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Abstract 

The exponen8al growth of Ar8ficial Intelligence (AI) and the data economy has exposed cri8cal 
boFlenecks in centralized cloud infrastructure: latency, censorship risks, and prohibi8ve costs. 
HyperCluster introduces a decentralized paradigm for high-performance compu8ng and storage. By 
leveraging consumer-grade Single Board Computers (SBCs) equipped with Neural Processing Units 
(NPUs), HyperCluster aggregates distributed hardware into a global, performant super-network. 
Powered by the Quipu Protocol and incen8vized by the HYPEC token, the network enables a 
"Consumer Data Center" model where par8cipants earn rewards for providing verifiable up8me, 
storage, and AI inference capabili8es. 

 

1. IntroducIon 

1.1 The CentralizaIon Crisis 

Today’s internet relies on a handful of hyperscale providers. This centraliza8on creates single points 
of failure, data sovereignty issues, and geographic latency for edge applica8ons. Furthermore, the 
demand for AI inference (running trained models) is outstripping the supply of centralized GPU 
clusters. 

1.2 The HyperCluster SoluIon 

HyperCluster democra8zes infrastructure. We allow anyone to deploy a Quipu Miner—a dedicated 
hardware node—to their local network. These nodes form a private, encrypted mesh network that 
offers: 

1. Sovereign Storage: Encrypted, sharded, and distributed file hos8ng. 

2. Edge Intelligence: Distributed NPU processing for low-latency AI tasks. 

3. Economic IncenIve: A transparent reward mechanism backed by the HYPEC token. 

 

2. Network Architecture: The Quipu Protocol 

The Quipu Protocol is the coordina8on layer that governs the interac8on between nodes, the 
blockchain, and end-users. It ensures "Proof of Useful Work" through rigorous heartbeat and storage 
verifica8on1. 

2.1 The Private IPFS Mesh 

Unlike public IPFS gateways, HyperCluster u8lizes a Private IPFS Cluster authen8cated via swarm 
keys2. 



• Access Control: Only authorized nodes with a valid swarm_key and cluster_secret can join 
the peer-to-peer mesh3. 

• Privacy: All data is encrypted client-side before ingress, ensuring node operators cannot 
inspect stored content. 

2.2 The Heartbeat System (Proof of UpIme) 

To maintain enterprise-grade reliability, the network requires constant verifica8on of node 
availability. 

• Frequency: Devices broadcast a heartbeat signal every 60 seconds4. 

• Payload: Includes storage_used_gb, peer_count, and a cryptographic signature 5. 

• Cryptographic Proof: Every heartbeat is signed using the device’s unique Ed25519 private 
key, preven8ng spoofing6666. 

2.3 State Management 

The network u8lizes a real-8me state engine backed by Redis and PostgreSQL. 

• Live Status: Nodes are marked online upon valid heartbeat receipt. 

• Offline Trigger: If a heartbeat is missed for >2 minutes, the node is flagged offline, impac8ng 
its reward score7. 

 

3. Hardware Layer: The Quipu Miner 

The physical backbone of the network is the Quipu Miner. To support both storage and AI workloads, 
the network mandates high-performance SBCs. 

3.1 SpecificaIons 

• Approved Models: Radxa Orion, Rock5, Orange Pi (high-spec variants)8888. 

• Compute Requirements: Minimum 35 TOPS (Trillions of Opera8ons Per Second) NPU 
performance to support the AI Aggregator. 

• IdenIty: Each device is provisioned with a unique, immutable API key and ac8va8on code 
(e.g., QUIPU-XXXX-XXXX) linked to its hardware fingerprint9. 

3.2 NFT Digital Twins (Milestone 8) 

Every physical Quipu Miner is paired with a Custom NFT. This non-fungible token serves as the on-
chain license for the device, enabling: 

• Transferable Ownership: Selling the hardware involves transferring the NFT, which carries 
the node's reputa8on and earning history. 

• Access Control: The NFT acts as a "key" to the Aggregator network. 

 

4. The AI Compute Layer: Aggregator & NPU 



While storage is the founda8on, HyperCluster’s differen8ator is Edge AI. 

• Custom Aggregator NPU So^ware (Milestone 6): Middleware that decomposes large 
inference tasks (e.g., LLM prompts, image genera8on) and distributes them across available 
Quipu Miners based on their NPU capacity. 

• Latency OpImizaIon: The protocol routes tasks to nodes geographically closest to the 
requestor, u8lizing the edge nature of the network. 

 

5. Consensus Layer: HyperCluster L1 

HyperCluster operates on its own sovereign Layer 1 blockchain to ensure low fees, high throughput, 
and custom governance. 

5.1 Chain SpecificaIons 

• Engine: Hyperledger Besu10. 

• Consensus Mechanism: IBFT 2.0 (Istanbul Byzan8ne Fault Tolerance), ensuring immediate 
finality and preven8ng forks11. 

• Chain ID: 83883812. 

• EVM CompaIbility: Full support for Solidity smart contracts, allowing developers to port 
Ethereum-based dApps seamlessly (Milestone 1). 

5.2 Validators 

The network is secured by Custom Validator Nodes (Milestone 7). These nodes propose blocks and 
validate state transi8ons, ensuring the integrity of the reward distribu8on ledger. 

 

6. Tokenomics: The HYPEC Economy 

The HYPEC token creates a circular economy between resource providers (Miners) and resource 
consumers (Users). 

6.1 Token Supply & AllocaIon 

• Token Ticker: HYPEC13. 

• Total Supply: 10,000,000,000 (10 Billion). 

AllocaIon Percentage Amount 

Node Rewards & Staking 45% 4.5 Billion 

Treasury / Ecosystem 15% 1.5 Billion 

Strategic Investors 10% 1.0 Billion 

Team & Development 10% 1.0 Billion 



AllocaIon Percentage Amount 

Market Maker 10% 1.0 Billion 

Public Sale 5% 500 Million 

Liquidity & LisIngs 5% 500 Million 

6.2 Mining Reward Algorithm 

Rewards are distributed daily via batch transfer smart contracts14. The protocol uses a weighted 
scoring system to priori8ze diverse resource contribu8ons. 

$$Reward_{device} = Pool_{daily} \8mes (0.6 \8mes S_{score} + 0.4 \8mes U_{score})$$ 

Where: 

• $S_{score}$ (Storage): The device's storage contribu8on rela8ve to the total network 
capacity15. 

• $U_{score}$ (UpIme): The device's verified up8me minutes rela8ve to the network total16. 

• Threshold: A device must maintain $\ge$ 80% upIme (1,152 minutes/day) to be eligible for 
any reward17. 

 

7. Ecosystem UIliIes & Roadmap 

HyperCluster is building a ver8cal integra8on of services to maximize u8lity for the HYPEC token. 

7.1 Financial Infrastructure 

• Non-Custodial Wallet (Milestone 3): Users link their own wallets (MetaMask/RainbowKit) 
via signed messages (EIP-712), ensuring HyperCluster never holds user funds18181818. 

• HyperCluster DEX (Milestone 10): A proprietary Decentralized Exchange built on the L1, 
allowing trustless swapping of HYPEC and other assets. 

• HYPEC Debit Card (Milestone 9): A private-label crypto debit card enabling users to spend 
mining rewards in the real world. 

7.2 Transparency Tools 

• HyperCluster Explorer (Milestone 2): A web interface to query blocks, transac8ons, and 
verify daily reward merkle roots19. 

7.3 Development Milestones 

• Phase 1 (FoundaIon): Deployment of L1 Blockchain, PostgreSQL schema, and device 
provisioning flow 20. 

• Phase 2 (Device Mgmt): Launch of Admin CMS and Rust-based Device Agent 21. 

• Phase 3 (Monitoring): Ac8va8on of Heartbeat verifica8on and Redis real-8me status 22. 

• Phase 4 (Rewards): Execu8on of the first on-chain HYPEC batch transfers 23. 



 

 
 
8. Strategic Milestones 

The HyperCluster roadmap is defined by ten criIcal milestones that transiIon the project from a 
decentralized storage protocol into a comprehensive, sovereign digital economy. 

M1. Custom EVM-CompaIble Blockchain 

Deployment of the HyperCluster Layer 1, built on Hyperledger Besu (Chain ID: 838838). This 
sovereign blockchain supports full Ethereum Virtual Machine (EVM) compa8bility, enabling 
developers to deploy smart contracts and dApps directly onto the network without modifica8on. 

M2. HyperCluster Explorer 

Launch of a na8ve, real-8me Block Explorer. This interface provides full transparency for the 
ecosystem, allowing users to track block produc8on, verify HYPEC transac8on histories, and audit the 
daily reward distribu8on smart contracts. 

M3. Proprietary Custom Wallet 

Development of the non-custodial HyperCluster Wallet. Designed specifically for the ecosystem, this 
wallet streamlines the linking of Quipu Miner hardware, management of private keys, and staking of 
HYPEC tokens, replacing generic third-party solu8ons. 

M4. Custom Quipu Protocol 

Implementa8on of the specialized Coordina8on Layer. This milestone marks the release of the 
proprietary logic that manages private IPFS mesh authen8ca8on, "Proof of Up8me" heartbeats, and 
the secure encrypted communica8on channels between nodes. 

M5. Proprietary Quipu Miner Hardware 

Manufacturing and release of the official Quipu Miner devices. These custom-engineered Single 
Board Computers (SBCs) feature high-performance ARM SoCs and exceed the 35 TOPS benchmark, 
op8mized specifically for the dual demands of storage and AI inference. 

M6. Custom Aggregator NPU So^ware 

Release of the AI Compute Layer. This middleware aggregates the idle Neural Processing Unit (NPU) 
power across the global network of Quipu Miners, crea8ng a "virtual supercomputer" available via 
API for developers needing scalable AI inference. 

M7. Custom Validator/Delegator Nodes 

Decentraliza8on of the network consensus through Validator Nodes. Moving beyond the ini8al 
authority nodes, this milestone opens the IBFT 2.0 consensus layer to community par8cipants, 
further securing the blockchain against censorship or aFacks. 

M8. NFT Quipu Miner So^ware  

Integra8on of Hardware NFTs. Every physical Quipu Miner will generate a corresponding NFT upon 
ac8va8on. This digital twin serves as the on-chain license for earning rewards and facilitates a 
seamless secondary market for buying and selling ac8ve mining nodes. 



M9. Stablecoin Bridge / hUSD  

To enable payments, within the HyperCluster ecosystem, hUSD is used as the network currency for 
rewards and payments. A bridging smart contract is used as a representa8on of USDT stablecoin on 
HyperCluster.  

 

M10. HyperSwap 

To enable RWA tokeniza8on on HyperCluster. RWA tokens can be swapped for hUSD or vice versa to 
enable DeFi. 
 
 
M11. Private Label Debit Card 

Launch of the HYPEC Debit Card. A fintech integra8on that connects the HyperCluster economy to 
the tradi8onal financial system, allowing node operators to spend their earned HYPEC tokens directly 
at point-of-sale terminals worldwide. 

M12. Proprietary Decentralized Exchange (DEX) 

Deployment of the HyperDEX. A na8ve Automated Market Maker (AMM) built on the HyperCluster 
L1, ensuring deep liquidity for the HYPEC token and enabling trustless swaps between ecosystem 
assets without reliance on external exchanges. 
 
 

 
 

 
 
9. Conclusion 

HyperCluster represents the convergence of Web3 incen8ves and edge compu8ng performance. By 
effec8vely u8lizing the Quipu Protocol to verify "useful work" and the HYPEC token to align 
incen8ves, we are building a decentralized cloud that is faster, cheaper, and more private than legacy 
alterna8ves. 

Join the network. Power the future. 

 


