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ABSTRACT

The advent of serverless architectures has revolutionized real-time data processing through low-latency
event pipelines. However, ensuring data security and privacy remains a critical concern in distributed
environments. This research explores the challenges of maintaining robust security without affecting
latency in serverless systems. Through an in-depth literature review, the study identifies key security
challenges, including unauthorized access, data breaches, and compliance issues. It further proposes a
hybrid encryption-based security framework and evaluates its impact on latency through simulation
research. Results demonstrate that secure event pipelines are feasible with optimized encryption

strategies, ensuring both performance and privacy compliance.
KEYWORDS
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INTRODUCTION

Serverless computing is becoming an essential part of modern cloud-based architectures. By abstracting the
infrastructure management, serverless solutions such as AWS Lambda, Google Cloud Functions, and Azure
Functions enable rapid scalability and reduced operational costs. In parallel, event-driven pipelines allow real-

time data processing, essential for applications such as financial transactions, [oT systems, and smart cities.
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However, the distributed and stateless nature of serverless architectures poses several challenges in securing

data streams. The pipeline must ensure data integrity, confidentiality, and compliance with privacy regulations
such as GDPR without impacting processing speeds. As low latency is critical for user experience and
operational efficiency, any additional overhead due to security protocols can degrade performance. This
manuscript focuses on identifying security and privacy risks in serverless event pipelines and proposes a

methodology to mitigate these risks while maintaining minimal latency.
LITERATURE REVIEW

2.1 Security Challenges in Distributed Systems

The shift to serverless computing has introduced vulnerabilities, including unauthorized access, data leaks, and
configuration errors. The stateless execution of functions means that user sessions and data transmissions are
fragmented, exposing sensitive information during transit. Studies indicate that over 70% of cloud-native

architectures encounter security misconfigurations, leading to data breaches.
2.2 Privacy Risks in Event Pipelines

Real-time data pipelines, particularly those involving IoT or financial transactions, often transmit sensitive data.
Ensuring compliance with GDPR and CCPA becomes challenging due to the distributed nature of serverless
functions. Without persistent data storage, encryption and anonymization protocols must be applied on the fly,

which can introduce latency.
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2.3 Related Work on Security-Performance Tradeoffs

Several frameworks, such as TLS-based encryption and zero-trust models, have been proposed for securing
cloud environments. However, these solutions are not optimized for low-latency pipelines, as encryption and
decryption operations increase processing times. Some studies explore hybrid encryption methods to balance

security and speed, though they require further validation in serverless environments.
METHODOLOGY

This research proposes a hybrid encryption framework tailored for distributed serverless architectures. The
framework combines symmetric and asymmetric encryption to minimize latency while ensuring data
confidentiality and integrity. The symmetric encryption handles real-time data streams, while asymmetric

encryption secures sensitive keys and authentication tokens.
3.1 System Architecture
1. Event Trigger: Data events are generated and transmitted through a distributed serverless environment.

2. Encryption Module: The data is encrypted using the AES-256 algorithm for speed, while RSA

encryption is used for exchanging encryption keys securely.

3. Authentication Layer: A zero-trust model ensures that only verified functions can access specific event

data.

4. Monitoring Dashboard: Real-time monitoring for any suspicious activities is performed using a

security information and event management (SIEM) tool.
3.2 Security Requirements
o Confidentiality: Protecting data during transmission across serverless functions.
o Integrity: Ensuring that transmitted data is not altered.
o Authentication: Verifying that only authorized functions access the data.

e Compliance: Meeting privacy regulations without performance degradation.
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3.3 Performance Metrics for Simulation
e Encryption/Decryption Time: Time taken to secure the data stream.
e End-to-End Latency: Total delay from data generation to processing.
o CPU Utilization: Resource consumption by the encryption framework.
e Throughput: Volume of data successfully transmitted per second.

4. Simulation Research and Related Equations

A simulation environment was created using AWS Lambda to evaluate the performance of the proposed hybrid

encryption framework.
4.1 Simulation Setup
e Cloud Provider: AWS Lambda
o Data Type: JSON event streams containing sensitive information
e Encryption Algorithms: AES-256 for data, RSA-2048 for key exchange
e Performance Tools: Apache JMeter for measuring latency and throughput

The simulation sends batches of encrypted events through the serverless pipeline and measures the latency

under different workloads.
RESULTS

The simulation results highlight the following insights:

1. Encryption Overhead: AES encryption introduces a minimal overhead, increasing the end-to-end

latency by 3—5%.

2. Latency Comparison: Using a hybrid encryption framework reduced the latency by 20% compared to

using only asymmetric encryption.
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3. CPU Utilization: The system maintained optimal CPU usage, with spikes only during the initial key

exchange process.

4. Throughput Improvement: The hybrid encryption approach improved data throughput by 15%,

ensuring minimal disruption in real-time applications.

5. Compliance Validation: The encryption framework successfully met GDPR standards without

impacting performance, indicating feasibility for privacy-sensitive use cases.
CONCLUSION

This research demonstrates that low-latency event-driven pipelines can be secured without compromising
performance in serverless architectures. The hybrid encryption framework provides a practical solution,
ensuring that sensitive data is protected during transmission while maintaining minimal latency. The simulation
results confirm that the combination of symmetric and asymmetric encryption can optimize both security and

speed, making the approach suitable for real-time applications such as financial transactions and IoT networks.

Future research can explore dynamic encryption algorithms and advanced threat detection models integrated
within the event pipeline. Additionally, further testing in multi-cloud environments will validate the

framework’s scalability and interoperability.
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