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BLOCKCHAIN AND ARTIFICIAL INTELLIGENCE
IN FINANCIAL CONTROL SYSTEMS: SYNERGY
OF INNOVATIONS FOR ECONOMIC SECURITY

ABSTRACT

The increasing complexity of global financial systems has necessitated the adoption of
more efficient and transparent mechanisms for combating money laundering (AML).
Blockchain technology, with its decentralized, immutable, and transparent characteris-
tics, presents a promising solution to address the limitations of traditional AML systems.
This paper represents a review, exploring the potential applications of AI and blockchain
in enhancing financial control systems, in particular, within AML compliance, focusing
on key areas such as transaction monitoring, cross-institutional data sharing, and reg-
ulatory reporting. The integration of blockchain can streamline AML processes, reduce
operational costs, and increase the effectiveness of detecting illicit financial activity. The
combination of blockchain technologies and artificial intelligence algorithms in financial
control is considered. It is shown how automation of transaction analysis can strengthen
the stability of the banking system and prevent financial crimes. It is demonstrated that
the convergence of Artificial Intelligence and blockchain technologies presents a trans-
formative opportunity to strengthen AML frameworks, particularly in the face of rising
crypto-enabled financial crimes. This research offers several important contributions to
the academic literature. First, it presents a synthesis of the current status of artificial
intelligence approaches used for compliance in detecting fraud in Bitcoin transactions.
This review discusses the essential methodologies and tactics in a particular area that
intersects finance and compliance but falls under the broader disciplines of Al-driven
finance and decentralized finance (DeFi). The incorporation of Al into financial control
marks a tremendous technological revolution that is affecting industries across the
board. Second, the study assesses the current state of the publications, major trends,
and research gaps, emphasizing areas that deserve additional investigation.

Keywords: banking system, blockchain, management, innovations, economic security,
financial control, financial monitoring
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INTRODUCTION

Many nations rank combating money laundering and terrorism financing as their top
national security priorities. According to statistical data, the amount of illegal financial
flows associated with financial crime, such as money laundering, financing of terrorism
and proliferation, and fraud, is a matter of increasing concern. Digital scams cost indi-
vidual customers in Asia USD 700 billion in 2024 (Rogers, 2024). Making sure that ad-
vances in the financial sector don't turn into tools for financial crime is crucial as Fintech
continues to revolutionize financial services. For instance, the growing use of technol-
ogy-enabled real-time payment solutions has made it easier for users to settle their
accounts almost instantly, but it has also given criminals new ways to avoid detection
by transferring money quickly between several accounts (Hunter et al., 2025).

Economic security today is one of the most critical components of national security.
Money laundering and terrorist financing are major threats to economic security, un-
dermining financial system integrity, fostering corruption, and funding crime by disguis-
ing illicit funds as legitimate. Today, financial crime is widespread, and every year, al-
most USD 2 trillion is laundered. This is significantly more than the USD 275 billion the
banking industry spends on stopping this crime (Armstrong et al., 2023). It makes it
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easier to hide money obtained illegally from operations, including drug trafficking, financing terrorism, human trafficking,
corruption, tax evasion, and cybercrime. As a result, over the past forty years, international efforts to stop money laun-
dering have increased dramatically, leading to the creation of a sophisticated, multilateral regulatory framework. These
frameworks seek to advance financial responsibility, transparency, and economic stability in addition to detecting and
discouraging illicit financial flows.

Financial crimes continue to be transnational in character, taking advantage of technical blind spots, regulatory discrepan-
cies, and jurisdictional fragmentation despite advancements in financial control. Complex layering across offshore corpo-
rations, digital assets, shell firms, and proxy ownership structures is a common feature of sophisticated money laundering
schemes, making detection and enforcement extremely challenging. Data privacy regulations, political restrictions, and
restricted access to real-time intelligence can make it difficult for law enforcement authorities to coordinate across borders.

Moreover, additional difficulties in tracking financial movements have been brought about by the development of digital
financial instruments, including cryptocurrencies, privacy coins, and decentralized finance (DeFi) protocols. These technol-
ogies undermine the efficacy of conventional AML procedures that rely on transaction monitoring and customer verification
by enabling actors to conduct under false pretenses with little oversight. The need for more flexible, open, and interoper-
able compliance solutions is growing as criminal networks get better at utilizing technology advancements.

One should note that in recent years, cryptocurrencies have undergone significant change, evolving into a variety of
formats and sorts. Specifically, anonymity-enhanced cryptocurrencies (AECs), mixers and tumblers, decentralized platforms
and exchanges, privacy wallets, etc., that facilitate or permit lesser transparency and greater obfuscation of financial flows
have become more prevalent in the virtual asset ecosystem. Other virtual asset business models or activities, such as initial
coin offerings (ICOs), which pose hazards of fraud, market manipulation, and money laundering and terrorist financing
(ML/TF), also arise as a result. The Financial Action Task Force (FATF) acknowledged the need for additional clarity on the
application of the FATF Standards to new technologies and providers in light of the emergence of new types of providers
and the development of additional products and services in this arena. In addition to ensuring that virtual asset technolo-
gies and businesses can continue to expand and innovate responsibly, the effective global application of these standards
by all nations will level the playing field. It will stop terrorists or criminals from looking for and taking advantage of areas
with little to no oversight (Jo et al., 2025).

However, given the rise of new provider types and the creation of new products and services in this space, the Financial
Action Task Force (FATF) recognized the need for more clarification on how the FATF Standards should be applied to new
technologies and providers. Effective international implementation of these standards by all countries would level the
playing field and guarantee that virtual asset technologies and enterprises may keep growing and innovating responsibly.
It will prevent criminals or terrorists from seeking and exploiting places with little to no supervision (Jo et al., 2025).

There are numerous causes for the gap that exists. The main reason for this is that a lot of AML programs put regulatory
and technical requirements ahead of the program's ability to effectively stop criminal activity. The sluggish adoption of
new technology by many financial institutions is the other important factor. Monitoring gaps result from their legacy
systems' incompatibility with contemporary compliance technologies.

Other significant weaknesses in consumer due diligence include inherent blind spots. The efficacy of AML policies is further
compromised by inadequate personnel training. However, the continuous arms race between criminals and the financial
sector is the biggest deterrent (Bondarenko et al., 2022). These scammers take advantage of emerging technologies and
change more quickly than laws can be put in place. It is challenging for conventional AML systems to keep up with them
because they employ sophisticated techniques to get around regulations.

In turn, the changing dangers accelerated the development of RegTech and forced academics and regulators to look for
fresh methods of financial management within the larger framework of economic security. By offering instruments for
transparency, traceability, and risk management in cryptocurrency transactions, blockchain is specifically utilized for finan-
cial surveillance and the fight against financial crimes. To guarantee adherence to anti-money laundering laws, specialized
blockchain monitoring systems examine on-chain data to spot suspect trends like fraud and money laundering, find con-
nections between wallet addresses, and issue warnings for high-risk activity.

Thus, this landscape of emerging new threats to economic security as part of national security determines the urgent
necessity of scientific analysis aimed at evaluating the role of blockchain and AI in enhancing financial control systems, in
particular, due to the potential synergetic effect of these technologies.
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LITERATURE REVIEW

One of the main forces behind the modernization of international financial systemsis digital transformation. Digitalization
has improved accountability and transparency in reporting, increased public access to financial products, and improved
service efficiency. Artificial intelligence (AI), the Internet of Things (IoT), and cloud computing have revolutionized the
way financial institutions, from banks and cooperatives to microfinance organizations, provide client service (Desi et al.,
2023). But these advancements are accompanied by significant obstacles, namely risks to system and data security, such
as the crime of skimming. For instance, Indonesia's Financial Services Authority (Otoritas Jasa Keuangan, 2022) noted that
the rise in mobile banking and cashless transactions during and after the COVID-19 pandemic has led to a notable increase
in instances of skimming and other types of digital fraud. There are still serious security flaws in digital banking systems,
as evidenced by the growing number of skimming cases. These problems are frequently caused by antiquated security
procedures, inadequate internal controls, and a lack of cybersecurity knowledge among finance managers (Hilal et al.,
2022). A forensic accounting method for early skimming identification and prevention in digital financial systems is exam-
ined by Idris et al. (2025). Their study's conclusions are consistent with the Fraud Triangle and Fraud Diamond theoretical
frameworks, which describe how pressure, opportunity, rationalization, and capability all contribute to fraud. Skimming
develops mostly owing to poor internal controls (opportunity) and the technical skills of perpetrators (capacity) (Choi &
Lee, 2018). Furthermore, fraudulent conduct has been successfully identified using the Digital Forensic Framework, which
includes identification, digital evidence collection, analysis, and reporting (Quick & Choo, 2018).

In 2015, Han looked into how blockchain technology and artificial intelligence could work together in financial institutions,
with a focus on operational efficiency, security, and transparency. The study examines how AI anomaly detection algo-
rithms with blockchain's decentralized ledger architecture might improve fraud prevention and regulatory compliance. It
looks at how these technologies are used in high-frequency trading (HFT) and cross-border payments, showing how they
affect market execution accuracy, transaction cost reduction, and settlement time reduction. Examples include how AI
optimization is used in algorithmic trading tactics and how Ripple and Stellar function in decentralized remittance networks.
The study also highlights implementation issues in financial infrastructures by addressing constraints such as cybersecurity
vulnerabilities, model risk, technology interoperability, and regulatory divergence (Han, 2015).

Experts emphasize that blockchain provides a fresh and creative approach to AML that can solve the problems compliance
teams encounter and increase the process's overall effectiveness (Pocher et al., 2022). AML monitoring on the blockchain
has the ability to completely transform how financial institutions fight money laundering by utilizing the built-in advantages
of blockchain technology, such as increased automation, security, and transparency.

Blockchain enhances financial monitoring for AML within various domains, in particular (Nita, 2025):

1. Improved traceability and transparency: Public blockchains offer an unchangeable, publicly accessible record of
transactions, making it easier to track the origins of assets and money movements, which helps to spot illegal
behavior.

2. Automated, real-time surveillance that adjusts to changing criminal typologies is made possible by the combination
of blockchain technology, artificial intelligence (AI), and smart contracts.

3. Simplified KYC/CDD: Blockchain-based decentralized identification (DID) systems can enable safe, reusable digital
IDs, boosting data privacy and Know Your Customer (KYC) and Customer Due Diligence (CDD) procedures.

4.  Cross-chain compliance: By developing frameworks to track transactions across several blockchains, blockchain-based
solutions can eliminate regulatory blind spots

5.  Enhanced efficiency: Smart contract automation can cut down on operational inefficiencies, delays, and human error
that come with traditional, centralized solutions.

Along with blockchain, diverse Al-based solutions are entering the RegTech landscape. Meanwhile, there is still a lack of
systematization in this field, and the synergetic paradigm rarely becomes a platform for both scholarly research and prac-
tical solutions design in the field.

The impact of developing technologies on financial crimes and their incorporation into financial institutions is examined by
Ghose et al. (2025). The study aims to classify and identify cyber breaches, financial crimes, and the function of digital
evidence in financial technologies. The report draws attention to the growing worry about how new technologies are being
used to enable financial crimes like cyber fraud, tax evasion, and money laundering. It also looks at how technological
developments have changed the nature of financial crimes and the difficulties in identifying and bringing these crimes to
justice.
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A comprehensive analysis of Al used for compliance was carried out by Rodriguez Valencia et al. in 2025. The authors'
main concern was detecting fraud in cryptocurrency transactions. Between 2014 and 2025, they looked at how AI was
incorporated into compliance for bitcoin fraud detection, examining its methods, development, and new trends. The use
of ML, deep learning, natural language processing, and technologies of generative Al to increase fraud detection's effec-
tiveness and inventiveness are some of the major developments that have been identified. However, the report emphasizes
that difficulties still exist, such as inadequate openness in Al models, regulatory fragmentation, and restricted access to
quality data, all of which impede effective fraud detection (Hrytsenko et al., 2024). The long-term usefulness of Al tools
in the real world is mostly unknown. This paper discusses the evolution of Al in compliance, identifies opportunities for
future research, and stresses linking theory and practice to improve fraud detection in Bitcoin transactions.

Aidoo et al. (2025) underline that, while today's AML compliance efforts are substantial, they lack efficiency and efficacy.
Fragmented systems and human processes struggle to manage large-scale data analysis; basic rule-based monitoring
generates far too many false alarms; and criminals exploit technological development more quickly than regulators can
respond. As a result, experts have assessed the existing quo poorly; for example, in 2020, the FATF's previous executive
secretary stated that “everyone is doing it badly” in terms of global AML outcomes. This blunt judgment, along with the
reality that illicit flows persist on a massive scale (trillions globally, according to some estimates), creates a tremendous
motivation to investigate new technology tools and approaches.

According to some academics, using distributed ledger technology and blockchain to modernize and improve AML compli-
ance is one viable technological path. By enhancing transparency, facilitating safe data sharing, and automating compliance
logic, blockchain technology, a secure, network-maintained ledger, could help with a number of the issues mentioned
above (Von Hafe et al., 2025).

The literature highlights the use of Al techniques by regulatory bodies and financial institutions to monitor and examine
bitcoin transactions for indications of sanctions evasion. These tools can reveal concealed transactions and link illegal
payments to organizations or people that are subject to sanctions by utilizing blockchain forensics and advanced analytics
(Gupta et al., 2023):

1. Al for blockchain analysis: to trace the movement of cryptocurrency transactions throughout the decentralized
network, Al systems employ blockchain analytics. AI can follow the flow of money and flag questionable transactions
in real time by recognizing wallet addresses connected to sanctioned people or organizations.

2. Machine learning for crypto risk scoring: similar to conventional banking, AI models employ machine learning to rate
the risk of cryptocurrency transactions according to variables such as transaction size, velocity, and wallet address
history. These tools are essential for spotting intricate transactions or stacking strategies that point to the evasion of
penalties.

Al is becoming increasingly more important in changing AML compliance processes in various sectors. Al's capacity to
evaluate enormous datasets, identify irregularities, and adjust to new threats makes it a vital instrument in the continuous
battle against financial crime, from large banks and FinTech startups to government partnerships and crypto monitoring
(Jain, 2024).

The use of blockchain technology in financial control systems is a topic that is becoming more and more discussed in
academic circles and in the creation of actual policies. Transparency, traceability, security, and automation, all of which
are intrinsic to blockchain technology, - are highlighted as being very compatible with AML compliance requirements
(Konstantinidis & Gegov, 2024). A transparent ledger makes all transfers traceable, but a successful launderer aims to
hide the trail of illicit funds. An unchangeable shared ledger would maintain a coherent trail of activity, but a successful
launderer takes advantage of shoddy record-keeping and compartmentalized systems (Bashtannyk et al., 2025). From a
conceptual standpoint, blockchain presents an exciting idea: what if all financial transactions, or at the very least, all data
pertinent to compliance, - were documented on a ledger that authorized parties could view in real time? In addition to
lowering some compliance expenses, it might significantly improve the speed and precision of financial crime investigations.

A survey of traditional KYC/AML practices is presented by Moreno et al. (2021), who highlight a subset of current issues
in these practices while taking into account the innovation of cryptocurrency transactions and related innovations, such as
digital identity and the financial inclusion of unbanked individuals without identity documents. The authors address current
approaches to these problems, including the use of cutting-edge technology and the adoption of new KYC/AML procedures.
They noted that the new KYC/AML rules are attempting to preserve the fundamentals of conventional financial systems.
The study highlights that, regrettably, there are a lot of factors to take into account while working with cryptocurrencies.
Creating new solutions that employ non-official personal documents for KYC is one of the suggested recommendations.
For instance, a new approach would allow an individual or organization trustee to vouch for the application as a form of
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identity evidence rather than requiring a document to confirm the address. An alternative strategy would be for the appli-
cant to reveal their location on a regular basis.

According to Kumar (2025), traditional centralized systems frequently fall short in preventing fraud and guaranteeing data
integrity, particularly as cyber threats become more sophisticated. To overcome these constraints, the author suggests an
artificial intelligence-enhanced blockchain-based platform. Ethereum smart contracts and machine learning models are
used in the system’s construction, and frontend, backend, and AI components are connected via @ modular design. Eval-
uation reveals dependable audit trails, quick reaction times, and fraud detection accuracy of above 92%. The method
offers a safe, clever, and decentralized solution for contemporary data protection and is scalable and appropriate for
delicate industries like healthcare and banking.

The number of studies that give a fresh, thorough synthesis of blockchain and Al applications in financial services is
growing, and they provide practitioners and scholars with insightful information. In the financial services sector, research-
ers emphasize that the combination of blockchain technology and artificial intelligence has become a game-changer, spur-
ring innovation in fields like risk management, fraud detection, regulatory compliance, and operational efficiency (Rane et
al., 2023; Shi & Wang, 2025). Such studies offer a distinctive viewpoint on these technologies' revolutionary potential in
FinTech by rigorously analyzing their difficulties and synergies. However, given how quickly blockchain and Al technologies
are developing, it's possible that some conclusions won't be applicable in the long run. This issue needs to be addressed
immediately.

AIMS AND OBIJECTIVES

Bearing in mind the above-mentioned trends and concerns, the objective of this paper is to:

= systematizing the features of today's landscape of AI- and blockchain-based solutions applicable for financial control
systems;

= outlining existing concerns in this field (in particular, within the national security domain) and formulating vectors for
making efforts to achieve synergetic effects.

METHODS

The study uses a qualitative approach. The integrative literature review is the research instrument. An integrative review
is a special type of review technique that offers a more thorough understanding of a given topic by summarizing previous
empirical or theoretical material. It offers knowledge synthesis and practical application of important study findings (Oer-
mann & Knaff, 2021).

A sampling of literature sources for review was carried out based on the standard PRISMA methodology.

In order to facilitate clear and thorough reporting, this investigation follows the standard procedure described by Page et
al. (2021) under the PRISMA methodology (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). To
encourage thoroughness, repeatability, and clarity in review reporting, PRISMA provides an organized checklist and flow
diagram.

Identification, screening, eligibility, and inclusion are the four main stages of the data collection procedure, which was
organized using the PRISMA methodology that was modified for the study setting (Figure 1). The search query (and its
combinations) was created during the identification step using the Population, Intervention, Comparison, Outcomes, and
Context (PICOC) framework: “"AML” or “Financial Control” or “RegTech” and “Blockchain” and “Artificial Intelligence” and
“Compliance” and “Cryptocurrency” and (“"machine learning” or “deep learning” OR “natural language processing” or “Ma-
chine Learning”), which was used across keywords, titles, and abstracts.
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Figure 1. PRISMA flow diagram.

RESULTS

After reviewing the compiled sample of literature sources, it was discovered that blockchain and AI improve economic
security by combining blockchain's immutable and transparent ledger with Al's advanced analytical and predictive skills.
The synergy between AI and blockchain amplifies the strengths of both technologies:

1. Data integrity and trust. Blockchain provides a secure, decentralized structure that protects data integrity and
prevents tampering. Al models, in turn, rely on high-integrity data to produce more accurate and unbiased choices.

2. Enhanced security Al algorithms may evaluate transaction patterns in real time to detect and flag unusual activity,
enhancing blockchain's inherent security against fraud and identity theft.

3. Operational efficiency Al can optimize blockchain operations by increasing consensus mechanisms and scalability,
allowing networks to process more transactions per second. Smart contracts, a feature of blockchain, can be
combined with Al to automate and enforce complicated agreements, reducing human error and the need for

middlemen.

The combined technologies are revolutionizing several sectors. The appropriate implications are summarized in Table 1.

Table 1. Key applications of blockchain and AI in economic security.

Benefits

Financial Transactions and Services The integration enhances financial security by boosting Know Your Customer (KYC) and AML processes. Al analyzes
massive datasets to identify dangers, whereas blockchain securely maintains immutable client records, which speeds up onboarding and reduces fraud.

Management of Supply Chains: Real-time monitoring, data sharing, and risk management throughout intricate supply chains are made possible by this
combination. Blockchain guarantees end-to-end product traceability and transparency, and Al helps forecast market trends and optimize resource allo-
cation, strengthening the supply chain's security and resilience.

Cybersecurity Blockchain removes single points of failure that are typical of centralized systems by distributing data throughout a network. AI improves
overall network resilience by providing sophisticated analytics for attack identification and quick containment actions.

reporting platforms.

Challenges

Risk Control and Adherence to Regulations Large volumes of regulatory data can be analyzed by AI-powered solutions to verify compliance and spot
possible problems. This improves oversight, transparency, and auditability for financial institutions and regulators when paired with blockchain-based

system interoperability, scaling concerns, and the requirement for an adaptable regulatory framework. To fully realize the potential of blockchain and AL
to promote a safer and more stable global economy, these issues must be resolved.
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Moreover, the results of the conducted integrative review show that although conventional AML systems have proven
successful in identifying simple types of money laundering, they are unable to keep up with new threats. Trade-based
money laundering (TBML) and cryptocurrency laundering are two well-known instances of illegal activity that pose serious
problems for conventional AML frameworks. Regarding crypto laundering, it should be mentioned that new channels for
money laundering have been made possible by the growth of cryptocurrencies. Criminals can more easily move illegal
funds across borders undetected thanks to the anonymity and pseudonymity provided by digital currencies like Bitcoin,
Ethereum, and others. Since bitcoin operates outside of the conventional banking infrastructure, standard AML systems
are frequently ill-equipped to trace cryptocurrency transactions. Although blockchain technology makes cryptocurrency
transactions more transparent, it is particularly challenging to identify and stop crypto laundering because many jurisdic-
tions lack thorough regulatory frameworks (Cassara & Poncy, 2015). In turn, TBML entails disguising the transfer of illegal
funds through commercial activities. Criminals fabricate trade invoices, over- or under-invoice items, or send things to
nonexistent destinations in order to conceal the true source of illegal finances behind a web of trade data that appears
legitimate. It is challenging to distinguish TBML from conventional rule-based systems due to the intricacy of international
trade and the enormous amount of global trade transactions. To identify TBML, sophisticated methods like artificial intel-
ligence and machine learning are required to evaluate shipping data, invoice inconsistencies, and trade trends in real-time
(Spyra et al., 2025).

It is obvious that as new types of financial crime develop, rule-based systems must be supplemented with cutting-edge
technologies that can adapt to meet these new risks. This makes a strong case for the creation and uptake of AI-driven
AML systems that are capable of analyzing large, complicated data sets, responding to emerging threats, and giving law
enforcement organizations real-time knowledge.

Currently, regulated financial intermediaries, - particularly the banking industry, - are essential to the enforcement of anti-
money laundering regulations. A payment in an intermediary-based monetary system is made by crediting the recipient's
account and debiting the senders. The middleman is responsible for doing customer checks, which can be done during
account changes. This idea holds true for payments made both domestically and abroad via the correspondent banking
network.

The intermediary-based AML compliance principles are being applied to the crypto sector through the current international
guidelines for AML compliance for cryptoassets. But there are unmistakable restrictions on this strategy. Decentralized
consensus procedures supported by a distributed group of self-interested “validators” that collaboratively keep track of
transactions between addresses on the blockchain in a decentralized manner are the foundation of permissionless public
blockchains. The account modification cannot be attributed to any one intermediary.

The possibility of blockchain technology, a subset of distributed ledger technology (DLT), to address these AML issues is
being investigated more and more. A decentralized, immutable, and cryptographically secure database that logs transac-
tions over a peer-to-peer network is the fundamental component of a blockchain. An irreversible and transparent chain of
records is created by storing each transaction in a block that is time-stamped and connected to the block before it.

Key concepts within blockchain include (Aidoo et al., 2025):

= a consensus-based data structure that is managed by numerous people without the requirement for a centralized
authority is known as distributed ledger technology, or DLT;

= smart contracts: blockchain-based self-executing code that, when certain criteria are satisfied, automatically enforces
an agreement's terms;

= tokens and digital assets: these include utility tokens, security tokens, and central bank digital currencies (CBDCs),
which are native representations of value or rights on blockchain networks.

Blockchain is an interesting option for improving AML systems because of its transparency and traceability, cryptographic
security, and programmable compliance requirements. While permissioned blockchains, like Hyperledger Fabric and
Quorum, offer regulated access appropriate for institutional collaboration, public blockchains, like Bitcoin and Ethereum,
offer open auditability.

Blockchain technology is being investigated by AML systems because it can facilitate information exchange between insti-
tutions and jurisdictions, identity verification, and real-time monitoring. Blockchain, for instance, can be used to produce
unchangeable KYC data records, cutting down on fraud and redundancy. Without the need for human intervention, smart
contracts can immediately embed compliance standards into financial workflows, guaranteeing conformity to regulatory
obligations.
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Blockchain-based AML solutions are being piloted by financial institutions, fintech companies, and regulators in domains
such as cross-border payments, digital identity verification, and regulatory reporting. The increased interest in balancing
technical innovation with compliance duties is demonstrated by initiatives like ING's Zero-Knowledge Proofs, the Basel
Committee's debates on digital assets, and OECD-led frameworks on blockchain standards (Bolton & Mintrom, 2023).

AML has undergone a revolution thanks to machine learning (ML), which has produced systems that can learn from
enormous datasets and identify suspicious activity patterns with previously unheard-of accuracy. Behavioral pattern iden-
tification is one of the main uses of machine learning in AML compliance. In order to anticipate and identify unusual activity
that might point to money laundering, machine learning algorithms are made to examine vast amounts of transaction
data.

Financial institutions use static, rule-based detection techniques that depend on hardcoded criteria in traditional AML
systems (e.g., a transaction above a specific monetary value). However, because these techniques are unable to take into
consideration the subtleties of valid transactions, they frequently produce a significant percentage of false positives. In
contrast, machine learning enables computers to recognize intricate and ever-changing patterns in human behavior. For
instance, under normal circumstances, a customer's spending habits could seem completely normal, but machine learning
algorithms are able to spot anomalies, like an abrupt spike in international transfers or a number of small-value transactions
to high-risk locations.

Another effective machine learning tool for AML compliance is risk scoring. ML models may determine a risk score for every
transaction or customer by taking into account a number of variables, including transaction history, geography, and known
risk factors of the parties involved. By concentrating on higher-risk people or activities for additional research, this scoring
system assists financial institutions in allocating resources. The predictive power of the system can be increased over time
by retraining it to take into account fresh data. Machine learning is a vital technique for adjusting to changing money
laundering strategies because of this dynamic learning process (Aidoo et al., 2025).

Apart from machine learning, deep learning models have demonstrated remarkable efficacy in detecting unusual patterns
within extensive datasets. Deep learning is a kind of machine learning that models intricate correlations in data using multi-
layered neural networks. This method helps systems identify more subtle irregularities in big datasets, which is especially
helpful for handling the vast number and complexity of contemporary financial transactions. One strategy that includes
finding uncommon patterns or outliers that vary from accepted standards is anomaly detection. Even with high financial
transaction volumes, where conventional rule-based techniques could miss suspicious activity, deep learning algorithms
are able to spot these outliers (Karolyi et al., 2025). A sudden increase in foreign wire transfers or odd activity in dormant
accounts is an example of large-volume transactions that can be tracked and flagged in real-time using deep learning
models if they diverge from the regular trends for a particular customer or account (Ruiz & Angelis, 2022). Additionally,
by continuously learning from fresh transaction data, deep learning models can gradually enhance their detection capabil-
ities. For example, previous money laundering patterns may cause a model to initially flag a high-value transaction as
suspicious, but the model can be trained to modify its criteria over time to prevent false positives without compromising
accuracy (Oyedokun et al., 2024). Deep learning is very helpful for identifying financial crime in intricate financial systems
where high transaction volumes are typical because of its capacity to process and evaluate enormous volumes of data in
real-time. Its capacity to spot concealed irregularities greatly enhances the efficacy and efficiency of AML compliance plans.

One strategy that includes finding uncommon patterns or outliers that vary from accepted standards is anomaly detection.
Even with high financial transaction volumes, where conventional rule-based techniques could miss suspicious activity,
deep learning algorithms are able to spot these outliers. Real-time monitoring and flagging of large-volume transactions
that diverge from the usual trends for a particular customer or account, like an abrupt increase in foreign wire transfers
or odd activity in dormant accounts, is possible with deep learning models.

The processing and analysis of financial intelligence is being completely transformed by large language models (LLMs)
such as GPT-4 and BERT. These Al models are extremely beneficial in the context of financial crime detection and AML
reporting because of their unparalleled capacity to comprehend, produce, and analyze human language. Large volumes of
unstructured data are a major barrier in the AML domain, but LLMs are becoming more adept at processing them thanks
to advanced Natural Language Processing (NLP). In order to detect suspicious activities, uncover hidden relationships, and
identify emerging risks that traditional rule-based systems might miss, financial institutions and regulators are using LLMs
to analyze sources like news articles, legal documents, social media feeds, and ultimate beneficial ownership (UBO) regis-
tries.

Several financial institutions and regulatory authorities have successfully used AI models to uncover Trade-Based Money
Laundering (TBML) networks, a complicated type of money laundering that involves concealing illicit financial flows by
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manipulating international trade transactions. AI technologies examine massive volumes of trade data, such as invoices,
shipping documents, and customs declarations, for inconsistencies or patterns that may indicate money laundering activity.
Al solutions are capable of detecting anomalies in trade documents. Al models trained on past trade data can detect
irregularities such as over- or under-invoicing, misstatements of quantities, and fraudulent product descriptions—all of
which are prevalent TBML methods. To detect suspect links, the algorithm compares this information to established trade
routes, entities, and financial data (Kussainov et al., 2023). Furthermore, Al systems use predictive modeling to foresee
potential TBML operations by identifying patterns in genuine trade and comparing them to previous instances of fraudulent
transactions. This allows financial institutions to detect TBML in its early phases, preventing larger-scale criminal activity.

FinTech businesses and government agencies are already using advanced Al technology to improve AML compliance and
combat financial fraud. This section presents relevant case studies and industry examples to demonstrate how Al is trans-
forming the AML landscape across a variety of sectors, including large banks and FinTechs, government-private partner-
ships, and emergent concerns such as cryptocurrency transactions. Leading financial institutions, including HSBC and
JPMorgan Chase, are using AI-powered AML systems to strengthen compliance operations, detect risks, and ensure real-
time surveillance of financial activities. These applications demonstrate the considerable benefits that Al provides to tra-
ditional banking operations, allowing institutions to meet ever-increasing regulatory standards and manage risks more
effectively.

HSBC, one of the world's top banking and financial services firms, has used powerful Al algorithms for real-time transaction
monitoring and risk detection. The bank uses ML models to evaluate vast amounts of financial data, detecting suspicious
activity and flagging transactions for further investigation. This method is intended to eliminate false positives, a common
problem in traditional rule-based systems, while also improving the overall accuracy and efficiency of anti-money launder-
ing activities. HSBC employs artificial intelligence to calculate risk rankings for transactions based on variables such as
transaction size, region, and account holder behavior. These risk scores are linked to real-time warnings, allowing compli-
ance officials to prioritize suspicious behaviors that may be related to money laundering or terrorist financing. HSBC's
solution uses machine learning to drastically reduce false positives compared to rule-based systems, reducing the opera-
tional strain on compliance teams. As a result, the bank has improved detection accuracy while adhering to regulatory
requirements (Gupta et al., 2023).

JPMorgan Chase, another global financial powerhouse, has also integrated Al into its AML framework. The bank's Al system
combines real-time monitoring and behavioral analysis to detect abnormal transaction patterns that could signal money
laundering. The use of deep learning and NLP also allows the bank to examine both structured and unstructured data
(e.g., social media, news sources) for signals of illegal financial activity (Gupta et al., 2023). JPMorgan's Al-powered
solution detects suspected money laundering operations by analyzing transaction data from many channels. It employs
artificial intelligence to detect abnormalities or departures from expected transaction patterns, which may indicate fraud-
ulent or criminal activity (Maidaniuk et al., 2025). The solution enables JPMorgan to comply with AML requirements while
optimizing resource allocation and boosting detection capabilities. JPMorgan Chase also employs Al to generate SARs
(Suspicious Activity Reports), which automates and improves regulatory compliance operations. The bank's solution is
designed to adapt to changing compliance requirements and detect developing financial crime typologies that standard
systems may miss.

One of the most promising applications is for Know Your Customer (KYC) and identity verification. Currently, each financial
institution invests significant time and resources in KYC for each new customer, frequently duplicating efforts for the same
individuals across institutions. Blockchain technology can offer a "KYC utility" in which customer identification information
is confirmed once and securely shared or transferable to other institutions with the customer's permission. For example, a
customer's self-sovereign digital identity could be documented on a blockchain (using Hyperledger Indy or Ethereum-
based identity protocols). When they need to create a bank account, instead of submitting fresh paperwork, they allow
the bank to access their digital identity record on the blockchain, which has verified qualities (Melnyk et al., 2022). The
bank trusts the attestation on the ledger (which might be provided by a government agency or another trustworthy party)
and onboards the customer more efficiently. This not only saves money, but it also has the potential to improve KYC
because modifications (such as address or status changes) can be propagated to all permissioned institutions in real time.

The AnaMeen eKYC platform in Jordan, which is built on the Hyperledger Fabric-based Oracle Blockchain, serves as a
practical example. AnaMeen offers KYC-as-a-Service to banks and telcos, allowing customer identities to be confirmed
once and then shared. It allegedly lowered a 10-day account opening process to near-instant verification by utilizing an
immutable ledger of identities. Customers can restrict access to their data via the blockchain's consent procedures, and
each identity record is safe and time-stamped on the ledger. The end result is a more seamless customer experience and
reduced duplication of compliance processes, all while protecting privacy through permissioned access (Shehadeh, 2025).
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Similarly, in the UAE, regulators established the UAE KYC Blockchain Platform, a consortium that connects banks and
government registries. When a corporate customer's license and KYC information are changed in the register, all member
banks on the network observe the changes on the blockchain. This has accelerated corporate account opening and en-
hanced compliance because banks now have access to the most up-to-date verified data (such as beneficial ownership).

Individuals can also possess verifiable credentials (e.g., a digital passport, proof of funds source) and offer selective proofs
of information utilizing blockchain self-sovereign identity (SSI) frameworks (such as those based on Hyperledger Indy or
Ethereum's ERC-725 identity standard). For example, a zero-knowledge proof could allow a user to verify they are over
18 and not on any penalty list without disclosing their whole identity, balancing privacy and compliance. Thus, blockchain
can update KYC by improving data integrity (a single tamper-proof customer record) and increasing privacy (customers
contribute only what is necessary via cryptographic proofs). Many financial institutions and startups are testing such solu-
tions, viewing KYC utilities as low-hanging fruit in which a shared ledger obviously outperforms each bank functioning
independently (Rafig & Sohail, 2025).

Traditional AML systems face significant challenges because they rely heavily on structured data such as transaction rec-
ords or consumer account information. However, in modern financial systems, unstructured data, such as news articles,
social media posts, public documents, and Ultimate Beneficial Ownership (UBO) registries, includes a large quantity of
information. Traditional systems frequently struggle to extract significant insights from unstructured data, which can con-
ceal key indicators of criminal activity. This is where Natural Language Processing (NLP) shows clear advantages. NLP
allows machines to absorb and comprehend human language, which is critical when evaluating massive amounts of un-
structured material. NLP algorithms can be used to search news sources, regulatory reports, and even social media plat-
forms for mentions of possible money laundering operations or connections to criminal organizations (Mykolaichuk et al.,
2025). For example, NLP can detect linguistic patterns associated with fraud, corruption, or terrorism, alerting compliance
officers to the need for additional investigation.

Furthermore, NLP can be used to parse UBO registrations, which list the individuals who eventually own or control a
corporation. By examining these registers alongside other data sources, NLP can assist in identifying concealed ownership
structures and revealing the genuine controllers of shell businesses. The capacity to associate a UBO with several corpo-
rations or flagged entities improves the financial institution's ability to detect problematic networks (Aidoo et al., 2025).

One of the most important benefits of AI in AML compliance is its capacity to map complicated criminal networks using
graph analytics and connection analysis. Money launderers frequently use sophisticated networks of transactions, shell
businesses, and intermediaries to conceal the origin and destination of illicit payments. Traditional AML systems face a
hurdle in detecting these businesses' concealed linkages.

Graph analytics solves this issue by representing entities (e.g., individuals, accounts, and businesses) as nodes and their
relationships (e.g., transactions, ownership links) as edges within a graph structure. Al-powered graph algorithms examine
these interactions to uncover complex networks of related entities, even if they appear unrelated in a linear transaction
history. This allows investigators to find hidden links, such as those involving politically exposed individuals (PEPs), shell
firms, and international criminal organizations, that would be difficult to detect using regular transaction monitoring alone.
For example, a customer may seem to be conducting routine business, but graph analysis may show that they are sending
money to a shell company that is registered in a high-risk jurisdiction or are connected to a network of people involved in
a trade-based money laundering scheme (Ortina et al., 2023). Link analysis can also reveal odd trends in activity, including
money flowing via several middlemen or circular transactions, which are popular methods for money laundering.

It should be mentioned that the implications of various blockchain designs for AML vary. Anyone can examine the chain's
complete history thanks to “open auditability” offered by public blockchains like Ethereum. Law enforcement has previously
taken advantage of this; for instance, in order to retrieve ransom payments from the 2021 Colonial Pipeline hack, investi-
gators tracked down Bitcoin transactions, demonstrating that Bitcoin is "traceable by design" to those with the appropriate
analytics. On Ethereum, companies such as Chainalysis or Elliptic support crypto AML efforts (e.g., detecting stolen assets
traveling through DeFi) by using large-scale analytics to cluster addresses and identify possible illegal actors. On the other
hand, public chains permit anonymity until users are deanonymized, which is typically accomplished through blockchain
forensic research or exchanges that connect addresses to real-world identities. On the other hand, permissioned block-
chains begin with known, verified participants (Piatnychuk et al., 2025). For example, a group of banks can create a
Hyperledger Fabric network to exchange KYC information. These methods provide controlled privacy and performance at
the expense of a public network's decentralization. Because permissioned networks may limit data access to approved
compliance teams and adhere to privacy regulations while maintaining a single source of truth, they are appealing for
interbank cooperation on compliance duties for AML purposes. In actuality, one might observe a hybrid strategy in which
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public blockchain data (from Bitcoin, Ethereum, etc.) is regularly tracked and included into AML analytics, while private
blockchain networks are utilized by regulated businesses to exchange information.

The characteristics of blockchain make it suitable for a wide range of applications in the fields of financial crime prevention
and compliance. Here, we list a number of important application domains where blockchain (public and private) has the
potential to improve or revolutionize AML/CFT initiatives, emphasizing the possible uses of Ethereum, Hyperledger Fabric,
and other platforms.

Government-private collaborations are essential to the development of AI-powered AML compliance systems, in addition
to private sector initiatives. The Financial Crimes Enforcement Network (FinCEN), which works with digital firms and finan-
cial institutions to promote innovation in AML detection and compliance, is one well-known example. In order to protect
the financial system against illegal behavior, particularly money laundering and terrorist funding, the Financial Crimes
Enforcement Network (FinCEN), a division of the U.S. Department of the Treasury, has implemented a number of programs
and strategic initiatives known as the FinCEN initiative. The Bank Secrecy Act (BSA) and associated financial crime legisla-
tion are intended to be administered and enforced by these initiatives. In order to use cutting-edge technologies, such as
artificial intelligence, to fight financial crime, FInCEN has been aggressively working with both FinTech businesses and
traditional financial institutions (Kini et al., 2018). To promote the use of Al-based AML systems and solutions, the agency
has started a number of innovation projects, such as sandbox programs for testing machine learning and artificial intelli-
gence technologies. FiINCEN collaborates with financial institutions to test innovative artificial intelligence (AI) tools that
can enhance the identification of financial crime types and questionable transactions. These initiatives include establishing
sandboxes in which organizations can test Al products in a controlled setting prior to full-scale implementation. FinCEN
has collaborated with various AI-focused startups and technology companies to further the research and implementation
of Al in financial crime detection (Global Financial Integrity, 2021). These collaborations seek to investigate how Al can
be used to improve data analysis, transaction monitoring, and information sharing in order to detect illegal activity faster
and more effectively.

DISCUSSION

Many researchers (Maleh et al., 2021; Mkhize et al., 2022; Gusrion et al., 2025) correctly point out that the convergence
of artificial intelligence and blockchain technology is paving the way for improved security and predictive analytics capa-
bilities. As blockchain networks evolve, they become more vulnerable, making Al integration a critical step in protecting
these decentralized systems. Al's capacity to analyze massive amounts of data in real time enables proactive detection of
risks and anomalies, hence improving blockchain security.

Meanwhile, two domains, purely 'corporate-nature' cybersecurity (that is, combating fraud and data leaks) and economic
security as a crucial sub-system of national security, are usually considered in parallel, as two separate areas. This, to a
large extent, prevents integral, synergetic use of advances in both areas and limits the scope of analysis. One of the bright
examples is a monographic publication by Press (2024). The author claims that the various uses of Al illustrate its versatility
and efficiency in safeguarding blockchain networks:

1.  Financial organizations utilize Al to detect and prevent fraudulent transactions.
2. Al improves supply chain management by confirming product authenticity.
3. Healthcare businesses use Al for secure patient data management.
4. Al can monitor smart contracts to detect compliance and security issues.
Gaming platforms use Al to combat cheating and safeguard in-game transactions.

As it is evident from the above summary of the mentioned publication, no economic security domain elements are included
in the scope.

There are also some industry-specific studies; for example, Talla (2022) considers integrating blockchain and AI to enhance
supply chain transparency in the energy sector. Wang and Yu (2023) propose that the combination of artificial intelligence
(AI) and blockchain technology (BT) can enable information sharing, risk sharing, data interaction, and other tasks in the
logistics industry. The authors underline that smart contracts manage the distribution of duties across all roles in the supply
chain, making it safer and more efficient.
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On the other side, scholars investigate the role of AI and blockchain in cybersecurity from a 'macro'-perspective, that is,
in AML and combating terrorism financing. In particular, Japinye (2025, p. 305) investigates “the integration of cyberse-
curity, artificial intelligence (AI), and blockchain technologies in mitigating money laundering and terrorism financing risks.
[His] online survey was targeting 400 LinkedIn users with certifications or job roles in cybersecurity, compliance, AML, or
counter- terrorist financing (CTF).”

In contrast, we suggest an integrative approach, combining these two domains, which would allow us to employ their
findings and achievements within one ecosystem of AI and blockchain synergy for enhancing economic security through
better financial control systems, from individual and corporate levels to the AML-CTF landscape.

Cybersecurity Al- Economic
(individual and | blockchain security

corporate level) \ synergy (AML/CTF level)

Figure 2. A two-domain ecosystem of AI and blockchain technologies in synergy for enhancing the financial control landscape.

Researchers currently highlight a specific observed trend: the blurring of lines between money laundering and financial
fraud (Bartulovic et al., 2023). Criminals accomplish this by devising methods in which fraudulent activities generate money
that is then laundered through intricate financial channels. They take advantage of the silos in financial ecosystems. A
common example is that compliance teams focus solely on AML, whereas risk teams focus solely on fraud. Criminals have
invented means for moving money that avoid discovery by either group alone. For example, stolen payments from phishing
assaults may be routed through mule accounts or shell corporations to conceal their origin. It is more difficult to identify
and stop fraud and money laundering when there is a lack of integrated monitoring and intelligence sharing, which lets
suspicious transactions get through the cracks. Therefore, in financial institutions, the convergence of these two roles is
essential. Although regulatory technology (RegTech) automates compliance chores and changes protocols dynamically as
regulations change, a coordinated strategy can yield truly substantial benefits and “outperform” criminals' technological
achievements in the financial domain.

In keeping with this, Shi and Wang's systematic review from 2025 should be included. The authors examine the ad-
vantages, difficulties, and potential paths of blockchain-Al applications in financial services in their study of more than 100
peer-reviewed publications that were published between 2020 and 2024. The results show that Al powers predictive
analytics, automation, and decision-making effectiveness, while blockchain improves data quality, security, and transpar-
ency. These clauses align with our suggested methodology.

Transparency, accountability, and traceability are some of the fundamental tenets of national security and economic in-
tegrity that blockchain supports. Its use within AML frameworks could reduce compliance costs while improving the speed,
precision, and scope of financial investigations. Additionally, by facilitating anomaly identification and predictive analytics
using integrated, high-quality data sets, blockchain could assist in moving AML operations from reactive to proactive.

From a geopolitical perspective, counterterrorism, the enforcement of sanctions, and the protection of democratic institu-
tions are all becoming more and more linked to the capacity to track down illegal financial flows. Sophisticated money
laundering networks are used by terrorist organizations, rogue nations, and transnational criminal organizations to finance
operations that jeopardize international security (Stoliarenko et al., 2025). Blockchain has the potential to be a key instru-
ment in thwarting these dangers by improving data exchange between financial institutions and governments and produc-
ing tamper-proof ledgers.

Simultaneously, FinTech and RegTech discourse is frequently described as having a shallow perspective. For instance,
according to Samuel (2025), the fintech industry is undergoing a transformation as a result of the combination of blockchain
technology and artificial intelligence, ushering in a new era characterized by increased security, efficiency, and innovation.
The article highlights how blockchain's decentralized ledger ensures transactions are transparent and unchangeable, re-
ducing fraud and fostering user confidence. Simultaneously, Al provides advanced automation, machine learning, and data
analysis that improve decision-making, customize financial services, and give predictive capabilities. The study claims that
when taken as a whole, these solutions address significant fintech issues such as transaction management complexity,
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cybersecurity threats, and regulatory compliance (Sydorchuk et al., 2024). For example, blockchain guarantees a secure
framework for Al applications with trustworthy data, and AI may examine blockchain data to spot fraud in real time.

In line with this view, Paul and Ogburie (2025) claim that Al-driven automation reduces operational costs for financial
institutions while improving strategies of risk management. The authors emphasize that, in spite of its advantages, using
Al to combat financial fraud has drawbacks, including potential biases in algorithmic decision-making, ethical issues, and
data privacy issues.

Yet, there is emerging concern among the scientific and regulatory community that a deeper and more multifaceted
approach is needed to successfully combat ever-emerging and sophisticated threats. Specifically, Moura et al. (2025) found
that three key themes surfaced: big data analytics, blockchain and fintech integration, and Al-based fraud detection mod-
els. The yearly distribution of publications is shown in Figure 3, which shows an average growth rate of 23.11%. The
results show that since 2021, there has been a notable increase in research on the use of Al and ML in financial fraud
prevention. This is consistent with recent research highlighting the quickening pace of Al applications in finance during
the digital shift following the pandemic. The authors correctly point out that there is still a lack of international cooperation
and attention to organizational, ethical, and regulatory concerns despite increasing output.
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Figure 3. Financial Fraud, AI, and ML in literature growth. (Source: Moura et al. (2025))

To better demonstrate blockchain's importance, let us see how features of its potential in the field of economic security
through enhancing financial control systems correspond to the challenges:

1. Data silos and inconsistencies: A blockchain can serve as a common data layer that many stakeholders (banks,
regulators, and auditors) can access. Instead of each institution keeping separate records that must be reconciled, a
consortium blockchain may house a shared KYC registry or a real-time ledger of member transactions. This assures
that all participants receive the same information (a single source of truth), which improves consistency. It also
reduces redundancy; for example, if one bank completes KYC for a customer and registers it on-chain, another bank
can use that record (with the required permissions) instead of duplicating the process. In other words, blockchain
can improve the interoperability of compliance data across organizations and countries.

2. Record integrity and auditability: Immutability ensures that an auditable trail is produced automatically. All
modifications are documented and time-stamped. This might make compliance audits simpler for regulators because
some necessary documents might be on a tamper-proof ledger that examiners can access rather than having to sift
through a bank's internal records. If an alarm was examined or a judgment was made, the supporting documentation
and reasoning might be hashed onto a blockchain for future use, guaranteeing responsibility in terms of internal
compliance. If, for example, lists of sanctioned addresses and the blocks of transactions affecting them are preserved
immutably, authorities may feel more confident in the integrity of the data in crucial areas like sanctions compliance.
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Efficiency through automation: Regular compliance checks can be automated with smart contracts. For instance, a
smart contract might be set up to prevent token transfers unless the sender and recipient addresses have been added
to a whitelist via a KYC procedure. This is comparable to incorporating a KYC rule into the transaction layer. In a
similar vein, a smart contract might, when specific conditions are satisfied, automatically divide a big transaction into
a report (such as creating a CTR or SAR) and transmit it to regulators instantly. Human analysts may be relieved of
monotonous work by such automation. Once configured, smart contracts can manage functions like transaction
monitoring, client due diligence, and reporting automatically, reducing the need for manual intervention and
minimizing human errors. This speeds up the process and may identify problems that a manual approach may
overlook or postpone.

Reducing false positives with better data: By offering deeper context, blockchain's transparency and data-sharing
can also aid in lowering false positives in monitoring. A more comprehensive risk assessment would be possible in a
blockchain-based network if several institutions shared data about a customer's behavior (within the law). Instead of
each bank treating a customer separately, for instance, if one bank has bad information about them (such as a fraud
red flag), other banks may be able to use that knowledge to adjust their monitoring criteria. Furthermore, warnings
can be more focused because of blockchain's capacity to capture extra metadata and even analytical insights on
transactions. In contrast to discrete rule triggers, advanced analytics implemented on top of a rich, shared dataset
can more successfully discover truly suspicious patterns (behavioral abnormalities, relationship networks). Essentially,
a shared ledger improves data completeness and quality, which can increase the accuracy of detection algorithms
and, ideally, result in fewer false positives and more true alarms.

Real-time response and monitoring: Conventional AML systems typically process transactions in daily batches,
reviewing them after the fact. Because blockchain transactions spread immediately throughout the network and can
instantaneously initiate intelligent compliance checks, it can facilitate real-time monitoring. This implies that possible
questionable activities could be immediately identified and perhaps halted. For example, a compliance-integrated
blockchain system may immediately halt or isolate transactions from a known blacklisted address (for example, linked
to ransomware payments or sanctioned businesses). Experts point to blockchain's “real-time monitoring and rapid
detection” capabilities as a plus, pointing out that ongoing examination of an unchangeable stream of transactions
can "flag any suspicious behavior for further investigation" considerably more quickly. Additionally, regulators could
get real-time updates or even act as a node to monitor behavior in real time (with the proper privacy protections in
place).

Improved cooperation: An ecology of cooperative compliance can be fostered via blockchain networks. Permissioned
blockchain consortia for AML might be formed by banks, payment businesses, fintechs, and regulators, who would
then contribute and use the shared intelligence. Participants build a collective defense by safely exchanging
information on verified harmful individuals, typologies, or illegal addresses. As a collaborative network enables several
institutions to collaboratively detect patterns that any one institution might not perceive, this collaboration is
frequently recognized as one of the most potent benefits. It breaks down silos and enables a more comprehensive
view of potential hazards. In essence, blockchain might serve as the technological foundation for AML services (such
as transaction monitoring or KYC services) that governments and business associations have long aimed to develop.

Predominantly, stakeholders' perspectives are not covered in studies devoted to AI and blockchain integration within
RegTech. Meanwhile, successful ethical, legal, and governance frameworks necessitate clearly defined roles among stake-
holder groups:

1.

Regulators must develop adaptable, technology-informed policies that protect privacy and rights while allowing AML
objectives, as well as providing guidance on the use of Al and blockchain.

Developers are responsible for creating systems that incorporate privacy, security, fairness, and transparency from
the start, as well as for ongoing model validation and risk mitigation efforts.

Financial institutions and VASPs must establish strong compliance controls, provide staff training, and actively
participate in information exchange and public-private partnerships.

Users are responsible for understanding the privacy consequences, adhering to AML regulations, and reporting
suspicious activity.

These parties' cooperation would support reliable and efficient AI-blockchain AML environments. Furthermore, design
thinking is an essential paradigm in RegTech since it offers an iterative, human-centered approach to creating compliance
solutions that are efficient, effective, and easy to use (Ononiwu et al., 2025). This assertion is consistent with our findings.
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Design thinking aids in bridging the gap between intricate legal requirements and useful, adoptable technology by giving
priority to user experience (UX) and real-world pain points. "RegTech is the new FinTech”, as Deloitte experts correctly
noted in 2015 (Deloitte, 2015). According to IMARC Group research, RegTech-as-a-Service (RaaS) is a game-changer as
regulatory complexity increases. The global RegTech market is predicted to grow at an 18% CAGR from USD 15.8 billion
to USD 70.8 billion by 2033 (/s RegTech-as-a-Service the future of agile compliance? 2025). This paradigm redefines the
future of agile compliance by leveraging Al, cloud computing, and automation to provide scalable, real-time compliance
solutions that reduce costs and increase agility for financial institutions.

Meanwhile, major technical obstacles prevent widespread deployment of blockchain and Al integration for AML, despite
the technology's potential. Scalability is still a major issue since blockchain networks, particularly public ones, frequently
have throughput restrictions that limit the number of transactions that can be processed and examined in real time. For
Al models, especially deep learning architectures, to remain accurate and responsive at scale, significant processing power
and high-quality data inputs are required.

The fragmented nature of blockchain protocols, different data formats, and disparate AML systems across organizations
and jurisdictions provide interoperability issues. Smooth data interchange and cooperative AML monitoring are still unat-
tainable without standardized interfaces and communication protocols.

Development and implementation are made more difficult by the lack of generally recognized guidelines for combining
blockchain technology and artificial intelligence in AML compliance. To guarantee system compatibility, lower integration
costs, and foster stakeholder trust, industry-wide agreement on best practices, data schemas, and compliance benchmarks
is crucial.

Furthermore, implementing AI-blockchain AML solutions may present significant organizational challenges for institutions.
These technologies are highly specialized, requiring individuals with expertise in blockchain development, machine learn-
ing, cryptography, and regulatory compliance - skills that are in great demand and hard to come by. Building capacity
through hiring and training is crucial, but it takes a lot of resources (Yermachenko et al., 2023). Additionally, change
management is extremely difficult; old systems and established compliance routines need to be modified or redesigned,
which frequently encounters internal resistance from employees who are apprehensive about new technologies or worried
about their job security. To promote corporate buy-in and seamless transitions, leadership must encourage a culture of
innovation and ongoing learning while highlighting the strategic benefit of Al-blockchain convergence for AML effective-
ness.

Nevertheless, in conclusion, blockchain technology offers the means to rethink AML compliance in a more automated,
transparent, and integrated manner, provided that significant efforts are made to overcome the aforementioned issues.
But it's important to keep in mind that it's not “a magic bullet.” Blockchain implementation presents a unique set of
difficulties in the highly regulated and delicate world of financial compliance (Zaporozhets et al., 2024). However, the
effects of AML breakthroughs driven by Al go much beyond financial institutions. The expanded implementation of these
technologies benefits numerous industries, each contributing to the national interest (Table 2).

Table 2. Systemic benefits of blockchain and AI solution in financial control and AML: synergy points. (Source: Gupta et al., 2023)

Domain Implication

The stability and security of financial markets are ensured by Al-driven AML systems, which give the financial indus-
try strong instruments to identify and stop financial crimes. Financial institutions can increase their effectiveness in
Financial Sector avoiding financial system abuse by enhancing adherence to AML requirements and cutting operating expenses re-
lated to manual investigations and false positives. Al has a significant impact on the financial sector because it cre-
ates a system that is more reliable, transparent, and safe.

By monitoring illegal financial flows connected to organized crime, terrorism, and arms trafficking, AI-powered AML
systems improve national security. Al gives law enforcement and intelligence organizations the ability to follow, inter-
cept, and stop financial transactions that are frequently used to finance disruptive activities. The military industry is
directly and permanently impacted by the ability to track down funding for terrorist groups, cyberattacks, or criminal
syndicates. Al in AML is a vital weapon for military and intelligence organizations by stopping the funding of attacks
or destabilizing operations.

Defense and National Security

Cybersecurity has grown to be a major worry as financial systems become more linked and dependent on digital plat-
forms. Al-powered AML solutions assist in detecting the flow of illegal funds through digital wallets and cryptocurren-
Cybersecurity cies, as well as identifying cyberthreats directed at financial institutions. Artificial intelligence (AI) tools can defend
financial systems against cybercrime by offering real-time monitoring and sophisticated anomaly detection, protecting
everything from individual accounts to vital financial infrastructure.

) Artificial intelligence tools facilitate the quicker and more precise detection of possible financial crimes at the regula-
Regulatory Agencies tory level, increasing the effectiveness of government oversight organizations such as OFAC and FinCEN. Regulatory
agencies can take prompt action to stop fraud, money laundering, and other unlawful acts thanks to the real-time
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detection of suspicious activity. Additionally, AI fosters greater economic stability by relieving financial institutions of
the burden of compliance, which benefits the entire country.

Although there is a lot of promise in the combination of blockchain and AI technology, there are also substantial obstacles
to overcome, including those pertaining to interoperability, scalability, ethical AI governance, and regulatory compliance.
There are currently several important research gaps, such as the absence of established regulatory frameworks, a dearth
of real-world case studies, and technical integration hurdles. A thorough theoretical framework that connects technology
developments to ethical and regulatory issues is required to close these gaps.

Legislative matters are also quite important. Data protection legislation, such as the California Consumer Privacy Act (CCPA)
and the General Data Protection Regulation (GDPR) of the EU, places stringent requirements on the gathering, handling,
and archiving of personal information. These rules place a strong emphasis on concepts like user permission, purpose
limitation, data minimization, and the right to be forgotten (Zayats et al., 2025). Because blockchain's immutability naturally
clashes with data deletion regulations, AML solutions that include AI and blockchain must carefully manage these require-
ments. Adopting privacy-by-design principles, making sure that only pertinent data is stored on-chain, and utilizing off-
chain storage for personal data that is subject to change or deletion are all important when designing AML solutions that
adhere to the CCPA and GDPR. Furthermore, because blockchain networks are decentralized and worldwide, adherence
to cross-border data transfer regulations is essential.

CONCLUSIONS

The conducted integrative review demonstrated that for now, scholarly investigations within the field of Al and blockchain
potential for financial control systems are carried out in parallel in two actually separate domains — purely cybersecurity’
one (mostly cybersecurity at the corporate level) and AML\CTF one (that is, national security). Meanwhile, economic
security in its essence represents indivisible unity of these two domains, and, thus, application of AI and blockchain, with
the appropriate experience, practices, challenges, and prospects should be considered within the single ecosystem com-
bining “corporate” and national security levels.

A complex strategy that strikes a compromise between strict AML/CFT compliance and the need for broader financial
inclusion is needed to counter the growing threat of financial crime. The current issues, which range from antiquated risk
assessment frameworks and manual compliance procedures to the abuse of cutting-edge technologies like artificial intel-
ligence and cryptocurrency, highlight the need for thorough and situation-specific solutions. Cutting-edge technologies like
FinTech, RegTech, and SupTech are giving regulators and financial institutions new ways to reduce compliance expenses
without unintentionally leaving out disadvantaged groups. Additionally, it is imperative that international guidelines ,
especially those issued by the FATF, be improved in order to better link inclusive growth with financial integrity by offering
more proportionate measures and clearer risk-based methods. The region can guarantee that the digital transformation
of financial services becomes a potent tool for financial inclusion while protecting against the changing landscape of
financial crime by encouraging closer cooperation between regulators, technologists, and financial institutions and directing
a concentrated effort towards clear policy direction.

To overcome the barriers described in the paper, regulatory sandboxes offer controlled environments where fintech firms,
financial institutions, and regulators can collaboratively test Al-blockchain AML innovations under relaxed compliance con-
ditions. Such sandboxes enable real-world experimentation, risk assessment, and iterative refinement without compromis-
ing financial system integrity. Pilot projects involving public-private partnerships further support technology validation and
stakeholder alignment. Cross-sector collaboration among regulators, technology providers, financial institutions, and aca-
demia is crucial to share knowledge, develop standards, and accelerate best practice adoption.

Our review, in contrast to previous studies, combines and integrates ‘micro’ (individual and corporate) and ‘macro’ (AML-
CFT and economic national security) perspectives of Al and blockchain use in financial control systems (RegTech). It is
expedient to continue these vectors of research in further studies.
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Myxarb6erani b., aHywmH C., XanimoH T., XasnimoH C., Akimosa /1., Akimos O.

BJIOKYEWH I LUTYYHWUWA IHTENEKT Y CUCTEMAX ®IHAHCOBOIO KOHTPO/1HO: CUHEPTIS
IHHOBALI AN EKOHOMIYHOI BE3MEKM

3pOCTaHHsA CKIAAHOCTI rnobanbHMX hiHAHCOBMX CMCTEM 3YMOBUIIO HEOOXIAHICTb YnpoBamkeHHs 6inb edhekTUBHUX i Npo-
30pUX MexaHi3MiB 60poTb6U 3 BiaAMMBaHHSM rpoluei (AML). TexHonoris 610K4YelH i3 i AeLeHTpanizoBaHNMM, HE3MIHHUMK
Ta NPO30PUMMN XapaKTEPUCTMKAMMU € NEPCMEKTUBHUM PilLEHHSIM ANsl NOAONAHHS 0BMeXeHb TpaanLinHMX cnctem AML. Y
Ui poboTi AOCNIAKEHO NOTEHUINHI 3aCTOCyBaHHSA 6110KYeNHY ANns NOKpalleHHs PYHKLiOHYBaHHS cucTeM ¢hiHaHCOBOMO KO-
HTPOSIO, 30KpeEMa B paMKax AOTPUMaHHS BUMoOr AML, i3 30CepeKeHHSIM Ha KIIIOYOBUX rany3sx, Takmx SIK MOHITOPUHI
TpaH3aKLUii, MDKIHCTUTYUIMHUIA OBMIH aHUMKM Ta pPerynsaTopHa 3BiTHICTb. IHTerpauis 6/10KYenHy MoXe onTUMi3yBaTh Npo-
uecn AML, 3HM3UTK onepaLiiiHi BUTpaTK Ta NiABUWMTM eeKTUBHICTb BUSIBIEHHSI HE3aKOHHOI (DiHAHCOBOT AisinbHOCTI. AB-
TOpW pO3rnsfaloTh NMOEAHAHHS TEXHOSOrI 6IOKUENHY Ta anropuTMIB LITYYHOrO iHTENeKTy y hiHaHCOBOMY MOHITOPUHIY.
MokasaHo, sik aBTOMaTu3aLlis aHanisy TpaH3aKLiil Moxe 3MiLHWUTY cTabinbHICTb GaHKIBCbKOI cMcTeMM Ta 3anobirtv diHaH-
COBMM 3/104MHaM. MpOAEMOHCTPOBAHO, O KOHBEPreHLisl LUTYYHOrO iIHTENEKTY M TEXHONOTIN 6/10KUYeiHY Haaa€e TpaHcdop-
MaLiiiHy MOXNMBICTb ANst 3MiLHEHHSI cucTeM AML, 0cobnmMBO B yMOBaxX 3pOCTaHHS (DiHAHCOBMX 3/0YMHIB, MOB'A3aHMX i3
KpUMNTOBaOTOO. Lle AoCNimKeHHS NPOMOHYE Kiflbka BaXXMBUX BHECKIB B akaAeMidHy nitepaTypy. lo-nepue, y HboMy
NpefcTaBneHo CUMHTE3 MOTOYHOrO CTaHy MiAXOAIB LUTYYHOrO iHTENEKTY, sKi BUKOPUCTOBYIOTb ANS AOTPUMAHHS BUMOT Y
BUSIBNEHHI LaxpaicTBa B BiTKOIH-TpaH3aKLUisX. Y LbOMy Ornsiai 06roBopeHi OCHOBHI METOAONOTIT 1 TaKTUKW B NEBHIN ranysi,
sIKa NepeTUHAETLCA 3 PiHaHCaMM Ta AOTPUMAHHSAM BUMON, ane nignagac nig WupLli AMCcUMniiin hiHaHCIB Ha OCHOBI LWTY-
YHOrO iHTENeKTy i AeueHTpanizoBaHmx ¢iHaHciB (DeFi). YnpoBamKeHHs LITYYHOro iHTenekTy y (iHaHCOBUIA KOHTPOsb
3HaMeHye o600 BeIM4e3Hy TeXHOMOrYHY PeBOIOLIl0, Sika BN/IMBAE Ha BCi ranysi npommcnosocTi. Mo-apyre, us pobota
OLIiHIOE NOTOYHWIA CTaH Ny6nikaLili, OCHOBHI TeHAEHLIT Ta NPOrainHN B AOCHIAKEHHSX, NIAKPECIOYM, SKi LapuHK noTpe-
6yt0Tb 4OAATKOBOIO BUBYEHHS.

KnrouoBi cnoBa: 6aHKiBCbka cucTema, 6/10KYElH, YnpaBiiHHS, iHHOBaLi, ekOHOMIYHA 6e3neka, (piHaHCOBUIA KOHTPOSb,
¢hiHaHCOBWIA MOHITOPUHT
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