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Financial crime compliance continually evolves in response to regulatory, legal, and 

business drivers. The longstanding objective of effective risk coverage, delivering 

acceptable risk-to-reward ratios and limiting adverse operational impact, remains 

unchanged. Recent drivers, however, include the maturation of artificial intelligence 

technologies; sustained growth in financial crime rates, coupled with increasing private 

sector obligations; the increasing intertwining of compliance and governance, risk, and 

control; a shift toward resolution instead of prosecution; and shifting regulatory focus to 

effectiveness and impact indicators. Adoption patterns and the mainstreaming of 

capabilities reflect this evolution, shaping the interrelations between these drivers and 

compliance objectives. Examining these dynamics specifies the origins of the transition 

from rule-based to AI-enabled financial crime compliance: pre-existing momentum, the 

speed of adoption, and the industry impact of AI adoption. This understanding also 

clarifies the implications of financial crime compliance's evolution for operational 

governance, enabling the adoption of compliance-by-design principles that embed 

control, risk management, and governance into business processes. 
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1. Introduction 

Financial Crime Compliance refers to the set of controls implemented by financial services firms to 

detect, investigate, and report criminal activities such as money laundering and the financing of terrorism. 

These controls fulfill regulators’ objectives of identifying and deterring financial crime while protecting 

firms from governance and reputational damage, legal action, and regulatory sanctions. Effective and 

efficient Financial Crime Compliance uses alert generation rates per staff member rather than the total 

volume of alerts as the key performance indicator, with the ultimate goal of continuous Capital Adequacy 

Resilience Testing. 
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Financial Crime Compliance is under increasing strain and requires a step-change. The volumes of 

transaction and client data continue to grow, Governments are expanding the investigatory remit of law 

enforcement agencies, and the requirement to prevent money laundering is becoming an expectation rather 

than an obligation. These drivers of change are outpacing firms’ ability to respond. Current capacities are 

increasingly being satisfied by offshore outsourcing and higher-risk approaches, such as significant reliance 

on low-tech filtered payment data, rather than lower-risk, near real-time detection and analysis. 

1.1. Overview of Financial Crime Compliance Dynamics 

Financial crime compliance is a subdomain of risk management embedded in several regulatory and 

supervisory requirements. Compliance objectives align with regulatory and supervisory risk appetite 

theories. These risk appetites call for less crime risk exposure, which is best addressed at its source. 

Nevertheless, typical compliance controls detect crimes after they have been committed, and therefore are, 

at best, a second-best solution. Beyond crime detection, compliance also embraces crime prevention, 

deterrence, and detection and mitigation of regulatory risk with the objectives of reducing crime risk 

exposure and minimizing incident risk.  

 

Fig 1: From Detection to Deterrence: Optimizing AI-Integrated Financial Crime 

Compliance under Resource Constraints and Regulatory Risk Appetite 

The sources and objectives of financial crime compliance are varied. The three forms of data that 

swing into the crime detection machine are Customer Due Diligence (CDD), transaction data, and external 

information, such as that provided by regulators. Resourcing trade-offs between financial crime detection 

and prevention, and between different crime types, mean that decisions on these matters take on 

substantial importance. The increasing capacity to leverage advanced technologies such as AI/ML should 

reduce compliance costs, allowing more resources to be deployed to crime prevention. Nonetheless, the 

increased volume of alerts generated by expanded technology use also creates pressures to downscale 

detection and detection-related capacity. 
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2. The Evolution of Financial Crime Compliance 

Financial crime compliance encompasses a diverse array of activities aimed at meeting regulatory 

obligations designed to detect, prevent, and respond to illicit activities, including terrorist financing, money 

laundering, fraud, insider trading, market manipulation, human and drug trafficking, bribery, arms 

proliferation, and corruption. Risk-based financial crime compliance programs constitute industry-

recognized guidelines, increasingly codified into law. Such resources provide a roadmap for building 

adaptive and efficient financial crime compliance programs calibrated to the organization’s risk profile 

while balancing risk exposure against the compliance burden. As with any other enterprise program, the 

effectiveness of compliance programs can be gauged against a variety of operational and performance 

metrics. These drivers in combination with operational imperatives are pushing the industry toward 

advanced analytics techniques, including AI. Financial crime compliance. Financial crime compliance 

(FCC) cannot be regarded as a single capability; rather, it encompasses a range of activities geared toward 

meeting a variety of regulatory goals relating to the prevention, detection, and response to illicit activities, 

including money laundering, market manipulation, terrorist financing, insider trading, fraud, human 

trafficking, and bribery. Recent events, such as the war in Ukraine, have intensified the urgency behind the 

regulatory imperatives. Risk-based financial crime compliance programs constitute industry-recognized 

guidelines for compliance program design, but such wisdom is increasingly finding its way into law. 

Financial crime compliance programs that are built with these goals in mind will reduce risk while 

remaining responsive to regulatory objectives. 

 

Fig 2: Theme Emphasis Distribution Across AI-Driven Financial Crime Compliance 

Domains 

Equation 1) KPI equation: Alert generation rate per staff (preferred KPI) 

Step-by-step derivation 

1. Let 

o 𝐴 = number of alerts produced in a time period (e.g., per day) 

o 𝑆 = number of staff (investigators/analysts) available in the same period 

2. “Alerts per staff” means dividing workload by capacity: 
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AGR =
𝐴

𝑆
 

3. Interpretation: 

o If 𝐴 increases while 𝑆 stays constant, workload per analyst rises → risk of backlog and alert fatigue. 

o If 𝑆 increases while 𝐴 stays constant, workload per analyst falls → more thorough investigations. 

 

2.1. Historical Context and Key Milestones in Financial Crime Compliance 

The history of financial crime compliance is dotted with major events, government rulings, 

technology shifts, and corporate moves that together form a series of inflection points. These milestones 

enable the construction and deployment of compliance capabilities for financial institutions and companies 

transacting across borders. The deeper the capability is in place and the more extensive the lens of risk 

management, the greater the risk reduction. 

A key milestone in the compliance journey is the establishment of standards. In money laundering 

(ML) and terrorism financing (TF), these standards are rooted in the Financial Action Task Force (FATF) 

40 Recommendations, which lay out an AML/CTF framework for countries and provide a blueprint for risk-

based expansion to supervised financial institutions and designated non-financial business and professions. 

The FATF recommendations are grounded in cases linked to real-world consequences. For example, the 

9/11 attacks in the US prompted the USA PATRIOT Act, which in turn drove the introduction of software 

in the financial services industry for all-clear transaction monitoring alert workflows. 

 

3. Foundations of AI in Compliance 

Artificial intelligence (AI) is a collection of technologies enabling machines to perform functions 

traditionally attributed to human intelligence. AI systems can analyze large amounts of data, detect 

patterns, and extract meaning. They learn from both intended and unintended interactions with their 

environments rather than following pre-determined rules. Such features offer opportunities for more 

efficient and effective modes of operation. As a result, organizations deploy AI not to replace humans but 

to reduce the burden of repetitive tasks and augment cognitive and decision-making capabilities. It is 

therefore a well-established principle that humans should remain with ownership and accountability of 

decision-making processes. From a regulatory perspective, market participants are advised to ensure that 

models are governed, evaluated, and controlled to reduce the risk of unintended consequences. Governance 

does not imply the complete elimination of risk; it simply provides a framework for managing it effectively. 

AI models are evaluated on established criteria aligned with business strategy. For example, 

financial crime compliance relies on data privacy, reducing false alerts, enhancing detection performance, 

justifying decisions, and ensuring timely action. If key indicators do not meet minimum thresholds, 

additional controls should be considered. Satisfactory performance does not guarantee proper functioning, 

so tests are performed at regular intervals to identify issues related to data quality and conceptual drift. 

Such aspects have regulatory importance, as sufficient transparency, documentation, and explainability 

become essential for justification and audit purposes. Advanced AI techniques that lack interpretability 

therefore require higher levels of justification and oversight to demonstrate that technology does not 

undermine regulatory objectives. 
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Metric Definition / Meaning Formula 

Alert generation rate per staff How many alerts an analyst team must handle in 

a period 

AGR = A / S 

Alert-to-incident conversion 

rate 

Fraction of alerts that become confirmed 

cases/incidents 

CR = I / A 

Precision (Positive Predictive 

Value) 

Of alerted items, how many are truly suspicious P = TP / (TP + 

FP) 

Recall (True Positive Rate) Of truly suspicious items, how many were alerted R = TP / (TP + 

FN) 

Table 1: Core Model & Alert Quality Metrics 

3.1. Machine Learning and Anomaly Detection 

Anomaly detection for financial crime compliance management can be based on a supervised or 

unsupervised machine-learning paradigm. In supervised learning, labeled examples indicate whether an 

event is normal or anomalous. For instance, the classification of transactions as either “suspicious” or “not 

suspicious” is typically based on a very small number of flagged transactions relative to the overall volume 

throughput. One type of traditional supervised detection method produces a set of linear rules that describe 

the typical behavior of transaction patterns through a combination of different permitted transaction 

characteristics. In unsupervised learning, the models are treated as unlabeled data. Applied examples 

include the use of one-class SVMs for transnational network fraud detection and clustering for insider 

threat analysis. 

Another common focus in anomaly detection is feature engineering, which is complementary to model 

selection. Feature engineering computes additional attributes from the original feature set. The 

computation is based on the analyst’s expertise, the type of attack being detected, or by understanding how 

the system operates. Feature generation is generally a labor-intensive process, and a set of core attributes 

that would be sufficient for any anomaly node detection task would be very rare. In general, features that 

best characterize the behavior of fast attacks in a given period are important, especially those that are harder 

to detect. The quality of detection can improve significantly with the introduction of a small number of 

critical features that allow discrimination. Nevertheless, feature abundance does not guarantee a good 

detection rate, as shown in some literature. The response and false positive rates are usually used to evaluate 

the performance of anomaly detection systems.  
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Fig 3: Bridging Paradigms: Integrating Supervised and Unsupervised Machine Learning 

with Expert-Driven Feature Engineering for Robust Financial Crime Compliance 

Conversely, anomaly detection can also be viewed as an unsupervised multiple-class problem, with 

the “known” classes being the different types of fraud and the extra class designed to collect the samples 

that do not fit in the known classes. Typical detection paradigms include the detection of fraudulent 

transactions on systems for electronic payment, fraudulent motes in wireless sensor networks, code clones 

in source code, and denial of service (DoS) in computer networks. Some application domains appear to 

show a clearer advantage for one approach over the other, but in general, the difference between the two 

paradigms is one of degree rather than direction. In practice, it is often possible to formulate the problem 

in both ways. Nevertheless, when labeled training data are available, supervised methods tend to perform 

better. 
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3.2. Natural Language Processing for Regulation and Case Management 

Information extraction locates specific data points (e.g., financial relationship, malfeasance type) 

across an extensive unstructured document collection, revealing valuable metadata for regulation mapping 

or investigation scoping. Entity recognition identifies regulatory requirements or other obligations within 

regulatory texts and classifies them into relevant categories. Rules are subsequently aligned with control 

and monitoring systems. The results feed state or event-triggered workflows, generating alerts for policy 

changes or new actors in the space. Custom business rules enable organizations to scale incident triage. 

Frequency and mission-critical data quality considerations often necessitate the orchestration of an in-

house function interfacing with third-party solutions. Manual mappings based on Excel spreadsheets 

induce delays, are prone to errors due to informal maintenance, and hinder external communications. 

Significant internal effort supports repeated requests by regulators and agencies for information about the 

organization’s respective obligations. 

Deployment requires high-quality textual data for both regulators and the supervised learning 

model. Understanding the statements, using the financial profile the organization had built as part of 

conducting the risk assessment, and the extraction of key actors and their respective roles in any possible 

incident are crucial for the regulator. Capturing whether the organization has observed a previous incident 

would internally facilitate the review process, ensuring that any similarities across previous cases are 

spotted and considered during case evaluation. Regulatory mapping systems facilitate systematic 

monitoring of obligations, enabling timely review when connecting with internal policies. Models for these 

two use cases help to automate and facilitate the mapping of any new financial crime-related incident into 

the organization’s case management system. Detecting key actors and roles minimizes the daily effort put 

by analysts when identifying whether an incident has been previously observed externally 

 or internally and providing internal search teams with contextual information when scoping an 

incident. 

4. Streaming Architectures in Compliance Operations 

Streaming architectures support the continuous processing of data flows, allowing the execution of 

ingestion, processing, computation, and triggering of actions within a single cycle. Such capabilities are 

becoming crucial for financial crime compliance operations. Real-time detection and response to 

potentially suspicious activity reduce the risk of exploitation and related regulatory consequences. The 

privacy-preserving nature of most compliance efforts also enables real-time pipelines to be constructed 

without requiring high-latency batching precomputation. 

The ingestion of data streams from internal and external sources, their real-time processing, and 

the orchestration of service calls and business workflows create the cornerstone of the continuous 

architecture. The variety of services typically deployed — ancillary integration for the multiple data sources, 

monitoring for regulatory change, transaction monitoring, and of course alert escalation and investigation 

— can be individually controlled, scaled, and supervised. Event-driven business workflows enable optimal 

resource allocation and help match investigator and case for improved productivity. 

Equation 2) Real-time risk scoring → decision threshold → alert creation 

Step-by-step derivation 

1. For each transaction 𝑖, the model outputs a risk score: 

𝑟𝑖 = 𝑓(𝑥𝑖) 



Journal of Information Systems Engineering and Management 
2024, 9(4s) 

e-ISSN: 2468-4376 

https://www.jisem-journal.com/ Research Article  

 

 3710 Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons 

Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 

properly cited. 

 

where 𝑥𝑖 is the feature vector (CDD + transaction + external info, consistent with “data swings into the 

machine” framing). 

2. Choose an alert threshold 𝜏 (policy/risk appetite choice): 

Alert𝑖 = {
1, 𝑟𝑖 ≥ 𝜏
0, 𝑟𝑖 < 𝜏

 

3. Total alerts in a period: 

𝐴(𝜏) = ∑𝟏

𝑁

𝑖=1

[𝑟𝑖 ≥ 𝜏] 

 

4.1. Real-Time Data Ingestion and Processing 

Financial Crime Compliance (FCC) is a wide-ranging domain leveraging various data sources to 

derive insights, trigger responses, and manage related incidents. The dynamics of these systems are 

typically characterized by enriched data ingestion pipelines designed to ingest data from the underlying 

sources, undergo enrichment and normalization processes, and make these data available for consumption 

by downstream applications. 

Any implementation pursues meeting a set of characteristics: Throughput requirements, defined 

as the volume of transactions and/or alerts/risks required to be processed within a defined time window; 

Latency requirements, defined as the time elapsed between the fact/situation triggering the processing until 

the event is available for consumption, e.g., detection of a payment transaction until its inclusion in the 

money-laundering transaction-monitoring module; Fault tolerance, characterized by the estimated 

duration of a data source unavailability and the processing of the underlying data used in the event-driven 

application; Data volume; and Data retention period. Given the breadth of source data, real-time processing 

can also follow a windowing approach, where new arrived data is windowed and only a subset of all available 

data is leveraged to optimize performance. 

Function Rule-based era (share %) AI+Streaming era (share %) 

Detection/Monitoring 55 35 

Prevention/Deterrence 10 25 

Governance & Model Risk 10 15 

Investigation 25 25 

Table 2: Functional Resource Allocation: Rule-Based vs AI+Streaming Era 

4.2. Event-Driven Workflows and Microservices 

In addition to real-time data processing, an event-driven architecture empowers workflows and 

brain-like, cross-functional services designed as autonomous, incident-focused applications. Event 

orchestration, monitored by a central source of truth, manages complex dependencies, triggers dependent 

services, and guarantees fault tolerance. An event bus decouples workflow participants and enables 

horizontal scaling. Control boundaries should reflect how many resources an incident would consume, and 

observability needs to cover all critical services. These properties make event-driven architectures ideal for 
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incident response without limiting their use to such scenarios. Anomalies affecting large groups of subjects 

(for example, sudden spikes in transaction volume) can also trigger detections. Other easy-to-deploy 

patterns include anomaly detection or rule checking with human-in-the-loop components. 

Microservices are another common pattern to deliver applications through independent services 

owned and operated by small teams capable of delivering new functionality without relying on other parts 

of the organization. The simplest services are focused on individual tasks. For compliance in particular, a 

service may collect information related to an incident (for example, case triage) and return it to the main 

workflow through the event bus. Services with a broader scope may take responsibility for a significant 

subject class (for example, SWIFT-related cases). The high number of external elements requires 

considering their implementation in the architecture from the start, as their performance may be a service 

bottleneck. 

 

5. Integrating AI with Streaming Frameworks 

Integration patterns enable artificial intelligence capabilities to co-exist with data streaming 

frameworks on production workloads. The data processing and analytics pipelines of streaming 

architectures require specific attention areas to achieve a smooth connection with machine learning and 

other artificial intelligence operations and deployments. A well-managed model lifecycle with effective 

monitoring and rollback strategies ensures that model serving, feature stores, and machine learning 

components work in conjunction with data pipelines positioned upstream. 

The effect of artificial intelligence and streaming architectures on transaction monitoring processes 

is of utmost importance. The dynamic risk-scoring of transactions in real time allows organisations to stop 

monitoring low-risk transactions. Several models can be called to generate alerts based on the risk score, 

either following a predefined threshold or using a hybrid rule-based-and-machine-learning framework to 

create alerts. Prioritisation criteria based on qualitative and quantitative factors help classifiers detect 

unsatisfactory alerts, allowing analysts to focus on high-level investigations without missing significant 

events. 

5.1. Data Pipelines, Feature Stores, and Model Serving 

Effective integration of machine learning capabilities into business-as-usual operations starts with 

a data pipeline that tracks the lineage of incoming data and also enables the generation of features needed 

for model training and scoring. Incorporating a feature store into the architecture allows for both 

continuous and batch feature engineering pipelines to be defined and operationalized. Based on the 

targeted ML algorithms, the key attributes required for both training and ML score service should be 

identified, and relevant feature stores elaborated. Feature stores provide analytical and operational 

functions that enable data scientists and ML engineers to define and curate feature sets used in training. As 

the team enters a continuous delivery cycle for ML-powered applications, the role of the feature store 

broadens to service the ML score service, providing relevant attributes in a continuous manner (i.e., low-

latency service) when needed for scoring and bias monitoring. The choice of feature engineering approach 

need not be limited to ML and rule-based sources but can also include data generated from streaming 

analytics such as risk scoring. 

Each trained model needs to be served in order to be used. ML serving platforms provide the 

capabilities needed to deploy and execute ML models in production at scale. The former provides a 

repository for all models, many of which are MLOps-enabled to allow automated rebuilding and 
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redeployment, while the latter adheres to high availability, low-latency-time execution and monitoring 

requirements. Status and health checks trigger alerts should result in failure of deployed models, so that 

they can be retired and/or rolled back to the previous working version depending on the rollback strategy 

established. The rollback strategy should define how many previous versions are retained. Model testing 

and validation should include those previously served versions to ensure a consistently acceptable quality 

in term of estimated performance metrics and performance controls. 

 

 

Fig 4: Operationalizing Trust: Integrated Feature Store Architectures and Automated 

Rollback Protocols for Resilient MLOps in Production 

5.2. Streaming Analytics for Transaction Monitoring 

Streaming analytics in the context of transaction monitoring serves to risk-score transactions 

continuously as they are generated. Risk scores, for instance, may evolve in real-time based on new 

information – e.g., updates to sanctions lists or reputation databases. Although an initial rule-based design 

may suffice, augmenting it with machine-learning capabilities can improve performance. Many real-time 

event-processing frameworks, such as Apache Flink and Apache Kafka, express the same ideas as Apache 

Storm but offer a wider variety of services. When rules and models return a hit, an alert is generated and 

stored in a compliance investigation management system. As compliance functions do not enjoy unlimited 

resources, the generation of these alerts must account for performance criteria such as the number of alerts 

and the alert-to-incident conversion rate. A high alert volume typically leads to alert fatigue and insufficient 

investigation capacity, while a low alert volume may indicate that higher-risk transactions are being 

ignored. Analytic scoring suffices in many scenarios; however, in instances where highly sensitive 

transaction patterns circumvent thematic detection models, near real-time scoring may trigger a dedicated 

alerting workflow to engage the appropriate team for further examination of the transaction. 
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6. Risk Management, Governance, and Compliance by Design 

A comprehensive governance framework for artificial intelligence (AI) in financial crime 

compliance should follow a top-down approach and address the interplay between risk management, 

governance, and compliance by design. It must ensure that model risk is managed in accordance with 

corporate risk appetite, while at the same time being appropriately governed to reflect the underlying nature 

of the development process. Further, given the intensity of stakeholder scrutiny, particularly regulators, the 

independent governance framework should aim to operationalize high-level requirements of transparency, 

accountability, explainability, robustness, and distortions minimization throughout the entire AI lifecycle. 

A model risk management framework defines the roles and structure for reviewing and validating 

the performance of AI models at the appropriate lifecycle stage. For machine and deep learning models, 

such validation must be thorough, independent, and recurrent. Model performance must be benchmarked 

against business-as-usual alternatives, scaled against the known costs of false positives and false negatives, 

and subject to business controls that avoid, mitigate, disclose, and navigate model risk. AI model 

development risks should map to analogous ‘conventional’ model development risks to ensure alignment 

and adaptability, and be documented comprehensively and publicly. The ability to rollback to earlier 

versions of models must be formalized and verified. 

 

Fig 5: Shift in Compliance Resource Allocation: Rule-Based Systems vs AI-Enabled 

Streaming Architectures 

Equation 3) “Alert fatigue” and conversion rate: alerts → incidents 

Step-by-step derivation 

2. Let 

o 𝐼 = number of alerts that become confirmed incidents/cases in a period 

o 𝐴 = total alerts in the period 

3. Conversion rate: 

CR =
𝐼

𝐴
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4. Operational meaning: 

o High 𝐴 with low 𝐶𝑅 → lots of wasted effort (fatigue). 

o Very low 𝐴 can also be bad if it indicates under-detection. 

6.1. Model Risk Management Frameworks 

Accountability, transparency, and regulatory alignment are essential building blocks for ensuring 

oversight, management, and control of ML and AI technology in financial crime compliance. A distributed, 

federated structure of business and technology responsibility requires the establishment of clear roles and 

ownership across governance functions, risk management, ML and AI model lifecycle, and management, 

model validation, information security, and business lines of the financial institution. Establishing a sound 

model risk management framework supports all regulatory agencies’ goals in encouraging safe and 

responsible innovation by anticipating, monitoring, measuring, managing, and controlling model risk. 

The model risk management framework governs the ML and AI model lifecycle, model inventories, 

model risk parameters, thresholds, and preventative and detective model risk controls, allowing financial 

institutions to agree on the safety, validity, stability, and appropriateness of deploying ML and AI models. 

Model development and implementation teams within business lines are tasked with maintaining model 

development and implementation documentation, model descriptions, relevant performance metrics and 

validation reports, and other key components. A model risk management team is responsible for setting the 

standards for model validation and for performing validation independent of the ML or AI model 

development team. It is also responsible for incidence monitoring and detection of any model risk 

parameters. Those parameters are established from historical bank-specific data and the thresholds 

assigned are institution-determined to measure the impact of the ML or AI model failure. Model risk 

controlling is delegated to the regulatory function that monitors adherence to the preventive and detective 

controls, reporting any breaches of the limits/thresholds. 

Risk threshold Alerts/day Precision Recall 

0.7999999999999999 17460 0.7915407599947127 0.2546556758567704 

0.85 15174 0.8193519167868767 0.2156620735426037 

0.9 13226 0.8466762732640283 0.17689731032948208 

0.95 11566 0.8735487325405363 0.1383474256217252 

Table 3: Risk Threshold Vs Alert Volume & Model Performance 

6.2. Data Privacy, Security, and Ethical Considerations 

Compliance with increasingly strict data privacy and security requirements, as well as broader 

ethical considerations, is fundamental to all aspects of model risk management, from design and 

development to deployment and operation. Data privacy requirements insist that systems do not use too 

much personally identifiable or sensitive information and that individuals can opt out if desired. Data 

security necessitates that information is carefully controlled and that access is limited to those requiring it. 

To address both privacy and security, the data should be stored in encrypted format and should be 

encrypted in transit. The operations of the application should be logged, capturing who did what and when. 

Federal and regional regulations tie into these requirements and impose even stronger controls. For 

example, the European Union General Data Protection Regulation (GDPR) identifies that individuals can 
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retrieve their data as well as request deletion. Ethics requires the absence of coercive or unfairly prejudicial 

properties. Indeed, AI technologies can introduce inherent biases based, for instance, on the underlying 

composition of training datasets or due to feature engineering. To minimize such unfortunate aspects, 

organizations should take the time to carefully analyze the choice of features and target classes. 

Additionally, the rationale behind the model and its prediction capability should be interpretable, ideally 

including justifications behind the decisions made. Conversely, models that evolve over time should expose 

their decision-making approach to help build trust in their optimal functioning. 

While the immediate concern of compliance by design is the application of a specific regulation, 

other external perspectives are also relevant. It is essential that compliance align closely with other 

governance functions within the organization, particularly information security, enterprise risk 

management, and model risk management. It also should incorporate comprehensive privacy-by-target 

identification and security-by-design checks that assure data minimization and guarantee encryption in 

transit and at rest, thus ensuring the compliance program is not regarded simply as a tick-box exercise. 

 

7. Conclusion 

Compliance with financial crime obligations is now part of the strategy of financial institutions. To 

respond to this continuous increase in operations, organizations are investing in process management 

initiatives and exploring the use of new technologies. The adoption of artificial intelligence and its various 

branches is becoming a reality due to the high volume of data to be analyzed, and streaming architectures 

that permit the processing of continuous data flows are also progressively being implemented. The 

integration of these technologies can yield credible benefits for institutions; however, it is essential that 

the use of artificial intelligence not compromise the management of risk. An appropriate governance 

structure and a model risk management framework ensure the reliability of the results provided by 

artificial intelligence, even in mission-critical applications. 

 

                                        Fig 6: Architecture & Governance Readiness 
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Financial crime compliance is an important investment for financial institutions, and organizations 

must continuously monitor and adapt their capabilities to maintain risk at acceptable levels. The 

implementation of real-time data ingestion and processing pipelines combined with an event-driven 

microservices architecture allows organizations to react quickly to incoming incidents, while the integration 

of artificial intelligence-enabled systems provides an intelligent triage function. The alerting facilities of 

transaction monitoring systems can benefit from machine learning capabilities, helping prioritize 

investigations into potentially impropriety transactions. Nevertheless, model risk management frameworks 

tailored to financial crime compliance must be in place to ensure that artificial intelligence enhances 

business performance. 

7.1. Final Thoughts and Future Directions in Financial Crime Compliance 

Next-generation capabilities demand an overarching strategy involving integrated tooling and 

infrastructure to support training, monitoring, and deploying production-ready AI models and decision-

automation rules. Data processing/streaming patterns assist with ingesting internal and external feeds and 

operationalizing end-to-end data pipelines that create scoring features. Deploying decision-support and 

autonomous systems—possibly on dedicated platforms such as Amazon Fargo for ML control, and rules 

engines like AWS Step Functions—can provide the necessary agility, resilience, and fault-tolerance. 

To address the present issues in FCC, organizations can pursue a compact risk-based approach 

aimed principally at reinstating the compliance controls affected by the pandemic. Automated/supported 

NTM and RBCP processes could be prioritized, rolling out AI/ML capabilities as control effectiveness 

improves. Longer-term aspirations for integrated AI-driven production, augmented process analytics, AI 

ethics principles, and compliance by design could then gradually be aligned and realized, enabling residual 

risk to be targeted through governance-controlled capability development. The major research gaps to be 

addressed are regulatory change detection—accelerated information-extraction NLP automation 

techniques hold the key, enabled via Robotic Process Automation data-substitution—and real-time 

transaction monitoring. 
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