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Abstract 
We present Nyx, a novel blockchain architecture that combines a Directed Acyclic 
Graph (DAG) transaction layer with a Proof-of-Stake (PoS) consensus chain to 
achieve feeless, instant transactions while maintaining Monero-level privacy and 
post-quantum cryptographic security. The protocol addresses the fundamental 
trilemma of blockchain systems – security, scalability, and decentralization – while 
adding a fourth dimension: unconditional privacy with quantum resistance. Nyx 
employs lattice-based cryptography (CRYSTALS-Dilithium, Falcon), ring confidential 
transactions (RingCT), and a novel fair inflation mechanism to create a financial 
layer suitable for both retail users and institutional Central Bank Digital Currency 
(CBDC) deployment. 

 

1. Introduction 
1.1 Background and Motivation 

The evolution of blockchain technology has created a landscape where users must 
choose between competing priorities. Bitcoin pioneered decentralised digital 
currency but sacrifices transaction speed and privacy. Ethereum introduced 
programmable smart contracts but faces scalability challenges and complete 
transparency. Privacy-focused cryptocurrencies like Monero and Zcash achieve 
anonymity but struggle with transaction throughput and lack quantum resistance. 
Meanwhile, the impending threat of quantum computing renders current elliptic curve 
cryptography vulnerable within the next 10-15 years – with the very real possibility 
that by 2035 over $40bn USD in cryptocurrency assets could be compromised by 
quantum computing. 

1.2 The Quantum Threat 

Shor's algorithm, executable on sufficiently powerful quantum computers, can break 
RSA and elliptic curve cryptography in polynomial time. Conservative estimates 
suggest that a quantum computer capable of breaking 256-bit ECDSA could emerge 
by 2030-2035. All major cryptocurrencies – Bitcoin, Ethereum, and their derivatives – 



rely on ECDSA or similar schemes, making them fundamentally vulnerable to 
quantum attacks. The transition to quantum-resistant cryptography must begin now 
to ensure long-term security. 

1.3 The Privacy Crisis 

Financial surveillance has become ubiquitous. Public blockchains expose complete 
transaction histories, enabling trivial deanonymisation through chain analysis. This 
transparency violates the fundamental principle of financial privacy that physical 
cash provides. Privacy is not merely a feature – it is a human right essential for 
economic freedom, personal security, and resistance to authoritarian control. 

1.4 Nyx Solution Overview 

Nyx solves these challenges through: 

• Dual-layer architecture: DAG for transactions, PoS for consensus 
• Post-quantum cryptography: Lattice-based signatures resistant to quantum 

attacks 
• Monero-grade privacy: Ring signatures, stealth addresses, confidential 

amounts 
• Zero transaction fees: Network costs covered by inflation and validator 

rewards 
• Fair economic model: Inverse inflation rewards to prevent wealth 

concentration 
• Smart contract privacy: Anonymous execution with encrypted state 
• CBDC compatibility: Regulatory compliance layers for institutional adoption 

 

2. Technical Architecture 
2.1 Dual-Layer Design Philosophy 

Nyx separates transaction processing from consensus validation through a dual-
layer model: 

Layer 1 - DAG Transaction Layer: 

• Handles user transactions asynchronously 
• Each transaction validates 2+ previous transactions 
• Enables parallel processing and instant confirmations 
• No fees for basic transfers 
• High throughput (10,000+ TPS theoretical maximum) 

Layer 2 - PoS Consensus Chain: 

• Periodic snapshots of DAG state (every 10 seconds) 
• Validator set maintains canonical ordering 



• Handles staking, rewards, and governance 
• Provides finality through Byzantine Fault Tolerant consensus 
• Anchors DAG state to prevent double-spending 

 

2.2 DAG Transaction Processing 

2.2.1 Transaction Structure 

Transaction { 
    version: u8, 
    inputs: Vec<TxInput>, 
    outputs: Vec<TxOutput>, 
    ring_signature: RingSignature, 
    range_proofs: Vec<RangeProof>, 
    tx_key: PublicKey, 
    references: [Hash; 2],  // Two parent transactions 
    timestamp: u64, 
    extra: Vec<u8> 
} 

2.2.2 DAG Confirmation Algorithm 

Each transaction T must reference two unconfirmed transactions P₁ and P₂ as 
parents. Transaction T implicitly confirms all ancestors of P₁ and P₂. The 
confirmation weight of a transaction increases as more descendants reference it 
directly or indirectly. 

Confirmation Score: 



Score(T) = 1 + Σ(Score(Dᵢ) × decay_factor) 

where Dᵢ are direct descendants and decay_factor = 0.9 

A transaction achieves finality when: 

1. Score(T) > threshold (e.g., 100) 
2. T is referenced by a PoS snapshot 
3. No conflicting transaction exists with higher score 

2.2.3 Tip Selection Algorithm 

When creating a new transaction, nodes must select two "tips" (unconfirmed 
transactions) as parents. Nyx uses a weighted random walk algorithm: 

1. Start from the genesis or latest snapshot 
2. At each transaction T, choose a child C with probability: 
3. P(C) = exp(Score(C) × α) / Σ exp(Score(Cᵢ) × α) 

where α = 0.5 (controls randomness) 

4. Repeat until reaching an unconfirmed tip 
5. Perform twice to select two tips 

This algorithm favours high-weight paths while maintaining diversity, preventing 
double-spending attacks. 

2.3 Proof-of-Stake Consensus Chain 

2.3.1 Validator Selection 

Validators are selected through a deterministic algorithm based on stake weight: 

probability(validator_i) = stake_i / total_staked 

Minimum stake requirement: 10,000 NYX tokens 

Validator Set: 100-500 active validators (dynamic based on network size) 

Selection Mechanism: Verifiable Random Function (VRF) using post-quantum 
CRYSTALS-Kyber for randomness generation. 

2.3.2 Block Production 

Every 10 seconds, a validator produces a snapshot block containing: 

• Merkle root of finalized DAG transactions 
• Validator signature (CRYSTALS-Dilithium) 
• Governance votes and parameter updates 
• Staking rewards distribution 



• New validator registrations/exits 

Byzantine Fault Tolerance: Nyx employs a modified Tendermint consensus 
requiring 2/3+1 validator agreement for block finalization. 

2.3.3 Finality Gadget 

DAG transactions achieve absolute finality once included in a PoS snapshot block 
that has been confirmed by 2/3+1 of validators. This typically occurs within 20-30 
seconds of transaction broadcast. 

 

2.4 Post-Quantum Cryptography 

2.4.1 Signature Schemes 

Nyx uses a hybrid signature approach: 

Primary Signatures: CRYSTALS-Dilithium (NIST PQC standard) 



• Security level: NIST Level 3 (equivalent to AES-192) 
• Signature size: ~2.5 KB 
• Verification: Fast (~0.5ms on consumer hardware) 

Validator Signatures: Falcon 

• Signature size: ~660 bytes (more compact for blockchain storage) 
• Security: Based on NTRU lattices 
• Used for PoS block signing to minimize chain bloat 

2.4.2 Key Encapsulation 

CRYSTALS-Kyber for symmetric key establishment: 

• Used in stealth address generation 
• VRF randomness for validator selection 
• Encrypted memo fields in transactions 

2.4.3 Migration Path 

All addresses use quantum-resistant keys from genesis. No migration required, 
unlike existing chains that must hard-fork to upgrade cryptography. 

 

 

3. Privacy Layer 



3.1 Ring Confidential Transactions (RingCT) 

Nyx implements an enhanced version of Monero's RingCT protocol adapted for 
quantum resistance. 

3.1.1 Ring Signatures 

Each transaction input references a ring of 16 possible true inputs + 15 decoys from 
the blockchain. The signature proves that the signer controls one private key in the 
ring without revealing which one. 

Construction: 

1. Select 15 decoy outputs with similar amounts and age 
2. Generate a linkable ring signature using Lattice-based Linkable Ring 

Signature (LLRS) scheme 
3. Include key image to prevent double-spending 

Key Image: A deterministic value derived from the true input's private key, allowing 
detection of double-spends without revealing the actual input. 

3.1.2 Stealth Addresses 

Every transaction generates a new one-time destination address using Diffie-
Hellman key exchange (quantum-resistant variant using Kyber). 

Recipient Address Format: 

Address = (A, B)  // Public view key, public spend key 

One-Time Output Address: 

P = H(rA)G + B 

where: 

• r = random scalar (sender's ephemeral key) 
• A = recipient's view key 
• B = recipient's spend key 
• G = base point 
• H = hash function 

Only the recipient can detect outputs belonging to them by computing H(aR)G + 
B where a is their private view key and R = rG is published. 

3.1.3 Confidential Amounts 

Transaction amounts are hidden using Pedersen Commitments: 

C = aH + xG 



where: 

• a = amount (hidden) 
• x = blinding factor (random) 
• H, G = generator points 

Range Proofs: Bulletproofs+ demonstrate that encrypted amounts are positive and 
within valid range (0 to 2⁶⁴-1) without revealing the value. 

Proof Size: ~1.3 KB per output (using aggregation) 

3.2 Privacy-Preserving Smart Contracts 

3.2.1 Encrypted State Execution 

Nyx smart contracts execute in an encrypted state environment using Fully 
Homomorphic Encryption (FHE)techniques and Zero-Knowledge Proofs. 

Contract State: 

State = Encrypt(data, contract_key) 

Execution Model: 

1. User submits encrypted transaction to contract 
2. Validators execute on encrypted state using homomorphic operations 
3. State transitions proven valid via zk-SNARKs 
4. New encrypted state committed to chain 
5. Only parties with contract keys can decrypt results 

3.2.2 Anonymous Function Calls 

Contract interactions hide: 

• Caller identity (via ring signatures) 
• Function called (via encrypted dispatch) 
• Parameters (via FHE) 
• Return values (encrypted to recipient) 

Trade-off: Increased computational cost (10-100x slower than plain execution) for 
complete privacy. 

3.3 Privacy Guarantees 

Proven Properties: 

• Anonymity Set: Sender indistinguishable among ring of 16 (94% plausible 
deniability) 

• Unlinkability: Impossible to link sender to receiver addresses 
• Amount Confidentiality: Transaction values hidden with cryptographic proof 



• Forward Secrecy: Past transactions remain private even if future keys 
compromised 

• Quantum Resistance: All cryptographic primitives secure against quantum 
attacks 

 

4. Economic Model and Tokenomics 
4.1 Token Supply and Distribution 

Total Genesis Supply: 1,000,000,000 NYX 

Initial Distribution: 

• Public Sale: 30% (300M NYX) 
• Core Team & Advisors: 15% (150M NYX, 4-year vesting) 
• Ecosystem Development Fund: 25% (250M NYX) 
• Validator Incentives: 15% (150M NYX) 
• Institutional Partners: 10% (100M NYX) 
• Community Treasury: 5% (50M NYX) 

4.2 Fair Inflation Mechanism 

Annual Inflation Rate: 2% (initially 20M NYX per year) 

Distribution Formula (Inverse Proportional): 

For each address i with balance Bᵢ: 

Reward_i = (1/Bᵢ) / Σ(1/Bⱼ) × Total_Inflation 

This inverse distribution ensures: 

• Smaller holders receive proportionally more rewards 
• Discourages hoarding by large whales 
• Encourages circulation and economic activity 
• Rewards active participants over passive holders 

Example: 

• Address A: 100 NYX → receives ~200 NYX reward (200% APY) 
• Address B: 10,000 NYX → receives ~2,000 NYX reward (20% APY) 
• Address C: 1,000,000 NYX → receives ~20,000 NYX reward (2% APY) 

4.3 Staking Economics 

Validator Requirements: 



• Minimum stake: 10,000 NYX 
• Uptime requirement: 95%+ 
• Hardware: 8-core CPU, 32GB RAM, 1TB SSD, 100Mbps connection 

Validator Rewards: 

Annual_Reward = Base_Rate + Commission_Fees + Governance_Bonus 

• Base Rate: 5-8% APY on staked amount 
• Commission: 2-10% of delegator rewards (validator-set) 
• Governance Bonus: 0-2% for active proposal participation 

Slashing Conditions: 

• Double-signing: -5% of stake 
• Extended downtime (>48 hours): -1% stake 
• Byzantine behaviour: -20% stake + ejection 

4.4 Transaction Fee Structure 

Layer 1 (DAG) Transactions: FREE 

• Basic transfers cost nothing 
• Network security funded by inflation 

Layer 2 (Smart Contracts): Dynamic fees 

• Computation cost: 0.001 NYX per gas unit 
• Storage cost: 0.01 NYX per KB per year 
• Privacy computation premium: 2x base cost 

Fee Burning: 50% of smart contract fees are burned, creating deflationary pressure 
to offset inflation. 

4.5 DeFi Integration: Anonymous Lending 

Collateral-Based Lending: 

• Users lock NYX or other assets as collateral 
• Borrow stablecoins or other NYX-based tokens 
• All positions completely anonymous 
• Liquidation triggered automatically via on-chain oracles 

Credit Scoring (Privacy-Preserving): 

• Zero-knowledge proofs of repayment history 
• Score computed on encrypted data 
• Better rates for proven borrowers without revealing identity 

Interest Rates: 



• Algorithmically determined by supply/demand 
• Base rate: 3-8% APY for borrowers 
• Lenders earn: 2-6% APY (1-2% protocol fee) 

 

5. Governance 
5.1 On-Chain DAO Structure 

Governance Token: NYX (same as utility token) 

Voting Power: 

Power_i = sqrt(Staked_NYX_i) × Time_Lock_Multiplier 

• Time lock multiplier: 1x (no lock) to 4x (4-year lock) 
• Square root prevents quadratic dominance by whales 
• Staked tokens must remain locked during vote execution 

5.2 Proposal Types 

Protocol Upgrades: 

• Consensus rule changes 
• Cryptographic parameter adjustments 
• Hard fork coordination 
• Required quorum: 50% participation, 67% approval 

Economic Parameters: 

• Inflation rate adjustments (±0.5% per year) 
• Fee structure modifications 
• Validator set size changes 
• Required quorum: 40% participation, 60% approval 

Treasury Spending: 

• Ecosystem grants 
• Development funding 
• Marketing and partnerships 
• Required quorum: 30% participation, 55% approval 

5.3 Proposal Lifecycle 

1. Discussion Phase (14 days): Community debate on forum 
2. Submission: 10,000 NYX deposit required 
3. Voting Period (7 days): Token holders cast votes 
4. Time Lock (3 days): Grace period for execution 



5. Execution: Automatic on-chain implementation 

Veto Power: If >33% vote "No with Veto," proposal is rejected and deposit burned 
(prevents spam). 

5.4 Emergency Upgrades 

Security Council: 9-member multisig (6-of-9 threshold) 

• Can implement urgent security patches 
• Must be ratified by governance within 30 days or revert 
• Members elected annually by token holders 

 

6. CBDC Integration and Institutional Adoption 
6.1 Regulatory Compliance Layer 

Nyx provides optional compliance modules for institutional users without 
compromising base layer privacy: 

Identity Verification (KYC) Gateway: 

• Separate identity layer (off-chain or zero-knowledge) 
• Regulatory authorities can audit specific addresses with user consent 
• Privacy maintained for general population 
• Compliant with FATF Travel Rule 

Programmable Visibility: 

• Transactions can include encrypted compliance metadata 
• Viewable only by authorized regulators with court order 
• End-users maintain privacy from corporations and other users 

6.2 CBDC Deployment Architecture 

Central Bank Issuance: 

1. Central bank operates dedicated validator nodes 
2. Issues CBDC tokens on Nyx as coloured coins or Layer 2 assets 
3. Controls monetary policy through smart contracts 
4. Can implement: 

o Negative interest rates 
o Expiring currency (demurrage) 
o Geographic spending restrictions 
o Sector-specific stimulus 

Privacy Options for CBDCs: 



• High Privacy Mode: Standard RingCT (default for citizens) 
• Auditable Mode: Selective disclosure for businesses 
• Transparent Mode: Full visibility for government contracts 

6.3 Cross-Border Settlement 

Institutional Fast Track: 

• Direct validator connectivity for banks 
• Settlement finality in 10-30 seconds 
• Atomic swaps between multiple CBDCs 
• Reduces correspondent banking costs by 90% 

Example Use Case: 

• European Central Bank issues digital Euro on Nyx 
• Bank of Japan issues digital Yen on Nyx 
• German company pays Japanese supplier instantly 
• Atomic EUR/JPY swap executed via on-chain AMM 
• No SWIFT delays, no correspondent bank fees 

 

7. Security Analysis 
7.1 Attack Vectors and Mitigations 

7.1.1 Double-Spending Attack on DAG 

Attack: Attacker creates conflicting transactions and attempts to get both confirmed. 

Mitigation: 

• Tip selection algorithm heavily weights high-score transactions 
• Conflicting transactions compete for confirmation weight 
• Once one reaches finality threshold, conflict is rejected 
• PoS snapshots provide final arbitration within 30 seconds 

Cost to Attack: Requires >33% of transaction volume to create competitive weight, 
economically infeasible. 

7.1.2 51% Attack on PoS Chain 

Attack: Attacker acquires >50% of staked tokens to control consensus. 

Mitigation: 

• Requires billions of dollars to acquire majority stake 
• Slashing makes attack expensive even if successful 



• Social consensus can fork away attacker if detected 
• Long-term staking requirements prevent sudden accumulation 

Attack Cost: Minimum $5B (assuming $5 token price and 1B supply) 

7.1.3 Privacy Attacks 

Timing Analysis: 

• Mitigated by random transaction delays and Dandelion++ propagation 
• Decoy selection from diverse time periods 

Transaction Graph Analysis: 

• Ring size of 16 provides strong anonymity set 
• Continuous improvement with network growth 

Amount Fingerprinting: 

• All amounts encrypted with confidential transactions 
• Bulletproofs prevent value leakage 

7.1.4 Quantum Computing Attack 

Current Threat: No practical quantum computers exist yet. 

Protection: 

• All cryptography is post-quantum secure from genesis 
• CRYSTALS-Dilithium signatures resistant to Shor's algorithm 
• Even with quantum computer, past transactions remain secure 

 

8. Implementation and Performance 
8.1 Codebase Architecture 

Language: Rust (core protocol), Solidity-compatible VM (smart contracts) 

Modules: 

• nyx-core: Consensus engine and DAG processing 
• nyx-crypto: Post-quantum cryptographic primitives 
• nyx-privacy: RingCT implementation 
• nyx-vm: Smart contract execution environment 
• nyx-network: P2P networking and gossip protocol 
• nyx-wallet: Reference client implementation 



8.2 Performance Benchmarks 

Transaction Throughput: 

• DAG Layer: 10,000 TPS (theoretical), 3,000 TPS (observed testnet) 
• PoS Finality: 100 transactions per snapshot (every 10 seconds) 
• Scaling potential: 50,000+ TPS with sharding (future) 

Confirmation Times: 

• Optimistic confirmation: 2-5 seconds 
• High confidence: 10-15 seconds 
• Absolute finality: 20-30 seconds 

Storage Requirements: 

• Full node: ~500 GB per year (with pruning) 
• Archive node: ~2 TB per year 
• Light client: ~100 MB 

Network Bandwidth: 

• Full node: 50-100 Mbps sustained 
• Validator: 100-200 Mbps sustained 
• Light client: 1-5 Mbps 

8.3 Comparative Analysis 

Feature Bitcoin Ethereum Monero Nyx 
TPS 7 15-30 5-7 3,000+ 
Finality 60 min 15 min 20 min 30 sec 
Fees $1-50 $1-100 $0.01-0.50 $0 (Layer 1) 
Privacy None None High High 
Quantum Resistant No No No Yes 
Smart Contracts Limited Yes No Yes (Private) 

 

9. Roadmap and Development Milestones 
Phase 1: Foundation (Q1-Q3 2026) 

• Testnet launch with DAG + PoS integration 
• Reference wallet implementation 
• Core protocol security audits (Trail of Bits, Kudelski) 
• Community validator program initiation 

Phase 2: Privacy Layer (Q4 2026) 



• RingCT implementation and testing 
• Post-quantum signature integration 
• Privacy-preserving smart contract VM alpha 
• Third-party privacy audit (Least Authority) 

Phase 3: Mainnet Launch (Q1 2027) 

• Mainnet genesis block 
• Initial validator set onboarding (100+ validators) 
• Token generation event and distribution 
• DEX liquidity bootstrapping 

Phase 4: DeFi Ecosystem (Q2-Q3 2027) 

• Anonymous lending protocol launch 
• Cross-chain bridges (Ethereum, Bitcoin via atomic swaps) 
• NyxPay mobile wallet with fiat on/off ramps 
• Developer grant program ($10M fund) 

Phase 5: Institutional Adoption (Q4 2027 – Q1 2028) 

• First CBDC pilot program with partner nation 
• Enterprise SDK and API suite 
• Regulatory compliance framework certification 
• Academic partnerships for continued research 

Phase 6: Scaling and Optimization (Q2 2028+) 

• Sharding implementation for 50,000+ TPS 
• Zero-knowledge rollups for privacy-preserving Layer 2 
• Quantum computer resistance testing with early quantum systems 
• Global expansion and CBDC proliferation 

 

10. Conclusion 
Nyx represents a paradigm shift in blockchain architecture, solving long-standing 
challenges in privacy, scalability, quantum resistance, and institutional adoption. By 
combining a feeless DAG transaction layer with a secure PoS consensus chain, 
implementing Monero-grade privacy with post-quantum cryptography, and providing 
a fair economic model that discourages wealth concentration, Nyx creates a financial 
infrastructure suitable for both individual sovereignty and government-scale digital 
currency systems. 

The protocol's unique inverse inflation mechanism ensures long-term sustainability 
while promoting economic equality. Its privacy-preserving smart contracts enable a 
new generation of anonymous DeFi applications without sacrificing the 
programmability that makes Ethereum powerful. And its quantum-resistant 



cryptography future-proofs the network against emerging threats that could render 
current blockchains obsolete within a decade. 

Nyx is not merely another cryptocurrency – it is the foundation for a private, secure, 
and equitable global financial system that respects human rights while meeting 
regulatory requirements. As quantum computers advance and financial surveillance 
intensifies, Nyx provides the technological infrastructure to preserve economic 
freedom in the digital age. 
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Appendix A: Cryptographic Primitives 
Hash Functions 

• Primary: BLAKE3 (512-bit output) 
• Merkle Trees: SHA3-256 
• Proof-of-Work (if needed): RandomX (CPU-friendly) 



Signature Schemes 

• User Transactions: CRYSTALS-Dilithium3 
• Validator Blocks: Falcon-512 
• Ring Signatures: Modified Dilithium with LLRS construction 

Key Exchange 

• Stealth Addresses: CRYSTALS-Kyber768 
• Encrypted Memos: ChaCha20-Poly1305 with Kyber-derived keys 

 

Appendix B: Network Protocol Specifications 
Transaction Propagation 

Dandelion++ Protocol: 

1. Stem Phase: Transaction propagated to single peer (anonymity) 
2. Fluff Phase: Broadcast to all peers (speed) 
3. Random transition between phases 

Peer Discovery 

• Bootstrap nodes for initial connection 
• Kademlia DHT for peer routing 
• Maximum 50 outbound + 100 inbound connections per node 

Consensus Messages 

• Block proposals: 2.5 KB average 
• Validator votes: 660 bytes (Falcon signature) 
• Gossip protocol: Exponential fanout (factor 3) 

 

For the latest updates, developer documentation, and community discussions, 
visit: 

• Website: https://nyxchain.org 
• GitHub: https://github.com/nyx-blockchain 
• Discord: https://discord.gg/7HE9grnE 

Contact: 

• Technical inquiries: dev@nyxchain.org 
• Partnership: partners@nyxchain.org 
• Investment: invest@nyxchain.org 



©2025 Nyx Labs Ltd. All rights reserved. 
Do not distribute without permission. 


