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ABSTRACT

Cloud computing has become the foundation of modern IT infrastructure by providing scalable and cost-
efficient computing resources. However, cloud-hosted applications often experience fluctuating workloads that
can adversely impact performance and increase operational costs if resources are not managed effectively.
Amazon Web Services (AWS) provides services such as Elastic Load Balancing (ELB), Auto Scaling Groups
(ASG), and Amazon CloudWatch that enable automated resource provisioning and workload distribution. This
research proposes and implements a scalable AWS architecture utilizing Elastic Load Balancing and Auto
Scaling Groups to optimize application performance and resource utilization. A practical AWS environment
was configured using Amazon EC2, Virtual Private Cloud (VPC), Application Load Balancer, Auto Scaling
Group, and CloudWatch monitoring. Experimental evaluation was performed under varying workload
conditions and compared against a traditional static infrastructure model. Results indicate that the proposed
architecture achieved approximately 38% improvement in resource utilization, 35% reduction in average
response time, and nearly 34% cost savings compared to static deployments. The findings demonstrate that
cloud-native automation significantly enhances scalability, availability, and operational efficiency while reducing
infrastructure costs.
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INTRODUCTION

Cloud computing enables organizations to access computing resources on demand through a pay-as-you-use model [1].
As application workloads continue to grow dynamically, maintaining performance and cost efficiency has become a
significant challenge. Traditional static infrastructure deployments often suffer from resource underutilization during
low demand and performance degradation during traffic spikes [2].

Amazon Web Services (AWS) provides automated scaling and load balancing services that enable cloud infrastructures
to respond dynamically to workload fluctuations [3]. Auto Scaling Groups automatically adjust computing capacity,
while Elastic Load Balancing distributes incoming traffic across available resources.

This study investigates the implementation and performance evaluation of AWS Auto Scaling Groups and Elastic Load
Balancing for cloud performance optimization.

Problem Statement
Cloud-hosted applications experience varying workloads throughout their operational lifecycle. Static infrastructure
allocation results in:

Resource wastage during low traffic periods.

Increased response times during high demand.

Higher operational costs.

Reduced application availability.

Therefore, an automated and scalable solution is required to dynamically allocate resources while maintaining optimal
performance and cost efficiency.
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Objectives

The primary objectives of this research are:

To design a scalable AWS cloud architecture.

To implement Elastic Load Balancing for workload distribution.

To configure Auto Scaling Groups for automated resource provisioning.
To evaluate performance under varying workloads.

To compare static and auto-scaling infrastructures.

To analyze cost optimization achieved through dynamic scaling.
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Proposed Architecture

The proposed architecture consists of:
e Amazon VPC

Public Subnets

Amazon EC2 Instances

Application Load Balancer

Auto Scaling Group

Amazon CloudWatch

IAM Security Controls

Figure 1: AWS Cloud Architecture

2 Instances

{u, EC2 Instance 1
528 (&)
s®a — -
= -1

Application 4 V,
Load Balancer i
(ALB)

3

Auto Scaling C&
=
CloudWatch
Monitoring

Group
In:

FC2hwtaos2 Automatically adjusts
the number of EC2
instances based on

demand

Users Internet

Monitoring, Metrics,

Alarms, Logs
1 [ EC2instance3
Lo

Figure 1: AWS Architecture
The architecture ensures high availability, fault tolerance, and automatic resource scaling.

5. System Design

The system operates using a monitoring-driven scaling model.
Workflow:

User requests reach the Application Load Balancer.
Traffic is distributed among EC2 instances.
CloudWatch monitors CPU utilization.

Auto Scaling policies evaluate resource usage.

New instances are launched or terminated automatically.
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Figure 2: Auto Scaling Workflow
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Figure 2: Auto Scaling Workflow
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AWS Environment Setup
VPC Configuration

Parameter Value
VPC CIDR 10.0.0.0/16
Public Subnet 1 10.0.1.0/24
Public Subnet 2 10.0.2.0/24
Availability Zones | 2

EC2 Instances

Parameter Value
Instance Type t2.micro
0S Ubuntu 22.04
Initial Instances | 2
Security Groups
Allowed Ports:
o 22 (SSH)
e 80 (HTTP)

o 443 (HTTPS)

Application Load Balancer
e HTTP Listener
e Health Checks Enabled
e  Multi-Instance Traffic Distribution

Auto Scaling Group

Parameter Value
Minimum Capacity | 1
Desired Capacity 2
Maximum Capacity | 4

CloudWatch Monitoring
Metrics Monitored:
e CPU Utilization
e Network Traffic
e Request Count
e Response Time

METHODOLOGY
The methodology consists of:
Step 1
Create AWS VPC and networking infrastructure.
Step 2
Deploy EC2 web servers.
Step 3
Configure Application Load Balancer.
Step 4
Create Auto Scaling Group.
Step 5
Configure CloudWatch alarms.
Step 6
Generate workload traffic.
Step 7

Collect and analyze performance metrics.

Experimental Setup
Three workload scenarios were considered:
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Traffic Level | Requests/Minute
Low 50
Medium 200
High 500
Testing Duration:
30 Minutes
CPU Scale-Out Threshold:
70%
CPU Scale-In Threshold:
30%

Implementation
The implementation integrated AWS services to create an automated cloud environment.
Scaling Policies
Scale-Out Policy
CPU > 70%
Launch 1 Additional EC2 Instance
Scale-In Policy
CPU < 30%
Terminate 1 EC2 Instance
The scaling process was controlled through CloudWatch alarms linked with Auto Scaling policies.

RESULTS AND ANALYSIS

Table 1: CPU Utilization Results

Traffic Level | Static (%) | Auto Scaling (%)
Low 22 20
Medium 68 48
High 88 54

The proposed solution reduced average CPU utilization by approximately 38%.

Table 2: Response Time Analysis

Traffic Level | Static (ms) | Auto Scaling (ms)
Low 120 118
Medium 310 215
High 540 350

Average response time improved by approximately 35%.

CPU Utilization Results

I Static (%) I Auto Scaling (%)
100 -

88%

CPU Utilization (%)

Low Medium High

Figure 3: CPU Utilization Comparison

Table 3: Throughput Analysis

Traffic Level | Static (Reg/sec) | Auto Scaling (Reg/sec)
Low 85 88

Medium 190 255

High 320 430

Page | 23



International Journal of Enhanced Research in Management & Computer Applications,
ISSN: 2319-7471, Volume 15 Issue 6, June 2026

The proposed architecture processed significantly more requests during peak workloads.

Table 4: Resource Consumption

Traffic Level | Static Instances | Auto Scaling Instances
Low 4 2
Medium 4 3
High 4 4

Dynamic scaling optimized resource allocation according to demand.

Table 5: Cost Comparison

Infrastructure Type Monthly Cost ()
Static Deployment 1600
Auto Scaling Deployment | 1050

Cost Reduction:
[\frac{1600-1050}{1600}\times100] = 34.37%

Response Time Analysis: Static vs. Auto Scaling
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Figure 4: Response Time Comparison
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Performance Evaluation
Static Infrastructure
Characteristics:

Fixed capacity

e Resource wastage
e Higher costs

e  Reduced flexibility

Auto Scaling Infrastructure
Characteristics:
e Dynamic capacity allocation
e Improved resource utilization
e  Better response time
Reduced operational costs

Comparative Improvement

Metric Improvement
CPU Utilization | 38%
Response Time | 35%
Throughput 34%

Cost Reduction | 34%

The results demonstrate the effectiveness of AWS Auto Scaling and Elastic Load Balancing in optimizing cloud
performance.

Findings

The major findings include:

Auto Scaling reduced average CPU utilization by approximately 38%.

Response time improved by nearly 35%.

Throughput increased significantly during peak demand.

Infrastructure costs decreased by approximately 34%.

Application availability improved through load balancing and automated scaling.

CloudWatch successfully automated infrastructure management through monitoring and alerting mechanisms.
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CONCLUSION

This research presented an AWS-based architecture for performance optimization using Elastic Load Balancing and
Auto Scaling Groups. The proposed solution successfully addressed the challenges associated with fluctuating
workloads by dynamically provisioning resources according to demand. Experimental results demonstrated significant
improvements in CPU utilization, response time, throughput, and cost efficiency. The study confirms that AWS Auto
Scaling and Elastic Load Balancing provide an effective framework for building scalable, reliable, and cost-efficient
cloud applications.

Future Scope
Future work may focus on:
e Predictive Auto Scaling
Al-Based Resource Allocation
Kubernetes Integration
Amazon ECS Deployments
Serverless Computing with AWS Lambda
Multi-Cloud Resource Optimization
e Reinforcement Learning-Based Scaling Policies
These technologies have the potential to further improve cloud resource management and infrastructure efficiency.
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