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Abstract: Qureal (ticker: QRA) is a quantum-resistant Layer-3 blockchain platform
developed by the Triambus Foundation—a non-profit organization with a $50 billion
treasury invested in diversified global equities. Qureal is engineered to merge the stability
of traditional finance with the innovation and flexibility of decentralized blockchain
technology while ensuring long-term security in the quantum computing era.

At its core, Qureal utilizes NIST-standardized post-quantum cryptographic primitives,
including CRYSTALS-Dilithium (ML-DSA) for digital signatures and CRYSTALS-Kyber
(ML-KEM) for key encapsulation. These lattice-based algorithms protect digital assets and
transactions from both classical and quantum adversaries, thus providing robust defense
against emerging quantum threats.

Built as a Layer-3 solution atop established Ethereum Layer-2 networks (e.g., zkSync or
Optimism), Qureal inherits a secure base while extending interoperability across multiple
blockchain ecosystems, including Solana and the XRP Ledger. This multichain approach
not only supports seamless cross-chain transactions via integrations like Solana Pay and
XRP gateways but also lays the groundwork for future native quantum-safe expansion.

The economic model of Qureal is anchored by a substantial treasury that underpins token
value through real-world asset backing. The tokenomics structure allocates 55% for public
sale, 20% to the treasury, 10% to the team and advisors (distributed on a milestone basis),
10% to ecosystem and community initiatives, and 5% to a Foundation/DAO reserve. A
deflationary mechanism is integrated via the protocol’'s automated daily burn of 5,000 QRA
tokens (starting seven months post-launch), which is balanced against a modest 2% APY
staking reward to ensure sustainable, long-term value preservation.

Qureal’s design emphasizes immediate finality through a Byzantine Fault Tolerant Proof-
of-Stake consensus protocol, ensuring rapid, secure transaction confirmation and
decentralized governance. Its architecture includes the Qureal Virtual Machine (QVM) that
extends Ethereum Virtual Machine (EVM) compatibility with native support for quantum-
resistant operations. Additionally, robust mechanisms for cross-chain interoperability,
DAO-based governance, and an ambitious roadmap toward a fully quantum-native
blockchain and Quantum-Al integration set Qureal apart as a forward-looking platform
prepared for the future of digital finance.



1. Introduction

1.1 The Quantum Threat to Blockchain Security

Current blockchain networks, including Bitcoin and Ethereum, rely predominantly on classical cryptographic
primitives such as elliptic curve cryptography (ECC) and RSA. These systems derive their security from
computational problems—Iike the discrete logarithm problem and integer factorization—that are infeasible
to solve with today’s classical computers. However, advancements in quantum computing, particularly the
potential realization of Shor’'s algorithm on large-scale fault-tolerant quantum machines, threaten to
undermine these classical cryptosystems. In a future where quantum computers become operational at
scale, an adversary could potentially derive private keys from public data, effectively breaking the secure
signing and verification processes that underpin the trust of blockchain networks.

This "harvest now, decrypt later" paradigm presents a dual challenge: even data protected today might be
stored and later decrypted by a quantum attacker, compromising historical records and future transactions.
Consequently, the need for quantum-resistant solutions is urgent. Rather than waiting for quantum
computers to become a reality and then attempting disruptive migrations, Qureal is designed with quantum
resistance integrated from inception. By adopting post-quantum cryptographic algorithms—specifically, the
NIST-standardized CRYSTALS-Dilithium for digital signatures and CRYSTALS-Kyber for key
encapsulation—Qureal ensures that its security remains robust even against adversaries armed with
guantum technologies.

1.2 Bridging Traditional Finance and Decentralized Innovation

Beyond its quantum-resistant security features, Qureal addresses another critical challenge faced by many
blockchain projects: economic volatility and speculative instability. Modern cryptocurrencies often rely on
volatile market sentiment without underlying fundamental value. Qureal differentiates itself through a
treasury-backed economic model, wherein the Triambus Foundation manages a diversified $50 billion
portfolio invested in global blue-chip and growth equities. This treasury acts as the financial backbone of the
network, generating stable returns from traditional financial markets. The profits derived from these
investments are used to reward network participants through a structured, semi-annual distribution
mechanism, providing an intrinsic, real-world value component to QRA token holders.

This integration of traditional finance and blockchain innovation delivers a twofold advantage:

e Stability and Real Asset Backing: The treasury-backed model anchors Qureal’s value, offering a
source of yield that is independent of blockchain speculation.

e Sustainable Economics: By coupling a modest 2% APY staking reward with a deflationary daily
token burn (initiated 7 months post-launch), Qureal’s tokenomics are engineered to balance
controlled inflation with token scarcity, promoting long-term value appreciation.

1.3 Qureal’s Vision and Design Objectives

Qureal is built on the fundamental vision of creating a secure, sustainable, and interoperable blockchain
platform for the quantum era. Its primary design objectives are:

e Quantum Resistance: Implement robust, NIST-standard post-quantum cryptographic primitives
(CRYSTALS-Dilithium and CRYSTALS-Kyber) to safeguard digital signatures, key exchanges, and
on-chain operations against quantum attacks.



e Economic Sustainability: Employ treasury-backed tokenomics that combine staking rewards,
controlled token issuance, and a predictable deflationary mechanism (5,000 QRA burned per day),
ensuring that QRA maintains intrinsic value and limited supply.

e Interoperability: Operate as a Layer-3 network built atop existing Ethereum Layer-2 solutions
(such as zkSync or Optimism), while offering native bridges to other major blockchain ecosystems
like Solana and the XRP Ledger. This multi-chain interoperability ensures that Qureal can integrate
seamlessly with diverse networks, expanding its utility and user base.

e Decentralized Governance: Enable on-chain governance through a DAO model that empowers
QRA token holders to shape network evolution, including parameter adjustments, treasury
allocation, and protocol upgrades.

e Developer-Friendly Ecosystem: Provide robust SDKs, APIs, and developer tools for easy
integration and development on the Qureal Virtual Machine (QVM), which maintains EVM
compatibility while integrating quantum-resistant operations.

e Future-Proofing with Quantum Al: Lay the groundwork for a long-term vision that incorporates
in-house Quantum Al research and a potential transition to a fully native quantum-resistant Layer-
1 blockchain, ensuring that Qureal not only withstands but leverages advancements in quantum
computing.

1.4 Structure and Scope of This Whitepaper

This whitepaper is structured to provide a comprehensive technical specification of Qureal, covering its
cryptographic foundations, consensus architecture, economic model, interoperability features, and
governance mechanisms. Detailed mathematical models and code snippets are provided to illustrate key
protocols and functionalities, mirroring the depth and rigor found in seminal documents like the Ethereum
whitepaper.

In the subsequent sections, we will detail:

e Design Rationale: The core principles driving Qureal’s architecture.

e Technical Architecture: The layered structure and execution environment of Qureal.

e Cryptographic Structure: The post-quantum cryptography and security measures safeguarding
the network.

e Economic Model: Detailed tokenomics, staking rewards, deflationary mechanisms, and treasury
profit distribution.

e Use Cases: Practical applications ranging from secure financial transactions to decentralized
governance and cross-chain interoperability.

e Security Considerations: Multi-layered defenses including cryptographic security, consensus
integrity, and economic safeguards.

e DAO Governance: The structure and process of on-chain governance.

e Conclusion: A summary of how Qureal meets its design goals and sets the stage for a secure,
sustainable blockchain future.

This comprehensive approach ensures that stakeholders, developers, and investors alike understand the
technical, economic, and governance aspects of Qureal, establishing it as a pioneering platform for the
quantum era.

2. Design Rationale

Qureal is built on the belief that a blockchain must not only provide immediate functionality and economic
incentives but also be resilient to future technological breakthroughs—particularly those from quantum



computing. The design rationale encompasses several core principles that underpin Qureal’s architecture
and economic approach:

2.1 Quantum-Resistant Security by Design
Pre-emptive Integration of PQ Cryptography:

Rather than treating quantum resistance as a future upgrade, Qureal implements post-quantum
cryptographic primitives from inception. By adopting NIST-standardized algorithms—specifically
CRYSTALS-Dilithium for digital signatures (ML-DSA) and CRYSTALS-Kyber for key encapsulation (ML-
KEM)—Qureal ensures that its authentication, transaction signing, and key management are secure even
against adversaries equipped with quantum computers.

e Security Foundation: The strength of these algorithms is based on the hardness of lattice
problems (such as the Module Learning With Errors problem) which remain computationally
infeasible for both classical and quantum computers.

e Hybrid Approach: While the primary operations use post-quantum schemes, Qureal supports a
hybrid mode during the transition period. In select contexts (such as cross-chain transactions), both
classical (e.g., ECDSA) and PQ signatures can be verified, ensuring compatibility with legacy
systems until the broader ecosystem adopts PQ standards.

2.2 Economic Sustainability and Value Stability
Treasury-Backed Economics:

At the heart of Qureal’'s economic model is the robust backing of a $50 billion treasury invested in a
diversified portfolio of global equities. This treasury not only offers an intrinsic value floor for QRA but also
provides a mechanism for sustainable value creation via profit distributions:

e Stable Returns: The treasury is managed to generate steady yields, which are partially distributed
to token holders (semi-annually) and partially reinvested to grow the asset base.

e Profit Sharing: A structured distribution mechanism, allocating 50% of treasury profits to QRA
holders, is designed to transfer real-world value to participants without diluting the token supply.

e Deflationary Measures: A daily token burn of 5,000 QRA tokens—initiated seven months post-
launch—ensures that inflation from staking rewards is offset, thereby preserving scarcity and long-
term token value.

Balanced Staking Rewards:

Qureal offers a moderate 2% APY staking reward to incentivize validators and secure the network, while
maintaining low inflation. The reward issuance model is calibrated against the deflationary burn, so that net
supply growth adjusts based on the staked fraction.

2.3 Interoperability and Layered Architecture

Layer-3 on Ethereum L2:



Qureal operates as a Layer-3 network built on established Ethereum Layer-2 solutions (e.g., zkSync or
Optimism). This design enables Qureal to inherit the security and data availability of Ethereum while
introducing custom features:

e Modularity: By functioning as an overlay, Qureal can offer specialized transaction processing,
guantum-resistant smart contract execution (via the Qureal Virtual Machine), and native support for
post-quantum operations without altering Ethereum’s base layers.

e Cross-Chain Bridges: In addition to its base on Ethereum, Qureal is engineered for advanced
interoperability. The platform integrates with ecosystems such as Solana and the XRP Ledger,
enabling seamless cross-chain asset movement via native bridges. This multichain strategy creates
opportunities for fast, low-cost payments (e.g., using Solana Pay or XRP for remittances) while
remaining anchored to Qureal’s secure and transparent framework.

2.4 Decentralized Governance and Community Empowerment
DAO-Driven Evolution:

Qureal’s governance is fully on-chain and managed through a Decentralized Autonomous Organization
(DAO). Token holders (via QRA) actively participate in decision-making processes:

e Voting and Proposals: Governance follows a token-weighted voting system, where proposals on
protocol upgrades, treasury investment policies, and economic parameters are subject to
community debate and approval.

e Milestone-Based Vesting for Team and Advisors: The allocation for team and advisors is
released gradually, based on key project milestones rather than time alone. This ensures that early
contributors remain aligned with long-term objectives.

e Transparency: All governance actions are recorded on-chain, ensuring that every decision—from
treasury profits to technical upgrades—is fully transparent and publicly auditable.

2.5 Future-Proofing and Long-Term Vision
Roadmap for Quantum-Native Evolution:
Qureal is designed not just for the present but with an eye toward the future. The roadmap includes:

e Quantum Al Integration: Early research initiatives aim to integrate Quantum Artificial Intelligence,
enabling the network to optimize its consensus parameters and asset management strategies
through machine learning techniques that leverage quantum computing advancements.

e Native Quantum Layer-1 Transition: While Qureal currently operates as a Layer-3 on Ethereum
L2, the long-term plan is to transition to a fully native, quantum-resistant Layer-1 blockchain. This
evolution will further enhance scalability, security, and global interoperability.

e Enhanced Interoperability: Continued development of cross-chain bridges and integration tools
will solidify Qureal’'s position as a hub for multi-chain transactions, ensuring that future
developments in both blockchain and quantum computing are seamlessly absorbed into the
ecosystem.



3. Technical Architecture

Qureal is implemented as a Layer-3 blockchain overlay atop established Ethereum Layer-2 networks (e.g.,
zkSync or Optimism). This architectural choice allows Qureal to leverage the security and data availability
of Ethereum while introducing custom protocol logic—including native quantum-resistant operations,
enhanced smart contract execution, and cross-chain interoperability.

3.1 Network Overview and Layered Structure
Layer-3 on Ethereum L2;

Qureal operates on a modular architecture where its own chain executes transactions, smart contracts, and
consensus decisions. Key properties include:

e Anchoring to Ethereum: Periodic checkpoints of Qureal's state (e.g., block headers and state
roots) are committed to Ethereum’s Layer-2 or directly to Ethereum L1. This ensures that Qureal
benefits from the robust security and immutability of Ethereum.

e State and Data Availability: The Qureal chain maintains its state using well-known data structures
(e.g., Merkle Patricia or Verkle trees) to allow efficient state proofs and compact verification.

e Interoperability Layer: Dedicated bridge contracts on Qureal facilitate two-way asset movement
to and from Ethereum L2, Solana, and the XRP Ledger, ensuring a unified, multi-chain ecosystem.

Layered Architecture Diagram:

Purpose: lllustrates how Qureal operates as a Layer-3 solution anchored by Ethereum L2, with bridges to
other chains (Solana, XRP Ledger, etc.).
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This diagram shows the hierarchical structure, with Ethereum L1 at the base, followed by L2, then Qureal
as an overlay (L3), and finally bridges to additional blockchain ecosystems.



3.2 Qureal Virtual Machine (QVM)

The Qureal Virtual Machine extends Ethereum’s EVM to integrate native post-quantum operations. Key
features include:

e EVM Compatibility: Supports Solidity and Vyper contracts with minimal changes. Existing
codebases can be ported with modifications to replace ECDSA with Dilithium for critical
cryptographic operations.

e Quantum-Resistant Opcodes: Built-in opcodes enable direct invocation of post-quantum
signature verification (e.g., VERIFY_DILITHIUM) and key encapsulation operations (e.g.,
KYBER_ENCAPSULATE). These opcodes are implemented as precompiles within the QVM.

e Enhanced Gas Model: Gas fees account for the higher computational costs of post-quantum
operations. For instance, verifying a Dilithium signature has a gas cost estimated to be
approximately 3x that of an ECDSA verification, deterring abuse while fairly compensating
validators.

Quantum-Secure Transaction Validation (Solidity)

function validateTransaction (bytes memory txData, bytes memory signature)
internal returns (bool) {

// Derive sender address using Qureal's quantum-resistant scheme (e.g.,
hash of Dilithium public key)

address sender = QVM.deriveAddress (signature) ;

// Invoke the native precompile for Dilithium verification

require (QVM.verifyDilithium(txData, signature), "Invalid quantum-resistant
signature");

return true;

In this snippet, QVM.verifyDilithium is a precompile that abstracts Dilithium signature verification, allowing
contracts to use quantum-resistant digital signatures as seamlessly as classical EVM opcodes.

3.3 Consensus Mechanism

Qureal employs a Byzantine Fault Tolerant Proof-of-Stake (BFT-P0oS) consensus protocol, modified for
gquantum resistance and optimized for fast finality:

Validator Participation

e Staking Requirement: Validators must stake 1000 QRA tokens to participate; their weight is
proportional to their stake. The minimum staking requirement and delegation mechanisms
encourage broad participation.

e Hybrid Key Management: Validators use post-quantum keys (Dilithium keypairs) for signing
blocks and votes. In hybrid mode, optionally, legacy keys may be co-used for interoperability with
non-PQ systems.

Consensus Process Flow Diagram

Purpose: Depicts the round-based BFT Proof-of-Stake consensus mechanism with proposer election,
pre-vote, pre-commit, and finalization steps.
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This flowchart outlines the consensus process: selecting a proposer, verifying and pre-voting, pre-
commitment upon supermajority, and finalizing the block with Ethereum checkpointing.

Block Proposal and Finality
Consensus proceeds in rounds:

1. Proposer Election: A validator is randomly selected to propose a block. The selection probability
PV)P(v) is:
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where S, is validator v's stake, and IV is the total number of validators.

P(v) =

2. Block Proposal: The elected validator assembles a block, including transactions and a reference
to the previous block’s hash, then signs the block header with its Dilithium signature.

Pre-Vote: Other validators verify the block and broadcast pre-vote messages.

Pre-Commit: Once >2/3 of the stake has pre-voted for a block, validators broadcast pre-commits.
Finalization: With >2/3 pre-commits, the block is finalized and added to the chain.
Checkpointing: Finalized block headers are periodically checkpointed to Ethereum L2 to provide
external verification and to assist new nodes.

ogkrw

The following code illustrates the consensus round:

function consensusRound (currentHeight) :
proposer = selectProposer (currentHeight)
proposedBlock = proposer.proposeBlock (currentHeight)
for validator in validatorSet:
if validator.validate (proposedBlock) :
validator.broadcast (preVote (proposedBlock))
if receivedPreVotes (proposedBlock) > 2/3 totalStake:



for validator in validatorSet:
validator.broadcast (preCommit (proposedBlock))
if receivedPreCommits (proposedBlock) > 2/3 totalStake:
finalizeBlock (proposedBlock)
checkpointToEthereum (proposedBlock)
else:
startNextRound (currentHeight)

This mechanism ensures fast, deterministic finality—typically within a single round (~5 seconds per block)—
and secures the network against up to 33% malicious stake.

3.4 Interoperability and Bridge Integrations

Qureal is engineered for advanced cross-chain interoperability:

e FEthereum L2 Integration: As an L3 solution, Qureal’s state is anchored in Ethereum L2. This
allows seamless asset transfers and interoperability with the Ethereum ecosystem.

e Solana Pay Bridge: A dedicated bridge allows QRA tokens to be minted as SPL tokens on the
Solana blockchain. Merchants using Solana Pay can accept QRA-SPL, providing users with fast,
low-cost retail payment options. The bridge contract automatically locks QRA on Qureal when
issuing a corresponding amount on Solana.

e XRP Ledger Integration: Qureal's gateway to the XRP Ledger enables near-instant global
remittance services. QRA tokens are issued on XRPL as collateralized assets, facilitating efficient
cross-border transactions.

e Other Chains: Future bridges will include compatibility with Bitcoin and Cosmos IBC, ensuring that
Qureal remains at the center of a multi-chain ecosystem.

Simplified Bridge code for Solana Pay Integration

contract QurealSolanaBridge {
// When a user locks QRA for transfer
function lockQRA (uint256 amount) public {
require (transferFrom(msg.sender, address(this), amount), "Lock
failed");
emit QRA Locked(msg.sender, amount, block.timestamp);
}
// Once verified, an oracle triggers minting on Solana (off-chain process)
// And a corresponding event is recorded on Qureal

This contract, coupled with off-chain oracles and multi-signature authorization, ensures that tokens are
securely locked on Qureal before minting on Solana.

3.5 Developer Ecosystem and Tooling

Qureal is designed to be developer-friendly, offering robust SDKs, APIs, and development environments:



e SDKs and APIs: Comprehensive libraries are provided for popular programming languages
(Solidity, Vyper, Rust) to interact with Qureal’s smart contracts and consensus modules. These
include specialized functions for quantum-resistant operations.

e Testnets and Quantum-Safe Compilers: Qureal maintains public testnets on its underlying
Ethereum L2, where developers can deploy and test quantum-resistant contracts. Dedicated
compilers support Dilithium and Kyber verification, ensuring that quantum-resistant operations are
optimized.

e Documentation and Community Resources: Extensive technical documentation (including code
samples, best practices, and architectural diagrams) is available to help new developers onboard
quickly. Community hackathons and grants will further encourage the development of dApps on
Qureal.

3.6 Future Architecture: Toward a Quantum-Native L1

While Qureal presently operates as a Layer-3 solution leveraging Ethereum L2 for robustness, the long-term
vision includes evolving into a fully native, quantum-resistant Layer-1 blockchain. This future state will
involve:

e Native Consensus: Transitioning to a consensus algorithm optimized for a standalone network,
potentially leveraging quantum randomness or novel hybrid classical-quantum protocols.

e Quantum Al Integration: Investing in research and development to integrate Quantum Artificial
Intelligence (Al) into the blockchain protocol, enabling dynamic, optimized consensus and asset
management. This initiative may include Al-driven treasury management or quantum-enhanced
verification methods.

e Seamless Migration: The DAO will govern and manage a careful migration process that transitions
Qureal from its current L3 form to a fully independent L1, ensuring continuity of data, validator
participation, and token utility.

4. Cryptographic Structure

Qureal’s security is founded on post-quantum cryptographic primitives and a layered cryptographic
architecture that ensures the integrity, authenticity, and confidentiality of every on-chain operation. By
incorporating NIST-standardized algorithms, Qureal is designed to withstand both current cryptographic
attacks and those that might be enabled by future quantum computing capabilities.

4.1 Post-Quantum Cryptographic Primitives
Digital Signatures — CRYSTALS-Dilithium (ML-DSA)

Qureal employs CRYSTALS-Dilithium for all digital signatures, utilizing the ML-DSA standard as specified
in FIPS 204. Dilithium is a lattice-based signature algorithm whose security is based on the hardness of the
Module Learning With Errors (MLWE) problem.

Mathematical Foundation:

The security of Dilithium rests on the difficulty of solving the MLWE problem over polynomial rings. In
particular, consider the ring:
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R, = 7, X]/(X" +1),

where n is typically 256 and g is a prime modulus. Given a uniformly random matrix A & Rf; T a secret

vector s € Rﬁ;, and an error vector e drawn from a discrete Gaussian distribution y, the MLWE instance is:
b=A-s+e modg.

Recovering s from the sample (A, b) is computationally infeasible. This intractability underpins the

resistance of Dilithium to both classical and quantum adversaries.

Performance and Parameters:

e Security Level: For most Qureal applications, the medium parameter set (ML-DSA-65) is used,
offering approximately 192-bit classical and 96-bit quantum security.

e Signature Size: Approximately 2.7 KB per signature.

e Implementation: The Qureal Virtual Machine (QVM) integrates a precompiled function
VERIFY_DILITHIUM() to check these signatures with constant-time routines, mitigating
side-channel risks.

Example — code for Signhature Verification:

function verifyDilithiumSignature (message, signature, publicKey) :
// Compute message hash using SHA3-256
hash = SHA3 256 (message)
// Call precompile with parameters: hash, signature, publicKey
isValid = QVM.VERIFY DILITHIUM (hash, signature, publicKey)
return isValid

Key Encapsulation — CRYSTALS-Kyber (ML-KEM)
For secure key exchange, Qureal utilizes CRYSTALS-Kyber, standardized as ML-KEM in FIPS 203. Kyber

is responsible for establishing shared secrets for encrypted communications among nodes and within smart
contracts.

Mathematical Foundation:

Kyber's security also derives from the MLWE problem. Consider a random vector a & R; and a secret s with

a corresponding small error vector e. The encapsulated ciphertext is computed as:
c—A-s+te,

from which a shared secret is derived. The infeasibility of solving for s in the MLWE formulation guarantees

the security of the key exchange.
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Performance:

Parameter Set: Qureal uses the ML-KEM-768 parameter set, which balances security
(approximately 192-bit classical security) with compact ciphertext sizes (~1.1 KB) and efficient key
generation.

Implementation: Integrated into the QVM as a precompiled opcode (KYBER_ENCAPSULATE()),
ensuring efficient execution during network handshakes.

Code for Key Encapsulation:

function encapsulateKey (publicKey) :

// Generate a random secret and error vector from a discrete Gaussian

distribution

KDF')

(secret, error) = generateSecretAndError ()

// Compute ciphertext using Kyber

ciphertext = matrixMultiply (A, secret) + error mod g

// Derive shared key from secret and error (using a key derivation function,

sharedKey = KDF (secret, ciphertext)
return (ciphertext, sharedKey)

Hash Functions and Randomness

Qureal employs secure hash functions to underpin various cryptographic operations:

SHA-3 (Keccak-256): Used extensively for hashing messages, deriving addresses from public
keys, and securing state commitments. SHA-3 is chosen for its robustness against both classical
and quantum attacks.

SHAKE (Extendable-Output Functions): Utilized within both Dilithium and Kyber algorithms for
generating pseudorandom outputs and noise, ensuring uniform and secure sampling from error
distributions.

Randomness for leader election and other protocol functions is derived from a Verifiable Random Function
(VRF) based on hash-based constructions, ensuring unbiased and unpredictable outputs.

4.2 Hybrid Cryptographic Framework

While Qureal’s core operations use post-quantum algorithms exclusively, the system is designed for
transitional compatibility:

Dual-Signature Mode: In certain inter-chain communications, Qureal can verify both PQ
(Dilithium) and classical (ECDSA) signatures. This facilitates interoperability with legacy networks
during the transition period.

Hybrid Key Exchange: Validators perform both an ECDH and a Kyber KEM exchange during node
handshakes. The final symmetric key is derived by, for example, XOR'’ing the shared secrets from
both methods, ensuring that breaking one algorithm does not compromise the entire channel.

12



Hybrid Key Exchange Diagram:

Purpose: lllustrates how Qureal uses a dual (hybrid) key exchange mechanism combining classical (ECDH)
and post-quantum (Kyber) methods.
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This diagram outlines the process of obtaining two shared secrets (one via classical ECDH and one via
Kyber) and then combining them (using XOR) to generate the final secure shared key.

Hybrid Key Derivation (code):

function hybridKeyExchange (senderPublicECDH, senderPublicKyber):
// Classical shared secret via ECDH
sharedSecretECDH = ECDH (senderPublicECDH, myPrivateECDH)
// Quantum-resistant shared secret via Kyber
(ciphertext, sharedSecretKyber) = KYBER ENCAPSULATE (senderPublicKyber)
// Combine both shared secrets to derive the final key (e.g., using XOR)
finalSharedKey = XOR (sharedSecretECDH, sharedSecretKyber)
return (ciphertext, finalSharedKey)

This layered approach ensures robust security during the transition phase while preserving compatibility with
current cryptographic ecosystems.

4.3 Cryptographic Agility and Future Upgradability

Qureal is built with future developments in mind. Recognizing that no cryptographic primitive is immune to
potential breakthroughs, Qureal’s architecture is highly modular:

e Abstraction Layers: Cryptographic verification routines are implemented as abstract interfaces in
the QVM. This allows for the seamless swapping of algorithms (e.g., upgrading from Dilithium to a
successor) via a consensus upgrade without disrupting the entire protocol.
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Dual-Algorithm Operation: During transition phases, Qureal may support simultaneous operation
of an older and a newer algorithm. For instance, transactions could carry identifiers specifying the
signhature scheme used. Nodes that support both schemes can verify transactions accordingly,
providing continuity while allowing gradual migration.

Governance-Driven Updates: Any changes to cryptographic protocols are subject to DAO
governance. Token holders vote to accept upgrades, ensuring that network changes are made
transparently and with community consensus.

This cryptographic agility is crucial for maintaining the long-term security of Qureal as the quantum
landscape evolves. By building in these upgrade mechanisms, Qureal ensures that it can respond promptly
to new threats or improved algorithms without a complete protocol overhaul.

4.4 Summary of Cryptographic Security

Qureal’s cryptographic structure is designed to be future-proof:

Overall,

Post-Quantum Primitives: The use of CRYSTALS-Dilithium and CRYSTALS-Kyber ensures that
all signing, key exchange, and verification operations are secure against both classical and
guantum adversaries.

Hybrid Models: Incorporating dual-signature and dual key exchange methods fortifies the network
during the transitional period, balancing interoperability with the legacy ecosystem.

Agility: The design allows for rapid upgrades and adapts to new cryptographic standards as they
are developed, providing a dynamic defense mechanism for an ever-evolving threat landscape.
Robust Randomness and Hashing: Through the implementation of SHA-3 and VRF-based
randomness, Qureal guarantees that all operations — from consensus leader selection to state
commitment — are secure, unbiased, and verifiable.

Qureal’s cryptographic framework is integral to its mission of establishing a quantum-resistant

blockchain platform. By leveraging advanced lattice-based cryptography and designing for future agility,
Qureal provides a security model that is both resilient and adaptable, ensuring the integrity of the network
now and into the quantum future.

5. Economic Model

Qureal’s economic design harmonizes on-chain token dynamics with off-chain real-world asset performance,
delivering a robust and sustainable model that underpins long-term network security and value. The model
is structured to balance controlled inflation from staking rewards with deflationary pressure from scheduled
token burns, all underpinned by a $50 billion treasury generating real-world returns.

5.1 Token Distribution

The native token QRA is minted with an initial supply of 369 million tokens. The distribution model is as

follows:

14



Aé';ggg?; Percentage Tokens Purpose
Public Distribution 5506 ~203.0 Fund public sale, liquidity, and ecosystem
million QRA grant programs.
~73.8 million | Backing the network with real-world assets and
0,
Treasury Reserve 20% QRA funding profit distribution.
. ~36.9 million Incentivizing core contributors; released via
o ;
Team and Advisors 10% QRA milestone-based vesting.
Ecosystem & 10% ~36.9 million Airdrops, liquidity incentives, marketing, and
Community QRA strategic partnerships.
Foundation/DAO ~18.45 Reserved for unforeseen expenses and future
5% - protocol enhancements (e.g., additional
Reserve million QRA burns)

This allocation ensures that a majority of QRA is held by the public, while sufficient reserves are maintained
for sustainability and continued development.

5.2 Staking Rewards and Inflation Dynamics

Qureal incentivizes network security through a modest 2% Annual Percentage Yield (APY) for staking.
Validators and delegators receive staking rewards proportional to the fraction of QRA they secure, denoted

asca (where 0 << o < 1).

The annual token issuance due to staking is given by:

I=002xax8

where § is the total token supply (369 million QRA). For example, if 50% of QRA is staked:

T —0.02 x 0.5 x 369 x 10° ~ 3.69 x 10° QRA tokens per year.

These rewards are distributed in each block proportionally among stakers. In pseudocode, a simplified

reward distribution per block miaht be expressed as:

function distributeStakingRewards (totalStaked, annualRewardRate,

blocksPerYear) :
rewardPerBlock = (annualRewardRate / blocksPerYear) * totalStaked
for validator in activeValidators:
validatorReward = (validator.stakedAmount / totalStaked) *
rewardPerBlock

validator.stakedAmount += validatorReward // Auto-compounding rewards

This mechanism provides a continuous incentive for staking while keeping new token issuance predictable
and low.

5.3 Deflationary Burn Mechanism
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To counteract staking inflation and create scarcity, Qureal implements a fixed deflationary measure: 5,000
QRA tokens are burned daily, starting 7 months after the network launch. This burn is executed by a
protocol-controlled smart contract, ensuring transparency and verifiability.

The annual burn amount is:
Banmua — 5,000 x 365 = 1,825, 000 QRA tokens.

The net annual change in supply is determined by the balance between staking issuance and burns:

AS = I — Boyua = 0.02 x o x S — 1,825, 000.

For instance, with o = 0.5 (50% staked):

AS = 3.69 x 10° — 1,825,000 ~ 1.865 x 10° QRA tokens,

representing a net inflation of approximately 0.5% per year. If fewer tokens are staked, AS could be
negative, resulting in net deflation. This dynamic equilibrium ensures sustainable growth or controlled supply

reduction over the long term.

5.4 Treasury Profit Distribution

The Qureal treasury, backed by $50 billion in diversified global equities, serves as a financial foundation that
provides real-world value to QRA holders. The treasury profits are calculated semi-annually and are divided
as follows:

e 50% to QRA Holders: Distributed as rewards by buying QRA from the open market and then
allocating these tokens pro-rata to participants, typically via a staked Dividend Pool.

e 20%to Liquidity Expansion: Funds directed to enhancing the liquidity pool, ensuring low slippage
and stable trading.

e 20% to Operational Costs: Covers ongoing development, security, marketing, and administrative
expenses.

e 10% to Reinvestment: Reinvested to grow the treasury, compounding the asset base for future
profit distribution.

The number of QRA tokens distributed to holders is computed as:

0.5x P

Diokens = A
graPrice

where P is the treasury profit (in USD) for that 6-month period, and graPrice is the average market price
of QRA during distribution. For example, if P = 2.5 billion USD (annual profit of 5B yields 2.5B per
half-year) and the average QRA price is 50 USD:

0.5 x 2,500, 000, 000
Diokens = 50 = 25,000, 000 QRA tokens.

Holders who participate in the staking-based Dividend Pool receive distributions proportionally to their staked
amount. This mechanism effectively transfers value from traditional financial returns into increased network
value and incentivizes long-term staking.
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5.5 Integrated Economic Feedback Loop

Qureal’s economic model forms a self-reinforcing cycle:

e Network Utilization: Increased transaction volume raises gas fees, some of which are burned (via
a mechanism similar to EIP-1559), thereby reducing supply and increasing value.

e Staking and Security: Robust staking participation secures the network and moderates inflation,
while also qualifying users for profit distributions.

e Treasury Backing: Profits generated from the $50B treasury further strengthen QRA’s value, with

buybacks providing upward price

pressure.

e Governance: On-chain DAO governance allows stakeholders to adjust parameters such as staking
rewards, burn rates, and profit distribution percentages in response to market conditions, ensuring
that the economic model remains flexible and sustainable.

Through these intertwined mechanisms, Qureal ensures that the value of QRA is supported by both on-chain
dynamics (staking, burns, fees) and off-chain real-world financial performance.

Economic Flow Diagram:

Purpose: A diagram to depict how Qureal’s economic elements (token issuance, treasury profit distribution,
staking rewards, and daily burns) interact to create a balanced, sustainable ecosystem.

Public Sale
(55%)

)

Token
Distribu tion

)

Total QRA
Supply (S)

L

Daily Token
Burn
(5,000 QRA/day)

)

Net Supply
Change

(Inflation vs Burn)

4

Treasury & Profit
Distribution
(Semi-Ann.)

v

Transaction
Fees

(Fee Burn Mechanism)

Ecosystem Growth,
DAO Governance &

Network Use

This flowchart illustrates how tokens flow from the public sale into the overall ecosystem, where staking
rewards and fee burns interact to create a dynamic balance in supply. Treasury profits are then used to
reward active participants, reinforcing the cycle of economic sustainability.
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6. Use Cases

Qureal's combination of quantum-resistant security, treasury-backed economics, and advanced
interoperability enables a broad spectrum of applications across financial, governance, and decentralized
technology domains. The following use cases highlight how Qureal’s features meet critical industry needs
and open new possibilities for secure, future-proof blockchain functionality.

6.1 Quantum-Secure Financial Transactions

Secure Long-Term Asset Storage:

Financial institutions and high-value investors require digital storage methods that remain secure for
decades. Qureal offers a quantum-safe environment wherein digital assets can be stored with confidence.

e Use Case: A pension fund storing its digital assets on Qureal can rest assured that the underlying
Dilithium signatures and Kyber key exchanges will prevent fraudulent transactions even when
large-scale quantum computing becomes a reality.

High-Value Transfers with Immediate Finality:

Qureal’'s BFT-PoS consensus provides immediate finality (within ~5 seconds per block), which is crucial for
high-value transactions such as interbank transfers or corporate payments.

e Technical Detail: By ensuring that more than 2/3 of the staked validators pre-commit to a block,
Qureal guarantees that finalized transactions cannot be reversed. This deterministic finality is
essential for applications that require guaranteed settlement times.

Code — Quantum-Secure Fund Transfer:

function secureTransfer (sender, recipient, amount, signature):
// Validate sender's quantum-resistant signature
if QVM.verifyDilithium(keccak256 (sender, recipient, amount), signature)

false:
revert ("Invalid quantum-resistant signature")
// Execute the transaction
sender.balance -= amount
recipient.balance += amount
emit Transfer (sender, recipient, amount)

6.2 Decentralized Investment DAO

Community-Governed Treasury Management:
Qureal’s treasury-backed model enables the formation of a decentralized investment DAO. Token holders

participate actively in overseeing and directing the $50 billion treasury, effectively functioning as a digital
mutual fund.
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Core Functions: Voting on asset allocations, risk management decisions, and profit distribution
policies are all handled on-chain via the DAO.

Technical Implementation: Proposals for investment changes are submitted and voted on within
a smart contract. A simplified example is shown below.

Smart Contract Code — Treasury Governance:

contract TreasuryGovernance {
struct Proposal {

}

uint256 id;

address proposer;

string description;

uint256 forVotes;

uint256 againstVotes;

bool executed;

mapping (address => bool) hasVoted;

mapping (uint256 => Proposal) public proposals;
uint256 public proposalCount;

event ProposalCreated(uint256 id, address proposer, string description);
event VoteCast (uint256 proposalld, address voter, bool support);

function proposelnvestment (string memory description) public returns
(uint256) {

require (isQualifiedProposer (msg.sender), "Not qualified");
uint256 id = proposalCount++;

Proposal storage proposal = proposals[id];

proposal.id = id;

proposal.proposer = msg.sender;

proposal.description = description;

emit ProposalCreated(id, msg.sender, description);

return id;

function vote (uint256 proposalld, bool support) public {

Proposal storage proposal = proposals[proposallId];
require (!proposal.hasVoted[msg.sender], "Already voted");
uint256 votingPower = getVotingPower (msg.sender); // e.g., based on

staked QRA

}

if (support) {
proposal.forVotes += votingPower;
} else {
proposal.againstVotes += votingPower;
}
proposal.hasVoted[msg.sender] = true;
emit VoteCast (proposalld, msg.sender, support);

// Functions isQualifiedProposer () and getVotingPower () are implemented as
per DAO rules.
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6.3 Cross-Chain Payments and Interoperability
Seamless Multichain Transactions:

Qureal is specifically engineered for advanced interoperability and operates across multiple blockchains:

e Ethereum L2 Base: As an L3 solution, Qureal leverages Ethereum L2 for security and finality.
e Solana Pay Integration:
o Qureal supports a dedicated bridge allowing QRA to be issued as SPL tokens on Solana.
o Merchants using Solana Pay can receive payments in QRA-SPL tokens.
e XRP Ledger Integration:
o Qureal facilitates rapid, low-cost remittances by bridging QRA to the XRP Ledger, where
fast settlement is achieved.

Bridge Code — Solana Pay:

contract QurealSolanaBridge {
event QRA Locked(address indexed sender, uint256 amount, uint256
timestamp) ;

// When a user initiates a transfer from Qureal to Solana:
function lockQRA (uint256 amount) public {
require (transferFrom(msg.sender, address(this), amount), "Lock
failed");
emit QRA Locked(msg.sender, amount, block.timestamp);
// Off-chain oracles will trigger the minting of equivalent SPL QRA on
Solana.

}

6.4 Decentralized Governance and On-Chain Voting

On-Chain DAO Governance:

Qureal empowers its community to govern the protocol directly through an on-chain DAO.

e Voting Mechanism: Token-weighted voting (1 QRA = 1 vote) is used to decide on proposals
including treasury management, network upgrades, and economic parameters.

e Participation Incentives: Only active participants (those who stake QRA and participate in votes)
receive Treasury profit distributions, ensuring that rewards are aligned with network engagement.

e Transparency: All governance actions are recorded on-chain, making the process fully auditable
and transparent.

Voting Contract Code:

contract SecureVoting {
struct Ballot {
uint256 id;
string description;
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uint256 startTime;

uint256 endTime;

mapping (uint256 => uint256) votes; // option => vote count
mapping (address => bool) voted;

}
mapping (uint256 => Ballot) public ballots;

uint256 public ballotCount;

event BallotCreated(uint256 id, string description, uint256 startTime,
uint256 endTime) ;
event VoteCast (uint256 ballotId, address voter, uint256 option);

function createBallot (string memory description, uint256 duration) public
returns (uint256) {
uint256 id = ballotCount++;
Ballot storage ballot = ballots[id];
ballot.id = id;
ballot.description = description;
ballot.startTime = block.timestamp;
ballot.endTime = block.timestamp + duration;
emit BallotCreated(id, description, ballot.startTime, ballot.endTime) ;

return id;

function vote (uint256 ballotId, uint256 option, bytes memory
dilithiumSignature) public {
Ballot storage ballot = ballots[ballotId];
require (block.timestamp >= ballot.startTime && block.timestamp <=
ballot.endTime, "Voting closed");
require (!ballot.voted[msg.sender], "Already voted");

// Verify signature using QVM's native function (assumed precompile)
bytes32 voteHash = keccak256 (abi.encodePacked(ballotId, option,

msg.sender) ) ;
require (QVM.verifyDilithium (msg.sender, voteHash, dilithiumSignature),

"Invalid signature");
uint256 votingPower = getVotingPower (msg.sender) ;
ballot.votes[option] += votingPower;

ballot.voted[msg.sender] = true;
emit VoteCast (ballotId, msg.sender, option);

// getVotingPower () is implemented to return token weight from staking.

6.5 Quantum-Resistant DeFi and dApp Ecosystem
Decentralized Finance (DeFi):
Qureal’s network supports a wide range of DeFi applications:
e DEXes and Automated Market Makers: Developers can build decentralized exchanges that

leverage Qureal’s fast finality and secure, quantum-resistant transactions.

e Lending and Borrowing Protocols: QRA can be used as collateral, with smart contracts ensuring
secure loans and interest accruals even for long-term contracts.
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e NFT Marketplaces: By minting NFTs on Qureal, creators can ensure authenticity and provenance
with quantum-resistant timestamps and signatures.

Quantum-Al dApps:

Looking to the future, Qureal’s architecture is designed to support dApps that may leverage Quantum Al:

e Quantum Randomness Oracles: dApps can tap into oracles that generate true quantum random
numbers, enabling applications such as lotteries, gaming, or decentralized gambling with verifiable
randomness.

e Al-driven Investment dApps: With integration into the treasury management system, Al
algorithms can be deployed on-chain to optimize asset allocations and predictive analytics, paving
the way for self-optimizing financial contracts.

In summary, Qureal's use cases extend from secure daily financial transactions to advanced DeFi
applications and even to future quantum-Al integrations. The platform is designed to be versatile, ensuring
that whether for routine payments, high-value transfers, or complex decentralized governance, all operations
are conducted with quantum-resistant security and robust economic underpinnings.

7. Security Considerations

Qureal’s security framework is designed to protect the network at every layer—from the cryptographic
primitives used for digital signatures to the economic incentives that secure consensus. This section details
the multi-layered security strategy employed by Qureal to ensure resilience against classical and quantum
adversaries, side-channel attacks, and economic manipulation.

7.1 Cryptographic Security

Post-Quantum Primitives:

Qureal’s cryptographic backbone is built on NIST-standardized post-quantum algorithms:

e Digital Signatures with CRYSTALS-Dilithium:
o Basis: Security is derived from the hardness of the Module Learning With Errors (MLWE)
problem in a polynomial ring

R, — ZX]/(X™ + 1),

o Parameters: Using the ML-DSA-65 parameter set provides approximately 192-bit
classical and 96-bit quantum security.

o Implementation: Signatures are verified via a QVM precompile that enforces
constant-time execution to avoid side-channel leaks.

e Key Encapsulation with CRYSTALS-Kyber:

o Basis: Similarly secured by MLWE, Kyber enables the secure establishment of shared
keys with small ciphertext sizes (~1.1 KB).

o Usage: Itis integrated as a native opcode (e.g., KYBER_ENCAPSULATE()) that enables
efficient and secure key exchanges during network handshakes.
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Hybrid Cryptographic Model:

During the transition period, Qureal supports hybrid modes that combine post-quantum (PQ) and classical
operations:

e Dual-Signature Verification: For cross-chain transactions, a validator may require both a Dilithium
signature and an ECDSA signature. This redundancy ensures interoperability without
compromising security.

e Hybrid Key Exchange: Nodes derive a final shared key by combining the output of an ECDH and
a Kyber KEM exchange (e.g., via XOR). This means that an attacker would need to break both
algorithms to compromise the session.

Example — Hybrid Key Exchange code:

function hybridKeyExchange (senderPublicECDH, senderPublicKyber):
sharedSecretECDH = ECDH (senderPublicECDH, myPrivateECDH)
(ciphertext, sharedSecretKyber) = KYBER ENCAPSULATE (senderPublicKyber)
finalSharedKey = XOR (sharedSecretECDH, sharedSecretKyber)
return (ciphertext, finalSharedKey)

Hash Functions and Randomness:

Qureal uses SHA-3 (Keccak-256) for hashing, ensuring data integrity, address derivation, and participation
in VRF-based random leader selection. The use of SHAKE extendable-output functions within Dilithium and
Kyber supports secure and uniform random sampling necessary for lattice-based cryptography.

7.2 Consensus and Economic Security

Byzantine Fault Tolerance (BFT) in PoS:

Qureal’s consensus protocol is a BFT Proof-of-Stake mechanism that guarantees finality as long as less
than one-third of the stake is controlled by adversaries. The system’s security is mathematically expressed
by:

Se
N &
YNS;

Py

P(v) =

where S, is the stake of validator v and IN is the number of validators. For finality, =2/3 of total stake must

pre-commit to a block before it is finalized.

Slashing Mechanisms:

To deter malicious behavior, Qureal implements slashing conditions:

e Double-Signing: If a validator signs conflicting blocks at the same height, they are slashed (e.g.,
5% of staked tokens).

e Downtime Penalties: Validators that do not participate consistently incur incremental slashing
(e.g., 0.1% per epoch of inactivity).

e Invalid Block Proposals: Blocks containing invalid transactions will lead to reduced rewards or
minor slashing to deter abuse.
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Economic Deterrence:

The total cost to attack the network Clipack is modeled as:
Clattack = P xax S,

where p is the slashing penalty, «v is the fraction of stake under attacker control, and 5 is the total staked
value. Ensuring that Clttacl €xceeds any potential gain ¢ from a successful attack makes the system

ecanomically secure.

7.3 Smart Contract and Application Security

Gas Model Adjustments:

The Qureal gas schedule accounts for the extra computational load of PQ operations. For instance, verifying
a Dilithium signature incurs approximately 3x the gas cost of an ECDSA verification. This incentivizes
efficient code and deters overuse of heavy cryptographic primitives.

Formal Verification:

Critical smart contracts (such as the staking, treasury, and governance contracts) are subject to rigorous
audits and, where feasible, formal verification. This minimizes bugs and helps ensure that no vulnerabilities
are exploitable within the Qureal Virtual Machine (QVM).

Bug Bounty Program:

Qureal actively encourages security research by running bug bounty programs. Independent security
researchers are rewarded for identifying vulnerabilities, ensuring ongoing improvement of the protocol.

7.4 Compliance and Regulatory Safeguards

Although Qureal is built as a permissionless network, its design includes mechanisms for self-regulation:

e Transparency: All security-related transactions (such as slashing events, token burns, and critical
governance votes) are recorded on-chain and publicly auditable.

e DAO Oversight: The Qureal DAO holds the authority to adjust system parameters (like slashing
rates or fee structures) in response to new threats. This enables the community to enact protocol
upgrades rapidly if security vulnerabilities are discovered.

e Emergency Response: In the event of a detected vulnerability, a multisignature emergency
committee—elected through the DAO—can pause protocol operations via an on-chain mechanism
to mitigate any ongoing attack. Such actions are logged and require subsequent community
ratification.

7.5 Resilience Against Quantum Attacks

Qureal’s fundamental advantage lies in its use of post-quantum cryptographic primitives:
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e Resistance Assurance: By implementing algorithms like Dilithium and Kyber, Qureal ensures that
even if quantum computers become mainstream, the cryptographic operations essential to the
blockchain will remain secure.

e Forward-Looking Agility: Should new quantum attacks emerge or if an algorithm's parameters
require tuning, Qureal’s modular cryptographic architecture allows for seamless upgrades. The
governance process can be invoked to modify cryptographic parameters or switch to a new
standard with minimal disruption.

e Hybrid Safeguards: The concurrent use of classical and quantum-resistant methods in key
operations (especially in cross-chain bridges) provides an additional layer of defense. An adversary
must overcome multiple independent cryptographic barriers to compromise the network.

In summary, Qureal’s security considerations form a comprehensive, multi-layered defense—from robust
post-quantum algorithms and hybrid cryptographic strategies to economic incentives and well-designed
consensus. These measures collectively ensure that Qureal remains secure, sustainable, and resilient well
into the quantum era.

8. DAO Governance

Qureal is governed in a fully decentralized manner through an on-chain Decentralized Autonomous
Organization (DAO) that empowers QRA token holders to direct the evolution of the platform. This
governance framework ensures that critical decisions—ranging from treasury allocations and token burn
rates to adjustments of staking rewards—are determined by the community.

8.1 Governance Framework Overview

e Token-Based Voting: Every QRA token confers one vote, establishing a straightforward one-
token-one-vote system. This ensures that governance power is proportional to each holder’s stake
in the network.

e Proposal Submission Requirements: To prevent frivolous proposals and to ensure commitment,
any proposal must be submitted by an address that has staked at least 20,000 QRA tokens. This
threshold ensures that only sufficiently invested participants can drive major changes.

e Supermajority Approval: For significant protocol updates—such as changes to treasury
allocation, burn rates, or staking reward structures—a supermajority vote of at least 70% is
required. This protects the network from abrupt changes driven by a narrow majority and helps
maintain long-term stability and consensus.

e On-Chain Execution: Once a proposal is approved, the corresponding smart contracts
automatically enforce the changes, ensuring that all adjustments are transparent, auditable, and
irreversible without further community intervention.

DAO Governance Process Diagram:

Purpose: Visualize the decentralized governance process for proposals, voting, and execution within the
Qureal DAO.
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This diagram shows how a proposal is submitted (with a minimum stake requirement), discussed, voted
upon (token-weighted voting), and finally executed if it meets the 70% supermajority threshold.

8.2 Governance Process and Implementation

Proposal Submission:

To submit a proposal, a participant must have at least 20,000 QRA staked. This requirement is implemented
in the DAO contract to ensure that only stakeholders with a vested interest can influence major decisions.
Proposed changes might include adjusting token burn rates, modifying the staking reward APY, or
reallocating treasury distributions.

code — Proposal Submission:

contract QurealDAO {

struct Proposal {
uint256 id;
address proposer;
string description;
uint256 forVotes;
uint256 againstVotes;
uint256 submissionTime;
bool executed;

mapping (uint256 => Proposal) public proposals;
uint256 public proposalCount;

// Require the proposer to have staked at least 20,000 QRA tokens
modifier onlyQualifiedProposer (address proposer) {
require (getStakedBalance (proposer) >= 20000 * 1el8, "Must stake at
least 20,000 QRA");
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event ProposalCreated(uint256 indexed id, address indexed proposer, string
description);

event VoteCast (uint256 indexed proposalld, address indexed voter, bool
support, uint256 votingPower);

// Function to submit a new proposal
function submitProposal (string memory description) public
onlyQualifiedProposer (msg.sender) returns (uint256) {
uint256 id = proposalCount++;
proposals[id] = Proposal ({
id: id,
proposer: msg.sender,
description: description,
forvotes: O,
againstVotes: 0,
submissionTime: block.timestamp,
executed: false
});
emit ProposalCreated(id, msg.sender, description);
return id;

// Function to vote on a proposal; each QRA equals one vote
function voteOnProposal (uint256 proposalld, bool support) public {
Proposal storage proposal = proposals|[proposalId];
// Ensure the voter hasn't voted already, tracking can be implemented
in a mapping (not shown here for brevity)
uint256 votingPower = getVotingPower (msg.sender); // Typically, staked
QRA determines voting power
if (support) {
proposal.forVotes += votingPower;
} else {
proposal.againstVotes += votingPower;
}

emit VoteCast (proposalld, msg.sender, support, votingPower);

// Execute a proposal if it meets required thresholds
function executeProposal (uint256 proposalld) public {
Proposal storage proposal = proposals[proposalId];
require (!proposal.executed, "Proposal already executed");
// Major proposals require a 70% supermajority of votes in favor
require (proposal.forVotes * 100 / (proposal.forVotes +
proposal.againstVotes) >= 70, "Supermajority of 70% not met");
// Execute the proposal; this might include updating protocol
parameters, treasury allocations, etc.
proposal.executed = true;
// Insert further execution logic here (e.g., calling specific
protocol update functions)

}
// Helper functions (getStakedBalance, getVotingPower) must be defined to

reflect actual staked QRA balances.
}
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8.3 Key Features

e Proposal Submission: Requires a minimum of 20,000 QRA tokens staked by the proposer,
ensuring that only committed participants can submit changes.

e Voting System: Direct, token-weighted voting ensures that every QRA held translates to one vote.

e Supermajority Approval: Major updates are only executed if at least 70% of the vote supports
them, providing a robust check against unilateral decisions.

e On-Chain Transparency: All proposals, votes, and execution results are recorded on-chain,
ensuring full transparency and community oversight.

e Automated Execution: Approved proposals trigger on-chain actions directly via smart contracts,
eliminating the possibility of manual intervention or censorship.

8.4 Governance in Practice

Through the Qureal DAO, token holders govern critical parameters of the platform. For example:

e Treasury Allocations: The community votes on how treasury profits are distributed between
dividends, liquidity provision, operational costs, and reinvestment.

e Token Burn Rates: Adjustments to the daily burn (currently set at 5,000 QRA/day) require DAO
consensus, ensuring that any modification is carefully considered.

e Staking Rewards: Changes to the APY or distribution mechanism for staking rewards are similarly
voted upon.

e Protocol Upgrades: Any significant changes to the Qureal protocol, including alterations in
consensus or cryptographic parameters, must achieve a 70% supermajority before execution.

By decentralizing decision-making and embedding transparency into every step, Qureal’'s DAO governance
not only reinforces the security and integrity of the network but also aligns the platform’s evolution with the
collective interest of its community.

9. Conclusion

Qureal (QRA) represents a paradigm shift in blockchain technology, meticulously designed to address both
the imminent threat of quantum computing and the enduring need for economic sustainability. By integrating
NIST-standardized post-quantum cryptographic algorithms (CRYSTALS-Dilithium and CRYSTALS-Kyber)
at its core, Qureal guarantees that every transaction, smart contract, and consensus operation remains
secure even as quantum computing becomes a practical threat.

The platform’s architecture—built as a Layer-3 network on top of established Ethereum Layer-2
infrastructures—leverages the robust security and scalability of Ethereum while introducing specialized
quantum-resistant operations through the Qureal Virtual Machine. This approach not only ensures rapid
finality (with block times around 5 seconds) but also facilitates seamless interoperability via native bridges
with Solana, XRP Ledger, and other networks. As a result, Qureal becomes a unified hub that connects
diverse blockchain ecosystems while retaining strict quantum-safe standards.

Economically, Qureal stands apart with its treasury-backed model. A $50 billion diversified treasury
underpins the token’s intrinsic value, while a carefully balanced economic system—including 2% APY
staking rewards, a daily deflationary burn of 5,000 QRA tokens, and a well-structured profit distribution
mechanism—ensures sustainable growth and value preservation. The tokens are distributed broadly, with
55% allocated to public sale, 20% to treasury reserves, 10% to team and advisors (milestone-based vesting),
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10% to the ecosystem and community, and 5% to the Foundation/DAO reserve. This structure fosters
decentralization, mitigates volatility, and aligns incentives among all stakeholders.

Qureal’s decentralized governance, executed entirely on-chain via a robust DAO, empowers token holders
to directly influence key parameters such as treasury allocations, burn rates, and staking rewards. With rules
such as the requirement to stake 20,000 QRA to propose a change, one-token-one-vote voting, and a 70%
supermajority threshold for major updates, the governance framework is designed to protect the network’s
integrity and ensure that any change reflects the collective will of the community.

Looking ahead, Qureal's roadmap details an ambitious evolution—from its initial launch as a Layer-3
solution, through enhanced cross-chain interoperability and ecosystem expansion, to a future state of
becoming a fully quantum-native Layer-1 blockchain integrated with Quantum Al. Each phase is carefully
designed to incorporate feedback, maintain high security standards, and adapt to emerging technological
trends, ensuring that Qureal not only meets present challenges but continues to lead into the future.

In summary, Qureal is not merely a cryptocurrency; it is a comprehensive platform engineered for the
quantum era. It offers unparalleled security, robust economic backing, and broad interoperability, making it
uniquely positioned to serve both institutional and retail users in a decentralized, sustainable digital
economy. Qureal sets a new standard for blockchain innovation—one that is built to secure, sustain, and
evolve with the ever-changing technological landscape.
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