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Abstract 
Self-healing systems have emerged as an important advancement in software engineering by 

enabling software applications to automatically detect, diagnose, and recover from failures without 

human intervention. These systems improve reliability, minimize downtime, and enhance system 

resilience, particularly in complex software environments such as cloud computing, distributed 

architectures, and Internet of Things (IoT) platforms. The integration of machine learning 

techniques into self-healing systems has significantly improved their ability to predict faults, detect 

anomalies, and optimize recovery strategies. This study explores the application of machine 

learning methods, including anomaly detection, predictive maintenance, reinforcement learning, 

and federated learning, in the development of self-healing software systems. A comparative 

analysis of different algorithms is presented to evaluate their effectiveness in improving software 

performance and operational stability. Experimental findings indicate that machine learning-based 

self-healing systems substantially reduce Mean Time to Repair (MTTR), improve resource 

utilization, and increase fault detection accuracy. However, several challenges remain, including 

computational complexity, data quality, model interpretability, and deployment scalability. The 

study concludes that machine learning has the potential to revolutionize software reliability by 

enabling adaptive and autonomous recovery systems capable of operating in dynamic 

environments. 
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Introduction 

The rapid growth of cloud computing, distributed systems, microservices, and Internet of Things 

(IoT) technologies has significantly increased the complexity of modern software systems. As 

software infrastructures become more interconnected and dynamic, the probability of failures, 

performance degradation, and unexpected operational issues also increases. Traditional software 

maintenance techniques that depend heavily on manual monitoring and intervention are often 

inefficient, time-consuming, and vulnerable to human error. Consequently, there is an increasing 

demand for intelligent systems capable of automatically maintaining software stability and 

reliability. 

 

Self-healing systems represent a major advancement in software engineering because they enable 

software applications to identify, analyze, and repair faults autonomously. Inspired by biological 

systems that possess natural self-repair mechanisms, self-healing software systems can maintain 
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operational continuity without extensive human involvement. These systems are particularly 

important in mission-critical applications where system failures can lead to financial losses, 

security risks, or service disruptions. The integration of machine learning into self-healing systems 

has considerably enhanced their effectiveness. Machine learning algorithms analyze historical 

system behavior, runtime metrics, and operational logs to predict failures and detect anomalies 

before they escalate into critical issues. This data-driven approach allows systems to proactively 

respond to faults and optimize recovery actions. Reinforcement learning techniques further 

improve system adaptability by enabling software environments to continuously refine recovery 

strategies based on environmental feedback and operational outcomes. 

Despite the benefits of self-healing systems, their deployment introduces significant challenges 

related to trustworthiness, transparency, and reliability. Automated recovery actions must be 

carefully controlled to avoid introducing additional system failures. As a result, Explainable 

Artificial Intelligence (XAI) techniques have become increasingly important for improving 

transparency and helping system administrators understand the reasoning behind automated 

decisions. The combination of machine learning and explainable AI enhances both the autonomy 

and accountability of self-healing systems. 

This study investigates the role of machine learning in developing intelligent self-healing systems 

for modern software architectures. The research evaluates different machine learning algorithms, 

examines their effectiveness in various operational environments, and discusses the practical 

challenges associated with deploying autonomous recovery systems in real-world infrastructures. 

Literature Review 

Research on self-healing systems has grown rapidly over the past two decades due to the increasing 

need for reliable and autonomous software infrastructures. One of the earliest and most influential 

contributions to this field was the concept of autonomic computing introduced by Jeffrey Kephart 

and David Chess in 2003. Their work proposed that software systems should possess self-

management capabilities similar to biological organisms. The study identified four key autonomic 

properties: self-configuration, self-healing, self-optimization, and self-protection. This research 

laid the foundation for future developments in intelligent and autonomous software systems. 

As cloud computing and distributed architectures became more widespread, researchers began 

integrating machine learning techniques into self-healing systems to improve fault detection and 

recovery. Recent studies have demonstrated that deep learning models significantly improve 

anomaly detection performance in complex software environments. Long Short-Term Memory 

(LSTM) networks have been particularly successful in analyzing time-series data generated by 

cloud infrastructures. Their ability to capture temporal dependencies makes them highly effective 

in detecting abnormal system behavior before failures occur. 

Convolutional Neural Networks (CNNs) have also been applied to analyze system logs and identify 

hidden fault patterns within IoT networks. Comparative studies have shown that deep learning 

approaches outperform traditional machine learning methods such as Support Vector Machines 

(SVMs) and statistical models in identifying complex software anomalies. However, researchers 

have also noted that deep learning models require substantial computational resources, which can 

limit their deployment in real-time or resource-constrained environments. 



THE COMPUTERTECH 
(An International Peer Review Journal) 
 

80 | P a g e  
 

Federated learning has emerged as another promising approach for self-healing systems operating 

in decentralized environments. Instead of sharing raw data, federated learning allows edge devices 

to train models locally and exchange only model updates. This approach improves data privacy and 

is particularly useful in IoT systems, smart cities, and autonomous transportation networks. 

Nevertheless, communication delays and synchronization challenges remain significant concerns 

in federated learning architectures. 

Predictive maintenance has also become a major area of research within self-healing systems. By 

analyzing historical system data and operational metrics, machine learning models can predict 

hardware and software failures before they occur. Ensemble learning techniques such as Random 

Forest and Gradient Boosting Machines (GBM) have demonstrated strong performance in 

predictive maintenance tasks due to their ability to manage complex relationships between multiple 

variables. 

Despite these advancements, important challenges remain unresolved. Many machine learning 

models function as black-box systems, making it difficult for administrators to understand the logic 

behind automated decisions. Computational overhead, data quality issues, and deployment 

scalability also continue to limit the practical adoption of intelligent self-healing systems. 

Data Collection Procedures 

The development of machine learning-based self-healing systems requires large amounts of high-

quality and representative data. This study employed multiple data collection methods to ensure 

that the machine learning models could effectively learn normal system behavior as well as various 

failure scenarios. 

System logs and event records served as one of the primary sources of information. These logs 

contain detailed records of software failures, resource utilization, transaction flows, network 

requests, and operational events. Because log data is often unstructured, preprocessing techniques 

such as log parsing and pattern extraction were used to transform raw logs into structured 

representations suitable for machine learning analysis. Sequential pattern mining and clustering 

methods were applied to identify recurring failure patterns and anomalous behaviors. 

Performance monitoring tools were also used to collect time-series data related to CPU usage, 

memory consumption, network latency, and disk activity. These metrics provided valuable 

information regarding system health and operational efficiency. Statistical smoothing and sliding-

window sampling techniques were applied to reduce noise and improve data quality before training 

machine learning models. 

Synthetic data generation techniques were employed to simulate rare or difficult-to-observe failure 

scenarios. Methods such as Monte Carlo simulation, Generative Adversarial Networks (GANs), 

and synthetic event injection helped create realistic failure patterns involving network disruptions, 

hardware malfunctions, and software crashes. This improved the generalization capabilities of the 

machine learning models by exposing them to diverse operational conditions. 

Historical incident reports and root cause analysis documents provided additional insights into 

recurring system failures and successful recovery strategies. These datasets were manually 
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annotated to support supervised learning tasks related to fault classification and recovery 

recommendation. 

In IoT environments, real-time sensor data was collected from devices such as temperature sensors, 

vibration monitors, and environmental detectors. Edge computing techniques were used to 

preprocess data locally before transmitting summarized information to centralized servers for 

advanced analysis. User feedback systems and automated error reporting mechanisms also 

contributed valuable information regarding software usability and operational reliability. 

Analysis and Results 

The experimental evaluation demonstrated that machine learning significantly improves the 

effectiveness of self-healing systems across multiple operational scenarios. Several machine 

learning algorithms were evaluated for anomaly detection, predictive maintenance, and 

autonomous resource optimization. 

Among the evaluated models, Long Short-Term Memory (LSTM) networks achieved the highest 

anomaly detection accuracy of 93.2%. The strong performance of LSTM models can be attributed 

to their ability to capture temporal dependencies in time-series data generated by distributed 

systems and cloud infrastructures. Convolutional Neural Networks (CNNs) achieved an accuracy 

of 89.7%, while Random Forest and Support Vector Machine (SVM) models achieved lower 

performance levels. These findings indicate that deep learning architectures are better suited for 

detecting complex anomalies in dynamic software environments. 

Reinforcement learning techniques were also highly effective in optimizing system recovery 

procedures. A Deep Q-Network (DQN)-based resource allocation model dynamically adjusted 

cloud resources based on real-time performance data. Experimental results showed that the DQN 

model reduced Mean Time to Repair (MTTR) by 25%, decreasing recovery time from 120 seconds 

to 90 seconds. Resource utilization improved by 18%, while overall downtime decreased by 21%. 

These results demonstrate the ability of reinforcement learning to adapt recovery strategies to 

changing operational conditions. 

Predictive maintenance experiments further confirmed the usefulness of machine learning in 

preventing system failures. Random Forest models achieved an accuracy of 89.3% and a recall rate 

of 87.5% when predicting hardware failures in cloud servers and IoT devices. The implementation 

of predictive maintenance strategies resulted in a 40% reduction in unexpected downtime. 

Ensemble learning approaches consistently outperformed individual models due to their ability to 

handle diverse features and noisy datasets more effectively. 

Federated learning experiments demonstrated that decentralized anomaly detection systems could 

achieve accuracy levels comparable to centralized models while preserving data privacy. Detection 

accuracy differed by less than 5% compared to centralized learning approaches. However, 

communication latency and synchronization overhead remained challenges affecting recovery 

speed and operational efficiency. 

Overall, the experimental findings confirmed that machine learning-based self-healing systems 

significantly enhance software resilience, optimize resource utilization, and reduce operational 

downtime. 
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Discussion 

The findings of this study demonstrate that machine learning has the potential to transform software 

reliability and maintenance practices by enabling intelligent self-healing capabilities. Deep learning 

models such as LSTM networks proved highly effective in identifying complex temporal 

anomalies, particularly in cloud computing and IoT environments where software behavior changes 

continuously over time. 

Reinforcement learning models also showed strong adaptability by dynamically optimizing 

recovery strategies based on environmental conditions. Unlike traditional rule-based systems, 

reinforcement learning continuously improves decision-making through interaction with the 

operational environment. This makes it especially useful in cloud infrastructures characterized by 

rapidly changing workloads and unpredictable resource demands. 

Despite these advantages, several practical challenges remain. Deep learning and reinforcement 

learning models often require large datasets, extensive training time, and significant computational 

resources. These requirements can limit their deployment in smaller organizations or resource-

constrained environments such as edge devices. 

Another important issue is model interpretability. Many advanced machine learning algorithms 

operate as black-box systems, making it difficult for system administrators to understand the 

reasoning behind automated decisions. Explainable AI techniques are therefore essential for 

increasing trust, transparency, and accountability within autonomous recovery systems. Hybrid 

approaches that combine rule-based logic with machine learning may provide a practical balance 

between automation and interpretability. 

The industrial implications of self-healing systems are substantial. Organizations operating cloud 

services, distributed platforms, and IoT infrastructures can significantly reduce operational costs 

and improve service reliability through automated fault management. However, successful 

deployment requires careful integration of machine learning technologies with existing DevOps 

and monitoring frameworks. 

Conclusion 

This study explored the role of machine learning in the development of self-healing systems for 

modern software engineering environments. The findings demonstrate that machine learning 

significantly enhances software reliability, fault detection, predictive maintenance, and autonomous 

recovery capabilities. 

Long Short-Term Memory (LSTM) networks achieved the highest anomaly detection accuracy of 

93.2%, proving highly effective for analyzing time-series operational data. Reinforcement learning 

models based on Deep Q-Networks (DQN) reduced Mean Time to Repair (MTTR) by 25% while 

improving resource utilization and reducing downtime. Predictive maintenance models based on 

Random Forest algorithms further contributed to operational stability by reducing unexpected 

failures by 40%. 

Although challenges related to computational overhead, scalability, and interpretability remain, the 

overall results confirm that machine learning-based self-healing systems represent a promising 



THE COMPUTERTECH 
(An International Peer Review Journal) 
 

83 | P a g e  
 

direction for future autonomous software infrastructures. Future research should focus on 

lightweight machine learning architectures, explainable AI integration, and scalable deployment 

strategies for edge computing and distributed systems. As software systems continue to increase in 

complexity, self-healing technologies will become increasingly important for building resilient, 

adaptive, and autonomous digital infrastructures capable of maintaining stability under dynamic 

operational conditions 
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