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Abstract: Cloud-native applications require reliable and efficient deployment
mechanisms to ensure scalability, availability, and operational consistency. Kubernetes
has become the leading container orchestration platform, while Helm simplifies
application deployment through package-based management. However, conventional
Helm-based deployment approaches primarily focus on deployment automation and
provide limited support for intelligent validation, real-time resource monitoring,
automated rollback, and integrated performance analysis. To address these
limitations, this paper proposes an Intelligent Kubernetes Helm Automation
Framework for cloud-native application deployment. The framework integrates
automated Helm chart validation, intelligent deployment execution, resource
monitoring, automatic rollback, and performance analysis into a unified deployment
workflow. The proposed framework was implemented using Python, Kubernetes, and
Helm, and evaluated through 50 deployment experiments under a controlled
environment. Experimental results demonstrate that the framework successfully
completed 49 deployments, achieving a 98% deployment success rate, while only one
deployment required automatic rollback. The average deployment time was 51.91
seconds, with average CPU, memory, and disk utilization of 56.89%, 60.88%, and
48.89%, respectively. In addition, the framework achieved 20.35% resource
optimization, while the intelligent rollback mechanism reduced the average rollback
and recovery times to 0.80 seconds and 1.03 seconds, respectively. These results
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demonstrate that the proposed framework enhances deployment reliability, resource

efficiency, and failure recovery, making it a practical solution for intelligent
Kubernetes-based cloud-native application deployment.

Keywords: Kubernetes, Helm, Cloud-Native Applications, Deployment

Automation, Resource Monitoring, Automatic Rollback, Performance Evaluation,

DevOps.

I. Introduction

The rapid growth of cloud computing and
containerization technologies has significantly
transformed the development and deployment of
modern  software applications.  Cloud-native
applications are designed to leverage container-
based architectures, enabling scalability, portability,
and efficient resource utilization across distributed
computing environments. Among the available
container orchestration platforms, Kubernetes has
become the industry standard for automating
application deployment, scaling, and lifecycle
management due to its flexibility, resilience, and
support for microservices-based architectures.

To simplify Kubernetes application deployment,
Helm provides a package management system that
enables applications to be deployed using reusable
templates known as Helm charts. Helm reduces
deployment complexity by automating the
installation, configuration, and upgrade of
Kubernetes applications. Despite these advantages,
conventional Helm-based deployment approaches
primarily concentrate on deployment automation
and often lack intelligent deployment validation,
continuous  resource  monitoring, automated
rollback, and integrated performance evaluation. As
a result, deployment failures caused by
configuration errors or resource constraints may
increase system downtime and require manual
intervention for recovery.

In recent years, organizations have increasingly
adopted DevOps and continuous deployment
practices to accelerate software delivery while
maintaining system reliability. Consequently, there
is a growing demand for intelligent deployment
frameworks capable of automating deployment
verification, monitoring resource utilization,
detecting failures, and initiating rapid recovery
mechanisms. Integrating these capabilities into
Kubernetes deployment workflows can
significantly improve deployment reliability,
operational efficiency, and application availability.
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To address these challenges, this paper proposes an
Intelligent ~ Kubernetes  Helm  Automation
Framework  for  Cloud-Native  Application
Deployment. The proposed framework integrates
automated Helm chart validation, intelligent
deployment  execution,  real-time  resource
monitoring, automatic rollback, and performance
analysis into a unified deployment workflow. The
framework has been implemented using Python,
Kubernetes, and Helm, providing an automated
solution for deployment management and
performance evaluation.

The effectiveness of the proposed framework is
validated through 50 deployment experiments
conducted in a controlled environment.
Experimental results demonstrate a 98%
deployment success rate, an average deployment
time of 51.91 seconds, balanced CPU, memory, and
disk utilization, and rapid recovery through an
intelligent rollback mechanism. These findings
indicate that the proposed framework enhances
deployment reliability while maintaining efficient
resource utilization.

The main contributions of this paper are
summarized as follows:

e Design and implementation of an
intelligent Kubernetes Helm automation
framework for cloud-native application
deployment.

e Integration of automated Helm chart
validation to improve deployment
reliability.

e Development of a real-time resource
monitoring module for CPU, memory, and
disk utilization.

¢ Implementation of an intelligent automatic
rollback mechanism for rapid deployment
recovery.

e Development of a performance analysis
module  for evaluating deployment
efficiency and resource utilization.
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o Experimental validation of the proposed

framework using 50  deployment
experiments, demonstrating high
deployment reliability and efficient

resource management.

I1. Literature Review

Cloud-native computing has transformed modern
software deployment by enabling scalable,
portable, and resilient application execution
through containerization technologies. Kubernetes
and Helm have emerged as the dominant
technologies for orchestrating and managing cloud-
native applications. Numerous researchers have
investigated Kubernetes deployment automation,
DevOps practices, Helm chart management,
resource optimization, and cloud-native security to
improve deployment efficiency and system
reliability.

Avireneni et al. [1] presented an overview of cloud
orchestration using Docker and Kubernetes,
highlighting the advantages of container-based
deployment in distributed cloud environments.
Their work demonstrated how Kubernetes
automates application deployment, scaling, and
service management while improving resource
utilization. Similarly, Mondal et al. [2] conducted
an empirical study on Kubernetes in IT
administration  and  serverless  computing,
identifying several research challenges related to
deployment automation, scalability, and operational
complexity.  Carriéon [3] further analyzed
Kubernetes scheduling mechanisms and discussed
taxonomy, scheduling algorithms, and open
challenges associated with workload distribution
and resource allocation.

Helm has become one of the most widely adopted
package managers for Kubernetes applications.
Howard [4] discussed the architecture, capabilities,
and future direction of Helm, emphasizing its
ability to simplify Kubernetes application
deployment through reusable Helm charts.
However, the study also indicated that deployment
validation and intelligent deployment management
remain active research areas. Similarly, Koneru
[19] demonstrated that Helm charts significantly
simplify Kubernetes deployment and configuration
management  while  reducing  deployment
complexity.

DevOps practices have become an essential
component of cloud-native software delivery. Khan
et al. [5] conducted a systematic review on
challenges affecting DevOps adoption and
identified organizational, technical, and cultural

International Research Journal of Engineering & Applied Sciences | irjeas.org

13

barriers to successful implementation. Faustino et
al. [6] reviewed the benefits of DevOps and
concluded that automation, continuous integration,
and continuous deployment significantly improve
software  quality, deployment speed, and
operational efficiency. More recently, Amaro et al.
[24] mapped DevOps capabilities throughout the
software development lifecycle, highlighting the
increasing importance of deployment automation
and continuous monitoring.

Resource management remains one of the primary
concerns in Kubernetes environments. Schwarzer
[8] investigated autoscaling  behavior in
Kubernetes-based  microservice systems and
demonstrated the importance of intelligent resource
allocation for maintaining application performance.
Chavan and Romanov [9] discussed the trade-off
between scalability and operational cost in
microservice architectures, emphasizing efficient
resource utilization as a key factor in cloud-native
deployment. Deng et al. [12] presented a
comprehensive survey of cloud-native computing
services and identified resource orchestration and
intelligent service management as important future
research directions.

Several researchers have investigated the security
and reliability of Helm-based deployments.
Zerouali et al. [10] analyzed the evolution and
security risks associated with Helm charts,
identifying outdated packages and configuration
vulnerabilities as major concerns. Chen et al. [11]
further investigated security vulnerabilities in Helm
charts and highlighted the importance of proactive
mitigation techniques. Friman [13] proposed
DevSecOps-oriented vulnerability ~ detection
mechanisms for cloud environments, whereas
Russell and Dev [15] introduced centralized
logging and mitigation techniques for Kubernetes
configuration errors. Recently, Minna et al. [22]
demonstrated how large language models can assist
in identifying and mitigating Helm chart security
misconfigurations.

Container technologies continue to evolve
alongside Kubernetes deployment frameworks.
Muzumdar et al. [16] presented a comprehensive
taxonomy of Docker technologies and discussed
recent advancements in container ecosystems. Rosa
et al. [17] conducted an empirical study on
Dockerfile quality improvement, while Ramavat
and Patel [18] proposed optimization strategies for
Docker container placement to improve system
performance. Madhavapeddy et al. [31] reviewed a
decade of Docker evolution and highlighted its
continuing role in cloud-native computing.
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Several studies have focused on cloud-native
deployment automation and platform engineering.
Cuadra et al. [20] proposed a model-driven
DevOps platform engineering approach for
industrial fog applications. Saleh et al. [21]
reviewed secure CI/CD pipelines for cloud
computing and emphasized automated deployment
verification. Merle and Petrillo [23] introduced
KubeDiagrams  for  visualizing cloud-native
applications, improving deployment understanding
and system analysis. Guisao et al. [36] discussed
the evolution of DevOps toward platform
engineering, demonstrating the growing demand
for intelligent deployment automation.

Recent surveys indicate that Kubernetes research is
rapidly expanding toward autonomous cloud
management and intelligent orchestration. Chen et
al. [26] introduced AlOpsLab for evaluating Al-
enabled autonomous cloud systems. Belcastro et al.
[27], Reza et al. [28], Balazs et al. [29], Kumar et
al. [35], and Zeydan et al. [34] highlighted
emerging challenges in cloud-native platforms,
resource scheduling, edge-cloud integration, and
intelligent orchestration. Mehta [32] reviewed the
evolution of Kubernetes from a container
orchestrator to a universal control plane, while
Gkonis et al. [33] surveyed computing continuum
architectures supporting cloud-native applications.

I11. Proposed Intelligent Kubernetes Helm
Automation Framework
The increasing adoption of cloud-native

applications has created a growing demand for
intelligent deployment frameworks capable of
automating application deployment while ensuring
reliability, resource efficiency, and rapid failure
recovery. Although Kubernetes and Helm provide
powerful deployment capabilities, conventional
deployment workflows often lack integrated
validation, real-time monitoring, automated
rollback, and comprehensive  performance
evaluation. To address these limitations, this paper
proposes an Intelligent Kubernetes Helm
Automation Framework that combines deployment
automation with intelligent monitoring and
recovery mechanisms.

The proposed framework is implemented using
Python, Kubernetes, and Helm, where Python
serves as the automation engine responsible for
coordinating deployment execution, resource
monitoring, rollback management, and
performance analysis. The overall architecture
consists of six interconnected functional modules
that work together to automate the complete
deployment lifecycle.
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Figure 1: Proposed Intelligent Kubernetes Helm
Automation Framework

Figure 1 illustrates the architecture of the proposed
Intelligent Kubernetes Helm Automation
Framework. The framework integrates Helm chart
validation, intelligent deployment, resource
monitoring, automatic rollback, performance
analysis, and a simulation engine into a unified
workflow. These modules work together to
automate Kubernetes application deployment while
improving deployment reliability, efficient resource
utilization, and rapid failure recovery.

A. Helm Chart Validation Module

The deployment process begins with automated
Helm chart validation. This module verifies the
syntax and configuration of Helm charts before
deployment to identify configuration errors at an
early stage. By performing pre-deployment
validation, the framework minimizes deployment
failures caused by invalid YAML configurations or
incorrect deployment parameters.  Successful
validation allows the deployment process to
continue, whereas validation failures terminate the
deployment and generate an error report.

Figure 2. Helm Chart Validation Process

Figure 2 illustrates the execution of the Helm Chart
Validation module. The module automatically
verifies the Helm chart configuration and YAML
syntax before deployment, ensuring error-free
deployment and reducing the possibility of
configuration-related failures.
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B. Intelligent Deployment Engine

After successful validation, the Intelligent
Deployment Engine automatically deploys the
application into the Kubernetes cluster using Helm

commands. The deployment engine records
deployment time and continuously tracks
deployment status throughout the execution

process. Every deployment event is logged into
CSV reports for subsequent performance analysis.
This automated execution reduces manual
intervention and improves deployment consistency.

C. Resource Monitoring Module

During deployment, the Resource Monitoring
Module continuously monitors system resource
utilization. The module collects information related
to CPU usage, memory utilization, disk utilization,
and overall resource optimization. These
performance metrics are recorded automatically
and stored for later analysis. Continuous
monitoring enables administrators to evaluate
deployment efficiency and detect abnormal
resource  consumption  during  deployment
operations.

D. Automatic Rollback Module

To improve deployment reliability, the proposed
framework incorporates an intelligent automatic
rollback mechanism. Whenever deployment failure
is detected, the framework immediately restores the
previous stable deployment without requiring
manual intervention. The rollback module also
records rollback time and recovery time, allowing
quantitative evaluation of recovery performance.
This mechanism minimizes service interruption and
improves application availability.

E. Performance Analyzer

The Performance Analyzer processes all
deployment reports generated during
experimentation. It calculates deployment success
rate, average deployment time, average resource
utilization, rollback statistics, recovery
performance, and overall framework efficiency.
The analyzer also generates summary reports that
facilitate quantitative performance evaluation and
comparison with existing deployment approaches.

F. Simulation Engine

To validate the proposed framework, an intelligent
simulation engine was developed to execute
repeated deployment experiments automatically.
The simulation engine performs 50 deployment
experiments, invokes all framework modules
sequentially, records deployment statistics, and
generates experimental datasets for performance
evaluation. The collected data are subsequently
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used for graphical visualization and comparative
performance analysis.

Figure 3. Performance Analyzer

Figure 3 illustrates the output generated by the
performance analyzer. The analyzer summarizes

deployment performance, resource utilization,
rollback  statistics, and overall framework
efficiency.

G. Workflow of the Proposed Framework

The workflow of the proposed Intelligent
Kubernetes Helm Automation Framework is
illustrated in Figure 2. The deployment process
begins with Helm chart validation, followed by
intelligent  deployment  execution.  During
deployment, the framework continuously monitors
CPU, memory, and disk utilization. If the
deployment is successful, deployment reports and
performance metrics are generated. In case of
deployment failure, the framework automatically
initiates the rollback mechanism to restore the
previous stable state. Finally, the performance
analyzer processes all experimental data and
generates deployment statistics, resource utilization
reports, and graphical performance analysis.
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Figure 4. Workflow of the Proposed Intelligent
Kubernetes Helm Automation Framework

Figure 4 presents the operational workflow of the
proposed framework. It illustrates the sequential
execution of deployment validation, application
deployment, resource monitoring, automatic
rollback, and performance analysis, enabling
reliable and efficient Kubernetes application
deployment.

V. Experimental Setup and Performance
Evaluation

This  section  presents the  experimental
implementation and performance evaluation of the
proposed Intelligent Kubernetes Helm Automation
Framework. The framework was developed using
Python, Kubernetes, and Helm to automate cloud-
native application deployment while incorporating
intelligent  deployment  validation, real-time
resource monitoring, automatic rollback, and
performance analysis. To assess the effectiveness
and reliability of the proposed framework, a series
of controlled deployment experiments were
conducted under a predefined experimental
environment.

A total of 50 deployment experiments were
performed to evaluate the framework in terms of
deployment success rate, deployment time,
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resource utilization, rollback efficiency, and
recovery performance. During each experiment,
deployment statistics and system resource metrics
were automatically recorded and stored in CSV
reports for subsequent analysis. The collected data
were used to generate performance graphs and
comparative tables, providing a comprehensive
evaluation of the proposed framework. The
following subsections describe the experimental
environment, implementation details, and detailed
analysis of the obtained results.

A. Experimental Setup

The proposed Intelligent Kubernetes Helm
Automation Framework was implemented using
Python, Kubernetes, and Helm to evaluate its
deployment reliability and operational
performance. The experimental environment was
configured on a Windows-based system, where
Python scripts automated deployment execution,
resource monitoring, rollback management, and
performance analysis. The framework generated
CSV-based reports for deployment statistics and
resource  utilization,  enabling  quantitative
evaluation of system performance.

To validate the proposed framework, a total of 50
deployment experiments were conducted under
identical experimental conditions. Each experiment
involved Helm chart validation, application
deployment, resource monitoring, automatic
rollback verification, and performance data
collection. The generated experimental dataset was
subsequently analyzed to evaluate deployment
efficiency, resource utilization, rollback capability,
and overall framework reliability.

Table 1. Experimental Environment and System
Configuration

Parameter Specification
Operating System | Windows 11
Programming Python 3.12
Language

Development
Environment

Visual Studio Code

Container Docker
Platform

Container Kubernetes
Orchestration

Package Manager | Helm
Automation Python
Language

Report Format Csv
Number of 50
Deployment

Experiments
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Performance
Metrics

Deployment Time, CPU
Usage, Memory Usage, Disk
Usage, Resource
Optimization, Rollback Time,
Recovery Time

Table 1 presents the experimental environment
used to implement and evaluate the proposed
Intelligent ~ Kubernetes  Helm  Automation
Framework. The framework was developed using
Python and deployed on a Kubernetes environment
managed through Helm. A total of 50 deployment
experiments were conducted to evaluate
deployment reliability, resource utilization, and
automatic rollback performance.

B Deployment Performance Analysis

The deployment performance of the proposed
Intelligent ~ Kubernetes  Helm  Automation
Framework was evaluated through fifty
deployment experiments. Each deployment was
automatically executed using the developed
Python-based automation scripts integrated with
Kubernetes and Helm. During every experiment,
the framework recorded deployment time,
deployment status, and configuration validation
results. The collected data were stored in CSV
reports and analyzed to evaluate the effectiveness
and reliability of the proposed framework.

The experimental results demonstrate that the
proposed framework achieved a high deployment
reliability with a 98% deployment success rate,
where 49  deployments were  completed
successfully and only one deployment required
automatic rollback. Furthermore, no configuration
errors were observed during deployment validation,
indicating that the validation module effectively
prevented configuration-related failures. The
average deployment time recorded across all
experiments was 51.91 seconds, showing consistent
deployment  performance  throughout  the
experimentation.

Table 2. Deployment Performance Analysis of the
Proposed Framework

Performance Metric Value

Total Deployment 50
Experiments

Successful Deployments | 49

Rollback Cases 1
98.00%

Deployment Success
Rate

International Research Journal of Engineering & Applied Sciences | irjeas.org
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Average Deployment 51.91 sec

Time
Configuration Errors 0

Table 2 summarizes the deployment performance
obtained during the fifty deployment experiments.
The proposed framework successfully completed
forty-nine deployments with only one automatic
rollback, achieving a deployment success rate of
98%. The average deployment time of 51.91
seconds and the absence of configuration errors
demonstrate the reliability and robustness of the
proposed Kubernetes Helm automation framework.

Deployment Time per Experiment

52 4

Deployment Time (sec)

0 10 20 30 40 50
Experiment Number

Figure 5. Deployment Time per Experiment

Figure 5 illustrates the deployment time observed
in each of the fifty deployment experiments. The
deployment duration remains relatively stable
throughout the experimentation with only minor
variations. The average deployment time of 51.91
seconds indicates that the proposed framework
provides consistent and efficient deployment
performance for cloud-native applications.

C Resource Utilization Analysis

Resource utilization is one of the most important
performance indicators in cloud-native application
deployment because efficient utilization of system
resources directly affects deployment stability and
application performance. The proposed Intelligent

Kubernetes Helm  Automation  Framework
continuously monitored CPU usage, memory
utilization, disk utilization, and resource

optimization during each deployment experiment.
These performance metrics were automatically
collected and stored in CSV reports for quantitative
analysis.

The experimental results demonstrate that the
proposed framework maintained balanced resource
consumption throughout the deployment process.
The average CPU utilization was 56.89%, while
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the average memory utilization reached 60.88%.
Similarly, the average disk utilization remained at
48.89%, indicating that storage resources were
efficiently utilized during deployment execution.
The framework also achieved an average resource
optimization of 20.35%, demonstrating its
capability to manage system resources effectively
without introducing excessive computational
overhead.

Table 3. Resource Utilization Performance

Performance Metric Average Value
CPU Usage 56.89%
Memory Usage 60.88%
Disk Usage 48.89%
Resource Optimization 20.35%
Node Status Healthy

Table 3 summarizes the average system resource
utilization observed during fifty deployment
experiments. The results indicate that the proposed
framework maintains balanced CPU, memory, and
disk utilization while achieving an average
resource optimization of 20.35%, thereby ensuring
stable and efficient deployment performance.

CPU Utilization

CPU Usage (%)
. n

0 10 20 30 a0 50
Experiment Number

Figure 6. CPU Utilization per Experiment

Figure 6 illustrates the CPU utilization recorded
during the fifty deployment experiments. The CPU
usage remains within an acceptable operating
range, indicating that the proposed framework
efficiently manages computational resources
without causing excessive processor load.
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Memory Utilization

Memory Usage (%)
@

0 10 20 30 40 50
Experiment Number

Figure 7. Memory Utilization per Experiment

Figure 7 presents the memory utilization observed
during the deployment process. The memory
consumption remains relatively stable across all
experiments, demonstrating consistent resource
allocation and efficient execution of deployment
tasks.

Disk Utilization

Disk Usage (%)
@
g

o 10 20 30 40 50
Experiment Number

Figure 8. Disk Utilization per Experiment

Figure 8 shows the disk utilization during the
deployment experiments. The recorded values
indicate efficient storage utilization with minimal
variation, confirming that the deployment
framework does not impose unnecessary disk
overhead.

Resource Optimization

Optimization (%)
5
5

o
H

20 30 a0 50
Experiment Number

Figure 9. Resource Optimization per Experiment
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Figure 9 illustrates the resource optimization
achieved during each deployment experiment. The
results demonstrate that the proposed framework
consistently maintains an average optimization of

20.35%, contributing to efficient resource
management and improved deployment
performance.

D Rollback and Recovery Performance Analysis
To improve deployment reliability and minimize
service interruption, the proposed framework
incorporates an intelligent automatic rollback
mechanism. Whenever a deployment failure is
detected, the framework automatically restores the
previous stable deployment without requiring
manual intervention. This automated recovery
mechanism significantly reduces downtime and
enhances the reliability of Kubernetes-based
application deployment.

During the fifty deployment experiments, only one
deployment encountered a failure and triggered the
automatic rollback process, while the remaining
forty-nine  deployments  were  completed
successfully. ~ Consequently,  the  proposed
framework achieved a 98% deployment success
rate with a 2% rollback rate. The recorded average
rollback time was 0.80 seconds, whereas the
average recovery time was 1.03 seconds. These
results demonstrate that the proposed framework
can rapidly recover from deployment failures while
maintaining service continuity and minimizing
operational disruption.

Table IV. Rollback and Recovery Performance

Performance Metric Value
Total Experiments 50
Successful Deployments 49
Rollback Cases 1
Deployment Success Rate 98.00%
Rollback Rate 2.00%
Average Rollback Time 0.80 sec
Average Recovery Time 1.03 sec
Table 4 presents the rollback and recovery

performance of the proposed framework. Among
the fifty deployment experiments, only one
deployment required automatic rollback, resulting
in a deployment success rate of 98%. The average
rollback and recovery times of 0.80 seconds and
1.03 seconds, respectively, indicate that the
framework efficiently restores failed deployments
with minimal service interruption.

International Research Journal of Engineering & Applied Sciences | irjeas.org

19

Deployment Success Analysis

Rollback

Success

Figure 10. Deployment Success and Rollback
Distribution

Figure 10 illustrates the distribution of deployment
outcomes obtained during the experimentation. The
proposed framework successfully completed 49 out
of 50 deployments, while only one deployment
required automatic rollback. The results
demonstrate the robustness and fault tolerance of
the proposed Intelligent Kubernetes Helm
Automation Framework.

E Comparative Performance Analysis

To demonstrate the effectiveness of the proposed
Intelligent  Kubernetes  Helm  Automation
Framework, its performance was compared with
existing Kubernetes and Helm-based deployment
approaches reported in the recent literature. The
comparison was performed using commonly

adopted  deployment  performance  metrics,
including  deployment automation, resource
monitoring,  automatic  rollback  capability,

deployment success rate, deployment time, and
performance analysis. The proposed framework
integrates all these functionalities into a single
automated pipeline, providing improved
deployment reliability and operational efficiency.

The experimental results obtained from fifty
deployment experiments indicate that the proposed
framework  consistently achieved a 98%
deployment success rate, with an average
deployment time of 51.91 seconds. Furthermore,
the framework incorporates intelligent resource
monitoring and automatic rollback, enabling rapid
recovery from deployment failures while
maintaining stable system performance. Unlike
conventional deployment approaches, the proposed
framework also includes an integrated performance
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analyzer that automatically generates deployment
reports and performance statistics.

Table 5. Comparative Performance Analysis

Performance Existing Proposed
Parameter Kubernetes— Framework
Helm
Frameworks
Deployment Partial Complete
Automation
Helm Chart Available Intelligent
Validation Validation
Resource Limited Real-Time
Monitoring Monitoring
Automatic Manual / Limited | Automatic
Rollback
Deployment Not Integrated Integrated
Performance
Report
Performance Not Available Available
Analyzer
Deployment Limited 50 Experiments
Experiments
Average Moderate 51.91 sec
Deployment
Time
Deployment Moderate 98.00%
Success Rate
Resource Limited 20.35%
Optimization
Recovery Basic Intelligent Auto
Mechanism Recovery

Table 5 compares the proposed Intelligent Kubernetes
Helm Automation Framework with conventional
Kubernetes—Helm deployment approaches. The
comparison shows that the proposed framework

integrates intelligent  validation, automated
deployment, real-time resource  monitoring,
automatic rollback, and performance analysis

within a unified framework. The experimental
results  demonstrate  improved  deployment
reliability, efficient resource utilization, and rapid
recovery from deployment failures, making the
proposed framework suitable for cloud-native
application deployment.

V. Conclusion

This paper presented the design and performance
evaluation of an Intelligent Kubernetes Helm
Automation ~ Framework  for  cloud-native
application deployment. The proposed framework
integrates Helm chart validation, automated
deployment, real-time resource  monitoring,
intelligent  automatic  rollback, performance
analysis, and simulation-based experimentation
into a unified deployment pipeline. The framework
was implemented using Python, Kubernetes, and
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Helm, enabling reliable and efficient deployment
automation with minimal manual intervention.

To evaluate the effectiveness of the proposed
framework, 50 deployment experiments were
conducted under a controlled experimental
environment. The experimental results
demonstrated that the framework achieved a 98%
deployment success rate, with 49 successful
deployments and only one rollback case. The
average deployment time was 51.91 seconds, while
the average CPU, memory, and disk utilization
remained at 56.89%, 60.88%, and 48.89%,
respectively. In addition, the framework achieved
an average resource optimization of 20.35%,
indicating efficient utilization of system resources.
The automatic rollback mechanism further
enhanced deployment reliability by reducing the
average rollback and recovery times to 0.80
seconds and 1.03 seconds, respectively.
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