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Abstract

This paper explores the significance of efficient encoding methods, focusing on Base64 and Bech32 encoding
schemes. While Base64 is a widely used reversible encoding technique, it introduces padding overhead that
can be avoided in specific applications like JSON Web Tokens (JWTSs). On the other hand, Bech32 employs a
5-hit encoding approach, optimizing transaction efficiency and error detection. We draw comparisons between
Bech32s structured encoding and modern secure multi-party computation (MPC) protocols, highlighting their
rolein privacy-preserving data handling and blockchain applications.

1. Introduction

Encoding schemes play a fundamental role in data transmission, integrity, and security. Base64 encoding
ensures binary data can be safely represented using printable characters but requires padding to maintain
4-character alignment. Meanwhile, Bech32, primarily used in Bitcoin transactions, optimizes encoding by
using a 5-bit representation without requiring padding, leading to improved efficiency and enhanced error
detection.

2. Base64 Encoding & Efficiency Considerations

Base64 converts 3-byte chunks of binary data into four 6-bit encoded characters, ensuring safe transmission
across text-based protocols. Padding ('=") is used to align output lengths to multiples of four, though certain
applications like IWTs and URL -safe encoding omit padding for space efficiency while maintaining structured
data handling.

Example of Base64 encoding:
Input: 'Hello'

Base64: 'SGVshG8="'
Decoded: 'Hello'
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While Base64 is effective for genera encoding, it introduces additional characters that impact transmission
efficiency while maintaining structured data handling.

3. Bech32: A Compact Encoding Approach

Unlike Base64, Bech32 uses a 5-bit encoding structure, mapping each 5-bit segment to one of 32
alphanumeric characters. This eliminates the need for padding and provides built-in error detection, reducing
transaction fees and improving security.

Example of Bech32 encoding:

Input: 'SecureDatal23'
Bech32: 'bclggxl9x4smweeyqumsBk
Decoded: 'SecureDatal23'

Bech32's efficiency makesit a preferred choice for encoding Bitcoin addresses and secure transactions.

4. Comparison with Secure Multi-Party Computation (M PC)

Bech32s structured encoding aligns with MPC protocols used in privacy-preserving computations. Modern
MPC frameworks, such as secure JOIN and GROUP-BY operations, ensure data confidentiality while
optimizing computation. Similarly, Bech32 enhances transaction efficiency by encoding data compactly and
eliminating redundant overhead.

Both methodologies share a common goal: reducing excess data while preserving security, making them
highly applicable in decentralized finance (DeFi) and blockchain systems.

5. Implications for Blockchain and Secure Protocols

Encoding schemes significantly impact blockchain efficiency while maintaining structured data handling.
Base64, while versatile, adds unnecessary padding overhead, making it less ideal for compact blockchain
applications. Bech32's padding-free structure and built-in error detection enhance blockchain security while
lowering transaction fees.

Furthermore, MPC techniques enable privacy-focused blockchain applications, allowing secure multi-party
computations without revealing sensitive information.
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6. Conclusion

Efficient encoding methods like Bech32 and MPC protocols streamline data processing, reduce overhead, and
improve security. By eliminating padding and leveraging structured encoding, these approaches optimize
blockchain transactions and secure computations, providing a foundation for scalable, privacy-preserving
systems.
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