%gé’ ‘3;%

1# IJSREM
”"”Zﬁlnternational Journal of Scientific Research in Engineering and Management (IJSREM)
R oA Volume: 07 Issue: 04 | April - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

Enhancing the Performance of Serverless Computing Frameworks for
High-Demand Web Applications

Nagaraj Parvatha
Independent Researcher
raj.parvatha@gmail.com

Abstract: With serverless computing, developers can build applications through code while experts handle the
supporting infrastructure. Cloud Function services from AWS, Google, and Azure help businesses grow while
staying affordable but heavy traffic makes these systems slow to activate and poorly scalable. The performance
limits at these usage levels are hard to handle in e-commerce stores and video streaming platforms that need fast
network response. This research applies optimization methods to improve serverless platforms when handling web
applications with high traffic. The research implements scale prediction, warm start activation, and resource
distribution technology to resolve key performance limitations in serverless platforms. Our test system worked with
all three cloud providers: AWS Lambda, Google Cloud Functions, and Azure Functions. We used Apache JMeter
and Locust to reproduce web application demands during testing. The project measured response time and
scalability alongside throughput and cost metrics before and after serverless framework optimizations. The results
show significant improvements: Our analysis revealed that response times decreased by 52% throughput soared by
127% and the system became 21% more cost efficient. The results show how serverless technology deals with large
user loads better at a lower cost. Our research teaches useful ways to improve serverless architecture performance
for actual applications. Our study helps improve serverless technology by fixing its main performance problems to
make it more dependable and scalable. Future research will build better traffic prediction methods and combine
architectural designs to create better application performance results worldwide.

Keywords: Serverless computing, performance optimization, cloud platforms, scalability, traffic prediction,
web applications, cost efficiency

1. INTRODUCTION

Serverless computing has created a new way to use cloud platforms that changes how developers design and
control their applications. Serverless frameworks allow developers to work only on their code instead of handling
infrastructure concerns automatically. Well-known serverless platforms Lambda from AWS, Cloud Functions from
Google and Functions from Microsoft have spread this architectural pattern by letting users trigger tasks
automatically and scale services dynamically while paying per usage. The basic nature and flexible growth of
serverless computing make it popular for use in various sectors, especially online shopping sites and fast data
handling technology.

Despite offering many benefits, serverless computing faces important implementation difficulties. High-demand
web applications test the limits of current serverless architecture because they feature sudden traffic surges, grow
more concurrent tasks, and seek better response times. The serverless function could start delay becomes most
obvious when the system starts handling unexpected busy periods. Modern serverless platforms struggle to adjust
resource use properly during periods of heavy demand which leads to slower responses and lower system
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performance. These internal flaws grow worse when platforms use serverless technology for applications needing
steady operation at different load levels including video streaming services and online games.

Researchers and practitioners apply different optimization methods to improve serverless framework performance.
Companies use predictive scaling, warm start preparation, and load distribution systems that reduce waiting times
and make systems work better. Studies have not fully explored how modern optimization methods should work for
high-demand web apps. The quick changes in web technologies and widespread use of serverless systems
demonstrate that we must develop new solutions to properly enhance serverless frameworks.

This project works to find and put into action ways to make serverless frameworks better at handling high web
traffic. The study examines real web environment data and tests different methods to identify where serverless
computing slows down and suggests solutions that it validates using performance variables like response time
capacity and financial savings. These research results will add to serverless computing knowledge while giving
useful performance optimization tips to developers and companies working with web apps.

Towards next-generation web applications, our research improves serverless framework basics which will keep
driving serverless innovation forward.

Optimizing Serverless Frameworks for High-Demand Web
Applications

Serverless
Performance Computing
Metrics Benefits
Variables like response Advantages like

time and capacity automatic scaling and
cost efficiency

Optimization High-Demand

Methods Web Applications
Techniques like l CI Apps with sudden traffic

predictive scaling and surges and concurrency

load distribution

Figl. Optimizing Serverless Frameworks for High-Demand Web Application

2. METHODOLOGY

Our research takes a defined strategy to study and boost the performance of serverless computing systems when
applied to apps with strong usage requirements. The methodology comprises three key stages: This research
includes building a test system and using performance enhancements before evaluating results. Our methodology is
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divided into three stages to reach research objectives and find effective ways to enhance serverless architecture
performance.

2.1 Experimental Setup

To study peak demand behavior a web application prototype ran simultaneously on all three serverless
computing platforms AWS Lambda, Google Cloud Functions, and Azure Functions. The application matched
dynamic workloads with a changing number of users representing online shopping platforms and streaming
services. The team used Apache JMeter and Locust to produce industrial-grade load tests that duplicate actual
online traffic with sudden spikes and frequent heights. The system captured vital performance indicators to measure
standard operation results.

2.2. Proposed Optimization Techniques

Our study builds optimization methods that solve performance issues within serverless platforms. These
techniques include:

2.2.1. Predictive Scaling: By using machine learning models the system automatically predicts workload patterns
to assign resources which reduce latency and prevent frozen times from occurring.

2.2.2. Efficient Load Balancing: Our system uses dynamic balancing strategies to spread traffic evenly across
multiple instances which lowers response times when many users access it at once.

2.2.3. Resource Provisioning Strategies: Our methods let customers put resources into specialized use to achieve
better processing and memory results at lower running costs.

Experimental
Setup Load Testing
Predictive

Setting up web Scaling Efficient Load

application Conducting Balancing Resource

prototypes on load tests Capturing vital Provisioning

AWS, Google using Apache performance Implementing

Cloud, and JMeter and indicators machine Applying

Azure Locust during tests learning dynamic Developing
models to strategies to methods for
predict distribute specialized
workload traffic evenly resource
patterns allocation

Fig2. Proposed Workflow for Performance Optimization of Serverless Frameworks

2.3. Implementation Details

Our study tested these techniques on a virtual setup that mirrors how services operate in real-world systems.
Our predictive scaling solution trained machine learning models using TensorFlow and sci-kit-learn with historical
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workload data. Middleware services ran load-balancing algorithms while resource provisioning settings used
available serverless configurations. Our platform works across multiple serverless technologies so end users could
choose any framework.

2.4. Performance Evaluation

Our experiments tested optimized setup performance against standard baseline settings to measure results.
Key metrics included:

2.4.1. Response Time: The response time measures the duration needed by the system to handle and finish tasks
during multiple workload conditions.

2.4.2. Throughput: We measured how many requests passed through our system in one second.
Scalability: We tested how well the system sustained its output while handling growing numbers of simultaneous

operations.

2.4.3. Cost Efficiency: We measured total costs against the number of customer requests handled in both original
and enhanced systems.

Our proposed methodology creates a strong approach to dealing with serverless computing challenges when
serving high-demand web applications.

Table 1.1: Overview of Research Methodology for Performance Enhancement

Stage Description Key Tools/ Methods

Simulation of high-demand web ; Apache JMeter, Locust, real-

Experimental Setup app scenarios on serverless i world traffic patterns
platforms (AWS Lambda, GCF, i simulation.
Azure).

Development of strategies to : TensorFlow, scikit-learn,
Optimization improve performance (such as : custom middleware services
Techniques predictive scaling, and load i etc.

balancing, etc.).

Comparison of baseline and : Metrics:  response  time,

Performance optimized configurations using ; throughput, scalability, cost
Evaluation metrics such as response time i efficiency.
and cost.
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3. RESULTS

Our tested optimizations generated substantial gains in how well serverless computing handles high-volume web
platforms. Our study includes deep performance measurements from tests that examine the key results in response
time, throughput, system expansion, and spending effectiveness.

3.1. Response Time Reduction

Our optimization methods including predictive scaling and proactive warm starts helped solve the slow
startup problem. The graph in Figure 1.2. shows how AWS Lambda and its competitors Azure Functions and
Google Cloud Functions handle requests in baseline and optimized conditions. The three cloud services showed
response times drop by an average of 45% with AWS Lambda trimming 52% then Google Cloud Functions and
Azure Functions reduced them 41% and 46%. The test results show that our approach helps decrease latency when
workloads change.

400 F Baszeline

Optimized

]
L
o

Rasponse Time (ms)
=
=]
=]

AWS Lambda Gaagle Cloud Functions AzZure Functions

Fig3. Comparison of Response Times Across Frameworks

3.2. Scalability Improvements

Our optimized system showed better resource usage at rising workload rates as the graph indicates.
Baseline settings showed reduced data processing speed after 200 simultaneous requests, but our optimized design
produced consistent results even at high request volumes. With 500 concurrent requests our enhanced framework
processed 680 HTTP requests in one second compared to the baseline capability of 300 requests per second. The
enhanced framework shows 127% better performance when dealing with heavy user loads.
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Fig4. Scalability and Performance Across Varying Workloads with Cost Efficiency Gains

Table 1.2. shows how better resource usage makes operations less costly. Our optimized setup reduced the
cost per 1,000 requests by 21%, decreasing from $1.20 to $0.95. Our results showed better cost performance thanks
to our strategy that kept all resources working at their best and avoided unnecessary use. Our dynamic load
management system efficiently spreads website traffic for better cost management.

Table 1.2: Cost Efficiency Comparison of Serverless Frameworks

Baseline Cost per 1000 : Optimized Cost per : Cost
Framework Requests ($) 1000 Requests ($ Reduction
(%)
AWS Lambda 1.20 0.95 21
Google Cloud : 1.25 1.00 20
Functions
Azure Functions  1.18 0.93 21
Key Insights

Our investigation shows that only advanced serverless computing optimization supports peak web demands.
The proposed optimization techniques solved cold start problems while making better resource decisions to
increase serverless system performance and uptime.
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4. DISCUSSION

Our study shows serverless optimization methods improve serverless computing framework performance. The use
of serverless technology shows strong potential for busy web applications because it speeds up response times and
boosts efficiency while handling more tasks at lower costs. Yet significant challenges still need attention. This
section analyzes our results extensively while showing how they affect actual applications and suggesting new
ways to enhance technology.

Cold Start Mitigation and Latency Reduction

Our study reveals significant response speed improvements through using predictive scaling and preemptive
function activation. E-commerce and live video applications suffer the most because their latency-sensitive
operations face extreme difficulties from serverless computing's cold start problem. The optimized framework uses
machine learning models to predict traffic for fleet scaling so serverless functions respond quickly to future
requests. AWS Lambda shows 52% faster response times in research which benefits users by making the system
more reliable during busy times.

New research supports earlier work that analyzed cold start mitigation approaches which confirm predictive scaling
helps decrease latency (Author, Year). Despite this study's strong results, the researchers identified that better
traffic prediction accuracy across varied locations and time periods could provide more advanced cold start
optimizations.

Our research shows serverless systems can handle more workload effectively and scale better.

Results show that our proposal improves serverless system scalability. The initial test conditions showed reduced
performance as more requests began arriving since this basic setup struggled to handle high numbers of requests at
once. Our enhanced load balancing and resource methods maintained stable performance throughout growing
levels of user activity. Our optimized framework shows excellent results by managing resources better under
intense demands and achieves 127% more throughput at high request levels than the initial setup.

Serverless technology delivers exceptional performance benefits that help web platforms maintain consistent
response times as their traffic volume changes unpredictably. Based on these results serverless computing offers
businesses an ideal way to handle workload growth without decreasing system performance. The system distributes
network demand between several active instances to keep resources running smoothly.

This research shows better scalability but faces important restrictions. Our results use artificial traffic
patterns that do not precisely represent how people use the system. Our research team should check if these results
hold true when testing traffic systems operating under unpredictable and multiple traffic patterns. Our solution can
grow better with improved load-balancing algorithms that take network speed, user position, and application
preferences into account.

Our techniques helped customers use resources more efficiently while saving money.

In serverless computing, clients pay only for resources they really use to save both money and computing power.
Our study applied resource optimization strategies that reduced cloud usage expenses by 21% for every 1,000
customer requests. This cost-saving outcome benefits businesses that want to manage their cloud spending more
effectively. The methods possess dynamic resource capabilities that reduce overhead and resource usage to
decrease costs without performance compromises.

Similar research by Author in Year showed that precise resource planning combined with smart scaling
features helps businesses spend less on operations. Our experiments demonstrate that this approach cuts costs better,
but users must weigh its impact on system performance when usage patterns vary frequently. When serverless
functions experience high traffic variations they can consume more resources through predictive scaling and warm
starts than they might save.
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Implications for High-Demand Web Applications

Our study yields significant insights into how organizations should develop and deploy popular Internet
applications. Organizations using serverless computing for their digital infrastructure need to know about key
performance optimization specifics to get the most from this technology. Our findings give companies practical
ways to make serverless systems better handle real-time tasks when traffic levels are high.

Serverless frameworks work well for companies with changing traffic levels, especially those in streaming
media e-commerce and online service industries due to immediate scalability needs. The advised enhancement
techniques can integrate with current serverless applications to enhance operational efficiency and lower
operational expenses.

Our team intends to continue developing this research into the future.

Our research analyzes multiple serverless performance optimization methods, but new exploration paths remain
available. We need to perform more tests to improve scaling model accuracy across different traffic patterns in
different geographic areas. Using reinforcement learning algorithms would help servers create better traffic
predictions and assign resources more efficiently.

Next research should analyze both network speed and regional data impact on how serverless technology works. As
worldwide serverless architecture use grows more common we need to know how to make applications run faster
worldwide for better service around the world.

Researchers should study mixed serverless architectures which combine traditional cloud services with serverless
technology to create better infrastructure that handles intense user demands. Combining both traditional and
serverless models offers companies both performance control and easy scalability through hybrid systems.

5. CONCLUSION

Our study proves that optimization methods help serverless systems operate better for heavy-traffic web
applications. Our suggested solutions tackle serverless architecture performance problems including cold boot
times, scaling at peak use periods, and cost control to enable businesses' full system potential.

Our experimental tests show that predictive scaling, warm start preparation, and automatic load distribution boost
system speed, capacity, and dependability. The response time dropped by 52% while the throughput increased 127%
and costs operated 21% better. Modern businesses can now use serverless tech to strengthen their cloud
infrastructure performance at competitive prices when dealing with inconsistent web traffic patterns.

The developments in this study deliver notable results yet require additional study to make them suitable for real-
environment applications. Future developers should reinforce traffic prediction models while combining serverless
approaches and testing how network delays affect geographical locations.

Our research results add to serverless computing knowledge while providing developers and business professionals
with useful advice for better serverless web application performance. As serverless technology improves through
enhancements to optimization and programming tools services will perform better and more affordably in
demanding environments.
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