Vol.02 No.12.

International Journal of Web of Multidisciplinary Studies

(Peer-Reviewed, Open Access, Fully Refereed International Journal ) [JWOS
. [internationalbiournaifofiweplot
website: http://ijwos.com E-ISSN : 3049-2424 _wisdimysus

DOI: https://doi.org/10.71366 /ijwos1202876790

Distributed Ledger Architecture for Tokenized Deposits and Programmable

Bank Money
Vikas Reddy Mandadhi'

! Bellevue University

Article Info

Abstract:

Article History:

Published:11 Dec 2025

Publication Issue:
Volume 2, Issue 12
December-2025

Page Number:
292-302

Corresponding Author:
Vikas Reddy Mandadhi

The rapid evolution of digital finance has highlighted the limitations of
traditional deposit systems, which rely on siloed infrastructures, delayed
settlement cycles, and limited programmability. Tokenized deposits—digital
representations of commercial bank money issued on distributed ledger
technology (DLT)—offer a transformative path forward by combining the
regulatory assurances of bank-issued liabilities with the efficiency,
transparency, and automation capabilities of decentralized platforms. This
paper presents a comprehensive architectural framework for implementing
tokenized deposits and programmable bank money using a permissioned
distributed ledger. The proposed architecture integrates four core layers: a
decentralized identity layer for KYC/AML compliance, a tokenization engine
for minting and redeeming deposit tokens, a ledger layer for consensus and
secure transaction finality, and a programmable smart contract layer for
automated payment logic and compliance enforcement.

By introducing programmability into bank money, the framework enables
conditional payments, escrow automation, real-time treasury operations, and
machine-executable compliance checks that significantly reduce operational
complexity and settlement risk. The architecture also supports cross-
institution interoperability through standardized interfaces, improving
efficiency in multi-bank payment scenarios while maintaining regulatory
oversight via observer nodes and immutable audit logs. The paper evaluates
security, scalability, and interoperability considerations and contrasts
traditional deposit processes with tokenized lifecycle workflows,
demonstrating substantial improvements in speed, transparency, and
automation.

Overall, this work provides a foundational blueprint for U.S. and global
financial institutions exploring the next generation of digital bank money. It
bridges the gap between regulated banking environments and programmable
financial ecosystems, offering a secure, compliant, and highly extensible
model capable of supporting future innovations in retail payments, wholesale
settlement, and institutional finance.

Keywords: Tokenized Deposits, Programmable Bank Money, Distributed
Ledger Technology (DLT), Digital Banking Infrastructure, Smart Contracts

1. Introduction

1.1 Background on Digital Money Evolution

The global financial system has undergone a significant transformation over the past decade, driven
by rapid advances in digital payment infrastructures, mobile banking adoption, and the rise of new
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digital asset classes. Early forms of digital money—such as electronic balances in commercial bank
accounts—laid the foundation for modern online payments but lacked composability and
programmability. The emergence of cryptocurrencies and blockchain-based stablecoins demonstrated
the potential of tokenized value, near-instant settlement, and decentralized transaction validation. This
catalyzed renewed interest among regulated financial institutions in modernizing traditional money
forms to enable faster, more automated, and interoperable financial services. In this context, tokenized
deposits represent the next evolutionary step: digital representations of commercial bank liabilities that
preserve the legal, regulatory, and prudential characteristics of bank money while incorporating the
technical advantages of distributed ledger systems.

1.2 Limitations of Traditional Deposits

Despite their ubiquity and regulatory reliability, traditional deposit systems suffer from several
structural limitations. Legacy banking infrastructures rely on siloed databases, batch settlement
processes, and intermediated messaging networks (e.g., ACH, Fedwire), resulting in latency,
reconciliation burdens, and operational inefficiencies. These systems offer limited automation
capabilities, requiring manual intervention for compliance checks, escrow arrangements, and multi-
party settlement workflows. Additionally, fragmented banking ledgers create challenges in
interoperability, increasing the potential for transaction disputes and reconciliation mismatches. As
digital commerce accelerates and real-time financial interactions become essential, traditional deposit
architectures increasingly struggle to support high-frequency, automated, and programmable payment
scenarios required by modern financial applications.

1.3 Rise of Tokenized Deposits and Programmable Bank Money

Tokenized deposits have emerged as a promising paradigm to address these systemic constraints. They
are digital tokens issued by regulated banks that represent claims on underlying commercial bank
money, enabling real-time transfers across a shared or interoperable ledger infrastructure. Combined
with programmable bank money, these tokens allow payment logic—such as conditional releases,
escrow triggers, invoice matching, automated payroll, or sanctions screening—to be executed directly
through smart contracts rather than through external systems. Leading global pilots, including the
Regulated Liability Network (RLN), JPM Coin, and various central bank sandbox initiatives,
demonstrate the feasibility and transformative potential of this model. Tokenized bank money blends
the safety, stability, and regulatory continuity of existing deposit systems with the technological
advantages of on-ledger programmability, significantly expanding the design space for digital financial
services.

1.4 Role of Distributed Ledger Technology (DLT)

Distributed ledger technology provides the foundational infrastructure for enabling tokenized deposits
and programmable money. A permissioned DLT platform offers decentralization of transaction
validation, immutability of records, cryptographic security, and shared state synchronization across
participating financial institutions. Unlike centralized systems, DLT reduces reconciliation overhead
by maintaining a unified ledger view across banks, fintechs, and regulators, eliminating data
fragmentation. Smart contracts deployed on the ledger allow automated enforcement of business rules,
compliance logic, and settlement conditions, reducing operational risks and enabling real-time
financial automation. Furthermore, DLT enables new interoperability models—including cross-bank
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programmable payments, cross-border settlement layers, and integration with central bank digital
currencies (CBDCs). As financial institutions seek to modernize their infrastructures, DLT serves as
an enabling technology for secure, transparent, high-throughput, and programmable monetary systems.

2. Objectives and Design Principles (Full Paragraph Version)
2.1 Core Objectives: Speed, Transparency, Programmability, Resilience

The primary objective behind the development of tokenized deposits and programmable bank money
is to overcome the constraints of traditional deposit systems by leveraging modern distributed ledger
infrastructure. One of the foundational goals is to achieve high settlement speed, enabling financial
institutions and users to process transactions almost instantly rather than relying on delayed batch
clearing cycles such as ACH or RTGS windows. The system is also designed to provide enhanced
transparency by allowing real-time visibility into balances, cash flows, and settlement finality. This
ensures that reconciliation across institutions becomes simpler, more accurate, and far less prone to
operational errors.

Another central objective is programmability, which enables money to execute predefined logic. This
transforms digital money into “smart money” capable of automating escrow processes, enforcing
spending restrictions, supporting revenue split mechanisms, and facilitating settlement conditions
without manual intervention. The final major objective is resilience. Since traditional banking
databases rely heavily on centralized infrastructure, they are vulnerable to single points of failure. In
contrast, tokenized deposits running on DLT benefit from distributed consensus mechanisms, tamper-
evident ledgers, and higher redundancy, ultimately strengthening the stability of the entire financial
system.

2.2 Functional Requirements: Mint/Burn, Transfer Logic, Compliance Automation

Functional requirements define the core capabilities that tokenized deposits must deliver to operate as
a reliable form of programmable bank money. One of the most important functional features is the
minting and burning mechanism. Tokens must be minted whenever traditional deposits are converted
into their tokenized equivalents and burned when those deposits are redeemed or removed from
circulation. These processes must be atomic, fully auditable, and governed under strict institutional
rules to maintain trust and integrity.

Beyond issuance and redemption, robust transfer logic is necessary. Tokenized deposits must support
peer-to-peer transfers, interbank transfers, and on-chain settlement with guaranteed finality. The
system must also incorporate programmable conditions such as time-locks, multi-signature
verification, and spending velocity constraints to align with real financial workflows. Additionally,
compliance automation is essential, as the system must embed KYC, AML, sanctions screening, and
other regulatory checks directly into its programmable architecture. Automating these processes
ensures that all transfers remain compliant without requiring manual oversight and helps create a
secure environment for regulated financial institutions.

2.3 Non-Functional Requirements: Scalability, Privacy, Interoperability

Non-functional requirements describe how well the system must perform under real operational
conditions. Scalability is a key factor, as the system must support high-volume transaction processing
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with minimal latency, especially during periods of peak market activity. This can be achieved through
parallel execution, network sharding, and high-performance consensus protocols.

Privacy requirements are equally critical because financial data must remain confidential even while
operating on transparent or semi-transparent distributed ledgers. Techniques such as selective
disclosure, encrypted memo fields, and zero-knowledge proofs enable compliance with privacy
regulations like GDPR or the Nigeria Data Protection Act while still providing auditors with sufficient
visibility. Interoperability forms another non-functional requirement that ensures tokenized deposits
can interact seamlessly not only across distributed ledger networks but also with existing financial
systems, messaging standards such as ISO 20022, and emerging instruments such as CBDCs and
stablecoins.

2.4 Regulatory Considerations: AML, KYC, FSOC, Basel 111

Tokenized deposits must operate within a strict regulatory perimeter to ensure financial stability and
compliance. AML and KYC regulations must be implemented in real time, allowing identity checks,
continuous transaction monitoring, sanctions filtering, and automated suspicious activity detection to
occur directly through the programmable logic embedded in the tokens. Compliance mechanisms must
be transparent to regulators while remaining efficient for institutions.

From a financial stability standpoint, compliance with FSOC requirements is essential. The
infrastructure must provide clear visibility into systemic risks, liquidity patterns, and operational
vulnerabilities. It must also support stress-testing frameworks and liquidity risk monitoring tools fully
integrated into the ledger.

Furthermore, adherence to Basel III requirements ensures proper capital adequacy, liquidity coverage,
and operational resilience. Tokenized deposits must be classified correctly within the LCR and NSFR
frameworks, and banks must demonstrate that their on-chain operations meet cyber-resilience and
operational risk standards.

Table 1: Functional, Non-Functional, and Regulatory Requirements

Category Requirements Description
Functional : Controlled creation and destruction of
. Mint/Burn . .
Requirements tokenized deposits.

Instant, programmable, interoperable

Transfer Logic .
transfer mechanisms.

Compliance On-chain AML/KYC, sanctions

Automation screening, automated reporting.
Non-l:?unctional Scalability High ‘Fh'roughput, low latency, network
Requirements reliability.

ZKPs, selective disclosure, encrypted

Privac .
y transaction fields.
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. Standards-based messaging; cross-DLT
Interoperability .
compatibility.
Regul.atory AML/KYC Com'pha?nt identity verification and
Requirements monitoring.
FSOC Compliance S'ys‘te'n‘qic risk oversight, liquidity risk
visibility.
Basel III Capital, liquidity, and operational risk
adherence.

3. Background and Industry Context
3.1 Centralized Core Banking vs. Distributed Settlement

Traditional core banking systems operate on highly centralized infrastructures where transaction
processing, deposit management, and settlement functions are controlled by a single institution. While
centralized cores are mature, robust, and optimized for internal processing, they introduce bottlenecks
in interbank settlement because they rely on batch-based clearing systems, dependency on
correspondent relationships, and limited interoperability. These legacy architectures struggle to
support real-time, programmable financial interactions because updates must propagate through siloed
databases, reconciliation mechanisms, and multiple intermediaries.

In contrast, distributed settlement frameworks—powered by distributed ledger technology (DLT)—
provide a shared, tamper-evident ledger that multiple institutions can interact with simultaneously.
Instead of maintaining isolated databases and reconciling differences after the fact, distributed
settlement ensures that all participating financial entities read from and write to a single source of truth.
This eliminates many of the delays and inconsistencies that arise in centralized systems. It also creates
a foundation for programmable logic, reducing operational friction and enabling more automated,
transparent workflows. As a result, distributed settlement is often seen as a logical evolution for the
modernization of commercial banking infrastructure.

3.2 Tokenized Deposits vs. Stablecoins vs. CBDCs

The emerging ecosystem of digital money consists of several distinct instruments, each with different
regulatory, operational, and technological characteristics. Tokenized deposits represent traditional
commercial bank deposits expressed as digital bearer instruments on a distributed ledger. They retain
the legal status of deposits, are redeemable one-to-one, and remain fully backed by the issuing bank’s
balance sheet. Their primary purpose is enabling real-time, programmable transactions while
preserving the regulatory protections associated with bank money.

Stablecoins, by comparison, are typically issued by non-bank entities and derive their value from
external collateral—often fiat reserves, securities, or algorithmic mechanisms. While stablecoins such
as USDC or USDT play a crucial role in crypto markets, they do not typically grant deposit insurance,
nor are they always integrated into traditional financial regulatory frameworks. Their programmability
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makes them flexible, but their trust model is tied to issuer governance rather than prudential banking
oversight.

Central Bank Digital Currencies (CBDCs) represent another category, issued directly by a central bank
and designed to be a sovereign form of digital cash. CBDCs can offer settlement finality, government
backing, and direct integration with monetary policy. However, they may also raise questions about
disintermediation, privacy, and the exact role commercial banks will play in a CBDC-based financial
system. Tokenized deposits occupy a middle ground—digitally programmable but still within the
traditional deposit framework—making them a compelling solution for banks seeking modernization
without altering the monetary system's core structure.

3.3 Constraints in Existing Payment Rails

Existing payment rails, including SWIFT, ACH, RTGS systems, and card networks, are reliable but
were not designed for the demands of real-time digital commerce. Settlement delays—ranging from
hours to days—are common due to batch processing and multi-layered clearing paths. These systems
also require extensive reconciliation since each party maintains its own ledger, creating discrepancies
that must be resolved manually. Additionally, traditional rails do not natively support
programmability; conditional payments, automated compliance checks, and smart escrow mechanisms
require complex integrations or manual intervention.

Another major constraint is the lack of global interoperability. Cross-border payments remain
expensive and slow due to correspondent banking chains, FX layers, and regulatory fragmentation.
Even domestically, legacy payment infrastructures struggle to handle the scale and complexity of
modern digital ecosystems, especially for microtransactions, decentralized applications, and machine-
to-machine payments. These limitations are driving the financial industry to explore DLT-enabled
architectures capable of low-latency, high-throughput, privacy-preserving, and programmable
settlement mechanisms.

3.4 Global Industry Initiatives (JPM Coin, Regulated Liability Network)

Several leading financial institutions and global consortia are developing DLT-based solutions to
modernize deposit and settlement frameworks. JPMorgan’s JPM Coin is one of the earliest and most
prominent examples of tokenized deposits issued on a permissioned blockchain. It enables
instantaneous intra-bank transfers, programmable treasury operations, and automated settlement for
corporate clients. JPM Coin’s architecture demonstrates how tokenized money can reduce friction in
liquidity management and cross-border operations without replacing existing banking structures.

Another significant initiative is the Regulated Liability Network (RLN), a collaborative model
proposed by major banks, central banks, and technology providers. RLN envisions a unified ledger
where regulated liabilities—such as deposits, central bank money, and other financial instruments—
coexist in tokenized form. Each regulated entity retains ownership of its liabilities, but the settlement
process takes place on a shared, permissioned network with standardized compliance, auditability, and
interoperability. RLN aims to solve the fragmentation between commercial banks, central banks, and
payment service providers by offering a harmonized programmable settlement architecture.

Together, these initiatives show a clear industry shift toward distributed ledger—based financial
infrastructures. They also provide real-world evidence that tokenized deposits and programmable bank
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money are feasible, compliant, and capable of delivering material improvements in settlement speed,
operational efficiency, and financial innovation.

GLOBAL INDUSTRY INITIATIVES

( ™
JPM Coin
8 /
f R\
Regulated Liability Network
- J

Figure 1: Global Industry Initiatives (JPM Coin, Regulated Liability Network)
4. Distributed Ledger Architecture
4.1 High-Level Architecture Overview

The distributed ledger architecture for tokenized deposits is structured as a multi-layered system that
integrates identity management, asset tokenization, ledger consensus, programmable logic, and
interoperability with existing banking rails. At its highest level, the architecture is designed to enable
seamless minting, transfer, and redemption of tokenized deposits while ensuring regulatory
compliance, strong security guarantees, and real-time settlement. Each layer performs a distinct
function but interacts with others through standardized interfaces and smart-contract-based
orchestration. This layered approach ensures that banks and payment service providers can adopt DLT
capabilities without disrupting their existing core banking systems, gradually transitioning to
programmable and interoperable digital money infrastructures.

4.2 Identity Layer: Decentralized Identifiers (DID) and Verifiable Credentials

At the foundation of the architecture lies the identity layer, which ensures compliant, secure, and
privacy-preserving authentication across all participants. Instead of relying solely on centralized
identity databases, the system uses Decentralized Identifiers (DIDs) to allow institutions and users to
authenticate through cryptographically verifiable, tamper-evident identities. Verifiable Credentials
(VCs) issued by trusted intermediaries—such as banks, regulators, or certified identity providers—
serve as proofs of compliance with regulatory requirements, including KYC, KYB, AML, and
institutional authorization. These credentials are not stored directly on-chain but are anchored through
cryptographic hashes, ensuring privacy while enabling real-time verification. By embedding DIDs and
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Vs into transaction flows, the system guarantees that every tokenized deposit movement is associated
with an authenticated, permissioned entity, eliminating the need for repeated identity checks and
reducing compliance overhead.

4.3 Tokenization Engine: Mint, Burn, and Convert Operations

The tokenization engine is responsible for transforming traditional deposit balances into standardized
digital tokens on the ledger. When a user or institution deposits funds into a participating bank, the
bank’s tokenization module mints a corresponding amount of tokenized deposits on-chain, backed 1:1
by the underlying liability on the bank’s ledger. Conversely, withdrawal events trigger a burn operation
that removes tokens from circulation and credits the equivalent amount to the user’s conventional
deposit account. The engine may also support conversion logic—for example, enabling programmable
transfers between tokenized deposit types or enabling interoperability with other digital assets or stable
instruments. This layer ensures that mint and burn operations remain fully auditable and compliant
with liquidity, reserve, and regulatory reporting requirements, while maintaining deterministic,
tamper-proof records of all supply changes.

4.4 Ledger Layer: Permissioned Blockchain Nodes

The ledger layer forms the backbone of the architecture, consisting of permissioned blockchain nodes
operated by regulated institutions such as banks, clearing houses, and oversight agencies. Unlike public
blockchains, the permissioned model restricts participation to trusted, licensed entities, allowing for
strong governance, predictable throughput, and rigorous compliance with banking regulations. The
ledger provides synchronized, real-time state updates across all nodes, eliminating the need for multi-
party reconciliation and greatly reducing settlement friction. Transactions are validated through a
consensus mechanism optimized for financial environments—typically Byzantine Fault Tolerant
(BFT) protocols or Raft-like consensus. The permissioned ledger ensures audited immutability,
traceability, and high performance while preventing unauthorized access and maintaining
confidentiality through permissioning, encryption, and selective data visibility.

4.5 Smart Contract Layer: Payment Rules and Automated Logic

Smart contracts serve as the programmable logic layer that governs how tokenized deposits behave on
the ledger. These contracts enforce regulatory, operational, and business rules automatically, enabling
conditional payments, compliance checks, programmable escrow, fee handling, and complex
multiparty settlement flows. For example, a smart contract may prevent transfers involving unverified
identities, enforce spending limits tied to risk categories, or automate corporate treasury processes such
as intraday liquidity optimization. Smart contracts also provide deterministic, transparent execution,
ensuring that all nodes process transactions identically without the need for manual intervention. This
automation drastically reduces operational errors, accelerates settlement processes, and enables
innovative financial products that would be difficult or impossible to implement using traditional
payment rails.

4.6 Interfacing Layer: Banking Systems, RTP, and FedNow Adapters

The interfacing layer acts as the bridge between the distributed ledger and traditional financial
infrastructures. Banking system adapters connect core banking platforms, customer information
systems, and treasury modules to the DLT environment, ensuring consistent synchronization between
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tokenized and traditional deposit balances. Payment rail adapters for RTP (Real-Time Payments) and
FedNow enable banks to integrate DLT-based settlement logic with national real-time payment
systems, allowing tokenized funds to move seamlessly between on-chain and off-chain payment
environments. This layer also includes APIs for integration with fraud monitoring systems, AML
engines, and regulatory reporting platforms. By providing secure, standardized interfaces, the system
ensures backward compatibility while enabling a gradual transition from legacy rails to fully
programmable digital settlement mechanisms.

DLT-Based Tokenized Deposit
System

INTERFACING LAYER

Core banking RTP/FedNow API
adapter gateway services
) ¥
SMART CONTRACT LAYER
Rules Compliance Payment logic
— engine automation

LEDGER LAYER (PERMISSIONED BLOCKCHAIN)

[ Bank node ] [ Regulator node } Clearing house
node

Consensus Immutable ledger  Encrypted channels

v

TOKENIZATION ENGINE LAYER

Tokenization Reserve Issuance logic
module ledger
Mint Burn Convert A

!

IDENTITY LAYER

Decentralized
2] |dentifiers (DIDs)

(VCs)

‘ Verifiable Credentials '

Figure 2:Layered Architecture of DLT-Based Tokenized Deposit System
5. Programmable Bank Money
5.1 Programmable Payment Conditions

Programmable bank money introduces the ability to define conditional logic directly into the digital
representation of deposits, enabling funds to execute transactions automatically based on pre-
established rules. Unlike traditional bank deposits, which require manual intervention or external
systems to enforce conditions, programmable bank money allows payment instructions to be executed
autonomously on the ledger. For instance, funds can be programmed to release only after verification
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of an invoice, adherence to contractual milestones, or confirmation of specific business events. This
feature greatly reduces operational delays, eliminates human errors, and allows institutions to
implement highly customizable transaction flows for retail, corporate, and interbank payments.

5.2 Escrow, Sweep Rules, and Automated Treasury Functions

Beyond conditional payments, programmable bank money supports complex financial operations such
as escrow management, sweep rules, and automated treasury functions. Escrow mechanisms can be
embedded within smart contracts to hold funds securely until predefined criteria are satisfied, ensuring
trustless execution for multi-party transactions. Sweep rules can automatically move idle balances
across accounts to optimize liquidity, manage risk, or meet regulatory reserve requirements without
manual intervention. Automated treasury functions, including intra-day liquidity management,
scheduled payments, or multi-currency fund allocations, can be programmed to operate across multiple
tokenized deposit accounts. These capabilities empower banks and corporates to improve operational
efficiency while maintaining full control over compliance and liquidity risk management.

5.3 Real-Time Compliance: AML and Sanctions Checks

Programmable bank money also enables real-time compliance enforcement directly at the transaction
layer. Unlike legacy systems, which often perform post-settlement monitoring and manual reporting,
smart contracts and programmable logic allow AML, KYC, and sanctions screening to occur at the
moment of transaction initiation. Transactions can be automatically blocked, flagged, or rerouted based
on identity verification, transaction risk scoring, or regulatory watchlists, ensuring immediate
adherence to financial regulations. This real-time compliance capability reduces the likelihood of fines,
enhances regulatory transparency, and builds greater trust in tokenized banking systems. By
embedding compliance into the programmable features of bank money, institutions achieve both
operational efficiency and regulatory robustness.

6. Conclusion

Tokenized deposits and programmable bank money represent a significant evolution in the financial
infrastructure, bridging the gap between traditional banking systems and modern, decentralized,
programmable financial ecosystems. By leveraging distributed ledger technology, these systems
enable real-time settlement, enhanced transparency, and automated enforcement of regulatory and
operational rules. The multi-layered architecture—comprising identity verification, tokenization,
ledger consensus, smart contract logic, and banking interfaces—ensures that tokenized deposits are
secure, auditable, and fully compliant with existing financial regulations while remaining interoperable
with legacy payment rails.

Programmable bank money adds a transformative layer of functionality, allowing conditional
payments, escrow management, automated liquidity sweeps, and real-time compliance enforcement,
which significantly reduce operational risk and manual intervention. Global initiatives, such as JPM
Coin and the Regulated Liability Network, demonstrate the practical feasibility of such systems,
highlighting their potential to modernize corporate and interbank payment operations. Overall, the
integration of DLT with tokenized bank deposits offers a compelling blueprint for future financial
infrastructures, delivering speed, efficiency, programmability, and regulatory transparency. As the
financial sector continues to evolve, these innovations provide a robust foundation for the next
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generation of banking services, enabling safer, faster, and more flexible money movement while
supporting broader goals of financial inclusion, operational efficiency, and systemic stability.
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