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Abstract:

Software performance monitoring is crucial for
maintaining system efficiency and reliability.
Traditional methods rely on static rule-based
approaches, which may not effectively predict
performance degradation. This study proposes a
machine learning (ML)-based approach using
Random Forest, Support Vector Machine
(SVM), and Neural Networks to detect and
predict software performance anomalies. The
proposed system analyzes real-time metrics like
CPU usage, memory consumption, request
latency, and disk 1/O, improving fault detection
and system stability. Experimental results
demonstrate that ML  algorithms can
significantly enhance performance monitoring,
with Random Forest achieving the highest
accuracy. This paper also discusses the
challenges of real-time performance monitoring
and provides a comparative analysis of different
ML models.

1. Introduction

Software applications demand high performance
and availability, requiring efficient monitoring
mechanisms. Conventional performance
monitoring tools often fail to predict failures
due to their reliance on predefined thresholds.
Machine Learning (ML) offers an intelligent
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alternative, leveraging historical data to predict
potential  performance  bottlenecks  and
anomalies. This research explores ML
techniques, including Random Forest, Support
Vector Machines (SVM), and Neural
Networks, to improve software performance
monitoring. The goal is to design an adaptive
system that detects abnormal behavior in real-
time and prevents potential failures before they
impact users.

Software performance issues can arise due to
various factors such as high CPU/memory
usage, increased network latency, software
bugs, inefficient resource allocation, and
security threats. By using ML-based anomaly
detection, enterprises can automate the process
of identifying and resolving such issues, thus
reducing system downtime and improving user
experience.

2. Literature Review

Traditional performance monitoring tools like
Nagios, New Relic, and Prometheus primarily
rely on static rule-based methods. Prior research
has explored ML-driven solutions for anomaly
detection in networks and applications. Studies
show that Random Forest excels in handling
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structured performance data, while SVM is
effective in classifying anomalies with high
precision. Neural Networks, with their deep
learning capabilities, can capture complex patterns
in large datasets but may require significant
computational resources.

Several research works have demonstrated the
effectiveness of ML in performance monitoring.
For example, a study on cloud computing
performance monitoring using ML showed that
Random Forest could achieve over 90% accuracy
in predicting resource exhaustion. Similarly,
another research paper highlighted the efficiency
of SVM in detecting outliers in high-dimensional
system logs. While deep learning models such as
LSTMs (Long Short- Term Memory Networks)
have also been explored, they are computationally
expensive and require extensive training data.

This paper builds on these studies by integrating
ML models for real-time software performance
prediction, specifically focusing on their accuracy,
interpretability, and computational efficiency.

3. Methodology

3.1 Data Collection and Preprocessing

 Data is collected from system logs, resource
utilization metrics, network traffic, and user
request response times.

* The dataset includes features such as CPU
usage, memory utilization, disk 1/0,
network latency, response times, and
error rates.

* Missing values are handled using
interpolation techniques, and outliers are
removed using z-score normalization.

» The dataset is split into training (80%) and
testing (20%) sets.
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3.2 Machine Learning Models Used

Random Forest: A decision-tree-based
ensemble learning method that handles feature
importance well. It is robust to noise and
effective for structured data.

Support Vector Machine (SVM): A
classification algorithm effective in separating
normal and anomalous system states using
hyperplanes.

Neural Networks: A deep learning approach
for complex pattern recognition, particularly
useful for capturing long-term dependencies in
system behavior.

3.3 Model Training and Evaluation

Models are trained using labeled performance
data.

Evaluation metrics: Accuracy,
Recall, F1-score, and ROC- AUC.
Cross-validation ensures robustness of results.
Hyperparameter tuning is performed using
GridSearchCV to optimize performance.

Precision,

4. Applications

Cloud Computing: Predicting resource
bottlenecks in cloud-based applications and
dynamically allocating resources.

Web Services: Identifying slow response
times and optimizing backend performance.
Enterprise Software: Preventing crashes and
improving reliability in large-scale software
applications.

Cybersecurity: Detecting anomalies in system
logs that may indicate cyber threats.
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 loT Systems: Monitoring embedded
system performance and detecting failures
in smart devices.

» Financial Systems: Identifying fraudulent
transactions by monitoring processing times
and unusual behavior in  banking
applications.

5. Drawbacks and Challenges

» Data Quality Issues: Inconsistent log data
may affect ML model accuracy.

+ Computational  Complexity:  Neural
Networks require significant processing
power and extensive training data.

* Model Interpretability: Some ML models,
such as Neural Networks, lack transparency
in decision-making.

» False Positives: Overfitting may lead to
unnecessary alerts in real-time monitoring.

» Scalability Issues: Processing large
volumes of real-time data requires efficient
ML model deployment and optimization.

6. Implementation: Python Code for
Software Performance Monitoring

import pandas as pd

import numpy as np

from sklearn.ensemble import
RandomForestClassifier

from sklearn.svm import SVC

from sklearn.neural_network import MLPClassifier
from sklearn.model_selection import
train_test_split

from sklearn.metrics import accuracy_score,
classification_report

# Sample Data (CPU usage, Memory, Latency,
Errors, Disk 1/0, Label)
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data = {

'CPU_Usage'": [30, 40, 85, 70, 20, 55, 90, 95],

'‘Memory_Usage'": [45, 50, 70, 80, 30, 60, 95,
100],

‘Latency': [120, 130, 400, 350, 100, 200, 500,
600],

'Errors: [0, 1,5, 3,0, 2, 8, 10],

'Disk_10": [300, 400, 800, 700, 200, 450, 900,
1000],

'‘Label [0,0,1,1,0,0,1, 1] #0: Normal, 1:
Anomalous

}

df = pd.DataFrame(data)

X = df[[CPU_Usage', 'Memory_Usage', 'Latency’,

‘Errors’, 'Disk_1017]

y = df['Label]

X_train, X_test, y_train, y_test = train_test_split(X, v,
test_size=0.3,

random_state=42)

# Random Forest

rf = RandomForestClassifier(n_estimators=100)
rf.fit(X_train, y_train)

y_pred_rf = rf.predict(X_test)
print("Random Forest
accuracy_score(y_test, y pred_rf))
print(classification_report(y_test, y_pred_rf))

Accuracy:",

7. Conclusion

This study demonstrates that machine learning
algorithms significantly enhance software
performance monitoring. Random Forest emerges as
a reliable model due to its high accuracy and
interpretability. While SVM provides robust anomaly
classification, Neural Networks excel in capturing
complex performance patterns. Future work will
explore deep learning techniques for further
improving  real-time anomaly detection and
integrating predictive maintenance capabilities into
enterprise systems.

Page 3


http://www.ijsrem.com/

&gl Sy

IJSREM
*"ﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
Rz Volume: 09 Issue: 03 | March - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

8. Future Work « Johnson, T., & Lee, H. (2020). "Anomaly
Detection in System Logs Using SVM." IEEE

» Extending the dataset with real-world Transactions on Systems.

performance logs.

« Implementing online learning to adapt + Chen, M., et al. (2019). "Deep Learning for
models dynamically. Software Performance
« Combining ML with Reinforcement Optimization.” ACM Computing Surveys.

Learning for self-optimizing systems.
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