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The Regulatory Pressure
Landscape

Global financial institutions face unprecedented regulatory complexity as
the RegTech market expands rapidly. Evolving requirements span anti-

money laundering, data privacy frameworks, and sophisticated risk

management protocols.

Traditional compliance approaches treating regulation as an afterthought
create operational bottlenecks, expose institutions to costly penalties, and
undermine competitive positioning in an increasingly scrutinized

marketplace.




The Cost of Reactive Compliance

. Global RegTech Market
Projected market size by 2026, reflecting substantial regulatory complexity
5 Annual Penalty Costs

Significant global fines for compliance failures in financial services

Operational Overhead

Considerable time spent on manual compliance processes in legacy systems

These figures illustrate why reactive compliance models are no longer sustainable. Organizations require architectural paradigms

that embed regulatory adherence from inception.



Introducing Compliance-by-Design

A Fundamental Paradigm Shift

Compliance-by-Design represents a profound transformation in how
organizations approach regulatory adherence. It's a strategic move from
viewing compliance as an external add-on or a retrospective
checklist to embedding it as a core, structural principle inherent in

every aspect of system architecture and operational processes.

Instead of reactively addressing regulatory requirements after a system
is built, this approach proactively integrates compliance considerations
from the earliest design phases. This means regulatory mandates are no
longer constraints to work around but become fundamental design

drivers, shaping secure, transparent, and resilient systems.

This proactive integration minimizes risk, reduces operational costs,
increases agility in deploying new products, and enhances trust with

regulators and customers.
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Core Architectural Patterns

| B las

Event Sourcing Bi-Temporal Data Graph Metadata
Immutable audit trails capturing Dual timelines tracking both Comprehensive lineage tracking
every state change as an ordered transaction time and knowledge time enabling end-to-end traceability
sequence of events for accurate reconstruction across distributed systems

These patterns form the foundation for systems that inherently satisfy regulatory requirements while maintaining operational

efficiency.
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Event Sourcing:

Immutable Audit Trails

Technical
Implementation

e Append-only event log as
source of truth

e State reconstruction from

event replay

o Complete transaction history
preservation
e Cryptographic integrity

validation

Regulatory Benefits

Non-repudiable audit trails
Point-in-time state recovery
Forensic analysis capabilities

Automated compliance

reporting




Bi-Temporal Data Models

Transaction Time Historical Queries

When the event actually occurred in the real Accurate reconstruction of any point in time

world
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Valid Time Correction Handling

When the system became aware of the event Retroactive changes without losing audit trail

This dual-timeline approach ensures regulatory requirements for historical accuracy are met while accommodating real-world

complexity of late-arriving information and corrections.



Graph-Based Metadata
Lineage

Graph databases model data flows as nodes and relationships, creating

comprehensive lineage maps across distributed microservices, data lakes, and

legacy systems.
Complete Traceability Impact Analysis
Track data origin, transformations, Instantly identify downstream
and consumption points across effects of data changes or schema
entire ecosystem modifications
Regulatory Reporting

Generate compliance reports demonstrating data handling and privacy

controls




CQRS: Separation of Concerns

Command Side Query Side

e Business logic validation e Optimized read models

e State mutations via events e Audit query performance

o Transaction consistency e Regulatory report generation
o Compliance rule enforcement e Real-time monitoring

Command Query Responsibility Segregation enables independent scaling and optimization of compliance validation versus audit
reporting workloads.



e (aeR WL | | (sl | | A

J_--------------

ABAC: Fine-Grained Access
Control

Attribute-Based Access Control evaluates access decisions based on policies
combining user attributes, resource characteristics, environmental context, and

regulatory requirements.
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Policy Definition Dynamic Evaluation

Express regulatory requirements as Real-time policy enforcement

declarative access policies considering multiple attribute
dimensions

03

Audit Logging

Comprehensive access decision trails for compliance verification




Adaptive Exception Handling with RL

Exception Detection

Identify anomalies and regulatory

edge cases

Outcome Learning

Update model based on regulatory
feedback
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RL Decision

Apply reinforcement learning to select

optimal response

Action Execution

Implement compliance workflow

adjustment

This adaptive approach enables compliance systems to evolve with regulatory complexity, learning from outcomes to improve

efficiency while maintaining adherence.



Integration Architecture

RL Exception Handler Event Sourcing

Requires substantial implementation effort. Involves significant implementation effort.
CQRS Pattern Bi-Temporal Models

Requires considerable implementation effort. Involves moderate implementation effort.
Graph Lineage ABAC System

Requires moderate implementation effort. Involves a relatively lower implementation effort.

Relative implementation complexity guides phased adoption strategies, allowing organizations to prioritize high-impact

components.



Business Value Proposition ‘.

Proactive Compliance

Shift from reactive penalty management to proactive regulatory adherence built into
system DNA

Operational Efficiency

Reduce manual compliance overhead significantly through automated validation and

reporting

Trust & Competitiveness

Demonstrate regulatory maturity to stakeholders, partners, and auditors as competitive

advantage

Future-Proof Architecture

Adaptable frameworks that evolve with regulatory landscape without requiring system

redesigns




Implementation Roadmap
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Assessment Phase . :
Select appropriate patterns based on regulatory requirements

Map current regulatory obligations and identify architectural and technical constraints
gaps in existing systems
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Scale & Optimize

Pilot Implementation . o .
Expand across business units, integrate additional patterns,

Deploy core components in controlled environment with a refine based on operational feedback

specific regulatory domain

A phased approach reduces risk while building organizational capability and demonstrating value incrementally.



Key Takeaways

Compliance is not a burden it's a structural
principle

Embedding regulatory requirements into architecture transforms

compliance from cost center to competitive advantage

Technical patterns enable regulatory excellence

Event sourcing, bi-temporal models, graph lineage, CQRS, ABAC,

and adaptive RL create comprehensive compliance frameworks

Proactive design builds long-term resilience

Organizations that architect for compliance today position

themselves to adapt seamlessly to tomorrow's regulatory evolution




Thank You!

Questions and Discussion..?



