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ABSTRACT

In a world increasingly dependent on real-time data, event-driven architectures must maintain low
latency to ensure performance efficiency. Latency spikes in event pipelines pose significant challenges to
time-sensitive applications, disrupting services and impacting user experience. This paper explores the
role of artificial intelligence (AI) and machine learning (ML) models in predicting latency spikes within
event-driven data pipelines, with the goal of enhancing system performance. A predictive model
leveraging historical data is developed to anticipate delays, empowering proactive response mechanisms.
The methodology integrates supervised learning techniques to detect patterns in network behavior,
enabling systems to maintain optimal performance. The findings underscore the effectiveness of

predictive algorithms in mitigating latency issues across distributed systems.

KEYWORDS

Event-driven architecture, Latency prediction, Machine learning, Al-based optimization, Predictive

analytics, Real-time data pipelines
INTRODUCTION

1.1 Background

Event-driven data pipelines are at the core of modern systems, powering applications that require real-time
processing, such as financial trading platforms, [oT systems, and online gaming. These pipelines are designed to
react to events in real-time, ensuring data flows with minimal delay. However, unpredictable latency spikes pose

a considerable challenge, disrupting the continuity of data streams and degrading system performance.
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Data Autonomy & Governance

1.2 Problem Statement

Current approaches to latency management are often reactive, involving post-incident diagnostics and
adjustments. With the increasing complexity of distributed systems, a reactive model is no longer sufficient.
Proactive latency prediction becomes crucial for maintaining seamless data processing. Machine learning (ML)
and artificial intelligence (AI) provide promising avenues to predict latency spikes, enabling preemptive

measures that mitigate performance disruptions.
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1.3 Objectives
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This paper aims to develop a predictive model using Al and ML to anticipate latency spikes in event-driven

architectures. The primary objectives are:
1. To identify factors contributing to latency in distributed systems.
2. To train ML models to predict latency spikes based on historical data.

3. To validate the model in a real-time event-driven data pipeline environment.
LITERATURE REVIEW

2.1 Event-Driven Architectures and Their Challenges

Event-driven architectures (EDAs) operate on the principle of responding to events as they occur, ensuring
immediate action or data processing. EDAs are integral to microservices and serverless platforms, facilitating
asynchronous communication. However, the distributed nature of these systems introduces latency

unpredictability, particularly during high traffic or network failures.
2.2 Machine Learning in Predictive Analytics

Machine learning has been widely adopted in predictive analytics for various domains, including finance,
healthcare, and network management. ML models excel at recognizing patterns in data and providing predictive
insights, making them suitable for latency prediction in complex systems. Models such as linear regression,
decision trees, and neural networks have been used for forecasting system behaviors, with varying levels of

accuracy.
2.3 Al-Driven Performance Optimization in Data Pipelines

Al algorithms enhance system performance by automating decision-making and optimization tasks.
Reinforcement learning models, for instance, have been employed to optimize network routing and load
balancing, directly impacting latency reduction. In EDAs, Al can proactively manage traffic distribution and

system load based on predicted events, mitigating potential latency issues.

METHODOLOGY

14

—G) @ A @2025 This is an open access article distributed under the terms of the Creative Commons

License [ CC BY NC 4.0 ] and is available on www.jgst.org


http://www.jqst.org/

Journal of Quantum Science and Technology (JQST)

Vol.2 | Issue-3 | Jul-Sep 2025]| ISSN: 3048-6351 Online International, Refereed, Peer-Reviewed & Indexed Journal

3.1 Data Collection

Historical data from distributed event-driven systems is collected to train the predictive models. Key parameters

include:
e Event timestamps
e Network throughput
e Server load
o Traffic spikes

e Response time logs Data is pre-processed to remove anomalies, normalize variables, and handle missing

values.
3.2 Model Selection and Training
Supervised machine learning models are employed for latency prediction. The following models are tested:
o Linear Regression: A baseline model to capture linear relationships between variables.

e Random Forest Regressor: An ensemble learning technique suitable for handling high-dimensional

data.

e Long Short-Term Memory (LSTM) Networks: A recurrent neural network (RNN) model used to

capture temporal dependencies.

Training involves splitting the dataset into training (80%) and testing (20%) subsets. Hyperparameter tuning is

performed to optimize model performance.
3.3 Evaluation Metrics
The performance of the models is evaluated using the following metrics:
e Mean Absolute Error (MAE): Measures the average magnitude of prediction errors.

e Root Mean Squared Error (RMSE): Penalizes large errors by squaring them.
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e RZScore: Indicates the proportion of variance explained by the model.
3.4 Deployment in Real-Time Pipelines

The chosen predictive model is integrated into a simulated event-driven pipeline. The model processes real-time
data streams and generates alerts when a latency spike is predicted. This enables the system to execute

preemptive actions such as traffic rerouting or resource scaling.
RESULTS

The results of the study demonstrate the effectiveness of the predictive models in anticipating latency spikes.

The performance metrics for the tested models are summarized below:

Model MAE RMSE R? Score
Linear Regression 2.43 ms 3.85 ms 0.68
Random Forest 1.86 ms 2.94 ms 0.82
LSTM Network 1.24 ms 2.11 ms 0.91
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The LSTM network outperformed the other models, capturing the temporal dependencies in the data and
providing more accurate predictions. With the model deployed, the system successfully generated alerts for

impending latency spikes, allowing preemptive traffic rerouting to maintain optimal performance.
CONCLUSION

This paper highlights the potential of leveraging Al and machine learning for predicting latency spikes in event-
driven data pipelines. The study demonstrates that predictive models, especially LSTM networks, can anticipate
network delays with high accuracy. By proactively identifying latency issues, organizations can optimize system

performance, ensuring minimal disruption to services.

Future research can explore the integration of reinforcement learning models to enhance traffic routing
decisions. Additionally, real-world implementations in large-scale distributed systems can provide further

insights into the scalability of predictive models.
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