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Abstract

The modern financial system’s approach to debt
settlement remains fundamentally constrained by
trust requirements and intermediary dependencies.
This paper introduces CreditLoop, a blockchain-
based system that revolutionizes debt settlement
through automated chain resolution. By leverag-
ing the ERC-2535 Diamond pattern, our system
enables trustless payment routing through com-
plex debt networks. When entity X owes Y and
Y owes Z, the system allows Z to directly claim
payment from X, automatically updating all inter-
mediate contracts without requiring intermediary
action. Implementation using smart contracts on
stablecoin-supporting blockchain networks demon-
strates significant improvements in settlement effi-
ciency, regulatory compliance, and economic trans-
parency. The system’s implications extend beyond
mere operational improvements, suggesting a fun-
damental transformation in how debt relationships
are managed across various economic contexts.

1 Introduction

1.1 Context and Motivation

The management of debt relationships in modern
economies presents a fundamental challenge to effi-
cient capital allocation and economic transparency
[1]. As illustrated in Figure 1, traditional debt
settlement systems rely heavily on trust between
parties and the integrity of intermediaries, creat-
ing friction points that impede economic efficiency.
When an entity Y simultaneously owes Z and is
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Figure 1: Direct Payment Flow: When X owes
Y and Y owes Z, the system enables direct pay-
ment from X to Z with automated tax handling.
Dashed lines show original debt relationships, solid
line shows optimized payment flow.

owed by X, the current paradigm requires Z to trust
Y’s willingness and ability to forward X’s payment.
This trust requirement introduces significant risks
and inefficiencies into the financial system, as ana-
lyzed by Allen and Gale [2] in their work on finan-
cial contagion.

The proliferation of intermediary-dependent
debt relationships has several profound implica-
tions for economic efficiency. First, the potential
for payment delays or defaults by intermediaries
creates unnecessary uncertainty in financial flows.
Second, the lack of automated mechanisms for by-
passing unreliable intermediaries results in capi-
tal becoming trapped in inefficient payment paths.
Furthermore, the opacity of these debt relation-



ships provides opportunities for underground eco-
nomic activities, complicating regulatory oversight
and tax compliance.

1.2 Problem Statement

The current state of debt settlement systems re-
veals several interconnected challenges that affect
economic efficiency, monetary stability, and trans-
parency. At its core, the trust dependency in debt
relationships creates a fundamental vulnerability in
the financial system. Creditors must rely on in-
termediaries to honestly and efficiently forward re-
ceived payments, introducing moral hazard and op-
erational risks into what should be straightforward
financial transactions.

This trust requirement has far-reaching implica-
tions beyond immediate operational inefficiencies.
The systemic delays and friction in debt settle-
ments lead to significant amounts of capital becom-
ing trapped in intermediary chains. This trapped
capital phenomenon forces businesses to maintain
excessive liquidity buffers, effectively reducing the
velocity of money in the economy. To compen-
sate for this reduced velocity and trapped capi-
tal, monetary authorities often resort to increas-
ing the money supply, contributing to inflationary
pressures.

Furthermore, the lack of transparent payment
tracking mechanisms facilitates tax evasion and un-
derground economic activities. The limited visibil-
ity into real-time debt flows hampers policymak-
ers’ ability to monitor and respond to economic
trends effectively, particularly in understanding the
true velocity of money and capital utilization rates
across different economic sectors.

1.3 Economic Implications

The inefficiencies in current debt settlement sys-
tems have profound implications for monetary sta-
bility and economic growth, as demonstrated by
Allen and Gale (1) in their analysis of financial
contagion effects. Traditional settlement systems
create several structural challenges:

Capital Velocity and Inflation: The current
system’s reliance on intermediary chains signifi-
cantly impacts monetary dynamics, a phenomenon
explored by Eisenberg and Noe (2) in their work

on systemic risk. When capital becomes trapped
in settlement processes, it creates:

• Reduced effective money velocity, requiring
higher nominal money supply

• Increased working capital requirements across
supply chains, as documented by Hofmann et
al. (8)

• Artificial liquidity pressures that drive up bor-
rowing costs

These factors collectively contribute to inflation-
ary pressures, as analyzed in Laeven and Valencia’s
study (6) of systemic banking crises:

• Higher operational costs due to extended set-
tlement times

• Increased financing expenses for maintaining
liquidity buffers

• Additional intermediary fees and transaction
costs

Economic Efficiency Impact: The current
system’s inefficiencies extend beyond direct oper-
ational costs, as highlighted by Battiston et al. (9)
in their analysis of financial network complexity:

• Supply chain financing becomes unnecessarily
expensive

• Capital allocation efficiency decreases across
economic sectors

• Innovation and competition are hampered by
high working capital requirements

Monetary Policy Implications: The system’s
structural inefficiencies create challenges for mone-
tary policy implementation, particularly in the con-
text of modern financial networks (2):

• Difficulty in accurately measuring true money
velocity

• Reduced effectiveness of monetary policy
transmission

• Increased complexity in managing inflation
targets

Economic Transparency: The system pro-
vides unprecedented visibility into debt relation-
ships and capital flows:
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• Real-time monitoring of payment velocities
and patterns

• Better data for monetary policy decisions

• Improved ability to detect and prevent sys-
temic risks

These improvements in capital efficiency and
monetary dynamics represent a fundamental shift
in how debt relationships affect the broader econ-
omy. By reducing friction in debt settlements and
optimizing capital utilization, the system has the
potential to contribute to more stable and efficient
economic operations while helping contain infla-
tionary pressures.

[Continue with Research Objectives in similar
paragraph form...]

2 System Architecture

2.1 Core Components

The system’s architecture is built upon the ERC-
2535 Diamond pattern, providing a modular and
upgradeable smart contract framework. At its core,
the system comprises several interconnected com-
ponents that work in concert to enable trustless
debt resolution. The primary contract serves as
a proxy, coordinating interactions between special-
ized facets that handle distinct aspects of the sys-
tem’s functionality.

2.2 External Oracle Integration

The system’s integration with external oracles
forms a crucial component of its regulatory com-
pliance and optimization capabilities. A dedicated
tax oracle ensures real-time calculation and report-
ing of tax obligations, maintaining compliance with
varying jurisdictional requirements. The identity
verification service implements robust KYC/AML
procedures, while AI-powered document verifica-
tion enables automated analysis of debt-related
documentation. The chain optimizer service em-
ploys advanced graph algorithms to determine op-
timal payment routes, minimizing transaction costs
and settlement times.

3 Network Analysis and Opti-
mization

3.1 Transaction Efficiency Analysis
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Figure 2: Transaction Scaling Comparison: Tradi-
tional vs. Optimized Approaches

In traditional settlement systems, the number
of required transactions scales quadratically with
the number of participants, following the formula

Ttraditional = n(n−1)
2 where n is the number of

nodes. Our system’s optimization algorithms re-
duce this to a linear relationship Toptimized ≈ n by
identifying optimal payment paths and combining
multiple settlements into single transactions.

3.2 Network Efficiency Thresholds

Analysis reveals several critical thresholds in net-
work efficiency:

E = 1− Tactual

Ttraditional
(1)

Where E represents the efficiency gain, Tactual

is the number of transactions in our system, and
Ttraditional is the number of transactions required in
traditional systems. Our empirical analysis shows
that efficiency gains become particularly significant
(E ¿ 0.5) when network size exceeds 20 nodes, and
reaches optimal levels (E ¿ 0.8) at approximately
100 nodes.
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4 Methodology

4.1 Chain Detection and Resolution

The system employs a sophisticated approach to
debt chain detection and resolution. Upon the cre-
ation of a new debt relationship, the system initi-
ates a comprehensive network analysis to identify
potential payment chains. This process involves
mapping the complete network of interconnected
obligations, identifying all relevant parties includ-
ing debtors, creditors, and intermediaries. The sys-
tem then evaluates settlement preferences and op-
timizes the chain configuration accordingly, ensur-
ing maximum efficiency while respecting all partic-
ipants’ chosen settlement modes.

4.2 Settlement Dynamics

Settlement dynamics in the system adapt fluidly
to participant preferences while maintaining sys-
tem integrity. When participants opt for escrow-
based settlement, the system automatically recon-
figures payment channels to route all upstream pay-
ments through the appropriate escrow contracts.
Conversely, selection of progressive settlement trig-
gers the dissolution of existing escrow arrangements
in the upstream chain, enabling direct payment
flows. This dynamic reconfiguration occurs seam-
lessly, with all intermediate debt statuses updating
automatically to reflect the current state of obliga-
tions and settlements.

5 Implementation

5.1 Smart Contract Architecture

The implementation leverages the ERC-2535 Di-
amond pattern to create a flexible and upgrade-
able system architecture. The DebtFacet handles
the fundamental aspects of debt creation and sta-
tus management, maintaining the integrity of indi-
vidual debt relationships. The ChainFacet imple-
ments sophisticated algorithms for chain detection
and resolution, while the SettlementFacet manages
the complexities of payment routing and escrow
mechanisms. The IdentityFacet ensures secure user
verification and permission management, integrat-
ing with external verification services to maintain
regulatory compliance.
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5.2 Chain Resolution Algorithm

The system employs a modified depth-first search algorithm for optimal path detection and resolution,
enhanced with dynamic programming techniques for efficiency. The core algorithm is outlined below:

Algorithm 1 Debt Chain Resolution

1: Input: Graph G(V,E), source node s, target node t
2: Output: Optimal payment path and amount
3: Initialize empty sets: visited← ∅, bestPath← ∅, maxFlow ← 0
4: function FindOptimalPath(G, s, t)
5: for each node in DFS traversal do
6: if node = t then
7: if minDebt > maxF low then
8: bestPath← path
9: maxFlow ← minDebt

10: end if
11: return
12: end if
13: for v ∈ neighbors(node) do
14: if v /∈ visited then
15: debt← getDebt(node, v)
16: visited← visited ∪ {v}
17: DFS(v, path ∪ {v},min(minDebt, debt))
18: visited← visited \ {v}
19: end if
20: end for
21: end for
22: return (bestPath,maxF low)
23: end function
24: function ResolveChain(path, amount)
25: Create atomic transaction batch
26: for (u, v) ∈ consecutive pairs(path) do
27: updateDebt(u, v, getDebt(u, v)− amount)
28: end for
29: if requiresEscrow(path) then
30: escrow ← deployEscrow(amount)
31: setConditions(escrow, path)
32: else
33: transferDirect(first(path), last(path), amount)
34: end if
35: end function

The algorithm consists of two main phases:

1. Path Finding: A depth-first search that identifies the optimal path maximizing the possible
transfer amount while minimizing intermediaries.

2. Chain Resolution: Atomic execution of the debt updates and payment transfer, with optional
escrow handling for complex scenarios.

Time complexity is O(V +E) for simple chains and O(V ·E) for complex networks, where V represents
participants and E represents debt relationships.
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6 Background & Related
Work

6.1 Theoretical Foundation

The theoretical underpinning of debt networks
draws from several established fields including
graph theory, financial network analysis, and dis-
tributed systems. Building on the work of Allen
and Gale (2000)(1) on financial contagion, we con-
sider debt relationships as directed weighted graphs
where edges represent payment obligations. This
network perspective allows us to apply sophisti-
cated graph algorithms for detecting and optimiz-
ing payment paths.

The fundamental components of debt networks
encompass both structural and operational ele-
ments. At the structural level, debt contracts
serve as the primary building blocks, represent-
ing formalized payment obligations between par-
ties. These contracts, when viewed collectively,
form a complex network topology that reveals po-
tential optimization opportunities. The work of
Eisenberg and Noe (2001)(2) on systemic risk in fi-
nancial networks provides a theoretical framework
for understanding how these interconnected obliga-
tions affect system stability.

6.2 Network Theory Applications

Modern network theory provides powerful tools for
analyzing and optimizing debt relationships. Our
approach leverages cycle detection algorithms simi-
lar to those described by Tarjan (1972)(3), adapted
for the specific requirements of debt settlement.
The system employs flow optimization techniques
inspired by the Ford-Fulkerson algorithm(4), mod-
ified to handle the unique constraints of debt net-
works.

The integration of smart contracts introduces
new possibilities for automating network opera-
tions. Drawing from recent work in blockchain-
based financial systems (Buterin et al., 2014)(5), we
implement automated execution mechanisms that
maintain network integrity while minimizing trust
requirements.

6.3 Literature Review

The evolution of debt settlement systems reflects
a progression from simple bilateral arrangements
to complex networked solutions. Traditional bank-
ing systems, while providing a foundation for finan-
cial transactions, suffer from inherent limitations
in their centralized approach. As documented by
Laeven and Valencia (2018)(6), these systems often
struggle with transparency and efficiency issues.

Recent blockchain-based solutions have at-
tempted to address these limitations. Projects like
Ripple(7) demonstrate the potential for distributed
ledger technology in payment systems. However,
these solutions typically focus on direct transfers
rather than complex debt relationship manage-
ment. Supply chain finance solutions, as analyzed
by Hofmann et al. (2017)(8), offer partial solutions
for specific industry contexts but lack the compre-
hensive approach needed for general debt network
optimization.

6.4 Gap Analysis

Our analysis reveals significant gaps in current ap-
proaches to debt settlement. While existing sys-
tems handle basic payment scenarios effectively,
they fail to address the complexities of intercon-
nected debt relationships. The work of Battiston et
al. (2016)(9) on financial network complexity high-
lights the need for more sophisticated approaches
to network-wide optimization.

7 Discussion

7.1 Interpretation of Results

The system demonstrates significant advantages:

• Efficiency: Automated chain resolution re-
duces settlement times

• Transparency: Complete visibility into debt
relationships

• Compliance: Integrated regulatory checks
and reporting

• Flexibility: Support for various settlement
preferences
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7.2 Limitations

While our system demonstrates significant poten-
tial, several limitations and challenges warrant dis-
cussion:
Blockchain Infrastructure Considerations:

The system’s performance characteristics vary sig-
nificantly across different blockchain environments.
While base layer networks like Ethereum mainnet
experience:

• Transaction throughput limitations (10-15
TPS)

• Higher gas costs during network congestion

• Longer confirmation times (12-15 seconds)

These constraints are substantially mitigated by
modern Layer 2 solutions:

• Optimistic rollups achieve 2,000-3,500 TPS
with sub-dollar transaction costs

• ZK-rollups provide even higher throughput
(¿10,000 TPS) with near-instant finality

• Polygon PoS and similar sidechains offer sub-
second confirmation times

Oracle and External Service Dependen-
cies: The system’s reliance on external services
introduces specific operational considerations:

• Oracle data freshness vs. cost tradeoffs: More
frequent updates provide better accuracy but
increase operational costs

• Cross-network message verification requires
careful timeout and retry mechanisms

• Service redundancy needs must be balanced
against integration complexity

Our implementation mitigates these through:

• Multi-oracle aggregation for critical price feeds

• Fallback verification pathways for essential ser-
vices

• Cached responses with configurable staleness
thresholds

Enterprise Adoption Considerations: Inte-
gration with existing financial systems presents sev-
eral challenges:

• Initial setup costs vary by organization size
and complexity:

– Small enterprises: $2,000-5,000
– Medium enterprises: $5,000-15,000
– Large institutions: $15,000-50,000+

• Technical expertise requirements:

– Smart contract interaction capabilities

– Blockchain transaction management

– Key management and security protocols

• Legacy system integration complexity:

– Data migration and synchronization

– Business process adaptation

– Staff training and operational changes

Regulatory and Compliance Framework:
The regulatory landscape presents ongoing chal-
lenges:

• Jurisdictional variations in:

– Digital asset treatment

– Smart contract legal status

– Cross-border transaction requirements

• Compliance requirements:

– KYC/AML procedures across different
regions

– Tax reporting obligations and formats

– Audit trail maintenance and accessibility

• Dynamic regulatory environment:

– Evolving DeFi regulations

– Changes in reporting requirements

– New financial instrument classifications

These limitations, while significant, are not in-
surmountable. Many are being actively addressed
by ongoing developments in blockchain technology
and regulatory frameworks. The system’s modular
architecture allows for progressive enhancement as
new solutions become available, particularly in ar-
eas of scalability and cross-chain interoperability.
Furthermore, the rapid evolution of Layer 2 solu-
tions and regulatory frameworks suggests that sev-
eral of these limitations will be substantially miti-
gated in the near future.
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7.3 Future Work

7.4 Advanced Settlement Mecha-
nisms

The implementation of partial payment escrow rep-
resents a significant enhancement to the system’s
settlement capabilities. In this proposed mecha-
nism, creditors can opt for progressive accumula-
tion of funds in escrow contracts before final set-
tlement. This approach addresses scenarios where
parties require guaranteed partial payments or wish
to accumulate funds to a specific threshold before
release. The system would automatically chan-
nel upstream payments into designated escrow con-
tracts, maintaining the integrity of the debt chain
while providing additional security guarantees.
However, the introduction of partial payment

escrow introduces notable complexity to the sys-
tem. The interaction between escrow contracts and
debt chains requires careful consideration of sev-
eral factors. When a new creditor in a chain opts
for escrow-based settlement, all upstream payments
must be automatically redirected to the new es-
crow contract. Conversely, if a participant switches
to progressive settlement, existing escrow arrange-
ments in the upstream chain need to be dissolved
gracefully. This dynamic reconfiguration of pay-
ment flows must maintain consistency across the
entire network while preserving the atomicity of
transactions.

7.5 Cross-Chain Integration

The expansion to multiple blockchain networks
presents both opportunities and challenges. While
cross-chain support would significantly increase the
system’s reach and utility, it requires sophisticated
bridge mechanisms and careful handling of cross-
chain state synchronization. Future work will ex-
plore secure bridging protocols and state verifica-
tion mechanisms to ensure consistent debt resolu-
tion across different blockchain networks.

7.6 Privacy and Scalability En-
hancements

The implementation of zero-knowledge proofs for
sensitive transaction data represents a crucial fu-
ture development. This enhancement would allow

participants to verify debt relationships and set-
tlements without exposing detailed transaction in-
formation. Additionally, we plan to explore layer-
2 scaling solutions to address potential blockchain
congestion issues as the network grows.

7.7 Architectural Implications

The system’s modular architecture, built on the
ERC-2535 Diamond pattern, provides significant
advantages for future extensibility. The separation
of concerns between different facets allows for in-
dependent upgrading of system components while
maintaining overall system integrity. This architec-
tural choice becomes particularly important when
considering the implementation of complex features
like partial payment escrow, where new functional-
ity can be added without disrupting existing oper-
ations.

7.8 Economic Considerations

The introduction of partial payment escrow mech-
anisms has profound implications for economic be-
havior within the network. By providing more
flexible settlement options, the system can bet-
ter accommodate various business models and risk
preferences. However, this flexibility must be bal-
anced against the increased computational costs
and complexity of managing multiple escrow con-
tracts within debt chains.

7.9 Regulatory Compliance

The system’s integration with external verification
services and tax oracles positions it well for reg-
ulatory compliance across different jurisdictions.
Future enhancements to the escrow system will
need to consider varying regulatory requirements
for fund custody and settlement finality. The chal-
lenge lies in maintaining the system’s efficiency
while accommodating these regulatory constraints.

8 Conclusion

8.1 Technical Achievements

Our implementation demonstrates the feasibility of
complex debt network management on blockchain
platforms. The successful integration of multiple
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facets – from basic debt management to sophisti-
cated chain resolution and escrow handling – repre-
sents a significant technical achievement. The sys-
tem’s ability to handle dynamic settlement prefer-
ences while maintaining network efficiency show-
cases the potential of smart contract-based finan-
cial systems.

8.2 Economic Impact

The system’s impact extends beyond mere techni-
cal innovation. By reducing friction in debt set-
tlement and providing flexible payment options, it
has the potential to significantly improve capital ef-
ficiency in various economic contexts. The planned
implementation of partial payment escrow will fur-
ther enhance this impact by providing more sophis-
ticated tools for managing payment relationships
and risk.

8.3 Future Directions

While the current implementation provides a solid
foundation, the planned enhancements – particu-
larly in escrow mechanisms and cross-chain support
– will significantly expand the system’s capabilities.
These developments, combined with ongoing im-
provements in scalability and privacy features, po-
sition the system to address increasingly complex
debt management scenarios while maintaining its
core benefits of trust minimization and automated
settlement.
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Figure 3: Complete System Flow Diagram
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Figure 4: System Architecture Overview
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