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Abstract: Content Delivery Networks (CDNs) have become a cornerstone of modern internet infrastructure,
addressing the challenges of latency, bandwidth, and reliability. This paper explores the architecture, protocols, and
performance benefits of CDNs, highlighting their role in improving user experience and ensuring the efficient
delivery of digital content. We also discuss the security measures inherent in CDNs and their future prospects in the
evolving digital landscape.
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1. INTRODUCTION

The exponential growth of internet usage has led to significant challenges in delivering content efficiently and reliably.
Content Delivery Networks (CDNs) have emerged as a solution to these challenges, providing a distributed infrastructure
that enhances the performance and availability of web content. This paper aims to provide a comprehensive overview of
CDNe, their architecture, and their impact on internet performance.

2. CDN ARCHITECTURE

CDN s consist of a network of geographically distributed servers that cache content closer to end-users. This section delves
into the key components of CDN architecture, including:

e Origin Servers: The primary source of content.
o Edge Servers: Distributed servers that cache content to reduce latency.

¢ Routing Mechanisms: Techniques used to direct user requests to the nearest edge server.
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Figure 1. Overview of a Content Delivery Network
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3. GOALS OF A CDN

The primary goals of a CDN are to improve scalability, security, and reliability. We discuss how CDNs achieve these goals
through:

e Scalability: CDNs can handle large volumes of traffic by distributing load across multiple servers.

e Security: CDNs provide protection against DDoS attacks and ensure secure content delivery through encryption and
secure protocols.

e Reliability: Redundancy in CDN infrastructure ensures high availability and fault tolerance.
4. CDN PROTOCOLS
CDNe s utilize various protocols to manage content delivery and ensure efficient operation. Key protocols include:
e HTTP/2 and HTTP/3: Enhanced versions of HTTP that improve performance and security.
e TLS/SSL: Protocols that provide secure communication over the internet.

e Caching Protocols: Protocols like ICP (Internet Cache Protocol) and HTCP (Hypertext Caching Protocol) that manage
cache communication and content distribution.

ICP (Internet Cache Protocol): Superseded by HTCP and Cache Digest.

FTP: Replaced by SFTP and HTTPS for security reasons.

Protocol Status Use Case

HTTP/3 Active Core delivery protocol

QuiIC Active UDP-based, supports HTTP/3
SVC & CMAF | Emerging Efficient adaptive streaming
TLS 1.3 Active Encryption & privacy
Roughtime Experimental Trustworthy timestamping
FTP Deprecated Insecure by modern standards

5. PERFORMANCE BENEFITS
CDNe s offer significant performance benefits, including:
¢ Reduced Latency: By caching content closer to users, CDNs minimize the distance data must travel, reducing latency.

o Bandwidth Optimization: CDNs optimize bandwidth usage by serving cached content, reducing the load on origin
servers.

o Improved User Experience: Faster content delivery enhances user satisfaction and engagement.
6. SECURITY MEASURES
CDN s incorporate robust security measures to protect content and infrastructure. These include:

o DDoS Mitigation: CDNs distribute traffic across multiple servers, making it difficult for attackers to overwhelm the
network.

¢ Encryption: Secure protocols ensure that data is transmitted securely, protecting against interception and tampering.
e Access Control: CDNs implement access control mechanisms to restrict unauthorized access to content.
7. FUTURE PROSPECTS

The future of CDNs is promising, with advancements in technology driving further improvements in performance and
security. Emerging trends include:

e Edge Computing: Integrating computing capabilities at the edge to process data closer to users.
e Al and Machine Learning: Using Al to optimize content delivery and predict traffic patterns.
e 5G Integration: Leveraging 5G networks to enhance CDN performance and reduce latency further.
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CDN Evolution
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Figure 2. Timeline of CDN Evolution
8. CONCLUSION

Content Delivery Networks play a crucial role in the modern internet ecosystem, ensuring efficient, secure, and reliable
content delivery. As technology evolves, CDNs will continue to adapt, offering even greater benefits to users and content
providers alike.
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