Engineering and Technology Journal e-ISSN: 2456-3358

Volume 10 Issue 09 September-2025, Page No.- 7089-7102 ){
DOI: 10.47191/etj/v10i09.24, |.F. — 8.482 ;
© 2025, ETJ

(Everant Journal

+

Compliance-as-a-Service Frameworks Using Al for Real-Time Risk
Intelligence in Decentralized Financial Systems

Emmanuel Cadet?, Edima David Etim?, Iboro Akpan Essien®, Joshua Oluwagbenga Ajayi*, Eseoghene Daniel
Erigha®

'Independent Researcher, USA;
2 ead Network Engineer, Zone Payment Network Ltd, Lekki, Lagos, Nigeria
3Trivax Energy Services Limited, Toronto, Canada
4Reevar Al, Lagos, Nigeria
SSenior Software Engineer, Mistplay, Toronto, Canada

ABSTRACT: The rise of decentralized financial systems (DeFi) presents both unprecedented opportunities and critical regulatory
challenges, particularly in ensuring compliance, transparency, and risk mitigation in real time. This paper reviews the emerging
paradigm of Compliance-as-a-Service (CaaS) frameworks integrated with Artificial Intelligence (Al) to provide scalable, real-time
compliance monitoring and risk intelligence across distributed financial ecosystems. It explores how Al technologies such as
machine learning, natural language processing, and knowledge graphs enable automated detection of non-compliant behavior, smart
contract auditing, fraud detection, and adaptive regulatory reporting. Special attention is given to the architectural design of Al-
enabled CaaS platforms, their interoperability with blockchain-based systems, and their capacity to address challenges posed by
jurisdictional fragmentation, pseudonymity, and data privacy. Furthermore, the paper examines current implementations, industry
trends, and regulatory innovations shaping the future of CaaS in DeFi. The review concludes by identifying research gaps and
proposing a roadmap for developing trustworthy, transparent, and explainable CaaS infrastructures to enhance financial integrity
and regulatory agility in decentralized environments.
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1. INTRODUCTION

1.1 Background on Decentralized Finance (DeFi) and Its
Regulatory Challenges

Decentralized Finance (DeFi) represents a transformative
shift in financial services by leveraging blockchain
technologies to eliminate intermediaries in lending, trading,
asset management, and insurance. Built primarily on smart
contracts deployed on blockchain networks like Ethereum,
DeFi platforms offer users greater accessibility, transparency,
and control over their financial assets. However, this
innovation brings significant regulatory challenges. The
pseudonymous nature of participants, the borderless
architecture of DeFi protocols, and the lack of centralized
accountability hinder the application of traditional
compliance frameworks such as Know Your Customer
(KYC), Anti-Money Laundering (AML), and Counter-
Terrorism  Financing (CTF) regulations. Moreover,
jurisdictional fragmentation and rapid protocol iterations
complicate regulatory oversight, increasing the risks of fraud,
manipulation, and systemic instability. As DeFi expands,
regulators face the dual imperative of enabling innovation
while safeguarding market integrity, consumer protection,

and financial stability. This necessitates the development new
compliance models capable of operating within decentralized
ecosystems.

1.2 Emergence of Compliance-as-a-Service (CaaS)

Compliance-as-a-Service (CaaS) is emerging as a scalable
and adaptive approach to managing regulatory obligations in
real-time, especially within complex and decentralized
environments. CaaS frameworks leverage advanced
technologies—including artificial intelligence (Al), cloud
computing, and distributed ledgers—to automate compliance
tasks such as transaction monitoring, identity verification,
and regulatory reporting (Abiodun, 2023). These platforms
offer modular and API-driven services that can be integrated
into DeFi applications, enabling them to meet dynamic
regulatory requirements without compromising
decentralization. By shifting compliance from a static,
manual process to an intelligent and on-demand service layer,
CaaS helps address the accountability void in decentralized
systems. It also facilitates interoperability across jurisdictions
and regulatory regimes by translating regulatory intent into
machine-readable logic. As regulators intensify their scrutiny
of digital asset markets, CaaS positions itself as a critical
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infrastructure for embedding trust, transparency, and
resilience within DeFi protocols, ensuring that innovation and
compliance evolve in tandem. (Crawford, 2023)

1.3 Importance of Real-Time Risk Intelligence

Real-time risk intelligence is pivotal in DeFi due to the speed,
scale, and opacity of blockchain transactions. Unlike
traditional finance, where compliance checks are post-
transactional or periodic, DeFi operates in a continuous and
permissionless environment where billions of dollars can
move within seconds. This necessitates compliance
mechanisms that can detect, interpret, and respond to
anomalous or non-compliant behaviors instantly. Al-driven
risk intelligence engines integrated into CaaS platforms offer
predictive insights, continuous monitoring, and dynamic risk
scoring to preempt fraudulent transactions, smart contract
exploits, or market manipulation. These tools enhance
visibility across decentralized protocols by synthesizing on-
chain and off-chain data in real time, thus enabling proactive
regulatory alignment. Moreover, real-time intelligence
supports adaptive governance, dynamic asset classification,
and the enforcement of sanctions or risk-based controls as
needed. Without such capabilities, DeFi systems remain
vulnerable to abuse, threatening trust and market stability in
the broader digital finance ecosystem. (Aigbedion, 2025)

1.4 Objectives and Scope of the Review

This review aims to examine how Al-powered Compliance-
as-a-Service (CaaS) frameworks are reshaping risk
management and regulatory compliance within decentralized
financial systems. It synthesizes recent advancements in Al
technologies—such as machine learning, natural language
processing, and knowledge graph-based inference—that
enable automated, real-time compliance. The paper covers
architectural models, implementation challenges, and current
industry applications. While the focus is on DeFi, insights are
drawn from broader RegTech trends to contextualize the
evolution of CaaS. The scope includes evaluating CaaS's role
in transaction monitoring, smart contract auditing, and cross-
border compliance. This paper does not evaluate specific
regulations but emphasizes technological readiness,
integration models, and future research directions.

1.5 Structure of the Paper

The remainder of this paper is organized into four main
sections. Section 2 explores the core technologies driving Al-
powered CaaS, focusing on machine learning, blockchain
integration, and data processing. Section 3 discusses the
architecture and operational models of CaaS platforms,
emphasizing scalability, privacy, and interoperability.
Section 4 provides case studies of real-world
implementations across DeFi protocols and examines the
implications of industry trends. Section 5 outlines future
challenges and  research  directions, emphasizing
explainability, trustworthiness, and global alignment in
compliance infrastructure. Each section aims to inform the

design of resilient, adaptive, and intelligent compliance
systems for decentralized finance.

2. CORE TECHNOLOGIES ENABLING AI-DRIVEN
CAAS

2.1 Machine Learning for Anomaly and Fraud Detection
Machine learning (ML) plays a pivotal role in enhancing
Compliance-as-a-Service (CaaS) by enabling real-time
anomaly and fraud detection across decentralized financial
systems. Unlike traditional rule-based systems, ML models
learn from transactional data patterns and dynamically adapt
to evolving fraudulent behaviors (ljiga, 2024). In DeFi
environments, where pseudonymity and high-frequency
trading are prevalent, supervised and unsupervised
algorithms can identify suspicious wallet activity, arbitrage
exploits, flash loan attacks, and sudden liquidity shifts.
Models such as random forests, support vector machines, and
neural networks are often deployed to flag anomalies based
on historical behavior, while clustering and isolation forest
techniques detect outliers without prior labels. Additionally,
ensemble methods can combine multiple models to improve
detection accuracy. ML-driven systems offer the advantage
of continuous learning, enabling them to evolve with
emerging threat vectors and market shifts (Kokogho, 2023).
However, challenges persist in minimizing false positives,
handling data imbalance, and ensuring model interpretability.
Incorporating explainable Al (XAI) components into these
models helps enhance regulator and stakeholder trust.
Overall, ML-driven anomaly detection is fundamental to
enabling autonomous, scalable, and proactive compliance
monitoring in real time, making it a core component of
modern CaaS frameworks within decentralized financial
infrastructures. (OJADI, 2023)

2.2 Natural Language Processing for Regulatory
Document Parsing

Natural Language Processing (NLP) enables the automated
extraction, interpretation, and mapping of regulatory
requirements into actionable compliance rules within Al-
driven CaaS frameworks (Okolie, 2025). Financial
regulations, often documented in unstructured legal texts like
the EU’s MiCA or the U.S. SEC guidelines, present
challenges for manual compliance interpretation, especially
in cross-jurisdictional DeFi operations. NLP techniques such
as named entity recognition (NER), dependency parsing,
topic modeling, and semantic similarity allow systems to
break down complex legal language and identify obligations,
exceptions, and conditional clauses. These insights can be
transformed into programmable compliance policies through
knowledge codification (Sam-Bulya, 2024). Transformer-
based models like BERT and GPT further enhance contextual
understanding, enabling the identification of implicit
obligations and inter-textual references across regulatory
documents. Integrating NLP with compliance knowledge
bases also supports real-time monitoring of regulatory
changes and automatic policy updates. Moreover, sentiment
analysis can be applied to regulatory news feeds and
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enforcement notices to assess emerging compliance risks.
NLP-driven parsing is essential for ensuring that CaaS
platforms remain responsive to dynamic legal environments
while reducing the compliance burden on decentralized
platforms. By automating legal interpretation, NLP helps
align smart contract logic and financial activities with ever-
evolving global regulatory expectations. (Kisina, 2021)

2.3 Blockchain and Smart Contracts Integration
Blockchain technology forms the foundational layer of
decentralized financial systems, and its integration with CaaS
frameworks is essential for ensuring transparent, auditable,
and tamper-proof compliance enforcement (Atalor et
al,2023). Smart contracts—self-executing code deployed on
blockchain networks—can be augmented with compliance
logic to enforce regulatory constraints automatically, such as
Know-Your-Customer (KYC) requirements, transaction
thresholds, or sanctions screening as seen in Table 1. CaaS
systems can interact directly with smart contracts to monitor
and log on-chain behavior in real time, providing immutable
records for auditing and reporting. Moreover, smart contract
auditing using Al algorithms enables pre-deployment
vulnerability detection and post-deployment risk analysis to
ensure regulatory conformance (Mgbeadichie, 2021).
Advanced blockchain architectures supporting layer-2
solutions and zero-knowledge proofs also allow for scalable
compliance  monitoring  while  preserving  privacy.
Tokenization frameworks can be embedded with compliance
attributes, enabling programmable enforcement of
jurisdiction-specific rules on asset transfer or ownership. The
integration of oracles further enhances CaaS by linking off-
chain regulatory data to on-chain execution logic. In essence,
coupling blockchain and smart contracts with Al-driven
compliance engines facilitates automated, trustless
enforcement of rules and minimizes the need for
intermediaries. This synergy is central to achieving real-time
regulatory assurance in borderless, decentralized financial
ecosystems. (Azonuche, 2025)

Table 1: Integration of Blockchain and Smart Contracts
in Compliance-as-a-Service (CaaS) Frameworks

Core Description Technologica [Compliance
Concept P | Application |Benefit
contracts compliance |enforces
with conditions regulatory
embedded on-chain logic in real
compliance time
rules (e.g.,
KYC,
sanctions,
thresholds)
Use of Al for |Pre-
vulnerability |deployment
. . . E
Al-Driven |detection static renSuL:raetZr
Smart before and  |analysis; g y
conformance
Contract after post-
. and reduces
Auditing deployment |deployment security risks
(Mgbeadichie |behavioral y
, 2021) risk analytics
Layer-2
e
' Tokenization, |scalable,
zero- rivacy- jurisdiction-
knowledge P .
Advanced preserving aware, and
. proofs, and ; .
Architecture computation, |real-time
oracles for o .
s & Oracles scalabilit and linking  |compliance
and riva}(/; off-chain data |with reduced
P y to blockchain |need for
(Azonuche, intermediaries
2025)

2.4 Knowledge Graphs and Rule-Based Engines for
Automated Compliance

Knowledge graphs and rule-based engines underpin the
semantic intelligence of Al-enabled Compliance-as-a-
Service systems by structuring regulatory knowledge into
interconnected, queryable formats (Omisola, 2020). A
knowledge graph represents entities (e.g., laws, institutions,
actors) and their relationships, enabling CaaS systems to infer
contextual meaning and dependencies across compliance
domains. These structures allow the translation of complex
regulatory frameworks into machine-interpretable logic that
supports real-time reasoning (Ogunwole, 2023). Rule-based
engines can be layered on top of these graphs to trigger
compliance alerts, initiate smart contract actions, or validate
data against policy constraints. For instance, if a transaction
originates from a sanctioned address or fails a regional
reporting requirement, the rule engine can halt processing and
flag the incident. The combination of semantic reasoning and
logical inference enables high interpretability, making this
approach particularly suitable for transparent regulatory
reporting and decision auditing (Akinbola, 2020).
Furthermore, knowledge graphs are dynamic, allowing
updates as new regulations emerge or existing ones evolve.
Integrating them with NLP and ML components enhances
system adaptability and learning capacity. Ultimately, these
tools create an explainable compliance infrastructure capable

Core L. Technologica |[Compliance
Description L .
Concept | Application |Benefit
Forms the
base layer for
decentralized
. . L Enhances
financial Distributed .
systems; ledger for auditability
Blockchain Y ' . g and
. ensures immutable .
Foundations . trustworthines
transparency |compliance s of
and tamper- |loggin .
pe 0gging transactions
proof records
(Atalor et al.,
2023).
Smart Self- Autonomous |Minimizes
Contracts executing execution of |human error,
7091 |

Emmanuel Cadet!, ETJ Volume 10 Issue 09 September 2025



“Compliance-as-a-Service Frameworks Using Al for Real-Time Risk Intelligence in Decentralized Financial
Systems”

of translating abstract legal mandates into executable
compliance mechanisms within decentralized financial
systems. (Agboola, 2025)

2.5 Interoperability with Existing RegTech Ecosystems
Interoperability with established Regulatory Technology
(RegTech) ecosystems is a critical enabler for the success of
Compliance-as-a-Service frameworks in decentralized
finance (Odogwu, 2022). As DeFi systems often operate
outside traditional financial rails, bridging the gap between
CaasS platforms and conventional compliance infrastructures
ensures continuity, regulatory alignment, and scalability.
Interoperability facilitates data exchange between Al-driven
CaaS modules and legacy systems such as Anti-Money
Laundering (AML) databases, Know-Your-Customer (KYC)
repositories, and Central Bank Digital Currency (CBDC)
platforms (Igba, 2025). Standardized APIs, data schemas
(e.g., XBRL, 1SO 20022), and communication protocols
support seamless integration and synchronized compliance
workflows. Additionally, cross-platform connectors allow
Caas systems to retrieve regulatory updates, submit reports,
and validate identities using trusted third-party services.
Interoperability also enables multi-jurisdictional alignment
by translating localized regulatory requirements into
platform-agnostic compliance rules. Importantly, open
architecture design within CaaS solutions fosters plug-and-
play compatibility with FinTech tools, risk engines, and cloud
services (Eguagie, 2025). This integration reduces the
compliance burden for decentralized platforms while
enhancing auditability, scalability, and resilience. By
embedding CaaS into the broader RegTech landscape,
financial institutions and DeFi entities can achieve cohesive,
automated, and real-time compliance across heterogeneous
systems. (Fagbore, 2020)

3. ARCHITECTURE AND OPERATIONAL MODELS
OF CAAS FRAMEWORKS

3.1 Cloud-Native and Decentralized Deployment Models
Compliance-as-a-Service (CaaS) frameworks are
increasingly leveraging cloud-native and decentralized
architectures to achieve scalability, resilience, and real-time
responsiveness.  Cloud-native  deployment  enables
microservices-based modularity, containerization, and
dynamic resource allocation through platforms like
Kubernetes and Docker (Idoko et al, 2024). This architecture
supports elastic compliance engines that adapt to changing
regulatory requirements and transaction volumes in financial
systems. Additionally, decentralized deployment models
align with the distributed nature of DeFi ecosystems,
facilitating the embedding of compliance logic closer to
transaction sources via edge computing or on-chain analytics.
By integrating blockchain nodes with cloud-hosted Al
models, hybrid CaaS deployments allow for seamless
interaction between off-chain and on-chain environments
(Mgbame, 2022). This architecture supports low-latency,
API-driven integration with decentralized applications

(dApps), digital wallets, and decentralized exchanges
(DEXSs). Furthermore, redundancy and high availability are
strengthened by multi-cloud and cross-chain interoperability,
reducing systemic risks from single points of failure.
Together, these deployment models ensure continuous
compliance monitoring, reduce operational costs, and
enhance trust across stakeholders. However, effective
orchestration of decentralized and cloud-native components
demands advanced governance mechanisms, robust service-
level agreements (SLAs), and compliance-aware DevOps
pipelines to ensure reliability and transparency in high-
throughput financial ecosystems. (Balogun, 2025)

3.2 Integration with Decentralized Identity (DID) and
Zero-Knowledge Proofs

Decentralized Identity (DID) systems and zero-knowledge
proofs (ZKPs) are foundational for enabling privacy-
preserving compliance in decentralized financial systems.
DID frameworks, such as those based on the W3C standard,
allow users to retain control over their identity credentials
while selectively disclosing only the information necessary
for compliance checks (Odofin, 2022). In the context of Caas,
this facilitates Know Your Customer (KYC) and Anti-Money
Laundering (AML) compliance  without requiring
custodianship of sensitive personal data. By integrating DIDs
into smart contracts and transaction protocols, CaaS
platforms can authenticate users in a trustless environment,
supporting regulatory requirements across jurisdictions.
(Akinsooto, 2025).Zero-knowledge proofs further enhance
this capability by allowing validation of compliance
conditions—such as age, residency, or transaction limits—
without revealing the underlying data. zk-SNARKSs and zk-
STARKs are commonly employed to execute privacy-
preserving proofs on-chain, ensuring regulatory conformance
while maintaining anonymity (Mgbeadichie, 2021). This is
particularly valuable in DeFi, where traditional identity
systems cannot be easily enforced. The combined use of DID
and ZKPs within CaaS frameworks not only secures identity
management but also enables scalable, legally compliant
operations  across  blockchain  ecosystems.  Future
implementations are expected to integrate Al models to
dynamically manage identity risk scores while preserving
users’ privacy and autonomy. (Onoja, 2021)

3.3 Real-Time Transaction Monitoring and Audit Trails
Real-time transaction monitoring is a cornerstone of Al-
enabled CaaS platforms, enabling dynamic detection of
anomalous activities such as money laundering, fraud, or
market manipulation in decentralized finance (Azeez
Odetunde, 2022). Al models, including recurrent neural
networks (RNNs) and graph-based analytics, process
streaming transaction data across blockchain networks to flag
suspicious patterns. These models are deployed as
microservices that continuously monitor smart contract
interactions, peer-to-peer transfers, and token swaps,
generating compliance alerts in milliseconds. This capability

7092 ] Emmanuel Cadet!, ETJ Volume 10 Issue 09 September 2025



“Compliance-as-a-Service Frameworks Using Al for Real-Time Risk Intelligence in Decentralized Financial
Systems”

is critical in a financial landscape where DeFi transactions
occur without centralized intermediaries and across time
zones. (ldoko, 2024).Audit trails within CaaS frameworks
ensure that all compliance actions—such as rule execution,
data access, and enforcement decisions—are recorded
immutably. This is often achieved by anchoring logs on
blockchain ledgers or using secure, tamper-proof audit
chains, which can be verified by regulators or third-party
auditors. These audit mechanisms support traceability,
forensic analysis, and post-event investigation while meeting
legal requirements such as GDPR and FATF
recommendations. Furthermore, Al-enabled natural language
generation (NLG) modules can automatically produce audit
summaries for human oversight. Real-time monitoring and
transparent audit trails not only ensure regulatory compliance
but also bolster stakeholder confidence, making them
essential for scalable, trustworthy CaaS deployment in DeFi.
(Okolo, 2023)

3.4 Scalable Data Ingestion and Explainability Modules
Scalable data ingestion is vital for CaaS frameworks that
operate across multi-chain environments, smart contracts, and
high-frequency trading platforms. These systems must
capture, normalize, and store massive volumes of structured
and unstructured data from sources such as transaction logs,
wallet addresses, oracles, regulatory databases, and
decentralized exchanges (ljiga et al, 2025). Event streaming
platforms like Apache Kafka or Flink are commonly
employed to ensure real-time data pipeline management with
minimal latency. Additionally, ETL (Extract, Transform,
Load) processes embedded with Al pre-processing logic help
convert raw blockchain and regulatory data into compliance-
ready formats. (Odetunde, 2022). Explainability modules are
equally critical to bridge the gap between black-box Al
algorithms and regulatory interpretability. Techniques such
as SHAP (SHapley Additive exPlanations), LIME (Local
Interpretable Model-Agnostic Explanations), and
counterfactual reasoning are embedded into the Al layer of
the Caa$S system to provide human-understandable insights
into how compliance decisions were made (Ojika, 2023). This
ensures that compliance decisions—such as transaction
blocking or flagging—can be justified to regulators and
stakeholders. Additionally, user-facing dashboards and visual
analytics enhance trust and facilitate governance by providing
transparent insights into Al model behavior. By combining
scalable data processing with interpretable decision-making,
Caas platforms meet the dual mandate of regulatory precision
and accountability in real-time financial ecosystems. (Onoja,
2023)

3.5 Privacy-Preserving Computation and Data Protection
Techniques

Privacy-preserving computation is a critical requirement in
CaaS frameworks operating within decentralized and multi-
jurisdictional environments. As financial transactions involve
sensitive user data, ensuring confidentiality while

maintaining compliance transparency is a core architectural
consideration. Homomaorphic encryption (HE), secure multi-
party computation (SMPC), and trusted execution
environments (TEEs) are increasingly integrated to enable
analytics on encrypted data without exposing raw inputs.
These technologies allow CaaS systems to perform KYC
verification, fraud detection, and behavior analysis in a
privacy-preserving manner (Egbuhuzor, 2025). In tandem,
data protection techniques such as tokenization, differential
privacy, and data minimization policies are embedded within
data pipelines to prevent unauthorized access and limit data
retention. Blockchain-based access control using smart
contracts ensures only authorized entities (e.g., regulators or
auditors) can retrieve compliance-related information based
on predefined conditions(Nwatuzie, 2025). Al models within
the CaaS architecture are trained with privacy-preserving
federated learning frameworks, enabling cross-institutional
learning without data centralization. These capabilities
support compliance with global data protection laws like
GDPR, CCPA, and the Personal Data Protection Bill.
Ultimately, privacy-preserving computation ensures the
secure, lawful, and ethical operation of Al-driven CaaS
platforms, aligning financial innovation with fundamental
rights to data privacy and integrity. (Okeke, 2024)

4. CASE STUDIES AND INDUSTRY
IMPLEMENTATIONS

4.1 Al-Powered Compliance in Decentralized Exchanges
(DEXs)

Decentralized exchanges (DEXSs) operate without centralized
intermediaries, making regulatory compliance especially
challenging due to pseudonymous trading, cross-border
transactions, and the immutability of blockchain-based smart
contracts. Al-powered Compliance-as-a-Service (CaaS)
systems are emerging as pivotal solutions for monitoring and
enforcing compliance in these dynamic environments (ljiga
et al, 2024). Leveraging machine learning algorithms and
real-time data feeds, Al engines can detect illicit activities
such as wash trading, front-running, and insider trading by
identifying unusual transaction patterns and velocity
anomalies. Natural language processing (NLP) can also be
employed to continuously assess and parse regulatory
updates, ensuring that trading protocols dynamically align
with evolving jurisdictional requirements. These systems
often integrate with on-chain analytics tools and off-chain
data sources, enhancing their ability to trace transaction
origins and screen wallet addresses against sanctions and anti-
money laundering (AML) blacklists (OGUNNOWO, 2020).
Furthermore, explainable Al (XAIl) approaches help DEX
operators and auditors understand the rationale behind
flagged activities, fostering transparency and trust. By
embedding Al-driven compliance logic into trading interfaces
and backend infrastructures, DEXs can achieve regulatory
observability without compromising user privacy or
decentralization principles. This balance is crucial to
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legitimizing decentralized finance in the eyes of institutional
investors and global regulators. (Isibor, 2023)

4.2 Cross-Border CaasS for Stablecoins and CBDC Pilots
The cross-border use of stablecoins and central bank digital
currencies (CBDCs) introduces complex regulatory
challenges due to differences in legal frameworks, transaction
transparency expectations, and data localization laws.
Compliance-as-a-Service (CaaS) frameworks augmented by
Al can address these frictions by enabling real-time,
jurisdiction-aware compliance monitoring and enforcement
(ADEWOYIN, 2020). Al tools can dynamically interpret
multi-jurisdictional regulations using NLP and knowledge
graphs, creating contextual compliance matrices that assess
each transaction’s legality across involved regions. These
systems can automatically enforce travel rule requirements,
flag cross-border risk exposures, and ensure anti-money
laundering (AML) and counter-terrorism financing (CTF)
protocols are satisfied. For CBDC pilots, Al-driven CaaS
enables central banks to monitor transaction flows, assess
systemic risks, and validate smart contracts tied to
programmable money features, all without violating privacy
mandates (lhimoyan, 2024). Moreover, federated learning
and secure multi-party computation (SMPC) allow for
privacy-preserving data analysis, facilitating regulatory
oversight without revealing sensitive information. By
integrating these capabilities, CaaS frameworks can
harmonize regulatory expectations across borders, build trust
in CBDC and stablecoin infrastructures, and support
interoperability initiatives by global organizations like the
BIS and IMF. This cross-border intelligence is essential for
fostering inclusive, secure, and lawful digital currency
ecosystems at scale. (NWANI, 2022)

4.3 Smart Contract Auditing Platforms Using Al

Smart contracts are self-executing code with embedded logic
that governs transactions on blockchain networks. While they
offer automation and trustless execution, vulnerabilities in
their code have led to high-profile exploits, fraud, and loss of
funds in DeFi platforms (Cyuma, 2025). Al-enhanced smart
contract auditing platforms serve as a proactive layer of
Compliance-as-a-Service by automating code analysis to
detect security flaws, regulatory non-compliance, and risky
behaviors. Using machine learning models trained on
historical vulnerabilities and exploit patterns, these tools can
perform static and dynamic analysis of smart contracts to
identify reentrancy bugs, integer overflows, permission
misconfigurations, and logic errors. Natural language
processing can also be applied to parse contract
documentation and correlate it with actual code behavior,
ensuring alignment with user disclosures and regulatory
declarations (Ajiga, 2025). Some platforms incorporate
explainable Al components that provide developers and
auditors with interpretable reasoning for flagged risks,
improving trust and enabling informed remediation.
Moreover, as regulatory expectations evolve to include code

verifiability and on-chain audit trails, these Al platforms will
become critical in ensuring that DeFi protocols maintain
robust security postures while meeting compliance
requirements. Ultimately, Al-powered auditing enhances the
integrity and scalability of DeFi by reducing reliance on
costly,  time-consuming manual  code  reviews.
(OGUNWGOLE, 2024)

4.4 Partnerships Between FinTechs, RegTechs, and
Regulators

The effective deployment of Compliance-as-a-Service
(CaaS) in decentralized financial systems requires active
collaboration between FinTech innovators, RegTech solution
providers, and regulatory bodies. FinTechs bring agility and
market insights, RegTechs offer technical expertise in
compliance automation, while regulators define legal
boundaries and risk frameworks. Al-based CaaS solutions
benefit from this triad partnership by co-developing tools that
are both technologically robust and legally sound. For
instance, regulatory sandboxes have emerged as controlled
environments where Al-enabled compliance tools can be
tested with live data under regulator supervision. These
initiatives foster iterative feedback loops, enabling CaaS
providers to fine-tune risk models, explainability features,
and data privacy measures based on real-world regulatory
scrutiny. Such partnerships also encourage the codification of
compliance logic into machine-readable rulesets, aligning
regulatory interpretation with algorithmic implementation.
Moreover, joint efforts can yield standards for Al governance
in compliance systems, such as bias mitigation, model
transparency, and auditable decision-making. Through
ongoing dialogue and public-private alliances, these
partnerships can overcome data silos, reduce compliance
ambiguity, and scale trustworthy CaaS solutions across
borders and protocols. As the DeFi ecosystem evolves,
institutional adoption will increasingly depend on these
collaborative frameworks to ensure legitimacy, user
protection, and systemic resilience. (George, 2025)

4.5 Lessons Learned from Failures and Compliance
Breaches in DeFi

Despite the innovative promise of decentralized finance
(DeFi), numerous high-profile compliance breaches have
underscored its systemic vulnerabilities. Notable incidents—
including the DAO hack, rug pulls, flash loan exploits, and
governance  manipulation—demonstrate  that  DeFi’s
permissionless and pseudonymous architecture can facilitate
fraud, market manipulation, and money laundering (Manuel,
2024). These failures have exposed the limitations of static
security audits, inadequate governance mechanisms, and the
lack of real-time compliance monitoring. Lessons learned
emphasize the need for continuous, Al-powered compliance
infrastructure capable of evolving alongside threat
landscapes. In particular, breaches reveal that smart contracts
must be treated as dynamic entities requiring real-time
behavioral analysis, not just one-time code reviews. The
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absence of identity linkage and transaction traceability further
highlights the need for risk scoring mechanisms and anomaly
detection models integrated into Compliance-as-a-Service
(CaaS) platforms (NWANI, 2020). Moreover, decentralized
governance models often lack built-in incentives for
compliance, necessitating external frameworks that can audit,
alert, and intervene autonomously. These failures have also
prompted regulatory crackdowns, reinforcing the urgency for
DeFi protocols to adopt Al-enhanced Caas tools that balance
innovation with accountability. By internalizing these
lessons, the DeFi community can prioritize proactive
compliance, boost institutional trust, and avoid the
reputational and financial costs of reactive enforcement.
(Adewoyin, 2025)

5. FUTURE OUTLOOK AND RESEARCH
DIRECTIONS

5.1 Challenges in Standardization and Multi-
Jurisdictional Compliance

The fragmented nature of global financial regulations poses
significant challenges to the standardization of Compliance-
as-a-Service (CaaS) frameworks in decentralized finance
(DeFi). Jurisdictional divergence in anti-money laundering
(AML) directives, data privacy laws, and tax reporting
obligations complicates the automation of compliance
mechanisms. DeFi’s borderless architecture exacerbates this
issue, as users and protocols span multiple regulatory
environments without a central authority. Moreover, varying
definitions of key terms—such as “security,” “custodian,” or
“beneficial ownership”—make it difficult to encode universal
compliance logic into smart contracts or Al models. The lack
of interoperable standards for compliance data and auditing
practices further hinders cross-border collaboration among
regulators and compliance vendors. Consequently, CaaS
solutions must incorporate flexible policy engines that can
adapt to jurisdiction-specific rules while maintaining
interoperability.  Establishing  regulatory  sandboxes,
developing international RegTech standards, and fostering
cross-border regulatory dialogues are essential steps toward
overcoming the challenges of multi-jurisdictional compliance
in Al-enabled decentralized systems.

5.2 Developing Transparent and Explainable Al for
Compliance

As Al becomes central to real-time compliance in DeFi,
transparency and explainability are critical for building trust
among regulators, developers, and end users. Most existing
Al models, especially deep learning architectures, operate as
“black boxes,” making it difficult to interpret decision
pathways, detect biases, or validate rule adherence. This lack
of interpretability poses legal and ethical risks, particularly
when automated systems flag transactions, enforce penalties,
or generate regulatory reports. Explainable Al (XAl)
approaches—such as  SHAP  (SHapley  Additive
exPlanations), LIME (Local Interpretable Model-Agnostic
Explanations), and symbolic Al—can help demystify model

outputs, enabling auditors to trace compliance decisions and
understand anomalies. Additionally, model governance
frameworks must be established to ensure transparency in
training data, versioning, and performance metrics.
Integrating auditability and human-in-the-loop mechanisms
into CaaS platforms enhances accountability and regulatory
acceptance. Ultimately, transparent Al not only supports legal
defensibility but also encourages broader adoption of
automated compliance solutions in DeFi ecosystems.

5.3 Integrating Al with Decentralized Governance Models
Decentralized Autonomous Organizations (DAOS) and other
decentralized governance mechanisms offer unique
opportunities and challenges for integrating Al-driven CaaS
frameworks. Traditional governance relies on centralized
oversight to enforce compliance, while DeFi’s permissionless
architecture delegates decision-making to distributed
stakeholders through on-chain voting or governance tokens.
To be effective in such systems, Al must align with the values
of transparency, fairness, and autonomy. Smart agents can
assist in proposal validation, detect governance attacks, or
suggest optimal compliance strategies based on community
rules. However, challenges include ensuring algorithmic
fairness, preventing collusion, and aligning Al behavior with
evolving governance protocols. Embedding explainable Al
into governance  workflows—such as  compliance
recommendation engines or automated dispute resolution
tools—can improve trust and efficacy. Furthermore, Al
models must be updated continuously through community
consensus or decentralized oracle feeds to maintain
relevance. Harmonizing Al intelligence with decentralized
rule-making remains a key frontier for achieving sustainable
and compliant DeFi governance.

5.4 Risk-Adaptive CaaS Architectures for Dynamic
Compliance

A static compliance model is ill-suited to the dynamic and
rapidly evolving nature of decentralized finance. Risk-
adaptive CaaS architectures offer a more resilient approach
by continuously adjusting compliance parameters based on
contextual insights, transaction behavior, and emerging
threats. These systems leverage Al to monitor real-time data,
detect deviations from normal patterns, and autonomously
recalibrate controls. For instance, a sudden influx of funds
into a new wallet or interaction with a high-risk smart contract
may trigger enhanced due diligence or freeze protocols. By
incorporating predictive analytics and risk scoring engines,
these frameworks support proportional and cost-effective
compliance  enforcement.  Furthermore, multi-layered
architectures—combining rule-based engines, machine
learning models, and federated learning—enable scalable
compliance monitoring across decentralized platforms.
Adaptive architectures can also interface with external threat
intelligence and regulatory feeds to ensure responsiveness to
new regulations or fraud schemes. This dynamic compliance
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approach enhances both agility and security in Al-driven
CaaS systems.

5.5 Research Agenda for Trustworthy, Resilient, and
Inclusive Compliance Systems

Future research in Al-enabled Compliance-as-a-Service
(CaaS) must address critical challenges of trust, resilience,
and inclusivity to ensure sustainable adoption in
decentralized finance. First, building trustworthy systems
requires integrating ethical Al principles, such as fairness,
accountability, and transparency, into compliance algorithms.
This includes mitigating bias in datasets, enabling explainable
decision-making, and securing stakeholder trust through
verifiable audit trails. Second, resilience must be engineered
through robust architectural designs that withstand
adversarial attacks, smart contract vulnerabilities, and
regulatory shifts. Techniques like adversarial training, zero-
knowledge proofs, and continuous validation mechanisms
can enhance system robustness. Finally, inclusive compliance
demands that CaaS solutions accommodate underserved
geographies and user profiles. This includes support for
multilingual interfaces, low-computational Al models for
edge deployment, and regulatory tailoring for emerging
markets. Interdisciplinary collaboration among computer
scientists, legal scholars, regulators, and DeFi developers is
vital to build holistic frameworks. A clear research roadmap
must prioritize policy co-creation, standardization, and
scalable Al governance.
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