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Abstract

Zixt is a decentralized, secure messaging and authentication platform leveraging a custom
blockchain and quantum-resistant cryptographic primitives. By integrating SPHINCS+ for
stateless hash-based signatures, Zixt ensures robust security against classical and quantum
threats. The platform enables users to register cryptographic pseudonyms, exchange messages
with immutable metadata, and maintain state persistence across server restarts through a multi-
node, leader-based consensus mechanism. This whitepaper outlines Zixt’s architecture, technical
implementation, and its role in advancing secure, privacy-focused communication.

1. Introduction

The rapid advancement of quantum computing poses significant risks to traditional
cryptographic systems, while centralized messaging platforms often compromise user privacy
and data integrity. Zixt addresses these challenges by combining a lightweight blockchain with
SPHINCS+, a post-quantum cryptographic signature scheme, to deliver a secure, decentralized
messaging and authentication system.

1.1 Problem Statement

e Quantum Threats: Algorithms like Shor’s and Grover’s threaten RSA, ECC, and other
cryptographic systems, necessitating quantum-resistant alternatives.



o Centralization Risks: Centralized platforms are vulnerable to data breaches,
surveillance, and single points of failure.

o State Persistence: Traditional server-based applications lose in-memory state during
restarts, disrupting user experience and data continuity.

1.2 Zixt’s Solution

Zixt provides:

e Quantum-Resistant Security: SPHINCS+ signatures for authentication and blockchain
integrity.

e Decentralized Architecture: A custom blockchain for immutable user identities and
message metadata.

o State Persistence: Multi-node synchronization with leader-based consensus for reliable
state management.

e Privacy and Control: Cryptographic pseudonyms and end-to-end encrypted messaging.

2. System Architecture

Zixt’s architecture comprises a Flask-based user interface, a custom blockchain for data storage,
and a peer-to-peer network for state synchronization. The system is designed for scalability,
security, and ease of use.

2.1 Core Components

1. Blockchain:
o Stores user identities (public keys tied to pseudonyms) and message metadata
(timestamps, sender/receiver IDs, hashes).
o Each block contains a header (previous block hash, timestamp, nonce) and a
payload (user or message data).
o Blocks are cryptographically linked using SHA-256, with SPHINCS+ signatures
for authenticity.
2. SPHINCS+ Integration:
o A stateless, hash-based signature scheme selected for NIST’s post-quantum

cryptography standards.

o Used for user authentication during login and block signing to ensure blockchain
integrity.

o Key properties: quantum-resistant, deterministic, and minimal computational
overhead.

3. Peer-to-Peer Network:
o Multiple nodes synchronize blockchain state via HTTP-based communication.
o A leader-based consensus mechanism ensures agreement on the canonical chain.
o Nodes validate incoming blocks using SPHINCS+ signatures and propagate
updates.
4. Flask Ul
o Provides a web interface for user registration, login, and messaging.



o Templates are modularized into separate HTML files for maintainability.
o SMTP integration enables email notifications for user actions (e.g., registration
confirmation).
5. Persistence Layer:
o A file-system cache stores blockchain data to optimize performance.
o Database-backed storage ensures uploaded files and user data persist across
restarts.

2.2 Workflow

1. User Registration:
o Users generate a SPHINCS+ key pair and register a pseudonym.
o The public key and pseudonym are recorded on the blockchain.
o An admin user can be created via a Python script or CLI command.
2. Authentication:
o Users log in by signing a challenge with their SPHINCS+ private key.
o The server verifies the signature against the stored public key.
3. Messaging:
o Messages are encrypted end-to-end using symmetric keys derived from user key
pairs.
o Metadata (e.g., sender, receiver, timestamp) is stored on the blockchain.
o Messages are routed through the Flask backend and delivered to recipients.
4. State Synchronization:
o Nodes periodically broadcast their blockchain state.
o The leader node resolves conflicts by selecting the longest valid chain.
o Invalid blocks (e.g., missing signatures) are rejected.

3. Technical Implementation

3.1 Blockchain Design

The Zixt blockchain is a lightweight, permissioned ledger optimized for messaging and
authentication:

Block Structure:
{
"index": ,
"previous hash": ,
"timestamp": ,
"nonce": ,
"data": {
"type": "user|message",
"payload":
by

"signature":

—



o Consensus: Leader-based, where the leader is elected based on node uptime and chain
length.

e Validation: Nodes verify SPHINCS+ signatures and hash chains before appending
blocks.

3.2 SPHINCS+ Implementation

e Library: Uses a Python-compatible SPHINCS+ implementation (e.g., sphincs-py).
o Key Generation:

e from sphincs import SPHINCS

e sphincs = SPHINCS ()

e private key, public key = sphincs.generate keypair ()

o Signing and Verification:

e signature = sphincs.sign(message, private key)

e 1is valid = sphincs.verify(message, signature, public key)

3.3 Flask Application

e Structure:
o Main script: app.py handles routes and blockchain interactions.
o Templates: Stored in /templates (€.g., login.html, messaging.html).
o Configuration: config.py includes SMTP settings and node addresses.
e Sample Route:
e from flask import Flask, render template, request
e app = Flask( name )

e (@app.route("/register", methods=["POST"])
e def register():

[ pseudonym = request.form["pseudonym"]

o public key = request.form["public key"]

o blockchain.add user (pseudonym, public key)
. return render template ("success.html")

3.4 Multi-Node Setup

e Node Communication:
o Nodes expose REST APIs (e.g., /sync, /broadcast).

o Example sync request:
o curl -X POST http://node2:5000/sync -d '{"chain": }'

e Leader Election:
o Nodes vote for a leader based on chain length and uptime.
o The leader broadcasts the canonical chain every 60 seconds.

4. Security Features



e Quantum Resistance: SPHINCS+ protects against quantum attacks, ensuring long-term
security.

o Immutability: Blockchain ensures tamper-proof records of identities and messages.

e End-to-End Encryption: Messages are encrypted with AES-256, with keys derived
from SPHINCS+ key pairs.

e Decentralization: Multi-node setup eliminates single points of failure.

e Auditability: Public blockchain allows users to verify transaction integrity.

Use Cases

e Secure Messaging: Privacy-focused communication for individuals and organizations.

o Identity Management: Decentralized authentication for pseudonymous access.

o Data Integrity: Immutable logging for audit trails in sensitive applications.

e Quantum-Safe Systems: Early adoption of post-quantum cryptography for future-
proofing.



