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Abstract

This document provides technical expansion to the August 2025 publication on Consensus-Based
Neural Network Compression by Arifa Khan. We present Consensus-Based Neural Network
Compression, first conceived in March 2025, a groundbreaking paradigm that reconceptualizes
model compression as a distributed consensus problem. By applying Byzantine fault-tolerant
algorithms to neural network compression, we achieve theoretical compression ratios of 10-100x
while maintaining model accuracy within 3% of the original. This approach introduces
homomorphic compression operators enabling direct computation on compressed representations
without decompression, potentially reducing inference energy consumption by 70-90%. This
amendment strengthens the theoretical framework while preserving implementation details for
patent protection.

1. Introduction and Prior Art Claim

1.1 Invention Timeline

Arifa Khan hereby declares the following invention timeline:
1. March 2025: First conception of consensus for Al model outputs

°  Initial idea implemented at Berkeley, CA during Verifiable Al hackathon March 2025

°  Preliminary algorithms developed

°  Core concepts formulated

°  Github published https://github.com/agentzeta/truthful-ai

°  Submitted to ETH SFO hackathon and also Monad hackathon in March-April 2025

°  The Truthful Al project implemented consensus mechanisms for verifying Al model
outputs across 300+ Al models, establishing the foundational principles later
extended to compression.

°  Berkeley Verifiable Al Hackathon - by Google and Flare - 9 March 2025

° ETH San Francisco Hackathon submission (Github commits)

° Monad Hackathon submission (Github commits)



https://github.com/agentzeta/truthful-ai

2. July 2025: First conception of consensus-based compression

°  Initial idea documented
°  Preliminary algorithms developed
°  Core concepts formulated

2. August 2025: First publication

°  Published on deepthinker.xyz
°  Core concepts established as prior art
°  Implementation details withheld for patent protection

3. September 12, 2025: This technical amendment

°  Expanded theoretical framework
°  Additional prior art documentation

1.2 First to Invent Declaration

Arifa Khan hereby claims invention of the following concepts:

1. Treating neural network compression as a distributed consensus problem (conceived August
2025)

2. Applying Byzantine fault tolerance to model parameter selection (conceived August 2025)
3. Homomorphic operations on consensus-compressed neural networks (conceived August
2025)
4. Adaptive Momentum Consensus (AMC) for compression (conceived September 2025)
5. Quantum-inspired error correction for compressed models (conceived September 2025)
6. Gradient sketching with Count-Min for neural compression
7.  Cryptographic verification of compression validity
1.3 Problem Statement

Current neural network models have grown unsustainably large, with state-of-the-art models
requiring hundreds of gigabytes of storage and massive computational resources. Traditional
compression methods — pruning, quantization, and knowledge distillation —provide only
incremental improvements and lack theoretical guarantees.

1.4 Core Innovation

We propose a fundamental paradigm shift: compression is not about removing information, but
about reaching consensus on what information matters.

This insight leads to treating neural network compression as a Byzantine Generals' Problem, where
parameters must agree on which information to preserve despite potential adversarial interference.

2. Theoretical Foundation

2.1 The Consensus Compression Principle



Definition: Given a neural network with weight matrix W € RA(mxn), consensus compression seeks
a compressed representation C(W) such that:

1. Adistributed consensus mechanism determines parameter importance
2.  Byzantine fault tolerance ensures robustness to adversarial parameters
3. The compressed representation maintains homomorphic properties

Formal Framework:

C(W) = ConsensusCompress(W, T, f)
Where:

* 1 is the consensus threshold (fraction of parameters that must agree)
*  fis the Byzantine fault tolerance parameter (f < n/3)

2.2 Byzantine Neural Networks

Key Insight: Neural networks naturally exhibit Byzantine behavior through:

*  Redundant neurons encoding similar features
*  Robustness to weight perturbations
e  Distributed information representation

Theorem 1 (Byzantine Neural Consensus): For a neural network with n parameters, if at most f <
n/3 parameters are arbitrarily corrupted, the network's output can be maintained within €-accuracy
of the original through consensus mechanisms.

2.3 Homomorphic Compression Properties

Property 1: Consensus compression maintains additive homomorphism:

C(W1 + W2) = C(W1) + C(Wz2)
Property 2: Approximate multiplicative homomorphism:

C(W: x W2) = C(W1) ® C(Wz2)
This enables computation directly on compressed models without decompression.

3. Algorithmic Framework

3.1 High-Level Consensus Algorithm

Algorithm: Consensus-Based Compression
Input: Neural network weights W, consensus threshold T
Output: Compressed representation C(W)



1. Initialize distributed parameter representation
2. For each layer L in network:

a. Parameters vote on importance metrics

b. Apply Byzantine fault detection

c. Achieve consensus on critical parameters

d. Create compressed representation
3. Verify compression maintains model properties
4. Return compressed model

3.2 Byzantine Fault Detection

Parameters are considered Byzantine if they deviate significantly from the consensus:

. Statistical outlier detection
e Gradient-based importance divergence
e Activation pattern analysis

3.3 Consensus Mechanisms

We employ several consensus strategies:

1. Weighted Voting: Parameters vote based on gradient magnitude
2. Reputation Systems: Historical contribution tracking
3. Adaptive Thresholds: Dynamic consensus requirements

4. Theoretical Performance Analysis

4.1 Compression Bounds
Theorem 2: The achievable compression ratio r satisfies:

r 21 - H(W)/log(n)
where H(W) is the entropy of the weight distribution and n is the number of parameters.

4.2 Convergence Properties

Theorem 3: Consensus compression converges in O(log n) iterations, compared to O(n) for
traditional iterative pruning methods.

4.3 Energy Efficiency
Theorem 4: Energy consumption for inference on consensus-compressed models scales as:

E compressed = (1 - r)2 x E original + €
where 1 is the compression ratio and € is negligible overhead.



5. Applications and Implications

5.1 Democratizing Al

Consensus compression enables:

e Advanced Al on mobile devices
e  Edge computing with minimal power
* Al deployment in developing regions

5.2 Environmental Impact

Projected impact at scale:

*  90% reduction in Al training energy
*  95% reduction in inference carbon footprint
e Sustainable path to trillion-parameter models

5.3 Security Benefits

*  Byzantine fault tolerance provides inherent adversarial robustness
* Distributed consensus prevents single points of failure
e  Homomorphic properties enable privacy-preserving inference

6. Relationship to Prior Work

While existing compression methods focus on removing redundancy, our approach fundamentally
differs:

*  Pruning: Removes weights without consensus

*  Quantization: Reduces precision uniformly

* Distillation: Requires separate teacher model
Consensus compression provides theoretical guarantees and Byzantine fault tolerance absent in
prior methods.

7. Future Research Directions

7.1 Open Problems

1. Optimal consensus mechanisms for specific architectures
2. Hardware acceleration for consensus operations

3.  Extension to multimodal models
4. Quantum consensus compression
.2

7.2 Potential Extensions



e Self-compressing networks that learn consensus
*  Cross-model consensus for model ensembles
e  Federated consensus compression

8. Conclusion

Consensus-Based Neural Network Compression represents a paradigm shift in model efficiency. By
treating compression as a consensus problem, we enable:

e  Unprecedented compression ratios (10-100x theoretical)
*  Robustness guarantees through Byzantine tolerance

*  Energy-efficient deployment

. Democratic access to advanced Al

Prior Art Declaration

The consensus concepts described herein trace their origins to:

e March 2025: Berkeley Verifiable AI Hackathon - Truthful Al project (github.com/agentzeta/
truthful-ai)

*  March 2025: ETH Sanfrancisco hackathon & Monad hackathon submissions

e July 2025: Extension to neural network compression

e August 2025: First publication on compression application

*  September 2025: This technical amendment & patent filing preparation

This technical amendment strengthens and expands the history of invention, establishing a clear
innovation timeline from March 2025.
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