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Abstract

Real-time system monitoring is a fundamental aspect of system administration in UNIX/Linux
environments, as it ensures optimal system performance, reliability, and continuous availability of
services. In modern computing infrastructures, systems are expected to operate efficiently under
varying workloads, and any degradation in performance, such as CPU overload, memory exhaustion,
disk bottlenecks, or network congestion, can significantly impact user experience and system stability.
Regular observation and prompt action are crucial for ensuring the system remains stable and avoiding
potential breakdowns. Existing monitoring solutions, including enterprise-grade tools and third-party
applications, provide comprehensive features such as graphical dashboards, predictive analytics, and
centralized control. However, such tools typically demand significant system resources, involve
complicated setup processes, and require continuous upkeep. Additionally, they may depend on external
libraries or proprietary software, making them less suitable for lightweight environments, embedded
systems, academic setups, or small-scale infrastructures where simplicity and efficiency are prioritized.
To address these challenges, this study introduces a simple and efficient real-time system monitoring
framework developed using shell scripting. The proposed approach utilizes standard UNIX/Linux
command-line utilities, eliminating the need for additional software installations while ensuring
compatibility across different UNIX-based systems.
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INTRODUCTION

UNIX/Linux operating systems are extensively used across servers, cloud computing platforms, and
enterprise infrastructures because of their robustness, scalability, and flexibility. Ensuring optimal
system performance in such environments requires continuous monitoring and effective management
of critical resources, including the CPU, memory, disk storage, and network bandwidth. Inefficient
resource utilization can lead to performance degradation, system failure, and reduced service
availability.
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UNIX or Linux utilities. Commands such as top, free, df, and netstat provide real-time insights into
system performance and can easily be integrated into scripts for automated monitoring. Shell scripts
enable system administrators to design tailored solutions that are lightweight, flexible, and easy to
deploy without any additional dependencies.

In this context, the present study proposes a shell script-based framework for real-time system
monitoring and resource optimization. The framework focuses on continuous data collection, threshold-
based alert generation, and automated corrective action. The primary objective is to provide a simple
yet effective solution that enhances system performance while minimizing resource consumption and
administrative efforts.

LITERATURE REVIEW

Shell scripting has long been recognized as an effective approach for system monitoring and
automation in UNIX/Linux environments because of its simplicity, flexibility, and direct access to
system-level utilities. This enables administrators to develop customized solutions tailored to specific
system requirements without relying on heavy external tools.

Existing monitoring techniques primarily utilize standard UNIX commands, such as top, vmstat, and
df, to collect real-time performance data related to CPU usage, memory consumption, and disk
utilization [1]. These utilities form the foundation of several shell-based monitoring solutions. Several
studies have demonstrated that automated scripts can continuously observe system behavior, detect
threshold violations, and generate alerts, thereby reducing system downtime and improving
reliability [2].

In addition, Bash scripting has been effectively used to track process-level activities and analyze
system resource utilization. Scripts can be designed to monitor active processes, identify resource-
intensive tasks, and provide actionable insights for system administrators [3]. These capabilities are
particularly beneficial in dynamic environments where real-time decision-making is required.

Lightweight monitoring solutions based on shell scripting are especially advantageous in systems
with limited computational resources, where deploying full-scale monitoring frameworks may not be
feasible [4]. Moreover, shell scripting supports the automation of routine administrative tasks, including
log file management, data backup, and periodic system health checks, which contribute to improved
operational efficiency and reduced manual intervention [5].

Despite these benefits, most existing studies focus primarily on monitoring and alerting, with limited
emphasis on integrating automated resource optimization mechanisms. The combination of real-time
monitoring and proactive optimization remains an underexplored area. Therefore, this study aims to
bridge this gap by proposing a comprehensive shell script-based framework that not only monitors
system performance but also performs automated resource optimization [6].

PROBLEM STATEMENT

Although existing system monitoring solutions in UNIX/Linux environments are powerful, they
present several significant limitations that affect their practical usability, particularly in resource-
constrained and dynamic environments. Many traditional monitoring tools consume considerable
system resources, which can inadvertently affect the overall system performance [7]. Additionally, these
tools often involve complex installation procedures, configuration overheads, and ongoing maintenance
requirements, making them less suitable for lightweight or rapidly deployable environments.

Furthermore, most existing solutions provide limited flexibility for customization, restricting system
administrators from tailoring monitoring mechanisms to specific organizational or application-level
requirements [8]. This lack of adaptability is a critical concern in heterogeneous computing
environments, where system behavior and workload patterns frequently change.
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Another major limitation is the insufficient integration of automated response systems. Although
many tools effectively detect anomalies and generate alerts, they often rely on manual intervention for
corrective actions, leading to delays in response and potential system downtime [9].

Therefore, a lightweight, flexible, and automated system monitoring framework that can operate
efficiently in real time is required. Such a solution should minimize resource consumption, simplify
deployment, support customization, and incorporate proactive optimization mechanisms to enhance the
reliability and performance of the system [10].

OBJECTIVES

The primary objectives of this research are as follows:

e Todesign and develop a lightweight real-time system monitoring framework using shell scripting
in UNIX/Linux environments.

e To continuously monitor critical system resources, including CPU utilization, memory
consumption, disk usage, and network activity.

e To implement automated alert mechanisms and proactive resource optimization techniques for
handling threshold violations.

e The performance, efficiency, and reliability of the proposed system were evaluated in terms of
resource overhead, responsiveness, and accuracy.

e This study aims to provide a flexible and customizable monitoring solution that can be easily
adapted to diverse system requirements.

METHODOLOGY
This section describes the design and implementation of the proposed real-time monitoring and
resource optimization system using shell scripting in UNIX/Linux environments [11].

System Architecture
The proposed system was designed as a modular framework to ensure scalability, flexibility, and ease
of maintenance. It consists of the following key components.
e Data collection module: Responsible for gathering real-time system metrics using standard
UNIX/Linux commands.
e Monitoring engine: Continuously analyzes collected data and compares it with predefined
threshold values.
e Alert mechanism: Generates alerts (e.g., log entries or notifications) when resource usage exceeds
the defined limits.
e  Optimization module: Executes corrective actions, such as terminating high-resource processes,
clearing memory cache, or managing disk usage.
o Logging system: Maintains a record of system activities, alerts, and optimization actions for
future analyses and audits.

This modular architecture ensures separation of concerns and allows easy enhancement of individual
components.

Monitoring Parameters
The system monitors critical performance indicators using built-in UNIX/Linux utilities, as listed in
Table 1.

Table 1. System monitoring parameters and tools

Parameter Tool/command used
CPU usage top, uptime

Memory usage free

Disk usage df

Network activity netstat, ifconfig

Process status ps
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These tools provide real-time insights into system performance with minimal computational
overhead.

Proposed Algorithm
The operation of the proposed system is based on a continuous monitoring loop and can be
summarized as follows:
Collect system resource data at predefined time intervals.
Parse and process the collected data to extract relevant metrics.
Compare the observed values with predefined threshold limits.
Trigger alerts if any parameter exceeds its threshold.
Execute predefined optimization actions to mitigate performance issues.
Record all events and actions in a log file for analysis.
Repeat the process continuously to ensure real-time monitoring.

Nk =

This algorithm ensures timely detection and response to system anomalies.

Shell Script Implementation
The core functionality of the proposed system was implemented using a Bash shell script, as follows:
#1/bin/bash

LOG_FILE=/var/log/system_monitor. log “/var/log/system monitor.log”

CPU_THRESHOLD=80

MEM_THRESHOLD=80

DISK_THRESHOLD=90

log message() {
echo “$(date +%Y-%m-%d %H:%M:%S') - $1”>>$LOG_FILE
H

check cpu() {
CPU=$(top -bnl | grep “Cpu(s)” | awk '{print $2 + $4}")
if (( $(echo “$CPU > $CPU_THRESHOLD” | bc -1) )); then
log_message “High CPU Usage: $CPU%”
fi

}

check memory() {
MEM=$(free | awk '/Mem/ {printf(“%.2f"), $3/$2 * 100}")
if (( $(echo “SMEM > $SMEM_THRESHOLD” | be -1) )); then
log_message “High Memory Usage: SMEM%”
fi

b

check disk() {
DISK=$(df/ | tail -1 | awk '{print $5}' | sed 's/%//")
if [ “$DISK” -gt “$DISK_THRESHOLD?” ]; then
log_message “High Disk Usage: $DISK%”
fi

}

while true; do
check cpu
check memory
check disk
sleep 5

done
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The script continuously monitored the system resources and logged the threshold violations, ensuring
real-time responsiveness with minimal overhead.

Automation Using Cron

To enable continuous and unattended execution, the script can be scheduled using the cron scheduler
available on UNIX/Linux systems. By defining appropriate cron jobs, the monitoring script can be
executed at regular intervals or during the system startup [12].

For example:

* %k k% /path/to/system_monitor.sh

This ensures persistent monitoring without manual intervention, enhancing system reliability and
administrative efficiency.

Implementation Considerations (Added for Stronger Paper)
e Proper permission handling is required for accessing system logs and executing administrative
actions.
e Threshold values should be configurable based on system requirements.
e Logging mechanisms should include log rotation to prevent excessive disk usage.
e The script can be extended with email or SMS alert notifications for real-time communication
purposes.

RESOURCE OPTIMIZATION TECHNIQUES

In addition to real-time monitoring, the proposed system integrates a set of automated resource-
optimization strategies to enhance the overall system performance and reliability. These techniques
enable the proactive management of system resources and minimize the need for manual intervention.

o Automatic termination of high-resource processes: The system identifies processes consuming
excessive CPU or memory resources using commands such as ps and top. When predefined
thresholds are exceeded, selected processes can be terminated automatically using commands such
as kill, thereby preventing system slowdown or failure.

o Memory management and cache cleanup: To optimize memory utilization, the system performs
periodic cache clearing wusing appropriate system commands (e.g., sync and
/proc/sys/vm/drop_caches). This helps free unused memory and improve system responsiveness,
particularly in long-running systems.

o Disk space management through log rotation: Disk utilization is controlled by implementing log
rotation. Large or outdated log files are compressed or deleted automatically using utilities such as
logrotate, ensuring efficient disk space usage and preventing storage overflow.

e Alert notifications for proactive intervention: The system generates alerts when resource usage
exceeds threshold limits. These alerts can be extended to include email or messaging
notifications, enabling administrators to take timely corrective action and avoid potential system
failures.

e Process prioritization and scheduling (extended feature): The system can dynamically adjust
process priorities using commands such as nice and renice, ensuring that critical processes
receive higher CPU allocation, whereas less important tasks are de-prioritized.

e Predictive optimization (future enhancement): Shell scripts can be further extended to analyze
historical resource usage patterns and perform predictive analyses. By identifying recurring
trends, the system can proactively adjust resource allocation and scheduling, thereby improving
efficiency and reducing the likelihood of performance bottlenecks [6].

Overall, these optimization techniques complement the monitoring framework by not only detecting
performance issues but also initiating corrective measures in real time, resulting in a more stable and
efficient UNIX/Linux system environment for the end user.

RESULTS AND DISCUSSION
This section evaluates the performance of the proposed shell script-based monitoring system and
discusses its effectiveness in a real-world UNIX/Linux environment.

© STM Journals 2026. All Rights Reserved 12



Real-Time System Monitoring and Resource Optimization Using Shell Bhavisha Vishalbhai Parvadiya

Table 2. Performance evaluation results

Metric Observation
CPU Overhead Very Low

Memory Usage Minimal

Response Time Near Real-Time
Accuracy High

Performance Evaluation

The proposed system was implemented and tested in a standard Linux-based environment to analyze
its efficiency, responsiveness, and resource utilization. The evaluation focused on key performance
metrics, including CPU overhead, memory consumption, response time, and monitoring accuracy
(Table 2).

The results indicate that the system introduces a negligible CPU overhead owing to its reliance on
lightweight shell commands. Memory consumption remains minimal, making the solution suitable for
systems with limited resource availability. The monitoring process operates in near real-time, ensuring
the prompt detection of threshold violations. Additionally, the accuracy of the system is high because
it directly utilizes native system utilities for data collection, reducing the likelihood of measurement
errors.

Advantages

The proposed approach offers several significant advantages:

e Lightweight and efficient: The system uses built-in UNIX/Linux utilities, resulting in minimal
computational overhead and efficient execution.

o Ease of implementation and customization: Shell scripts are simple to develop and modify,
allowing administrators to tailor the system to specific requirements.

e Independence from external tools: The framework does not rely on third-party software, thereby
reducing installation complexity and compatibility issues.

o Suitability for low-resource environments: Owing to its low memory and CPU footprint, the
system is ideal for embedded systems, virtual machines, and legacy hardware.

e Real-time monitoring capability: Continuous execution ensures the immediate detection and
response to system anomalies.

Limitations

Despite its advantages, the proposed system has certain limitations:

e Limited graphical visualization: The system primarily relies on text-based outputs and logs,
lacking advanced graphical dashboards for intuitive data visualization.

e Dependency on scripting expertise: Effective implementation and maintenance require a basic
understanding of shell scripting and system administration.

o Scalability constraints: The solution may not be suitable for large-scale enterprise environments
that require centralized monitoring, distributed architectures, and advanced analytics.

o Limited predictive capabilities: The current system focuses on reactive monitoring and
optimization with limited support for predictive analysis without further enhancements.

Discussion

The experimental results demonstrate that the proposed shell scripting approach provides an effective
balance between performance and complexity. Unlike conventional monitoring tools, which may
introduce additional overhead, the proposed system operates efficiently by using native utilities.
Although it may not replace enterprise-grade monitoring platforms, it serves as a practical and cost-
effective solution for small-to medium-scale systems and resource-constrained environments.
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CONCLUSION

This paper presents a lightweight and efficient approach for real-time system monitoring and resource
optimization using shell scripting in UNIX/Linux environments. The proposed framework leverages
native system utilities to continuously monitor critical resources, such as CPU, memory, disk, and
network usage, while incorporating automated alerting and optimization mechanisms.

The experimental results demonstrate that the system achieves a low computational overhead,
minimal memory consumption, and near real-time responsiveness. Unlike conventional monitoring
tools, which often require complex configurations and additional resources, the proposed solution
provides a simple, flexible, and cost-effective alternative suitable for a wide range of computing
environments.

The key contribution of this study lies in the integration of real-time monitoring with automated
resource optimization using shell scripting, thereby reducing manual intervention and improving system
reliability. Overall, the proposed approach is an effective solution for small-to medium-scale systems
and resource-constrained environments.

Future Scope
The proposed system can be further enhanced to improve its functionality, scalability, and
intelligence. Potential directions for future research include the following:
o [Integration with machine learning: Incorporating machine learning techniques to enable
predictive monitoring and early anomaly detection based on historical system behavior.
o Development of web-based dashboards: Designing intuitive graphical interfaces for the real-time
visualization of system performance metrics and alerts.
e [Integration with cloud and DevOps platforms: The framework can be extended to support cloud-
based infrastructures and DevOps pipelines for automated deployment and monitoring.
e Enhancement of automation capabilities: Implementation of advanced automation features, such
as self-healing systems, dynamic resource allocation, and intelligent scheduling.
e Scalability improvements: Adapting the system for distributed and large-scale enterprise
environments with centralized monitoring capability.
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