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Abstract
Driven by continuous advancements in blockchain networks, digital assets,

artificial intelligence and global digital commerce systems, the generation, attribution
confirmation, storage and circulation of value are gradually migrating from traditional
account frameworks to programmable digital asset architectures. An increasing
number of commercial privileges, consumption credits, service access rights, digital
goods and real-world assets are being digitized. Nevertheless, conventional value
carriers including membership cards, prepaid cards, gift cards, redemption coupons
and corporate welfare vouchers still rely predominantly on centralized databases for
issuance, recording and validation, which leads to inherent drawbacks in asset
authenticity verification, ownership representation, cross-platform interoperability,
global usability and long-term verifiability.

While blockchains leverage distributed ledgers and smart contracts to build
transparent, verifiable digital asset ecosystems, mainstream users face substantial
cognitive and operational barriers when interacting with wallet addresses, private keys,
on-chain transactions and network gas fees. Accordingly, there exists a critical
demand for new foundational infrastructure within the digital economy: a secure,
verifiable, user-friendly and open value bridging mechanism that connects traditional
commercial vouchers and blockchain-native digital assets.

Against this backdrop, Openverse has introduced VRC-417 Bitvoucher (Value
Redemption Code Protocol), a blockchain-based protocol for value redemption codes.
Powered by asset lockup, cryptographic credential generation, on-chain state
validation and automated smart contract settlement, the protocol maps verifiable
on-chain assets into uniquely identifiable, redeemable value redemption codes. Asset
holders may transfer and redeem value conveniently via these simplified credentials.

Within the VRC-417 framework, issuers first lock designated digital assets into
on-chain smart contracts or asset custody modules in compliance with protocol rules.
The system then generates corresponding value redemption credentials formatted as
standardized Bitvouchers using cryptographically secure entropy sources, asset state
data and exclusive binding parameters. Users holding valid Bitvouchers may submit
credentials via VRC-417-compatible redemption portals. Following protocol checks
for authenticity, status, permissions and duplicate redemption risks, smart contracts
disburse locked assets to user-specified wallet addresses per predefined rules, forming
a closed-loop workflow: Asset Lockup → Credential Generation → Value Transfer →
Credential Validation →Asset Redemption.

The core innovation of VRC-417 Bitvoucher lies not merely in redefining
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traditional serial codes, but in upgrading static database-bound access strings into
cryptographic credentials cryptographically anchored to tangible on-chain value.
Redemption codes thereby serve as a lightweight gateway enabling mainstream
commercial systems to access the blockchain value network. The protocol
accommodates diverse business scenarios: digital membership privileges, prepaid
consumption balances, corporate benefits, game top-ups, digital content subscriptions,
travel & hospitality services, air travel entitlements, educational courses, medical
service credits, e-commerce gift cards, cross-border payment vouchers, AI service
quotas, cloud computing resources, RWA redemption and digital collectible claims.
Standardized protocol interfaces allow enterprises to deploy digital asset issuance and
redemption systems without building full-stack blockchain infrastructure from
scratch.

On the security front, VRC-417 adopts a multi-layered security stack consisting
of cryptographic hashing, cryptographic entropy, digital signatures, on-chain state
machines and permission validation. Immutable cryptographic bindings between
redemption codes and underlying on-chain assets prevent counterfeiting and duplicate
redemptions. For long-term security resilience, post-quantum cryptography has been
embedded into the core architectural design. Supported by algorithm modularity,
protocol versioning and post-quantum compatibility, the protocol reserves pathways
for future migration to NIST-standardized post-quantum cryptographic suites. NIST
formally promulgated FIPS 203, FIPS 204 and FIPS 205 in 2024, standardizing
ML-KEM, ML-DSA and SLH-DSA respectively, laying a formal benchmark for
long-term cryptographic agility in digital asset infrastructure.

VRC-417 is engineered to seamlessly integrate with mainstream commercial
ecosystems, sharing technical synergies with verifiable digital credential standards.
The W3C officially released the Verifiable Credentials Data Model 2.0
Recommendation in 2025, affirming that cryptographically secured,
privacy-preserving, machine-verifiable digital credentials have become pivotal
infrastructure for digital identity and rights representation across the internet. Building
upon this foundation, VRC-417 merges verifiable credentials with on-chain value
redemption: credentials not only attest to entitlement ownership but also trigger
automated asset settlement governed by protocol rules, establishing dedicated
redemption infrastructure for the Value Internet.

Conclusively, the long-term objective of VRC-417 Bitvoucher is not to replace
conventional payment systems or launch an alternative token standard. Instead, it
aims to build an intermediate value redemption protocol bridging on-chain digital
assets and real-world commercial applications. Assets are encapsulated into shareable,
user-friendly digital vouchers, lowering blockchain adoption costs for enterprises and
enabling ordinary users to interact with digital assets via intuitive workflows familiar
from traditional gift card systems: Acquire Redemption Code → Submit Code →
Claim Value. Ultimately, the protocol propels the evolution of blockchains from
transaction-centric ledgers into global infrastructure facilitating universal commercial
value circulation.
Keywords: VRC-417, Bitvoucher, Value Redemption Code, Blockchain, Digital
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Assets, Smart Contracts, Cryptography, Digital Credentials, Post-Quantum Security,
RWA, AI Agent, Web3, Openverse, Value Internet

1. Historical Context & Protocol Inception
1.1. Transition from the Information Internet to the Value

Internet

1.1.1. Evolution from Information Internet to Value Internet
Over the past several decades, the internet has primarily delivered global

information connectivity, enabling near-zero marginal-cost transmission of texts,
images, audio, video and datasets across geographies and stakeholders. The
emergence of blockchain technology has further transformed the internet from a pure
information transmission network into a value network capable of value attestation,
asset ownership recording and automated execution.

Within traditional internet architectures, digital files can be replicated infinitely,
while platform points and entitlements are confined to individual platforms, their
value authenticated solely by centralized databases. Blockchains leverage distributed
ledgers and cryptography to grant digital assets independent on-chain state attributes;
smart contracts execute predefined asset transfer rules autonomously. As executable
code and state repositories deployed on blockchains, smart contracts furnish
programmable operational environments for digital value.

Nevertheless, the widespread adoption of the Value Internet does not require all
traditional business models to be converted into complex wallet transactions. Mass
mainstream adoption necessitates bridging the gap between technical infrastructure
and end-user experience. Consumers are accustomed to membership cards, prepaid
vouchers, gift cards and service coupons. Mandating users to learn private key
management, gas fees, blockchain addresses and intricate transaction workflows
would hinder the translation of technical advantages into commercial traction. The
Value Internet therefore demands an interaction paradigm mirroring conventional
commercial voucher experiences while retaining blockchain-grade asset security —
the precise niche addressed by VRC-417 Bitvoucher.

1.2. Deficiencies of Traditional Value Redemption Systems

1.2.1. Limitations of Centralized Credential Architectures
Traditional serial code ecosystems operate on a straightforward mechanism:

issuers generate redemption strings, with centralized databases recording validity
status, denominations, expiry dates and ownership. Consumers submit codes to
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corporate servers for validation, after which service access or account balance
increments are processed. Though mature after decades of iteration, this model suffers
from a fundamental flaw: redemption codes carry no intrinsic independent value; their
validity hinges entirely on database entries maintained by issuers. Consequently,
platform dependency emerges when operators cease service, databases malfunction,
corporate entities restructure, or cross-platform usage is required.

Additionally, conventional serial codes lack publicly verifiable asset reserve
proof. Users cannot independently verify whether adequate underlying value backs
each voucher without relying on issuers, meaning purchasers essentially acquire
corporate promises rather than openly verifiable value credentials. VRC-417
reconfigures this dynamic: assets are locked on-chain first, followed by issuance of
cryptographically bound redemption vouchers anchored to asset states. Credential
validity is jointly verified by protocol logic and blockchain states, decoupled from
exclusive reliance on internal corporate databases.

1.3. Birth of VRC-417 Bitvoucher

1.3.1. From Serial Codes to On-Chain Value Redemption Codes
VRC-417 Bitvoucher unites traditional serial code redemption credentials with

blockchain-based asset ownership. Redemption codes evolve from mere database
access passwords into value triggers that initiate on-chain asset redemption workflows.
Assets are locked first, then uniquely bound Bitvouchers are minted. Upon credential
transfer to new holders, eligible users may redeem corresponding assets within
protocol-defined boundaries, aligning value transfer directly with credential
ownership.

State transition workflow:
Created
↓
Locked (Asset Lockup Completed)
↓
Issued (Credential Deployed)
↓
Active (Valid for Redemption)
↓
Redeemed (Asset Claimed)
This state machine supports peer-to-peer value gifting as well as enterprise

issuance of membership privileges, prepaid balances, digital goods and service
vouchers, extending blockchain asset value to broader commercial scenarios.
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2. Overall Architecture of the VRC-417
Protocol
2.1. General Protocol Design

2.1.1. Core Architecture of VRC-417
VRC-417 adopts a layered modular architecture, decoupling asset lockup,

credential generation, security validation, redemption execution and application
integration while unifying all modules via standardized protocol interfaces to form a
holistic value redemption system. The stack comprises six tiers: Application Access
Layer, Credential Service Layer, Redemption Execution Layer, Asset Management
Layer, Cryptographic Security Layer and Underlying Blockchain Network Layer.

Application Layer: Connects wallets, DApps, enterprise backends and
commercial platforms

Credential Service Layer: Governs Bitvoucher generation and lifecycle
management

Redemption Execution Layer: Executes credential validation and asset
disbursement

Asset Management Layer: Records states of locked assets
Cryptographic Security Layer: Manages entropy, hashing, digital signatures and

security policies
Base Layer: Openverse or compatible blockchains handling transaction

confirmation, smart contract execution and permanent state recording
┌──────────────────────────────┐

│ Commercial Apps / DApps │

├──────────────────────────────┤

│ Bitvoucher Application Layer │

├──────────────────────────────┤

│ Redemption Engine │

├──────────────────────────────┤

│ Asset Vault Layer │

├──────────────────────────────┤

│ Cryptography & Verification Layer │

├──────────────────────────────┤

│ Openverse / Blockchain Network │

└──────────────────────────────┘

2.2. Bitvoucher Lifecycle

2.2.1. Asset Lifecycle State Model
Each Bitvoucher under VRC-417 is mapped to a definitive lifecycle state,
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enabling full traceability and verifiability from creation to final redemption. Standard
state progression: Created → Locked → Issued → Active → Redeemed.
Supplementary terminal states include Expired (time-bound commercial vouchers)
and Cancelled (revoked per issuer regulations).

Created: Credential initialization commenced
Locked: Corresponding assets secured within protocol custody
Issued: Credential finalized and ready for distribution
Active: Eligible for redemption
Redeemed: Asset redemption finalized; credential permanently invalidated
Expired / Cancelled: Redemption eligibility terminated
State machine logic eliminates reliance on isolated database fields for status

judgment; state transitions are embedded within smart contract logic, prohibiting
repeated asset disbursement post-redemption.

2.3. Core Participants

2.3.1. Issuers, Holders and Redemption Network
Key stakeholders within the VRC-417 ecosystem: asset issuers, Bitvoucher

holders, redemption service providers, wallets, smart contracts and underlying
blockchains.

Issuers: Deposit and lock assets, define redemption rules
Holders: Possess and utilize redemption credentials
Redemption Service Providers: Build user-facing interaction portals
Wallets: Receive redeemed assets
Smart Contracts: Automate asset lockup, state validation and final settlement per

protocol rules
Role separation ensures issuers retain no direct custody over end-user wallet

assets, and users avoid manual redemption oversight from issuers, streamlining
standardized digital value circulation.

3. Technical Architecture Design of
VRC-417 Protocol
3.1. Asset Lockup & Credential Generation

3.1.1. Asset Vault Lockup Mechanism
VRC-417 establishes trusted bindings between assets and Bitvouchers. All

redeemable Bitvouchers must correspond to protocol-recognized asset sources
secured via smart contracts or protocol-governed asset management modules.
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Post-lockup, the system assigns a unique Asset ID, documenting asset category,
quantity, creation timestamp, lockup status, redemption rules and associated credential
metadata. On-chain asset states serve as the source of truth for Bitvoucher validity,
rather than treating redemption codes as standalone numeric strings.

Cryptographic binding formula:
AssetID = H(Type \parallel Amount \parallel Owner \parallel Nonce)

Where:
H= Cryptographic hash function
Type= Asset classification
Amount= Locked asset quantity
Owner= Issuing entity or asset controller
Nonce= Random parameter enhancing uniqueness and entropy

3.2. Bitvoucher Generation & 18-Digit Encoding

Standard

3.2.1. Cryptographic Entropy & Uniqueness Design
Bitvoucher generation relies exclusively on CSPRNG (Cryptographically Secure

Pseudorandom Number Generator). The protocol rejects predictable generation
schemes including incremental timestamps and fixed sequences. High-quality
cryptographic entropy is combined with unique asset identifiers, protocol domains,
version tags and lifecycle parameters, then processed via audited cryptographic
transformations to generate internal credential identifiers.

The 18-digit public-facing encoding is merely a user-friendly representation, not
the complete cryptographic secret space. The protocol preserves high-entropy raw
random seeds and confidential verification data internally, avoiding overreliance on
the 18-character string for full cryptographic security.

3.3. Hash Binding &Authenticity Verification

3.3.1. Tamper-Proof Asset Binding Relations
VRC-417 employs irreversible cryptographic hash bindings to anchor

Bitvouchers to underlying on-chain assets. Post-generation, sensitive asset details are
not exposed to users; processed credential commitments are recorded on-chain or
within trusted verification layers. During redemption, the redemption engine
recalculates cryptographic digests internally and cross-references against on-chain
commitments to validate protocol membership and ongoing redemption eligibility.

Hash functions enable data consistency verification without disclosing full raw
information. Crucially, hashing alone does not constitute encryption and cannot bear
full asset security responsibilities. VRC-417 deploys a composite security stack
integrating hashing, cryptographic entropy, permission controls, state machines and
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smart contracts.

3.4. Double Redemption Prevention & State Machine

Security

3.4.1. One-Time Redemption &Atomic Settlement
Mitigating duplicate redemptions constitutes a core security priority. The

protocol enforces atomic execution of credential validation and asset disbursement
within unified state transition logic. On-chain state records permanently mark
redeemed credentials as invalid.

State execution rules:
Bitvoucher State Protocol Outcome

Active Validation passed; locked assets released; state updated to Redeemed
Non-Active Validation rejected; redemption terminated, no asset transfer

Redemption workflows adhere to atomic transaction principles: partial execution
triggers full rollback, eliminating consistency failures such as asset disbursement
without state updates or expired credentials releasing funds erroneously.

3.5. Digital Signatures & Permission Authentication

3.5.1. Multi-TierAuthorization Framework
For enterprise-grade Bitvoucher issuance, standalone redemption codes cannot

accommodate complex business requirements. The protocol incorporates layered
signature authorization: issuer signatures, service provider signatures and end-user
wallet signatures, enforcing the principle of least privilege across operations.

Issuer signatures: Authenticate legitimate issuance origins
Service signatures: Verify requests from authorized redemption channels
Wallet signatures / On-chain transactions: Confirm final asset ownership transfer
Clear security boundaries separate issuance, validation and settlement

workflows.

3.6. Zero-Knowledge Verification & Privacy Protection

Roadmap

3.6.1. Privacy-Enhanced Redemption Mechanisms
As Bitvoucher expands into enterprise benefits, RWA, medical services, financial

entitlements and high-value asset redemption scenarios, users require options to
conceal full asset details and personal identities during transactions. VRC-417
reserves modular zero-knowledge proof compatibility, enabling users to prove valid
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redemption eligibility without disclosing sensitive private data. ZKP integration
remains optional; the modular verification layer balances transparency and privacy
flexibly per commercial demands.

3.7. Post-Quantum Security Architecture

3.7.1. Long-Term Threats Posed by Quantum Computing to

Digital Asset Security
Advancements in quantum computing threaten conventional public-key

cryptosystems grounded in integer factorization and discrete logarithm problems.
Sustainable digital asset protocols must embed cryptographic migration and algorithm
replacement capabilities during initial architectural design. VRC-417 adopts the
philosophy of cryptographic agility rather than permanently fixed post-quantum
algorithms; signature, key encapsulation and verification algorithms can be upgraded
iteratively per industry standards and security assessments.

NIST’s 2024 finalization of FIPS 203, FIPS 204 and FIPS 205 (ML-KEM,
ML-DSA, SLH-DSA) delivers standardized benchmarks for post-quantum migration
in digital asset infrastructure.

3.8. Post-Quantum Compatibility Framework

3.8.1. Cryptographic Agility & Hybrid Security Mode
VRC-417 plans to implement a hybrid dual-stack security architecture

combining classical cryptography and post-quantum algorithms, preserving
compatibility with existing blockchain ecosystems while gradually integrating
post-quantum primitives. High-value assets may adopt combined multi-signature
verification merging classical and post-quantum signatures to bolster long-term
resilience. Versioned key formats ensure protocol upgrades do not render previously
issued Bitvouchers irredeemable.

Note: Post-quantum compatibility represents a long-term architectural direction.
Production deployment algorithms, parameters and security levels shall be determined
by formal cryptographic audits, underlying network capacity and prevailing official
standards; absolute "quantum-safe" claims are precluded without rigorous engineering
validation.

3.9. Smart Contract Security & System Defense

3.9.1. Contract Audits, Permission Isolation & Emergency

Response
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Smart contracts govern core operations including asset lockup, state management
and disbursement, rendering contract security paramount to ecosystem asset safety.
VRC-417 establishes a comprehensive secure development lifecycle encompassing
formal verification, automated testing, third-party security audits, permission isolation,
upgrade governance and emergency circuit breakers. Multi-signature administration,
time locks and least privilege policies mitigate systemic asset risks stemming from
compromised administrative accounts.

Smart contracts autonomously execute predefined rules; code vulnerabilities may
be amplified through automated execution. Hence, secure lifecycle management is
embedded into VRC-417’s permanent operational framework.

4. Application Scenarios & Commercial
Ecosystem
4.1. Digital Membership & Prepaid Recharge Systems

4.1.1. Membership Cards, Stored-Value Cards & Digital

Consumption Credits
Digital membership and prepaid ecosystems constitute VRC-417’s most

immediate commercial use case. Enterprises lock on-chain assets or verifiable service
quotas to mint Bitvouchers, granting users membership access, account balances and
consumption credits via redemption codes. Conventional database-bound membership
systems are upgraded to on-chain asset-backed digital credentials, ideal for hospitality,
catering, fitness, entertainment, retail, chain brands and digital subscription services.
Additional use cases include peer-to-peer membership gifting, bulk corporate
distribution and cross-regional digital privilege circulation.

4.2. Corporate Benefits & Employee Incentives

4.2.1. Corporate Digital Benefit Credentials
Enterprises deploy VRC-417 to distribute holiday perks, performance bonuses,

project rewards, consumption credits and exclusive service entitlements to employees,
mapping internal personnel records to redemption rules. Traditional internal database
welfare records transition to wallet-claimable value credentials. Multinational
corporations simplify cross-regional welfare payment infrastructure, offering unified
digital benefit distribution interfaces to global staff.

4.3. Game Top-Ups & Virtual Assets
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4.3.1. Game Points & Item Redemption
Game studios leverage Bitvouchers to issue recharge codes, item claim tickets,

limited-edition gear vouchers and campaign reward credentials. Players access
on-chain digital assets via familiar redemption workflows without prior Web3 wallet
expertise. For Web3 games, VRC-417 serves as a claim portal for NFTs, in-game
assets and exclusive privileges, lowering user onboarding barriers for blockchain
gaming via conventional prepaid card paradigms.

4.4. Digital Content & Subscription Services

4.4.1. Usership Rights to Digital Content
Music, film, online education, software, database and professional content

platforms mint time-bound or usage-limited Bitvouchers. Users acquire verifiable
digital service rights rather than centralized account permissions. Examples include
3-month AI service subscriptions, annual software licenses or 100 professional
database query credits, with smart contracts automatically enforcing usage limits
post-redemption.

4.5. Hospitality & Travel Industry

4.5.1. Hotel Accommodation & Travel Privileges
Hotel groups, OTAs and travel providers issue stay vouchers, room upgrade

benefits, airport transfers, travel packages and travel credit Bitvouchers. Users may
pre-purchase and resell services, with on-chain records tracking issuance volume and
redemption status. For premium membership tiers, Bitvouchers act as digital
credentials for VIP suites, upgrades and exclusive event invitations.

4.6. Aviation & Transportation Services

4.6.1. Air Tickets, Air Miles & Transit Credits
Airlines, railway operators and urban transit platforms construct digital

transportation privilege ecosystems via VRC-417, tokenizing flight credits, air mile
rewards, cabin upgrades and transit prepaid balances into transferable Bitvouchers.
The system interconnects corporate benefits, travel marketing and cross-border
consumption, converting transportation entitlements into digitally manageable
commercial assets.

4.7. Education & Vocational Training

4.7.1. Courses, Examinations & Training Benefits
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Educational institutions issue course vouchers, training quotas, exam eligibility
certificates and certification service credentials. On-chain state verification prevents
duplicate usage of identical course rights. Enterprises purchase bulk Bitvouchers for
employee professional development; staff redeem courses on-demand within validity
windows, while institutions centrally oversee issuance, activation, redemption and
expiry states.

4.8. Medical & Healthcare Services

4.8.1. Medical Service Quotas &Wellness Privileges
Compliant with regulatory frameworks and privacy mandates, medical

institutions, wellness operators and insurance platforms may pilot VRC-417 for
physical examination packages, rehabilitation services and health management
entitlements. Owing to the extreme sensitivity of medical data, privacy-preserving
mechanisms and zero-knowledge verification are integrated. VRC-417 functions
solely as the value redemption layer; raw personal health data is never stored on
public blockchains.

4.9. E-Commerce & Digital Gift Cards

4.9.1. Global Digital Gift Ecosystem
E-commerce platforms deploy VRC-417 to issue shopping credits, brand gift

cards, holiday bundles and cross-border consumption vouchers. Users receive and
manage multi-brand digital value via unified wallets. Unlike conventional gift cards,
Bitvoucher value states reside on open blockchains, interconnected with diverse
wallets and commercial platforms via standardized APIs.

F-

4.10. AI Agent Service Credits

4.10.1. Value Credentials for the Machine Economy
As AI Agents gain autonomous capabilities to invoke APIs, computing resources

and digital services, machine-to-machine transactions demand automated value
settlement frameworks. VRC-417 allocates capped computing resources, data access
permissions, API call volumes and model inference quotas to AI Agents encapsulated
within isolated Bitvouchers. Spending limits, validity periods and service scopes
enforce risk segmentation, pioneering programmable value credentials tailored for the
machine economy.

4.11. Cloud Computing & Computing Power Services

4.11.1. Computing Power Redemption Vouchers
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Cloud providers package CPU, GPU, storage, bandwidth and AI inference
resources into Bitvouchers. Users pre-purchase resource quotas for on-demand
redemption. Ideal for short-term campaigns, enterprise projects and AI training
workloads, the solution streamlines complex cloud procurement workflows into
standardized digital vouchers, while enabling enterprises to distribute computing
resources as incentives and employee benefits.

4.12. Real-World Asset (RWA) Redemption

4.12.1. Integration Between Physical Assets & Digital Rights
RWA constitutes a pivotal long-term application domain for VRC-417. Gold,

commodity inventories, fine art, warehoused goods and regulated real-world asset
entitlements may be digitized to bridge on-chain assets and physical redemption
workflows. Critical caveat: VRC-417 does not inherently validate the authenticity of
physical underlying assets. Legitimate issuers, custodians, audit firms and trusted
third-party mechanisms must furnish tangible asset verification documentation;
Bitvouchers exclusively deliver value credentialing and redemption interface
functionalities.

4.13. Cross-Border Commercial Value Circulation

4.13.1. Cross-Border Transmission of Global Digital Rights
VRC-417 facilitates cross-border corporate benefits, digital gifting, online

services and global membership programs, enabling seamless digital transmission of
value credentials across jurisdictions. Bitvouchers serve as a unified digital value
representation, though issuance, redemption, payment and tax activities must adhere
to local legal and regulatory requirements.

4.14. Sports & Event Privileges

4.14.1. Tickets, Memberships & Tournament Services
Sports clubs and tournament organizers mint match ticket vouchers, VIP seating

privileges, fan memberships, souvenir claim tickets and on-site consumption credits.
Sports rights are digitized for streamlined administration, supporting event marketing,
fan rewards and corporate sponsorship benefit allocation via Bitvoucher transfers.

4.15. Entertainment & Cultural Industries

4.15.1. Concert & Cultural Event Entitlements
Concerts, exhibitions, museums, art institutions and cultural events issue ticket

vouchers, souvenir claim credentials and membership privileges through VRC-417.
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Users manage cultural consumption rights within unified wallets, with extended
integrations between digital collectibles and physical merchandise redemption.

4.16. Corporate Procurement & Supply Chains

4.16.1. B2B Procurement Credits
Enterprises issue procurement quotas and supply chain settlement vouchers via

VRC-417, granting partners bounded purchasing authority for goods and services.
Smart contracts define validity windows, credit limits and applicable scopes,
establishing standardized digital procurement credential systems for B2B commerce.

4.17. Charities & Public Welfare

4.17.1. Public Welfare Fund Redemption Credentials
Within compliance and transparency boundaries, nonprofits convert verifiable

funding pools and service quotas into Bitvouchers for food aid, education grants,
medical support and disaster relief initiatives. Donors gain clear visibility into
designated service applications, while on-chain state records enhance auditability of
charitable fund flows.

4.18. Digital Identity & Membership Benefits

4.18.1. Identity-Bound Digital Privileges
VRC-417 interoperates with decentralized identity and verifiable credential

frameworks, restricting Bitvoucher redemption to eligible verified users (corporate
staff, certified members, event attendees, enrolled students). The W3C Verifiable
Credentials Data Model 2.0 formal recommendation establishes cryptographic,
machine-verifiable digital identity standards, laying groundwork for future integration
between VRC-417 and decentralized identity ecosystems.

4.19. Digital Collectibles & Physical Item Redemption

4.19.1. Collectible Claim Vouchers
Art institutions, brands and collectible issuers deploy Bitvouchers as claim

tickets for digital collectibles. Users obtain redemption codes first, then claim
corresponding NFTs or physical merchandise via authorized platforms, completing
the full commercial workflow: Sales → Credential Issuance → Redemption → Asset
Claim.
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5. Market and Ecosystem Development
5.1. Development Background of the Digital Value

Voucher Market

5.1.1. Evolution from Traditional Coupon Systems to On-Chain

Value Voucher Infrastructure
Driven by the advancement of the digital economy, mobile payments,

e-commerce and blockchain foundational infrastructure, the conventional value
voucher system centered on physical cards, account balances, centralized database
ledgers and closed redemption systems is evolving toward digitization, networking
and programmability. Traditional membership cards, stored-value cards, gift cards,
consumer coupons, redemption codes and corporate benefit vouchers have mature
commercial models, yet their underlying value is recorded solely within centralized
databases, creating rigid systemic dependency between vouchers and intrinsic value.
When issuers, platforms or service providers undergo system migration, operational
turmoil or service termination, users may encounter obstacles including voucher
lookup failures, restricted redemption, or total forfeiture of voucher value.

VRC-417 Bitvoucher aims to build an open value voucher infrastructure atop
blockchains. Instead of merely being database entries managed by enterprises,
vouchers establish deterministic on-chain correlations with locked underlying assets.
This transforms vouchers from static informational records into verifiable,
asset-backed on-chain value instruments.

5.1.2. Demand for Interoperability Between Digital Assets and

Real-World Commercial Rights
Blockchain assets enable borderless digital value transfer globally, yet a critical

infrastructure gap persists between on-chain digital assets and offline commercial
scenarios—most notably membership programs, consumer benefits, corporate perks,
marketing promotions and digital services. Businesses require an intermediate layer
that retains the cryptographic certainty of blockchain assets while preserving the
simplicity and usability of conventional coupons.

A core innovation of VRC-417 Bitvoucher lies in integrating on-chain asset
locking mechanisms with 18-digit value redemption codes, translating complex
blockchain asset operations into user-friendly formats familiar to mainstream
commercial coupon usage. For end users, Bitvouchers function as clearly defined
digital vouchers with fixed denominations and usage rules. For enterprises, they serve
as standardized protocol tools bridging on-chain assets, user rights and commercial
services.



22

5.1.3. The Potential of Redemption Codes as Digital Commerce

Infrastructure
If redemption codes were limited to one-time redemption use cases alone, their

market potential would remain confined to narrow vertical scenarios. VRC-417 is
engineered to position the 18-digit asset code as a universal value index and asset
claim credential. Provided underlying assets are locked per protocol specifications,
and redemption criteria, validity windows and status data are cryptographically
verifiable, these asset codes are applicable across membership top-ups, gift gifting,
corporate welfare, digital merchandise, marketing incentives, service packages and
cross-platform value circulation.

Accordingly, VRC-417’s addressable market extends far beyond the narrow
traditional digital key market; its ambition is to construct a universal value exchange
infrastructure interconnecting digital assets and commercial entitlements.

5.2. Potential Market Scale of VRC-417

5.2.1. Enterprise-Grade Value Voucher Market
The enterprise sector constitutes a primary high-potential application frontier for

VRC-417. Large corporations, e-commerce platforms, gaming studios, internet
service providers, digital content platforms and chain retailers have persistent
demands for issuing, administrating and redeeming value vouchers.

Legacy businesses are forced to build bespoke coupon databases, redemption
APIs, account architectures and risk control systems from scratch. VRC-417 leverages
standardized protocols to slash technical overhead for enterprises deploying native
value voucher systems, enabling seamless integration of on-chain asset locking,
voucher generation and automated redemption atop existing business workflows. As
more enterprises explore synergies between digital assets and traditional commerce,
standardized value voucher protocols will emerge as a vital component of corporate
digital transformation infrastructure.

5.2.2. Consumer and Membership Economy Market
The membership economy represents the most viable pathway to mass adoption

for VRC-417. Conventional membership cards are siloed within individual platforms,
whereas membership vouchers built on VRC-417 unlock cross-account,
cross-platform and cross-ecosystem interoperability.

Enterprises may bind stored balances, membership tier privileges, consumption
quotas, discount benefits and service bundles to Bitvouchers; once users receive
vouchers, the protocol automates value validation and redemption. This model
enhances the transferability of membership rights and equips businesses with flexible
digital instruments for marketing campaigns and user incentives.
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5.2.3. Global Commercialization Market for Digital Assets
As digital assets penetrate payments, consumption, financial services and digital

commerce, market demand for streamlined, secure, shareable value delivery utilities
will continue to surge. VRC-417’s 18-digit asset code design eliminates the need for
ordinary users to navigate complex wallet addresses, transaction parameters and
on-chain interactions to participate in value redemption workflows. Its core design
philosophy—complex assets, simple vouchers—lowers the user onboarding barrier
for blockchain assets and serves as foundational middleware driving mainstream
commercial adoption of digital assets worldwide.

5.3. Ecosystem Network Effects

5.3.1. Positive Feedback Loop Between Enterprise Adoption and

Voucher Circulation
The VRC-417 ecosystem exhibits classic two-sided platform network effects. As

more enterprises integrate the protocol, Bitvoucher use cases expand, raising user
awareness and transaction frequency. Growing user traction in turn amplifies the
commercial value for enterprises joining the network.

With continuous inflows of enterprises, end users, crypto wallets, DApps,
payment providers and developers, protocol use cases evolve from intra-corporate
closed systems into a sprawling cross-firm, cross-platform, cross-ecosystem value
exchange network.

5.3.2. Developer Ecosystem and Standardized Interfaces
Long-term protocol sustainability hinges not only on enterprise uptake but also

on developer accessibility to build new applications. VRC-417 exposes unified
standardized interfaces covering voucher status queries, issuance APIs, redemption
verification endpoints and enterprise administration dashboards, enabling third-party
wallets, DApps, e-commerce systems, membership programs and corporate
management platforms to integrate rapidly. Expanding developer participation spawns
novel application scenarios, continuously broadening the protocol’s practical
footprint.

5.3.3. Ecosystem Expansion via Wallets as User Gateways
Crypto wallets serve as the primary user-facing entry point for VRC-417. Users

may view, receive, manage and redeem Bitvouchers within wallets, alongside
underlying asset details and lifecycle status. As wallet compatibility with VRC-417
proliferates, Bitvouchers will decouple from exclusive single-platform circulation and
evolve into standardized value vouchers supported across numerous wallets and
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applications, reinforcing protocol openness and network effects.

5.4. Market Sizing Methodology

5.4.1. Market Estimation Based on Enterprise Adoption
VRC-417’s total addressable market (TAM) is quantified across four dimensions:

total participating enterprises, average annual voucher issuance value per enterprise,
user coverage and average per-transaction redemption value. The simplified formula
is defined as:

Total Addressable Market = Number of Participating Enterprises ×

Average Annual Voucher Issuance Value per Firm × On-Chain Penetration Rate

This model is not intended to forecast exact monetary valuations, but to illustrate
the correlation between protocol market potential and real-world commercial adoption.
Rising enterprise digitalization, greater blockchain asset utilization and increased
on-chain migration of value vouchers collectively expand the total value secured and
processed by VRC-417.

5.4.2. Market Estimation Based on User Base
From an end-user perspective, total potential redemption volume is calculated as:
Total Potential Redemption Volume = Total Users × Average Annual Per

Capita Redemption Value × Bitvoucher Adoption Penetration

This metric helps ecosystem stakeholders map user growth to actual on-chain
value flow, avoiding the pitfall of measuring protocol scale solely by raw voucher
issuance volume.

5.5. Phased Roadmap for VRC-417 Ecosystem Maturity

5.5.1. Phase 1: Foundational Protocol Infrastructure Buildout
The primary objective of Phase 1 is finalizing core technical architecture:

VRC-417 protocol specifications, asset locking logic, 18-digit asset code generation
algorithms, redemption verification mechanisms, lifecycle state management and
security infrastructure. The protocol achieves full operational readiness, with wallets
and foundational DApps deployed to establish the initial user entry layer.

5.5.2. Phase 2: Enterprise and Commercial Onboarding
Phase 2 shifts focus from technical development to commercial ecosystem

construction. The protocol attracts the first cohort of enterprise partners via use cases
including membership top-ups, digital gifting, corporate benefits, gaming recharge
and digital merchandise. Bitvoucher transitions from a technical specification to
tangible commercial infrastructure with verified real-world demand.
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5.5.3. Phase 3: Formation of Cross-Platform Ecosystem Network
Phase 3 prioritizes universal adoption among wallets, trading platforms, DApps,

payment service providers and developers. Bitvoucher breaks free from
single-enterprise confinement, gradually coalescing into an interconnected
cross-platform value exchange network.

5.5.4. Phase 4: Global Commercial Ecosystem Expansion
With stabilized technical standards, mature enterprise service frameworks and a

sizable global user base, VRC-417 expands internationally. Region-tailored
deployment schemes are formulated to align with local regulatory regimes,
commercial customs and payment rails across jurisdictions, solidifying VRC-417 as
an open global digital value voucher infrastructure.

6. VRC-417 Economic Model Design
6.1. Guiding Principles for Economic Model Design

6.1.1. Backing by Tangible Locked Assets
The VRC-417 economic model is anchored exclusively in verifiably locked

underlying on-chain assets. The valid value of every Bitvoucher must correspond to
collateral secured per protocol rules with eligible redemption criteria fulfilled;
nominal value cannot be artificially inflated via unrestricted voucher minting. This
principle enforces a rigid one-to-one linkage between Bitvouchers and tangible assets,
mitigating value distortion stemming from unconstrained issuance.

6.1.2. Primacy of Utility Value
The economic model does not prioritize maximizing total voucher supply as its

core objective. Instead, it centers on genuine demand generated through real-world
voucher utilization, redemption and commercial service consumption. Sustainable
economic activity within the protocol network is only triggered when enterprises
actively deploy the protocol and users hold and redeem Bitvouchers. Accordingly,
development focus shifts from total issuance volume to measurable real value
circulation.

6.1.3. Sustainable Operational Viability
Long-term protocol sustainability requires diversified revenue streams covering

infrastructure maintenance, security audits, developer tooling, enterprise customer
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support and ecosystem expansion. VRC-417 adopts a multi-tiered service revenue
framework rather than reliance on flat transaction fees, encompassing issuance
services, redemption processing, API access and enterprise premium offerings to
guarantee persistent operational capacity.

6.2. Bitvoucher Value Formation Mechanism

6.2.1. Underlying Asset Lockup
The first stage of Bitvoucher valuation is collateral locking in compliance with

protocol rules. Once secured, underlying assets cannot be arbitrarily reused or
withdrawn by issuers until a valid redemption request is finalized. This mechanism
establishes immutable on-chain correspondence between Bitvouchers and
collateralized assets, furnishing cryptographically verifiable backing for subsequent
redemption operations.

6.2.2. Asset Code Generation
Following protocol validation of locked collateral, the system generates a unique

18-digit Bitvoucher asset code. The code itself is not equivalent to the underlying
asset; it acts solely as a claim credential granting access to locked collateral. Its
security is upheld through cryptographically secure randomization, cryptographic
hashing, state validation and anti-double-spend redemption safeguards.

6.2.3. Value Redemption Workflow
Upon submission of a valid Bitvoucher, the protocol sequentially verifies

voucher lifecycle status, asset collateral binding, redemption eligibility and validity
window. When all conditions are satisfied, the smart contract releases the underlying
asset and marks the voucher as *Redeemed*, completing the transfer of value from
locked collateral to the end user’s wallet.

6.3. Protocol Revenue Model

6.3.1. Issuance Service Revenue
Issuance fees are charged to enterprises and institutions leveraging the protocol

to mint Bitvouchers, covering bulk issuance, voucher customization, asset locking
workflows, issuance administration and enterprise-grade management dashboards.
Tiered service packages scale alongside enterprise operational size, enabling flexible
commercial pricing structures.

6.3.2. Redemption Processing Revenue
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Redemption fees compensate the protocol for on-chain validation, state
confirmation and asset settlement during final voucher redemption. Pricing structures
include fixed fees, proportional transaction fees and enterprise subscription bundles,
with total transparency and verifiability mandated to avoid impeding casual user basic
utilization.

6.3.3. API Service Revenue
VRC-417 exposes standardized APIs for enterprises and developers to automate

voucher creation, lookup, verification and redemption workflows. Premium API tiers
serve high-frequency users, large-scale commercial systems and clients requiring
enterprise SLA guarantees, generating recurring API subscription revenue.

6.3.4. Enterprise Value-Added Service Revenue
Enterprise premium services comprise dedicated admin backends, advanced data

analytics, security audits, bulk operational tooling, granular permission controls, risk
management systems, customized API integrations and technical support. This suite
transforms VRC-417 from a bare-bones underlying protocol into a comprehensive
enterprise-grade service ecosystem.

6.4. VRC-417 Value Circulation Loop

6.4.1. Closed-Loop Value Circulation Mechanism
VRC-417 derives network value not from inflating Bitvoucher supply, but from

organic commercial demand forming a self-reinforcing cycle: enterprise onboarding
→ Bitvoucher minting → user acquisition → value redemption → protocol service
revenue → infrastructure upgrades → ecosystem expansion → incremental enterprise
adoption.

When businesses integrate VRC-417 and issue Bitvouchers, users claim
vouchers via compatible wallets, DApps or third-party entry points and redeem
collateral upon satisfying protocol rules. Rising user adoption and redemption volume
boost total transaction throughput and commercial service demand across the network.
Revenue accrued from issuance, redemption, APIs and enterprise services is
reinvested into infrastructure maintenance, security audits, developer tooling,
ecosystem partnerships and commercial outreach, lowering onboarding costs and
attracting further participants.

6.4.2. Real Demand Constraints Within the Cycle
Network growth is not engineered via artificial transaction volume or inflated

voucher counts. Scaling is driven organically by growing volumes of verified locked
assets, legitimate enterprise participants, active users and genuine redemption demand,
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ensuring network scale expands in lockstep with tangible commercial value. The
protocol’s long-term economic foundation is rooted in real-world value flows rather
than speculative activity or unbacked voucher issuance.

6.4.3. Value Distribution Among Ecosystem Participants
Enterprises, end users, developers, wallet providers, infrastructure operators and

protocol stewards each fulfill distinct ecosystem roles. The economic model balances
sustainable protocol operation with equitable incentives for all stakeholders:

- Enterprises cut voucher issuance and redemption overhead to boost operational
efficiency

- Users gain access to transparent, convenient digital value vouchers
- Developers monetize via application building and API integration
- The protocol secures continuous funding for development through service

revenue

6.5. Economic Model Risk Mitigation

6.5.1. Safeguards Against Excessive Unbacked Issuance
Total Bitvoucher supply is strictly capped by the volume of locked underlying

collateral. The protocol enforces definitive correlation between outstanding valid
vouchers and redeemable assets at the smart contract level, eliminating the possibility
of unbacked unlimited minting.

6.5.2. Anti-Double-Redemption Controls
Every Bitvoucher is assigned a immutable lifecycle state; upon successful

redemption, the voucher is permanently marked *Redeemed*. The protocol
automatically rejects repeat redemption requests for consumed vouchers, establishing
deterministic protection against duplicate redemption attacks.

6.5.3. Mitigation of Centralization Risks
Excessive market concentration held by individual enterprises, wallet providers

or service operators would create systemic over-reliance risks. VRC-417 counteracts
this via open interfaces, universal protocol standards and multi-client compatibility,
diluting single-party dominance and enhancing ecosystem resilience against single
points of failure.

7. Integration Between VRC-417 and the
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Openverse Ecosystem
7.1. Strategic Positioning of the Openverse Ecosystem

7.1.1. VRC-417 as the Value Application Layer Protocol of

Openverse
VRC-417 is positioned as a pivotal application-layer protocol within Openverse,

bridging on-chain assets and offline commercial entitlements. By combining on-chain
asset locking with 18-digit Bitvoucher asset codes, it delivers a user-centric value
delivery format aligned with mainstream commercial habits for all Openverse-native
assets. The protocol does not alter the intrinsic properties of underlying assets; it
inserts a standardized, verifiable, programmable value voucher middleware layer
between collateral assets and end users.

7.1.2. From On-Chain Assets to Commercial Entitlements
Openverse digital assets are extended via VRC-417 into tangible use cases

including membership privileges, consumer spending, corporate benefits, digital
merchandise and service redemptions. Blockchain assets are no longer confined to
wallet balances and peer-to-peer transfers; Bitvouchers convert them into intuitive,
shareable commercial right vouchers.

7.2. Integration with the FayPay Wallet Ecosystem

7.2.1. User Entry Point via Bitvoucher
FayPay serves as the flagship user gateway for VRC-417, delivering integrated

functionalities for receiving, viewing, administrating and redeeming Bitvouchers
without requiring end users to grasp complex underlying blockchain mechanics. The
wallet seamlessly aligns Bitvoucher management with established user digital asset
custody behaviors.

7.2.2. Enterprise Issuance Portal
Enterprise-grade Bitvoucher minting tools will be embedded within the wallet

ecosystem, enabling qualified businesses to execute asset locking, bulk voucher
generation, status tracking and redemption record management via streamlined
standardized dashboards, drastically lowering corporate integration barriers.

7.2.3. User Security Framework
As the custodian gateway for user assets, the wallet prioritizes robust security
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mechanisms for Bitvouchers: risk prompts for high-risk voucher origins, anomaly
detection for suspicious redemption activity and clear asset data visualization to
mitigate user operational errors.

7.3. Openswap and the Open Asset Trading Ecosystem

7.3.1. Bitvoucher and Permissionless Asset Circulation
Subject to operational compliance and regulatory requirements, VRC-417 will

pursue interoperability with Openverse’s decentralized trading infrastructure, granting
transfer-eligible Bitvouchers enhanced liquidity and circulation functionality. Transfer
permissions are exclusively defined by issuer-specified commercial rules and protocol
standards; unrestricted trading is not enabled for all Bitvouchers by default.

7.3.2. Connecting Commercial Value and Digital Asset Markets
Integration with decentralized asset infrastructure empowers enterprises to fully

digitize traditional commercial benefits. Consumer perks, membership entitlements
and digital service vouchers acquire transparent on-chain lifecycles, paving a novel
technical pathway for legacy commercial value to migrate onto blockchain
infrastructure.

7.4. Synergy Across the VRC Protocol Suite

7.4.1. Coordination with Asset Protocols such as VRC-10
VRC-417 collaborates synergistically with other foundational VRC protocols

within Openverse at the application layer. Once underlying assets are standardized via
base-layer protocols, Bitvoucher encapsulates these assets into user and
enterprise-facing value vouchers. The layered architecture delineates clear
responsibilities: base asset protocols establish value foundations, while Bitvoucher
handles end-user value delivery.

7.4.2. Potential Combinations with VRC-11, VRC-12 and Other

Protocols
For privacy-preserving assets, security-focused collateral and instruments

governed by bespoke commercial rules, VRC-417 will develop tailored
voucherization workflows. This enables all categories of on-chain assets to access
commercial scenarios via Bitvouchers under compliant protocol constraints, boosting
interoperability across the entire VRC protocol stack.

7.4.3. VRC-417 as an Application-Layer Connector
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Within Openverse’s overall technical architecture, VRC-417 transcends a mere
upgraded coupon standard. Its core role is acting as a universal connector between
on-chain assets and offline commercial applications, translating underlying
blockchain capabilities into simplified, standardized, commercially viable tools
accessible to enterprises and mainstream users.

7.5. Global Expansion of the Openverse Ecosystem

7.5.1. Multi-Wallet Compatibility
VRC-417 will open its specifications to all Openverse-compatible wallets,

decoupling Bitvoucher circulation from exclusive single-wallet dependency to bolster
protocol openness and global user coverage.

7.5.2. Multi-DApp Support
Standardized APIs permit third-party DApps to natively integrate Bitvoucher

issuance, verification and redemption logic. Developers build novel commercial
applications atop the protocol, continuously scaling ecosystem breadth.

7.5.3. Cross-Industry Collaboration
Openverse fosters industry partnerships spanning e-commerce, gaming, digital

content, travel, education, corporate services and the membership economy. VRC-417
evolves from a standalone technical protocol into cross-industry digital value
infrastructure.

8. Future Governance and Ecosystem
Security
8.1. Protocol Governance Framework

8.1.1. Rule Governance
As the VRC-417 ecosystem scales, a formalized governance framework governs

asset locking, voucher issuance, redemption criteria, lifecycle management, enterprise
onboarding and protocol upgrade workflows. Governance prioritizes long-term
stability and security over frequent rule revisions, enabling adaptive iteration to
accommodate emerging commercial demands and technical advancements.

8.1.2. Parameter Governance Mechanisms
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Certain configurable protocol parameters—enterprise service fees, API rate
limits, voucher validity rules and risk control thresholds—require periodic
adjustments based on live network operational data. All parameter modifications
adhere to open, transparent governance procedures to prevent arbitrary unilateral
alterations by centralized entities.

8.1.3. Protocol Upgrade Mechanism
In the event of breakthrough shifts in cryptographic algorithms, underlying

blockchain infrastructure or global security standards, VRC-417 supports seamless
backward-compatible upgrades without invalidating the verifiability of historical
vouchers and locked assets. All upgrades adhere to principles of compatibility,
security and full auditability.

8.2. Asset Security Architecture

8.2.1. Security of Underlying Asset Locking
Asset locking forms the bedrock of VRC-417’s security posture. The protocol

guarantees accurate identification, traceability and verification of collateral upon
locking, prohibiting a single asset from backing multiple concurrent valid vouchers.
Rigorous collateral binding safeguards the intrinsic value foundation of all
Bitvouchers.

8.2.2. Asset Code Security
18-digit asset codes are generated with cryptographically secure randomness and

unpredictability. Robust generation, storage and validation workflows mitigate risks
including brute-force cracking, hash collisions and credential leaks. High-value
Bitvouchers may incorporate supplementary authentication factors, device verification
or enterprise authorization layers to elevate overall security tiers.

8.2.3. Redemption Workflow Security
Redemption undergoes multi-layered validation: voucher authenticity, lifecycle

status, asset collateral binding, validity window and permission checks. On-chain
execution ensures atomic consistency between asset release and voucher state updates,
eliminating anomalies such as transferred collateral paired with active unredeemed
vouchers.

8.3. Risk Control System

8.3.1. Anti-Double-Redemption Defenses



33

Each Bitvoucher is assigned a unique immutable state; post-redemption, the
voucher is permanently marked *Redeemed*. Repeat redemption submissions are
automatically rejected, establishing irreversible protection against duplicate
redemption exploits.

8.3.2. Brute-Force Attack Mitigation
While the 18-digit format delivers enormous combinatorial entropy, practical

security is reinforced via high-quality cryptographically secure random number
generation, redemption API rate limiting, anomaly request detection, latency throttling,
risk scoring and account-level restrictions to deter sustained brute-force enumeration
attempts.

8.3.3. Enterprise Risk Management
Enterprise issuers are subject to mandatory identity verification, asset source

audits, issuance permission controls and abnormal activity monitoring. These
measures curb malicious issuance, fraudulent collateralization and illicit asset
circulation by bad actors.

8.4. Post-Quantum Security Roadmap

8.4.1. Potential Threat of Quantum Computing to Conventional

Cryptography
Advancements in quantum computing pose existential security risks to classic

public-key cryptosystems. VRC-417 is architected with cryptographic agility and
post-quantum migration readiness from inception. The protocol avoids permanent
reliance on singular cryptographic primitives, implementing an abstracted modular
cryptographic layer to facilitate seamless algorithm swapping.

8.4.2. Long-Term Security of Hash Functions
Cryptographic hashing underpins asset identification, collateral binding and data

integrity verification within VRC-417. The protocol continuously monitors hash
algorithm resilience against quantum threats, adjusting digest lengths and security
parameters in alignment with global cryptographic standards.

8.4.3. Compatibility with Post-Quantum Cryptographic

Algorithms
In tandem with international cryptographic standardization progress and
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engineering maturity, VRC-417 will gradually integrate standardized post-quantum
algorithms, enabling secure protocol migration amid future paradigm shifts in
computing and minimizing large-scale architectural overhauls driven by
cryptographic obsolescence.

8.5. Auditing and Transparency

8.5.1. Smart Contract Audits
All core smart contracts governing asset locking and redemption undergo

rigorous independent third-party security audits, with comprehensive reviews of
critical functions, permission controls, state transitions and asset transfer logic.

8.5.2. Asset Attestation and Verifiability
For enterprise-issued Bitvouchers, on-chain data permits users and third-party

auditors to verify voucher status, collateral lock details and redemption records within
defined permission scopes, reducing absolute dependency on centralized databases.

8.5.3. Security Incident Response Framework
A formal incident response protocol addresses contingencies including

anomalous redemption activity, key leaks, smart contract vulnerabilities and
compromised enterprise accounts, enabling rapid risk isolation, state freezing and
forensic tracking. Post-incident remediation is enacted via decentralized governance
where applicable.

9. Future Outlook for the VRC-417 Protocol
9.1. From Redemption Code Protocol to Universal Value

Voucher Infrastructure

9.1.1. Long-Term Strategic Positioning of Bitvoucher
VRC-417’s ultimate ambition extends far beyond developing a more secure

digital redemption key. It seeks to establish an open, unified digital value voucher
standard collectively adopted by enterprises, wallets, DApps and developers
worldwide. The 18-digit asset code serves merely as a simplified user-facing access
layer; the core innovation resides in the holistic protocol stack encompassing asset
locking, voucher minting, lifecycle governance, cryptographic verification and
on-chain redemption.
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9.1.2. Evolution From One-Time Redemption to Programmable

Entitlements
Bitvouchers will advance from basic single-use asset redemption instruments

into fully programmable rights containers supporting complex business logic: validity
windows, usage quotas, designated merchant whitelists, targeted user eligibility,
staged collateral release and bundled composite entitlements, accommodating
sophisticated commercial operational requirements.

9.1.3. Transition From Enterprise Tooling to Open Public

Protocol
With stabilized technical specifications and a thriving developer ecosystem,

deployment patterns will shift from bespoke enterprise installations toward
permissionless open network access. Third-party developers build customized wallets,
DApps, commercial systems and data services atop the protocol, maturing VRC-417
into an open foundational protocol analogous to core internet standards.

9.2. Global Digital Commerce Infrastructure

9.2.1. Cross-Border Value Redemption
Traditional coupon systems are geographically constrained by issuing

jurisdictions, platform account silos and fragmented payment rails. Blockchains
feature inherent global interoperability, enabling VRC-417 to establish cross-border
value voucher frameworks, allowing enterprises to issue standardized digital
entitlements accessible to users across international regions.

9.2.2. Cross-Platform Value Circulation
Unified protocol standards enable compliant recognition and redemption of

Bitvouchers across disparate enterprises and platforms. Value vouchers evolve from
closed intra-platform assets into interoperable cross-border digital entitlements.

9.2.3. Standardization of Digital Commerce Infrastructure
When enterprises no longer need to build isolated bespoke systems for coupons,

recharge codes and redemption credentials, VRC-417 assumes the role of
standardized underlying infrastructure. Businesses refocus resources on core
commercial services and user experience, delegating asset locking, verification and
redemption logic to the protocol layer.
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9.3. Integration with Artificial Intelligence and

Autonomous Agents

9.3.1. Value Payments forAI Agents
As AI Agents evolve from information-processing utilities into autonomous

digital entities capable of task execution, they will require on-demand procurement of
computational resources, datasets, API calls, digital content and machine-consumable
services. VRC-417 furnishes structured value vouchers granting Agents predefined,
rule-bound quotas for digital service consumption.

9.3.2. Machine-to-Machine Value Exchange
Software agents and IoT devices will increasingly conduct automated service

procurement: AI workloads purchasing computing power, IoT devices acquiring
energy credits, autonomous vehicles procuring road access services, and software
agents licensing data feeds. Bitvouchers function as machine-verifiable value
credentials, authorizing and settling designated value transfers without the overhead
of establishing persistent complex account systems for every bilateral transaction.

9.3.3. Automated Commercial Settlement
Combined with smart contracts and AI Agents, enterprises implement end-to-end

automated digital commerce workflows: Bitvouchers are auto-generated upon
confirmed service fulfillment, and automatic redemption executes once user or Agent
eligibility criteria are satisfied, forming highly automated digital economic
infrastructure.

9.4. Convergence of Digital Identity and Value Vouchers

9.4.1. User Identity and VoucherAccess Permissions
Bitvouchers will integrate with Decentralized Identifiers (DIDs) and other digital

identity frameworks. Redemption validation will verify not only the validity of the
18-digit asset code but also the legal eligibility of the claimant. This architecture is
ideal for corporate benefits, membership tier privileges, educational certifications and
restricted service access scenarios.

9.4.2. Verifiable Commercial Entitlements
Synergy between digital identity and Bitvouchers enables enterprises to issue

condition-bound digital rights: usage restricted to specific membership tiers, verified
users or internal corporate staff, enabling granular, fine-grained entitlement
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administration.

9.5. Long-Term Development Trajectory of the VRC-417

Ecosystem

9.5.1. Standardization
VRC-417 will continuously refine comprehensive protocol specifications

covering asset code formatting, issuance protocols, lifecycle governance, redemption
workflows, security benchmarks, API schemas and enterprise onboarding standards,
ensuring cross-team development compatibility and application interoperability.

9.5.2. Openness
Long-term development adheres strictly to open interfaces and multi-stakeholder

participation. Wallets, DApps, enterprises, developers and infrastructure providers
collaborate under unified specifications, preventing the protocol from devolving into a
closed proprietary walled garden controlled by a single entity.

9.5.3. Globalization
VRC-417 will build a worldwide ecosystem adapted to diverse regional market

conditions via localized enterprise partnerships, wallet integrations, commercial
deployments and developer networks, cementing Bitvoucher as a universal
interoperable utility connecting digital assets and global commercial value.

9.6. Long-Term Significance of VRC-417

9.6.1. Lowering Blockchain Adoption Barriers for Mainstream

Users
A persistent industry pain point for blockchain technology is the chasm between

robust underlying functionality and prohibitive user onboarding complexity. VRC-417
abstracts intricate on-chain operations behind intuitive 18-digit redemption codes
familiar to mainstream consumers, drastically reducing the friction for digital asset
integration into mass-market commercial scenarios.

9.6.2. Establishing a Bridge Between On-Chain Assets and

Real-World Commerce
VRC-417’s enduring core value lies in constructing a standardized interoperable
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channel linking blockchain assets and offline commercial ecosystems. Enterprises
issue commercial entitlements via the protocol; users redeem tangible value via
vouchers; collateral assets undergo locking, verification and settlement on-chain. The
outcome is a transparent, verifiable, programmable end-to-end value delivery system.

9.6.3. Advancement of the Value Internet
In a broader technological timeline, VRC-417 exceeds the scope of a specialized

coupon protocol within Openverse, representing a pivotal exploration into universal
digital value infrastructure. Amid the convergence of digital assets, decentralized
identity, AI Agents, IoT and global digital commerce, future value flows will
increasingly adopt machine-readable, programmatically verifiable,
network-executable formats. By establishing standardized value redemption
credentials, VRC-417 delivers a lightweight, extensible interface for this emerging
value internet, enabling legacy commercial entitlements to migrate seamlessly into
open digital value networks.

9.7. Conclusion

9.7.1. Protocol Vision of VRC-417
VRC-417 Bitvoucher is not merely a simplistic blockchain port of traditional

redemption codes. It embodies a holistic end-to-end protocol architecture spanning
asset locking, voucher generation, user custody and final collateral redemption. Its
core mission is to translate complex on-chain value into simple, transparent, secure
and verifiable formats deployable within real-world commercial environments. The
user-friendly 18-digit asset code interface unites underlying blockchain asset
capabilities, enterprise commercial demands, consumer spending behaviors and
digital entitlement management systems.

9.7.2. Building the Next Generation Digital Economy
A defining shift of the upcoming digital economy is the full digitization,

standardization and programmability of value itself. Value generation, circulation,
authorization and settlement will gradually migrate from centralized closed databases
toward open permissionless networks. VRC-417 positions itself as foundational value
voucher infrastructure for this transition: open protocol specifications, cryptographic
security guarantees, asset collateral locking and verifiable redemption workflows
enable efficient value circulation across diverse commercial verticals.

9.7.3. From Bitvoucher to a Borderless Open Value Network
With widespread adoption among enterprises, wallets, DApps, developers and

digital service providers, Bitvoucher will evolve from a niche redemption code format



39

into a ubiquitous global digital value voucher standard. VRC-417 will mature from a
standalone protocol into comprehensive infrastructure interconnecting digital assets,
commercial rights, user identity and intelligent applications. Its ultimate objective is
not to supplant existing commercial systems, but to augment traditional commerce
with a transparent, verifiable, programmable and globally accessible value delivery
layer powered by open blockchain protocols, laying new foundational infrastructure
for the next era of the digital economy and open value internet.

References
[1] Nakamoto, S. Bitcoin: A Peer-to-Peer Electronic Cash System, 2008. Bitcoin
Whitepaper
[2] Buterin, V. A Next-Generation Smart Contract and Decentralized Application
Platform, Ethereum Foundation, 2014. Ethereum Whitepaper
[3] Wood, G. Ethereum: A Secure Decentralised Generalised Transaction Ledger,
Ethereum Yellow Paper, 2014. Ethereum Yellow Paper
[4] Antonopoulos, A. M. Mastering Bitcoin: Programming the Open Blockchain,
O’Reilly Media, 2017.
[5] National Institute of Standards and Technology. Secure Hash Standard (SHS),
FIPS PUB 180-4, 2015. NIST FIPS 180-4
[6] National Institute of Standards and Technology. SHA-3 Standard:
Permutation-Based Hash and Extendable-Output Functions, FIPS PUB 202, 2015.
NIST FIPS 202
[7] Diffie, W., Hellman, M. New Directions in Cryptography, IEEE Transactions on
Information Theory, 1976.
[8] Rivest, R. L., Shamir, A., Adleman, L. A Method for Obtaining Digital Signatures
and Public-Key Cryptosystems, Communications of the ACM, 1978.
[9] Goldwasser, S., Micali, S., Rackoff, C. The Knowledge Complexity of Interactive
Proof Systems, SIAM Journal on Computing, 1989.
[10] Alagic, G., Alperin-Sheriff, J., Apon, D., Cooper, D., Dang, Q., Kelsey, J., Liu,
Y.-K., Miller, C., Moody, D., Peralta, R., Perlner, R., Robinson, A., Smith-Tone, D.,
Yung, M. Status Report on the Third Round of the NIST Post-Quantum Cryptography
Standardization Process, NISTIR 8309, 2020.
[11] National Institute of Standards and Technology. Module-Lattice-Based
Key-Encapsulation Mechanism Standard, FIPS 203, 2024. NIST Post-Quantum
Cryptography Standards
[12] National Institute of Standards and Technology. Module-Lattice-Based Digital
Signature Standard, FIPS 204, 2024.
[13] National Institute of Standards and Technology. Stateless Hash-Based Digital
Signature Standard, FIPS 205, 2024.
[14] W3C. Verifiable Credentials Data Model v2.0, W3C Recommendation, 2025.



40

W3C Verifiable Credentials Data Model 2.0
[15] W3C. Verifiable Credential Data Integrity 1.0, W3C Recommendation, 2025.
[16] World Wide Web Consortium. Decentralized Identifiers (DIDs) v1.0, W3C
Recommendation, 2022. W3C DID Core
[17] Ben-Sasson, E., Bentov, I., Horesh, Y., Riabzev, M. Scalable, Transparent, and
Post-Quantum Secure Computational Integrity, IACR Cryptology ePrint Archive,
2018.
[18] Ducas, L., Kiltz, E., Lepoint, T., Lyubashevsky, V., Schwabe, P., Seiler, G., Stehlé,
D. CRYSTALS-Dilithium: A Lattice-Based Digital Signature Scheme, IACR
Cryptology ePrint Archive, 2017.
[19] Bos, J. W., Ducas, L., Kiltz, E., Lepoint, T., Lyubashevsky, V., Schanck, J. M.,
Schwabe, P., Seiler, G., Stehlé, D. CRYSTALS-Kyber: A CCA-Secure
Module-Lattice-Based KEM, IEEE European Symposium on Security and Privacy,
2018.
[20] Russell, S., Norvig, P. Artificial Intelligence: A Modern Approach, Pearson,
2021.
[21] Tapscott, D., Tapscott, A. Blockchain Revolution: How the Technology Behind
Bitcoin and Other Cryptocurrencies is Changing the World, Penguin Random House,
2016.
[22] Swan, M. Blockchain: Blueprint for a New Economy, O’Reilly Media, 2015.
[23] Antonino, P., Ferreira, J., Sampaio, A. W., Roscoe, A. W. Specification is Law:
Safe Creation and Upgrade of Ethereum Smart Contracts, arXiv:2205.07529, 2022.
[24] National Institute of Standards and Technology. Post-Quantum Cryptography
Standardization, NIST Computer Security Resource Center. NIST Post-Quantum
Cryptography Project
[25] Ethereum Foundation. Ethereum Developer Documentation: Smart Contracts and
Development, Ethereum.org. Ethereum Developer Documentation

https://Ethereum.org

	1.Historical Context & Protocol Inception
	1.1.Transition from the Information Internet to the Va
	1.1.1.Evolution from Information Internet to Value Inter

	1.2.Deficiencies of Traditional Value Redemption Syste
	1.2.1.Limitations of Centralized Credential Architecture

	1.3.Birth of VRC-417 Bitvoucher
	1.3.1.From Serial Codes to On-Chain Value Redemption Cod


	2.Overall Architecture of the VRC-417 Protocol
	2.1.General Protocol Design
	2.1.1.Core Architecture of VRC-417

	2.2.Bitvoucher Lifecycle
	2.2.1.Asset Lifecycle State Model

	2.3.Core Participants
	2.3.1.Issuers, Holders and Redemption Network


	3.Technical Architecture Design of VRC-417 Protocol
	3.1.Asset Lockup & Credential Generation
	3.1.1.Asset Vault Lockup Mechanism

	3.2.Bitvoucher Generation & 18-Digit Encoding Standard
	3.2.1.Cryptographic Entropy & Uniqueness Design

	3.3.Hash Binding & Authenticity Verification
	3.3.1.Tamper-Proof Asset Binding Relations

	3.4.Double Redemption Prevention & State Machine Secur
	3.4.1.One-Time Redemption & Atomic Settlement

	3.5.Digital Signatures & Permission Authentication
	3.5.1.Multi-Tier Authorization Framework

	3.6.Zero-Knowledge Verification & Privacy Protection R
	3.6.1.Privacy-Enhanced Redemption Mechanisms

	3.7.Post-Quantum Security Architecture
	3.7.1.Long-Term Threats Posed by Quantum Computing to Di

	3.8.Post-Quantum Compatibility Framework
	3.8.1.Cryptographic Agility & Hybrid Security Mode

	3.9.Smart Contract Security & System Defense
	3.9.1.Contract Audits, Permission Isolation & Emergency 


	4.Application Scenarios & Commercial Ecosystem
	4.1.Digital Membership & Prepaid Recharge Systems
	4.1.1.Membership Cards, Stored-Value Cards & Digital Con

	4.2.Corporate Benefits & Employee Incentives
	4.2.1.Corporate Digital Benefit Credentials

	4.3.Game Top-Ups & Virtual Assets
	4.3.1.Game Points & Item Redemption

	4.4.Digital Content & Subscription Services
	4.4.1.Usership Rights to Digital Content

	4.5.Hospitality & Travel Industry
	4.5.1.Hotel Accommodation & Travel Privileges

	4.6.Aviation & Transportation Services
	4.6.1.Air Tickets, Air Miles & Transit Credits

	4.7.Education & Vocational Training
	4.7.1.Courses, Examinations & Training Benefits

	4.8.Medical & Healthcare Services
	4.8.1.Medical Service Quotas & Wellness Privileges

	4.9.E-Commerce & Digital Gift Cards
	4.9.1.Global Digital Gift Ecosystem

	4.10.AI Agent Service Credits
	4.10.1.Value Credentials for the Machine Economy

	4.11.Cloud Computing & Computing Power Services
	4.11.1.Computing Power Redemption Vouchers

	4.12.Real-World Asset (RWA) Redemption
	4.12.1.Integration Between Physical Assets & Digital Righ

	4.13.Cross-Border Commercial Value Circulation
	4.13.1.Cross-Border Transmission of Global Digital Rights

	4.14.Sports & Event Privileges
	4.14.1.Tickets, Memberships & Tournament Services

	4.15.Entertainment & Cultural Industries
	4.15.1.Concert & Cultural Event Entitlements

	4.16.Corporate Procurement & Supply Chains
	4.16.1.B2B Procurement Credits

	4.17.Charities & Public Welfare
	4.17.1.Public Welfare Fund Redemption Credentials

	4.18.Digital Identity & Membership Benefits
	4.18.1.Identity-Bound Digital Privileges

	4.19.Digital Collectibles & Physical Item Redemption
	4.19.1.Collectible Claim Vouchers


	5.Market and Ecosystem Development
	5.1.Development Background of the Digital Value Vouche
	5.1.1.Evolution from Traditional Coupon Systems to On-Ch
	5.1.2.Demand for Interoperability Between Digital Assets
	5.1.3.The Potential of Redemption Codes as Digital Comme

	5.2.Potential Market Scale of VRC-417
	5.2.1.Enterprise-Grade Value Voucher Market
	5.2.2.Consumer and Membership Economy Market
	5.2.3.Global Commercialization Market for Digital Assets

	5.3.Ecosystem Network Effects
	5.3.1.Positive Feedback Loop Between Enterprise Adoption
	5.3.2.Developer Ecosystem and Standardized Interfaces
	5.3.3.Ecosystem Expansion via Wallets as User Gateways

	5.4.Market Sizing Methodology
	5.4.1.Market Estimation Based on Enterprise Adoption
	5.4.2.Market Estimation Based on User Base

	5.5.Phased Roadmap for VRC-417 Ecosystem Maturity
	5.5.1.Phase 1: Foundational Protocol Infrastructure Buil
	5.5.2.Phase 2: Enterprise and Commercial Onboarding
	5.5.3.Phase 3: Formation of Cross-Platform Ecosystem Net
	5.5.4.Phase 4: Global Commercial Ecosystem Expansion


	6.VRC-417 Economic Model Design
	6.1.Guiding Principles for Economic Model Design
	6.1.1.Backing by Tangible Locked Assets
	6.1.2.Primacy of Utility Value
	6.1.3.Sustainable Operational Viability

	6.2.Bitvoucher Value Formation Mechanism
	6.2.1.Underlying Asset Lockup
	6.2.2.Asset Code Generation
	6.2.3.Value Redemption Workflow

	6.3.Protocol Revenue Model
	6.3.1.Issuance Service Revenue
	6.3.2.Redemption Processing Revenue
	6.3.3.API Service Revenue
	6.3.4.Enterprise Value-Added Service Revenue

	6.4.VRC-417 Value Circulation Loop
	6.4.1.Closed-Loop Value Circulation Mechanism
	6.4.2.Real Demand Constraints Within the Cycle
	6.4.3.Value Distribution Among Ecosystem Participants

	6.5.Economic Model Risk Mitigation
	6.5.1.Safeguards Against Excessive Unbacked Issuance
	6.5.2.Anti-Double-Redemption Controls
	6.5.3.Mitigation of Centralization Risks


	7.Integration Between VRC-417 and the Openverse Ecos
	7.1.Strategic Positioning of the Openverse Ecosystem
	7.1.1.VRC-417 as the Value Application Layer Protocol of
	7.1.2.From On-Chain Assets to Commercial Entitlements

	7.2.Integration with the FayPay Wallet Ecosystem
	7.2.1.User Entry Point via Bitvoucher
	7.2.2.Enterprise Issuance Portal
	7.2.3.User Security Framework

	7.3.Openswap and the Open Asset Trading Ecosystem
	7.3.1.Bitvoucher and Permissionless Asset Circulation
	7.3.2.Connecting Commercial Value and Digital Asset Mark

	7.4.Synergy Across the VRC Protocol Suite
	7.4.1.Coordination with Asset Protocols such as VRC-10
	7.4.2.Potential Combinations with VRC-11, VRC-12 and Oth
	7.4.3.VRC-417 as an Application-Layer Connector

	7.5.Global Expansion of the Openverse Ecosystem
	7.5.1.Multi-Wallet Compatibility
	7.5.2.Multi-DApp Support
	7.5.3.Cross-Industry Collaboration


	8.Future Governance and Ecosystem Security
	8.1.Protocol Governance Framework
	8.1.1.Rule Governance
	8.1.2.Parameter Governance Mechanisms
	8.1.3.Protocol Upgrade Mechanism

	8.2.Asset Security Architecture
	8.2.1.Security of Underlying Asset Locking
	8.2.2.Asset Code Security
	8.2.3.Redemption Workflow Security

	8.3.Risk Control System
	8.3.1.Anti-Double-Redemption Defenses
	8.3.2.Brute-Force Attack Mitigation
	8.3.3.Enterprise Risk Management

	8.4.Post-Quantum Security Roadmap
	8.4.1.Potential Threat of Quantum Computing to Conventio
	8.4.2.Long-Term Security of Hash Functions
	8.4.3.Compatibility with Post-Quantum Cryptographic Algo

	8.5.Auditing and Transparency
	8.5.1.Smart Contract Audits
	8.5.2.Asset Attestation and Verifiability
	8.5.3.Security Incident Response Framework


	9.Future Outlook for the VRC-417 Protocol
	9.1.From Redemption Code Protocol to Universal Value V
	9.1.1.Long-Term Strategic Positioning of Bitvoucher
	9.1.2.Evolution From One-Time Redemption to Programmable
	9.1.3.Transition From Enterprise Tooling to Open Public 

	9.2.Global Digital Commerce Infrastructure
	9.2.1.Cross-Border Value Redemption
	9.2.2.Cross-Platform Value Circulation
	9.2.3.Standardization of Digital Commerce Infrastructure

	9.3.Integration with Artificial Intelligence and Auton
	9.3.1.Value Payments for AI Agents
	9.3.2.Machine-to-Machine Value Exchange
	9.3.3.Automated Commercial Settlement

	9.4.Convergence of Digital Identity and Value Vouchers
	9.4.1.User Identity and Voucher Access Permissions
	9.4.2.Verifiable Commercial Entitlements

	9.5.Long-Term Development Trajectory of the VRC-417 Ec
	9.5.1.Standardization
	9.5.2.Openness
	9.5.3.Globalization

	9.6.Long-Term Significance of VRC-417
	9.6.1.Lowering Blockchain Adoption Barriers for Mainstre
	9.6.2.Establishing a Bridge Between On-Chain Assets and 
	9.6.3.Advancement of the Value Internet

	9.7.Conclusion
	9.7.1.Protocol Vision of VRC-417
	9.7.2.Building the Next Generation Digital Economy
	9.7.3.From Bitvoucher to a Borderless Open Value Network
	References



