

principles ensure a comprehensive approach to architectural 

solutions, although, in practice, not all design patterns need to 

be applied simultaneously. 

1. Reasonable Deployment: The deployment of business 

systems in the cloud may include both virtual and physical 

cloud hosts with different performance levels. Cloud services 

can encompass the hosting of applications and servers. Many 

companies have yet to fully transition to cloud solutions, often 

due to historical IT resource usage and compliance 

requirements. In such cases, cloud computing operating 

systems can be packaged as standalone software and deployed 

in private environments. Unlike public clouds, private 

deployments are accessible to a limited number of users. 



International Journal of Scientific Engineering and Science 
Volume 9, Issue 1, pp. 45-49, 2025. ISSN (Online): 2456-7361 

 

 

47 

http://ijses.com/ 

All rights reserved 

Hybrid architectures offer the possibility of integrated 

resource management for both public clouds and private 

platforms, such as traditional VMware or OpenStack. Hybrid 

solutions allow companies to avoid changes in the local 

environment while meeting compliance requirements, all while 

leveraging cloud platform resources and service capabilities. 

They serve as an intermediate solution for enterprises 

transitioning to cloud technologies. 

For transactions requiring global reach, such as 

international e-commerce or online gaming, it is essential to 

deploy services and data closer to the user. This reduces 

network latency and improves the user experience. Global 

deployment aims to minimize distances to users and optimize 

data storage and processing. 

When deploying business resources, it is recommended to 

use multiple public cloud platforms to ensure business 

continuity. This helps mitigate the shortcomings of individual 

cloud service providers and reduces the risks associated with 

technical dependency and vendor lock-in. 

2. Business Continuity 

Ensuring business continuity covers three main aspects: 

high availability, uninterrupted operation, and disaster 

recovery. These key aspects are detailed in Table 2. 

 
TABLE 2. The main aspects of the business continuity principle [4]. 

Main Aspects of the 

Business Continuity 

Principle 
General Characteristics 

High Availability 

Implies the presence of backup solutions to 

prevent business interruption in case of 

resource failure. 

Uninterrupted Operation 

Ensures the continuous delivery of services 

and the availability of resources for 

conducting business. 

Disaster Recovery 
Relates to the ability to restore applications 
and data in case of damage to the operating 

environment. 

 

Redundancy and continuity must be implemented at every 

architectural level. For example: 

- In data storage, block storage ensures three copies of the data 

for recovery in case of errors. Object storage uses erasure codes 

and cross-regional replication to enhance reliability. 

- Data backups should occur across zones and regions to 

prevent data loss during local failures. In hybrid architectures, 

cloud backups provide data recovery in case of damage to the 

local environment. 

- Disaster recovery solutions prevent the existing business 

environment from becoming a single point of failure and 

improve overall risk resilience. 

- High availability is achieved by load balancing at the 

availability zone and regional levels. 

3. Elastic Scaling 

Tightly coupled systems are difficult to scale and maintain. 

The separation and scaling of system components play a key 

role in ensuring flexibility and stability. Components should be 

divided into dynamic and static ones, allowing each to perform 

its function efficiently. 

Scaling includes vertical, horizontal, and automatic scaling. 

This can involve scaling databases, computational resources, 

storage, and data protection. Application migration is also 

considered part of system scaling and should support flexibility 

and rapid implementation. 

System component separation can be achieved through the 

following methods: 

- Storing state in Redis. 

- Using load balancing to ensure scalability. 

- Utilizing message queues or API Gateway to separate 

producers and consumers. 

- Global load balancing to expand the business in hybrid and 

multi-cloud environments. 

4. Operational Efficiency 

Operational efficiency encompasses computing 

performance, data storage and caching, as well as network 

optimization. The primary goal is to enhance application 

performance and resource utilization. 

Computing performance is improved by using high-

performance cloud hosts and clustering. 

Data storage and caching of hot data using Redis, along with 

in-memory computing, can significantly boost efficiency. 

Network optimization involves selecting optimal data 

centers, utilizing CDNs, and global application acceleration to 

improve request speed. 

An important aspect is performance monitoring and stress 

testing to identify bottlenecks and address specific issues. 

5. Security Compliance 

Security encompasses data protection and regulatory 

compliance. Key aspects include: 

- Configuring accounts and managing keys with the assignment 

of the minimum necessary permissions. 

- Managing network access through ACLs, security groups, and 

routing. 

- Protection against attacks such as DDoS, SQL injection, and 

XSS. 

- Conducting security audits and maintaining access logs. 

6. Continuous Operation 

Continuous operation involves constant monitoring of cloud 

resources, services, and applications, as well as setting up 

alarms. These alarms should notify the relevant personnel and 

trigger automated fault-handling procedures [4]. 

Additionally, automated mechanisms for scaling and cost 

optimization must be in place to monitor expenses and adapt to 

changes in resource consumption. 

To solve multi-objective optimization problems in the 

context of virtual machine placement in cloud computing, the 

Particle Swarm Optimization (PSO) method is applied. This 

method is used to create an adaptive management model that 

considers various objective functions. In this task, it is assumed 

that eight virtual machines must be moved between five 

physical machines. The process of multi-objective optimization 

involves adapting the particle population to generate new 

solutions [5]. Table 3 presents the advantages and 

disadvantages of the effectiveness of adaptive algorithms in 

cloud computing systems. 
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TABLE 3. Advantages and disadvantages of the effectiveness of adaptive 
algorithms in cloud computing systems [5]. 

Parameter Description 

Advantages 

Adaptability 
Algorithms can automatically adjust to changing 

conditions, such as load or available resources. 

Resource 

Efficiency 

Increased resource efficiency through dynamic 

management and task redistribution. 

Scalability 

The ability to handle large volumes of data and increased 

load through flexible resource management and task 
distribution. 

Resilience 
The ability to maintain functionality under changing 

loads and failures of individual system components. 

Disadvantages 

Implementation 
Complexity 

Implementing adaptive algorithms requires significant 
development and testing efforts. 

Delays 
Time delays associated with monitoring and decision-
making may negatively impact system performance. 

Monitoring Costs 
Continuous system monitoring and analysis require 
additional resources, which may increase overhead costs. 

Potential Errors 
Incorrect condition definitions or improper adaptation 

can lead to performance degradation or system failures. 

Architectural Features 

Dynamic 

Allocation 

The use of algorithms for dynamic redistribution of 
resources and tasks between servers and virtual 

machines. 

Monitoring and 

Analysis 

Inclusion of subsystems for monitoring system status and 

analyzing data to make adaptation decisions. 

Adaptation Policies 
A set of rules and policies that define conditions and 

actions for adapting the system to current circumstances. 

Integration with 

Cloud APIs 

Utilizing cloud provider interfaces to manage resources 

and allocate them in response to load changes. 

Efficiency Criteria 

Response Time 
The time it takes for the algorithm to respond to system 

changes and take necessary adaptation measures. 

Performance 
The overall system performance, measured through 

throughput, latency, and task execution time. 

Resource 

Utilization 

The degree of resource utilization (CPU, memory, 

network) and the efficiency of their use. 

Fault Tolerance 

The system’s ability to continue functioning despite 

failures in individual components and the speed of 
recovery. 

Flexibility 

The system's ability to effectively adapt to various usage 

scenarios and operational conditions without significant 

performance degradation. 

3. Examples of Practical Implementation of Adaptive 

Algorithms 

Adaptive algorithms in cloud systems are widely used to 

optimize resource utilization, improve performance, and ensure 

service resilience. Their use enables dynamic responses to 

changing system conditions, providing efficient resource 

management and stable application performance. 

One key example is adaptive resource management, or auto-

scaling. In cloud platforms such as AWS, Google Cloud 

Platform (GCP), and Microsoft Azure, algorithms are 

implemented to automatically increase or decrease the number 

of virtual machines or containers based on the current system 

load. These algorithms consider metrics such as CPU usage, the 

number of requests being processed, or the amount of memory 

being used. When system load increases, the algorithm 

automatically adds new resources to handle the increased 

demand. Conversely, when the load decreases, excess resources 

are automatically released, optimizing costs. 

Another example is adaptive load balancing. In cloud 

systems, load balancers are used to distribute incoming traffic 

between servers. Adaptive algorithms in such load balancers 

can account for the current server load and adapt request routing 

in real-time. For instance, if one server starts handling too many 

requests, the algorithm can redirect some of the traffic to less 

loaded servers. This ensures balanced load distribution and 

prevents overloads, enhancing the overall resilience and 

performance of the system. 

Energy consumption management is also a critical aspect of 

cloud computing. Adaptive algorithms can optimize resource 

usage not only based on performance metrics but also in terms 

of energy consumption. For example, depending on the current 

load, the system can switch to energy-saving modes for servers 

or allocate tasks in a way that maximizes energy efficiency 

without sacrificing performance. This is particularly relevant 

for large data centers where energy consumption is a major cost 

factor. 

To improve data access performance in cloud systems, 

caching is often used. Adaptive caching management 

algorithms can dynamically adjust caching strategies based on 

the characteristics of current requests. For instance, if certain 

data starts being requested more frequently, the algorithm can 

increase the amount of memory allocated for caching or change 

the replacement policy so that the most requested data stays in 

the cache longer. This significantly speeds up data access and 

reduces the load on the database [6]. 

Let’s consider examples from companies: 

Amazon Web Services (AWS): AWS actively uses adaptive 

algorithms to manage its cloud resources. Specifically, Auto 

Scaling algorithms are applied for dynamically scaling EC2 

instances. This allows AWS to offer its clients flexibility in 

resource management: when the load increases, the number of 

instances automatically rises, and when the load decreases, it 

reduces. AWS also employs adaptive algorithms in its Elastic 

Load Balancer to efficiently distribute traffic between servers. 

Google Cloud Platform (GCP): Google Cloud uses adaptive 

algorithms for auto-scaling virtual machines in Google 

Compute Engine, as well as for managing containers in the 

Kubernetes Engine. Auto-scaling algorithms enable Google 

Cloud customers to dynamically adjust the number of resources 

they use based on the load. In addition, Google Cloud leverages 

adaptive algorithms to optimize energy consumption in its data 

centers, reducing costs and lowering the carbon footprint. 

Microsoft Azure: Azure uses adaptive algorithms for automatic 

scaling of virtual machines and containers, as well as for 

managing data caching through Azure Cache for Redis. These 

algorithms help Azure customers maintain high performance 

for their applications even under fluctuating loads, while 

optimizing resource usage and reducing costs. 

Netflix: As a major user of AWS, Netflix develops and applies 

its own adaptive algorithms for managing the scaling of its 
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services, optimizing streaming performance, and distributing 

load between servers. For example, adaptive algorithms are 

used to adjust the quality of streaming video based on the user’s 

internet connection speed, enhancing the user experience. 

Facebook: Adaptive algorithms are used to manage load 

distribution across Facebook’s vast server network and to 

optimize energy consumption in data centers. These algorithms 

help the company ensure high performance for applications like 

Facebook, Instagram, and WhatsApp while minimizing latency 

for users worldwide [7]. 

II. CONCLUSION 

In conclusion, adaptive resource allocation algorithms in 

cloud computing systems play a crucial role in ensuring the 

high performance and reliability of modern IT infrastructures. 

The dynamic adaptation of resources to changing workloads 

and user demands allows for the optimization of computing 

power usage, cost minimization, and increased system 

resilience to failures. The architectural features of these 

algorithms provide flexibility and scalability, which is 

especially important in the context of growing data volumes and 

diverse user requests. The development and implementation of 

adaptive solutions remain a promising area, requiring further 

research and refinement to ensure efficient and reliable cloud 

resource management. 
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