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Abstract

The convergence of artificial intelligence (Al), blockchain, and cloud-based APIs is transforming
the foundations of financial infrastructure through composable finance, a paradigm that enables
modular, interoperable, and programmable financial products. Traditional financial institutions
remain limited by siloed architectures and rigid product delivery systems that restrict scalability
and cross-platform innovation [1], [8]. Composable finance overcomes these barriers by
introducing dynamic interoperability between centralized and decentralized systems, allowing
financial components to be developed, reused, and extended through standardized API
orchestration [3], [10].

This paper presents an integrated architecture that combines Al-driven decision intelligence [2],
blockchain-based settlement and verification [9], and API-enabled semantic interoperability [6],
[11]. The study explores how intelligent financial agents perform autonomous portfolio
optimization, credit scoring, and liquidity forecasting by interacting with smart contracts across
modular financial networks [12], [14]. Drawing on advancements in digital twin modeling and
cloud computing [19], [21], the proposed approach demonstrates how distributed Al models can
be synchronized with blockchain layers to ensure security, transparency, and adaptability in real
time. A prototype simulation illustrates reduced settlement latency, higher interoperability
efficiency, and improved compliance accuracy using privacy-preserving model scoring
techniques [15]. The findings indicate that the integration of Al, blockchain, and APIs through
composable architectures can significantly enhance transparency, scalability, and resilience,
setting the foundation for the next generation of programmable, user-centric financial
ecosystems.

I. Introduction

The rapid digital transformation of financial systems has led to the emergence of composable
finance, a new paradigm that allows financial products to be built as modular, interoperable, and
reusable components. Unlike traditional financial infrastructures, which rely on closed, vertically
integrated systems, composable finance enables institutions and developers to combine
decentralized finance (DeFi), open banking, and Al-driven analytics into unified architectures
[1], [3]. This shift reflects a broader movement toward intelligent, cloud-native ecosystems
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where services can be dynamically deployed through open APIs and blockchain protocols [7],
[10].

Artificial intelligence (AI) plays a key role in this transition, enabling real-time data
interpretation, portfolio automation, and dynamic risk management [2], [5]. McKinsey’s Al-bank
framework emphasizes that financial institutions capable of embedding Al into decision
pipelines outperform those limited to traditional analytics [1]. Similarly, blockchain technologies
contribute trust, transparency, and immutability to digital asset transactions [9], while semantic
interoperability—supported by standardized APIs—allows cross-platform data exchange
between legacy and decentralized systems [6], [11]. This integration not only improves
efficiency but also enhances regulatory compliance and auditability in multi-party financial
ecosystems [12].

Recent advancements in digital twin systems, distributed ledgers, and edge-cloud convergence
demonstrate how composable architectures can create adaptive financial environments that
continuously evolve based on market data [19], [20]. However, despite progress in each
domain—AI for predictive analytics, blockchain for settlement transparency, and APIs for
connectivity—there remains a lack of unified frameworks that combine these elements into a
cohesive composable model [14], [16]. The result is fragmented innovation where
interoperability and data governance remain key obstacles to scalability.

The objective of this paper is threefold. First, it aims to design a hybrid architecture that
integrates Al, blockchain, and open APIs to create modular, composable financial products
capable of operating across platforms. Second, it seeks to analyze how intelligent agents can
autonomously perform portfolio management, risk scoring, and liquidity optimization within
decentralized financial environments. Third, it evaluates the efficiency, interoperability, and
compliance of the proposed model through prototype simulation using privacy-preserving Al
frameworks [15], [18].

This study contributes to the growing discourse on digital finance by proposing a technically
feasible and regulatory-compliant blueprint for the future of modular, Al-enabled financial
ecosystems. Through composability, the paper envisions a shift from monolithic financial
systems toward agile, transparent, and data-driven infrastructures.

Il. Literature Review

The evolution of composable finance draws upon advancements in artificial intelligence (Al),
blockchain, and API-driven interoperability. McKinsey’s work on Al-driven banking highlights
the growing need for intelligent automation in digital ecosystems and the competitive advantage
of embedding predictive algorithms in core banking operations [1]. Hibti et al. [2] explored
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architectural patterns for Al and blockchain convergence, emphasizing swarm intelligence and
decentralized coordination in distributed financial systems. Kumar [3] examined cross-platform
architectures for financial services, advocating modular design and mobile compatibility as
foundations for composable systems.

Blockchain-related studies by Jamil et al. [4], Tasca and Tessone [10], and Tavares et al. [11]
addressed data immutability, consensus classification, and taxonomy of blockchain technologies,
offering technical insights into interoperability protocols. Research in risk management and
digital transparency also underlines blockchain’s value in cross-border compliance [5], [12].
Similarly, Fritzsche et al. [9] introduced semantic interoperability ecosystems, proposing
ontology frameworks that align well with composable financial APIs.

From the AI perspective, Fritchman et al. [14] developed privacy-preserving frameworks for
secure model scoring, aligning with composable finance requirements for confidential credit
evaluation. Anthany [19] and Rasheed et al. [20] demonstrated the use of Al and digital twins for
real-time risk assessment and adaptive monitoring within decentralized ecosystems. Cloud-based
scalability and API orchestration were examined by Buyya et al. [21] and Hwang [22],
advocating distributed learning and cognitive infrastructure as critical enablers of financial
composability.

Despite notable progress, a gap persists in synthesizing these domains into a unified composable
framework that integrates AI, blockchain, and APIs for financial modularity. The present
research bridges this gap by proposing an end-to-end architecture that allows secure, scalable,
and intelligent composition of modular financial products across platforms.

Comparative Coverage of Key Research Dimensions Across References

Coverage Level (1-5)
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References

The comparative chart reveals that references [1], [2], [12], [14], [19], and [20] exhibit the
strongest overall contribution across Al, blockchain, and interoperability dimensions. Studies [2]
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and [12] emphasize blockchain-led decentralization, while [1] and [19] advance Al-driven
analytics and real-time decision frameworks. Cloud-based and digital twin research [16], [20]
highlight adaptability and scalability essential for composable architectures. Despite substantial
individual advancements, few studies explicitly integrate all three components, Al, blockchain,
and APIs, into a unified composable financial ecosystem, validating the relevance and novelty of
this research.

I1l. Methodology

3.1 Overview

This research adopts a hybrid design—science methodology that integrates artificial intelligence
(AD), blockchain, and API orchestration to enable modular and interoperable financial systems.
The composable finance framework is conceptualized as a distributed architecture where Al
models dynamically assess financial risks, blockchain ensures verifiable settlements, and APIs
enable data and service interoperability between traditional and decentralized infrastructures [1],

[2].
The research process includes:
1. Defining system requirements for composable financial modules.

2. Designing a unified architecture integrating Al-driven analytics, blockchain orchestration,
and standardized APIs.

3. Developing a simulated environment for testing interoperability, security, and compliance
performance.

4. Evaluating outcomes using predefined metrics such as F1-score, latency, and
interoperability efficiency.

This approach blends quantitative simulation with architectural modeling to demonstrate the
feasibility of a scalable, intelligent, and compliant composable financial ecosystem.

3.2 System Architecture

The proposed system architecture consists of five interconnected layers that enable modularity
and interoperability in financial products.

1. Data Layer: Collects structured and unstructured financial data through APIs from multiple
sources such as banking systems, decentralized exchanges, and credit networks.
2. Al Layer: Performs real-time risk prediction, portfolio optimization, and transaction anomaly
detection using distributed learning models.
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3. Blockchain Layer: Executes smart contracts for settlements, token issuance, and audit trails
to ensure transparency and traceability [9], [10].
4. API Gateway Layer: Manages communication between centralized and decentralized
modules, ensuring interoperability through RESTful and GraphQL interfaces.
5. Governance and Compliance Layer: Implements automated AML/KYC verification,
identity management, and data privacy mechanisms.

Equation 1: Modular Transaction Validation

V, = f(Al, BC,, API,)

where

V.= overall transaction validity,

Al= Al-based risk evaluation score,

BC,= blockchain consensus confirmation,
API.= API interoperability compliance factor.

A transaction is considered composable and valid when all three components exceed predefined
confidence thresholds.

3.3 Dataset Description

The dataset used in this study combines both synthetic financial transactions and real-world
reference datasets derived from anonymized open banking APIs and decentralized exchange
logs.

Attribute Description Type Example

Tx_ID Unique — transaction | oo orical | TXN-20491
identifier

Centralized (Bank) or

Source_Type Decentralized (DEX)

Categorical | DEX

Al-predicted

Risk Score . ) Numerical | 0.82
- transaction risk
Settlement Time Time to finalization Numerical | 2.8
— (seconds)
Token_Type ;;g;ttal orfiat-backed Categorical | CBDC
. Binary risk 1
Compliance_Flag classification Boolean (Compliant)
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The dataset includes approximately 100,000 records across three composable environments: (1)
Bank API integration, (2) DeFi smart contract execution, and (3) Al-based risk analysis.

3.4 Model Usage

The Al component employs a hybrid ensemble model combining Gradient Boosting (GBM)
and Long Short-Term Memory (LSTM) networks for dynamic risk scoring. GBM captures
structured transaction relationships, while LSTM detects temporal anomalies in continuous
transaction streams.

Equation 2: Risk Probability Model

1
b = oG, B

where P.represents the probability of risk occurrence, X;represents key transaction variables
(amount, frequency, token type, counterparty trust index), and S;are the learned weights.

Equation 3: Interoperability Efficiency Metric

_ SSlLCC@SS

Eint = x 100

total

where Sq,ccessdenotes the number of successful smart contract executions and API calls, and
Stotardenotes total transaction attempts.

Blockchain modules were deployed on an Ethereum-compatible private network using Proof-of-
Authority (PoA) consensus to achieve high throughput and deterministic finality. APIs were
tested through simulated RESTful integrations using Postman and Python’s FastAPI.
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Composable Finance System Architecture: Integrating Al, Blockchain, and APIs
e

External Financial Systems
(Banks, DEXs, Exchanges)

— _J
— =
API Gateday Layer
(Open Bankin, ST, GraphQL)

N ([

Al Analyfjcs Layer
(Risk Scoring, Fore g, Fraud Detection)

Smart Contract Executor
(Settlement, Tokegikation, Automation)

Blockchain fedger Layer
(Immutable Stora onsensus, Audit)

Compliance & Gpvernance Layer
(AML/KYC, | ty, Privacy)

3.5 Evaluation Matrix

The proposed framework was evaluated on four core dimensions: accuracy, efficiency,
interoperability, and compliance reliability.

Evaluation Formula Description Target
Parameter P Outcome
2xPrecisionxRecallPrecision+Recall2 \times mf:sgéegf
F1-Score \frac{Precision \times Recall}{Precision + Al detection >0.93
Recall}2xPrecision+RecallPrecisionxRecall
performance
: Transactions
Transaction NtxTtotal\frac{N_{tx}}{T_{total}}TtotalNtx per second 2 800
Throughput TPS
(TPS)
g ) - . Average
Latency ch_)n_ﬁrm TinitT_{confirm} - T_{init} Tconfirm confirmation | < 3 sec
—Tinit
delay
Interoperability | SsuccessStotalx100\frac{S_{success}}{S_{total}} g;ggz;:gﬁer = 979
Success Rate \times 100StotalSsuccessx100 A =717
reliability
Compliance TP+TNTP+TN+FP+FN\frac{TP + TNH{TP + TN Ce'\r/:#é;\lgri > 959
Accuracy + FP + EFN}TP+TN+FP+FNTP+TN precision =700
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Table Interpretation:
The hybrid Al-blockchain system achieved high scalability and precision, demonstrating its
ability to process complex modular transactions efficiently while ensuring compliance integrity.

3.6 Summary

The methodology outlines an integrated framework for composable finance that harmonizes Al-
based analytics, blockchain-based verification, and API-based interoperability. The architecture
allows modular deployment of services, ensuring flexibility for evolving financial ecosystems.
The evaluation metrics confirm that such a system can maintain scalability, security, and
regulatory compliance in dynamic financial environments.

1VV. Results and Discussion

4.1 Model Performance

The integrated composable finance prototype was evaluated using simulated transaction data
consisting of 100,000 records distributed across three composable environments—centralized
banking APIs, decentralized exchanges (DEXs), and hybrid interoperability gateways. The
experiment assessed throughput, latency, accuracy, and compliance efficiency.

Interoperability | Compliance
Model Configuration ;I'_Itlprg;J ghput (I_Sz'g;ncy Success  Rate | Accuracy
(%) (%)
Baseline (Legacy API 420 59 843 81
System)
Blockchain-Only 610 4.2 90.7 87.5
Setup
Al + APL Gateway | 4, 3.3 94.1 91.2
Integration
Proposed Composable
Framework (Al + | 870 2.6 98.4 96.3
Blockchain + API)
Without Compliance 810 28 95 6 89 7
Layer

The proposed composable architecture achieved the highest interoperability success rate of 98.4
percent, surpassing both traditional and isolated blockchain systems. Throughput improved by 52
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percent compared to legacy models, and latency decreased by more than 50 percent. Integration
of Al-based transaction scoring reduced the rate of false compliance alerts, improving
operational reliability and reducing manual oversight.

A key outcome was the dynamic adaptability of the system: when new financial APIs or Al
models were introduced, the architecture adjusted seamlessly without system downtime,
demonstrating true composability.

Composable Finance Framework - Model Performance Comparison

= Throughput (TPS)
W Latency (Inverted Scale)
[ mmm Compliance Accuracy (%)

Performance Metrics (Normalized)

Model Configurations

This chart visually compares Throughput (TPS), Latency (inverted scale), and Compliance
Accuracy (%) across different configurations, showing that the proposed composable finance

framework significantly outperforms legacy and partial integration models in both speed and
compliance efficiency.

4.2 F1 Metrics

The performance of the Al layer, specifically in fraud and risk prediction, was measured using
precision, recall, and F1-score to assess overall detection quality.

Precision X Recall
Fl1=2x%

Precision + Recall

. F1-
Model Type Precision | Recall Score
Basellne:\ Logistic 0.83 0.81 0.82
Regression

Page | 9 Journal of Integrated Research



§i
4 \'4 JOURNALEE
N[V INTEGRATED

\,,‘\J RESEARCH

Volume- |1, Issue-1V, 2021

Gradient Boosting
(GBM) 0.91 089 (0.9
LSTM (Sequential
Risk Model) 0.92 091 |0.915
Proposed Hybrid
(GBM + LSTM) 0.95 094 10.945

The hybrid GBM + LSTM model achieved an Fl1-score of 0.945, confirming superior accuracy
and balanced sensitivity in identifying fraudulent or high-risk transactions. The hybridization
enabled the system to capture both structured (tabular) and temporal (sequential) data patterns,
critical in modular financial systems where transaction dependencies evolve continuously.

4.3 Limitations

While the composable framework demonstrates strong performance and adaptability, certain
limitations remain:

1. Scalability with Large Node Networks: The current implementation uses a private
blockchain with limited validator nodes; performance may degrade in a fully distributed,
multi-national deployment.

2. Regulatory Variation: Compliance modules rely on standardized AML/KYC rules;
adapting to diverse jurisdictional policies requires additional dynamic governance
modeling.

3. Data Privacy Trade-offs: Real-time Al scoring introduces minor exposure to metadata
sharing; future integration of homomorphic encryption could mitigate this.

4. Model Drift and Bias: Continuous retraining is required to prevent bias in Al-based
credit or risk predictions, especially under volatile market conditions.

5. Resource Consumption: While efficient, the hybrid architecture demands high
computational resources for Al inference and blockchain consensus validation.

4.4 Discussion Summary

The experimental results confirm that composable finance architectures can outperform
traditional financial systems across key performance, compliance, and intelligence metrics. The
fusion of Al blockchain, and API modularity enhances system resilience, transparency, and
flexibility. However, scalability, privacy preservation, and cross-jurisdictional policy
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synchronization remain open challenges that warrant further exploration through multi-agent
testing and regulatory sandbox environments.

V. Conclusion and Future Scope

This research presented a composable finance framework that integrates artificial intelligence
(AI), blockchain, and APIs to enable modular, interoperable, and intelligent financial
ecosystems. The proposed architecture demonstrated superior performance in transaction
throughput, latency reduction, and compliance accuracy compared to traditional financial
systems. By combining Al-driven analytics with blockchain-backed transparency and API-
enabled interoperability, the model achieved a dynamic, scalable, and secure environment for
digital finance. The hybrid Al model produced an F1-score of 0.945, indicating high predictive
accuracy for fraud and risk assessment, while the blockchain layer ensured immutable settlement
verification and data integrity across composable financial modules.

From an architectural perspective, the research validated that composability enhances financial
innovation by allowing services to be built, reused, and extended without disrupting existing
systems. The seamless communication between decentralized and centralized financial layers
through standardized APIs confirmed that modular integration can achieve both agility and
compliance in financial operations.

However, the study also identified limitations related to cross-border scalability, regulatory
diversity, and data privacy. Addressing these challenges requires adaptive governance
mechanisms and privacy-preserving Al models that maintain accuracy while protecting sensitive
data.

Future research should focus on expanding composability across multiple blockchains and
financial domains through interoperability protocols such as cross-chain bridges and digital
twins. Integrating federated learning for privacy-preserving Al training and developing
standardized compliance ontologies will be essential to align with global financial regulations.
The convergence of composable finance and autonomous Al systems represents a transformative
pathway toward programmable, adaptive, and resilient digital economies.
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