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Abstract

Monitoring computer resource usage, particularly the central processing unit (CPU) and memory, is a crucial aspect
in maintaining the performance and stability of an operating system. This study aims to analyze CPU and memory
usage in real-time using the Python programming language as the primary tool. The method used involves collecting
system resource usage data through Python libraries, such as psutil, followed by data processing and visualization
to obtain an overview of usage patterns. The results show that Python is capable of providing accurate and efficient
information regarding CPU and memory usage conditions, thus providing a basis for decision-making to optimize
system performance. Furthermore, the developed monitoring system is flexible, easy to use, and can be implemented
on various operating system platforms. Therefore, this study is expected to contribute to the development of a simple
yet effective resource monitoring system. (Monitoring computer resource usage, particularly the central processing
unit (CPU) and memory, is a crucial aspect in maintaining the performance and stability of an operating system.
This study aims to analyze CPU, and memory usage in real time using the Python programming language as the
primary tool. The method used involves collecting system resource usage data through Python libraries, such as
psutil, followed by data processing and visualization to obtain an overview of usage patterns. The results show that
Python is capable of providing accurate and efficient information regarding CPU and memory usage conditions,
thus providing a basis for decision-making to optimize system performance. Furthermore, the developed monitoring
system is flexible, easy to use, and can be implemented on various operating system platforms. Thus, this research is
expected to contribute to the development of a simple yet effective resource monitoring system.
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INTRODUCTION

As information technology continues to develop rapidly, its utilization has become increasingly
widespread across various fields, including education, industry, and government. This rapid
development has led to a growing dependence on computer systems to support complex and
continuous digital activities. In computer implementation, system performance is highly influenced
by the utilization of primary resources, namely the CPU and memory. These two components play a
crucial role in data processing, program execution management, and maintaining overall system
stability to ensure optimal performance (Luthfan Aufar Hindami et al., 2024).

Excessive usage of CPU and memory can have a negative impact on overall computer
performance. Such conditions may lead to system performance degradation, including slower response
times, reduced processing speed, and even system failure or crashes if not properly managed. In
addition, uncontrolled resource usage can disrupt operating system stability and reduce overall
computing efficiency. Therefore, monitoring system resource usage is a critical aspect in evaluating
real-time computer performance and enabling early detection of potential system issues before they
escalate into more serious problems (Z. Afiani & Nurwarsito, 2021).

In current technological development, various methods and tools have been developed to
support system monitoring processes. One of the most widely used programming languages for
developing monitoring systems is Python. Python is preferred due to its simple syntax, ease of
learning, and extensive library support for system resource monitoring and analysis. One commonly
used library is psutil, which is capable of retrieving real-time data on CPU usage, memory usage, and
running processes accurately and efficiently. By using Python, system monitoring can be implemented
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more flexibly and can be deployed across multiple operating system platforms (Syari et al., 2024;
Rayendra et al., 2025).

Based on these conditions, this study aims to utilize Python for analyzing and monitoring CPU
and memory usage patterns in operating systems. The main focus of this research is to observe
fluctuations in system resource usage, particularly under specific conditions such as workload spikes
during the initial execution phase or application installation processes. Through this monitoring
system, it is expected that more accurate and real-time information regarding system performance can
be obtained, which can be used as a basis for decision-making in system performance optimization
(Ortiz Villicana et al., n.d.; P. M et al., 2024).

RESEARCH METHODS

The research method used in this study is observation and experimentation. The observation
method was conducted by directly monitoring CPU and memory usage while the system performed
various daily operational activities. These activities include application execution, data processing,
and background system processes running within the operating system. The purpose of this
observation is to obtain a more comprehensive and realistic overview of computer resource usage
patterns under different conditions, both when the system is idle and when it is under high workload
conditions. This approach allows the researcher to understand how system resources behave in real
operational environments.

In addition, the experimental method was applied by varying the system workload. Workload
variation was carried out by running multiple applications simultaneously, executing more complex
computational processes, and simulating high-demand usage conditions to observe how the system
responds to increased activity. During the experiment, changes in CPU and memory usage were
systematically observed to determine the system’s ability to maintain performance stability under
different workload conditions. This step is important to evaluate how efficiently the system manages
resources when facing increasing computational demands (Fredella & Rahman, 2025; Apriana et al.,
2024).

The monitoring data in this study were collected using a Python-based monitoring program
designed to retrieve real-time system information. This program utilizes Python’s capability to access
system-level data, including CPU usage, memory usage, and active system processes. The data
collected are not only momentary snapshots but are continuously recorded over a specific time interval
to obtain more accurate and representative patterns of actual system behavior. This continuous
monitoring approach ensures that fluctuations in system performance can be captured more
effectively.

Furthermore, the collected data were analyzed systematically to evaluate overall system
performance. The analysis aimed to identify fluctuations in resource usage, understand workload
variation patterns, and assess factors that may affect operating system efficiency. This process also
helps in detecting critical conditions such as sudden CPU spikes or increased memory consumption,
which may potentially impact system stability.

Through this approach, the study does not only focus on data collection but also emphasizes
interpretation of results to provide deeper insights into computer system behavior under different
operational conditions. This is expected to serve as a strong foundation for developing a more effective
and efficient monitoring system capable of providing accurate real-time information for system
performance optimization (Ahmed & Jawad, n.d.; Agarwala et al., 2003).
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RESULTS AND DISCUSSION

The study conducted monitoring of CPU and memory usage for a duration of 30 seconds using
a Python script based on the psutil library. The testing was performed on a laptop with a total RAM
specification of 16 GB. Data were collected at regular intervals of a few seconds and visualized in the
form of line graphs to better illustrate system resource usage patterns over time.

a)

f)

9)

Test 1 (duration ~30 seconds): The average CPU load for User ranged between 11%-33%,
while System ranged between 6%-18%. CPU usage showed fluctuations at the beginning,
reaching a peak of approximately 33% User load, and then gradually decreased until it
stabilized within the range of 12%-19%.

Memory footprint remained stable at around 1.8 GB out of a total of 4.0 GB (approximately
45% usage), indicating consistent memory consumption during the monitoring period.

Test 2 (duration ~31 seconds): The average CPU load for User ranged between 11%-33%,
while System ranged between 7%—15%.

A similar pattern was observed, where CPU usage fluctuated at the beginning of the test and
then stabilized, with a slight increase observed toward the end of the monitoring period.
Memory footprint remained stable within the range of 1.81-1.86 GB, showing only minor
variation compared to the first test.

The generated graph displays two main lines representing CPU load: the green line (User)
indicates processor time used by user-level applications.

The red line (System) represents processor time utilized by the operating system kernel.

“Figure 1.1 below shows the output results”
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"Figure 1.2 is the input from the program created"

Based on the results of observation and data processing using a Python-based system
monitoring instrument, it can be concluded that CPU workload activity has a significant linear
correlation with the application execution phase. The fluctuation pattern of resource usage indicates
that during application initialization or web page loading, there is a noticeable spike in CPU metrics,
representing high computational intensity in code parsing and graphical rendering processes.
Conversely, once the application is fully loaded, CPU usage decreases significantly and stabilizes at
an idle level, indicating efficient power management by the operating system.

In addition, the monitoring instrument successfully captured the dynamics of main memory
(RAM) with high precision, both in terms of used memory and available memory. The data show that
RAM allocation changes dynamically depending on the complexity of executed instructions, while
available memory remains sufficiently maintained to prevent system bottlenecks. The consistency of
data transitions in both processor and memory metrics demonstrates that the developed monitoring
method has a high level of sensitivity and accuracy in capturing real-time hardware performance
dynamics.

Discussion

Based on the test results, CPU usage on the laptop is not constant but fluctuates over time.
These fluctuations are considered normal due to background system processes (such as indexing,
updates, or other application activities) that contribute to spikes in both User and System CPU usage.
In both tests, the peak CPU usage occurred during the initial phase, which is likely caused by the
initialization of the monitoring script itself or other concurrently running processes (Rey et al., 2025).

Memory usage (memory footprint) remained relatively stable throughout the testing period,
with only minor variations of approximately 0.05-0.07 GB. This indicates that the developed
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monitoring script is lightweight and does not significantly burden system memory. With memory
consumption remaining below 2 GB on a 4 GB system, the script is suitable for continuous use as a
monitoring tool without degrading overall system performance (Martinez & Rivera, n.d.; Vainio,
2014).

A comparison of the two test scenarios reveals consistent patterns, although slight differences in
percentage values were observed. These differences may be attributed to several factors, including:
1. Variations in system conditions during testing (e.g., different background processes),

2. Differences in workload (such as active browser sessions or running applications),
3. Sampling intervals used by the psutil library.

Overall, the implementation of system monitoring using Python and the psutil library
successfully produces clear and informative visualizations. This tool helps users understand hardware
resource usage patterns in real time and can be utilized for early detection of over-utilization as well
as system performance optimization (Cao et al., 2021).

Advantages of this approach include:

1. Simple and easily modifiable code structure,
2. Real-time visualization (live plotting),
3. Cross-platform compatibility (Windows, Linux, macOS).

Observed limitations include: Minor error messages appearing in the console (e.g., “Execution:
Unknown word” and “System: Unknown word”), likely due to improperly handled variables or
strings, The absence of an automatic export feature for saving graphs as image or PDF files.

CONCLUSIONS

Based on the results of testing and discussion, it can be concluded that the developed Python
script is capable of effectively monitoring CPU usage (both User and System) as well as memory
footprint in real time. The observed CPU usage shows normal fluctuations, ranging from 11%-33%
for User processes and 6%—18% for System processes, while memory usage remains relatively stable
at approximately 1.8 GB out of a total of 4.0 GB. The psutil library has proven to be efficient and
lightweight for system monitoring purposes, making it suitable for developing simple tools for laptop
performance analysis. Furthermore, visualization using Matplotlib provides a clear representation of
resource usage patterns, which can assist users in optimizing device performance. Overall, this study
demonstrates that hardware monitoring can be performed effectively using open-source tools and the
Python programming language without the need for complex or paid software.

For further development, several improvements are recommended. These include adding an
automatic data logging feature to CSV files for long-term analysis, implementing threshold-based
alerts (such as notifications when CPU usage exceeds 80% or RAM usage exceeds 90%), and
expanding monitoring capabilities to include disk usage, network activity, and CPU/GPU temperature.
In addition, minor errors in the console output should be resolved to improve readability, and a
graphical user interface (GUI), for example using Tkinter or Streamlit, should be developed to make
the system more user-friendly.
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