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Abstract 

Financial institutions face mounting pressure to process transactions at digital 
speed while satisfying increasingly complex regulatory obligations for anti-money 

laundering, sanctions screening, and market abuse prevention. Despite 
substantial advances in detection technology—particularly machine learning 
models and sophisticated rules engines—many organizations struggle with a less 

visible but equally critical challenge: orchestrating how alerts, investigations, and 
regulatory filings flow through their operations. Current compliance systems often 

handle detection well but manage workflows through ad-hoc processes that 
supervisors cannot easily verify or reconstruct. This article proposes a framework 
for designing trustworthy orchestration systems that balance real-time 

performance with regulatory auditability. The article centers on a four-tier 
architecture separating event ingestion, risk detection, workflow orchestration, 

and governance oversight. Within the orchestration layer, policy-driven routing 
mechanisms interpret compliance requirements as executable configurations 
rather than buried code, enabling both operational flexibility and regulatory 

transparency. Three core principles underpin trustworthiness: deterministic replay 
allowing temporal reconstruction of decisions, explainable routing linking every 

workflow transition to specific policy text, and shared visibility providing unified 
lineage tracking across organizational boundaries. Implementation presents 

genuine challenges around technical complexity, organizational resistance to 
structured workflows, and maintenance burdens as regulations evolve. Yet as 
detection technologies commoditize and regulatory scrutiny intensifies, the 

orchestration layer increasingly determines which institutions can demonstrate 
control over their compliance operations rather than merely asserting it. 
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I.Introduction 

Financial institutions face an unprecedented challenge: they must process transactions at digital speed 

while satisfying increasingly complex regulatory obligations. Payment systems, securities trading 

platforms, and lending operations now operate in near real-time, yet the regulatory frameworks 

governing anti-money laundering, sanctions compliance, and market abuse continue to expand in scope 

and specificity. This tension between operational velocity and regulatory control has driven significant 

investment in regulatory technology solutions that promise to automate compliance workflows [1]. 

However, despite advances in detection capabilities—particularly through machine learning and rules-

based monitoring—many organizations struggle with a less visible but equally critical problem: the 

orchestration of compliance processes themselves. 

Current transaction monitoring systems can identify suspicious patterns with impressive speed and 

accuracy. What remains underdeveloped is the systematic approach to routing these alerts, managing 

investigations, coordinating decisions across functional boundaries, and producing regulatory filings in 
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ways that supervisors can verify and trust. The orchestration layer, which determines how information 

flows through an organization and how different compliance activities connect, often develops 

organically rather than by design. This creates vulnerabilities when regulators ask fundamental 

questions: Who saw what information? When did they see it? Why was this decision made rather than 

another? 

This article proposes a framework for building trustworthy orchestration systems in real-time 

compliance environments. The focus is on architectural patterns that deliver both operational efficiency 

and the auditability that modern supervision demands, bridging the gap between sophisticated detection 

technology and regulatory confidence. 

 

II. Background And Literature Review 

 

A. Regulatory Technology Landscape 

The regulatory technology sector has undergone substantial transformation over the past decade. Early 

RegTech solutions focused primarily on digitizing manual processes, but recent developments 

emphasize intelligent automation and predictive analytics [2]. Organizations now deploy sophisticated 

tools that can parse regulatory updates, map requirements to internal controls, and generate compliance 

reports with minimal human intervention. Despite these advances, a persistent gap remains in how 

different compliance functions coordinate their activities. Detection systems may identify risks 

effectively, yet the handoffs between screening, investigation, decision-making, and reporting still rely 

heavily on email chains, spreadsheets, and informal communication protocols. 

B. Real-Time Transaction Monitoring Architectures 

Modern financial crime prevention increasingly depends on streaming architectures that process 

transactions as they occur rather than in overnight batch runs. These systems ingest payment messages, 

trade confirmations, and customer activities into platforms capable of handling millions of events per 

second [4]. Machine learning models sit alongside traditional rules, scoring transactions for suspicious 

characteristics and generating alerts when thresholds are breached. The standard architectural approach 

involves three steps: normalize diverse data formats into consistent schemas, compute features that 

capture behavioral patterns, and deploy models as independent microservices that scale horizontally. 

What these architectures frequently underspecify is the orchestration mechanism—the logic that takes 

a high-risk alert and shepherds it through investigation queues, escalation paths, and regulatory filing 

workflows. 

C. Regulatory Requirements and Constraints 

Compliance orchestration must satisfy multiple regulatory mandates simultaneously. Market abuse 

regulations require firms to maintain information barriers that prevent material non-public information 

from crossing between business units [7]. When an employee becomes restricted due to inside 

knowledge, workflows must automatically adjust access permissions and routing logic. Similarly, the 

deployment of artificial intelligence in compliance creates new governance obligations around model 

validation, bias testing, and decision explainability. Financial regulators increasingly expect institutions 

to document not just what their models detected, but how those detections translated into specific 

investigative actions and regulatory disclosures. 

D. Operational Challenges 

Compliance teams face chronic alert overload, with analysts reviewing hundreds of low-priority cases 

for every genuinely suspicious pattern. This fatigue leads to missed risks and staff burnout, making 

workflow optimization essential rather than optional. 

 

Table 1: Case Type Classification Framework [4,7] 

 

Case Type Time Sensitivity Required Artifacts 
Primary Regulatory 

Driver 

Sanctions 

Screening Hit 
Minutes 

Counterparty data, screening logs, list 

matches, decision notes 

OFAC/EU Sanctions 

Regulations 
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Complex Money-

Laundering Pattern 

Hours (auditable 

timeline) 

Transaction network graph, ML model 

scores, feature explanations, analyst 

rationale 

Bank Secrecy 

Act/AML Directives 

Insider Trading 

Suspicion 
Hours to Days 

Trade execution logs, barrier group 

membership records, communication 

reviews, timeline reconstruction 

Market Abuse 

Regulation 

Cross-Border 

Payment Anomaly 

Minutes to 

Hours 

Geographic routing data, beneficiary 

information, historical patterns, risk 

scores 

Financial Crimes 

Enforcement Network 

Guidelines 

 

III. Conceptual Framework 

 

A. Four-Tier Architecture 

A trustworthy orchestration system requires clear separation of concerns across functional layers. The 

proposed architecture organizes compliance capabilities into four distinct tiers, each with specific 

responsibilities. 

The Event Tier handles the continuous ingestion of transaction data, reference information, and external 

signals such as sanctions list updates or adverse media feeds. Raw messages arrive in dozens of 

formats—SWIFT payment instructions, FIX protocol trades, core banking system records—and must 

be transformed into a small set of canonical event types that downstream systems can process uniformly. 

This normalization step ensures that detection logic remains independent of source system 

idiosyncrasies. 

The Detection Tier applies both deterministic rules and machine learning models to identify risk 

indicators. Each detection produces not just a score but also a structured rationale explaining which 

features contributed to the alert and links to supporting evidence [5]. This tier operates as a collection 

of independent services, allowing organizations to update individual models or rules without disrupting 

the broader pipeline. 

 

Table 2: Four-Tier Architecture Components and Responsibilities [4, 5] 

 

Tier Primary Function Key Technologies Outputs Integration Points 

Event Tier 
Data ingestion and 

normalization 

Streaming platforms, 

canonical schemas, 

API gateways 

Standardized event 

streams 

External data feeds, 

core banking systems 

Detection Tier 
Risk identification 

and scoring 

ML models, rules 

engines, feature 

stores 

Alerts with 

rationales and 

evidence links 

Model registry, 

reference data 

services 

Orchestration 

Tier 

Workflow 

management and 

routing 

Policy engines, state 

machines, case 

management 

Assigned cases, 

escalations, and 

regulatory filings 

Identity/access 

systems, notification 

services 

Governance 

Tier 

Oversight and 

auditability 

Model risk platforms, 

policy versioning, 

and dashboards 

Audit trails, 

performance metrics, 

compliance reports 

Risk management, 

internal audit, and 

regulators 

 

The Orchestration Tier represents the central focus of this framework. It interprets compliance policies 

and translates them into executable workflows. When a sanctions screening alert fires, the orchestrator 

determines which investigative steps must occur, in what sequence, and within what timeframe. It 

manages state transitions as cases move from initial review through escalation to final disposition. 

Crucially, the orchestrator enforces information barriers by dynamically restricting which analysts can 

access specific cases based on their current restriction status. 

The Governance Tier provides oversight across the entire stack. Model risk management processes 

track the performance of detection algorithms, while policy lifecycle tools version and test workflow 

definitions before deployment [8]. Reporting dashboards give both internal audit teams and external 
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supervisors visibility into system behavior, supporting the auditability claims that regulators 

increasingly demand. 

B. Orchestration Tier Deep Dive 

Within the orchestration layer, implementation teams must address two distinct categories of 

requirements. Runtime concerns focus on operational constraints: meeting regulatory filing deadlines, 

enforcing access controls in real-time, and recovering gracefully when individual services fail. Control 

concerns involve slower-moving governance needs: versioning workflows as regulations evolve, testing 

new routing logic on shadow traffic before production deployment, and maintaining rollback 

capabilities when unexpected behaviors emerge. 

 

Table 3: Trustworthiness Principles and Implementation Requirements [9-11] 

 

Principle Definition Technical Requirements Regulatory Benefit 

Deterministic Replay 

Ability to reconstruct 

past decisions with 

identical inputs 

Event sourcing, immutable 

logs, temporal queries, 

version snapshots 

Supervisor examination 

support, dispute 

resolution 

Explainable Routing 

Human-readable 

justification for 

workflow transitions 

Policy-to-code traceability, 

structured rationale capture, 

natural language mapping 

Demonstrates control 

effectiveness, supports 

model validation 

Shared Visibility 
Unified lineage from 

transaction to filing 

Cross-system lineage 

tracking, role-based 

dashboards, and end-to-end 

tracing 

Eliminates 

accountability gaps, 

enables cross-functional 

collaboration 

 

IV. Implementation Design 

 

A. Case Type Classification Framework 

Effective orchestration begins with understanding that different compliance scenarios demand different 

treatment. Sanctions screening hits require resolution within minutes before transactions settle, while 

complex money-laundering investigations may unfold over hours as analysts reconstruct networks of 

related payments. Insider-trading suspicions typically operate on even longer timescales, spanning days 

as firms gather trading records, review communication logs, and verify barrier group memberships. 

Each case type carries distinct artifacts requirements—screening logs and counterparty data for 

sanctions; transaction graphs and model explanations for AML; trade patterns and restriction histories 

for market abuse. 

B. Orchestration Configuration Model 

Rather than embedding workflow logic directly in application code, successful implementations express 

routing rules as declarative configurations. This approach allows compliance officers to review and 

approve workflow changes using the same rigor applied to policy documents. Configurations specify 

how events combine into cases, which roles can access particular information, what evidence 

investigators must collect before closing cases, and when regulatory notifications trigger. This 

separation between policy intent and technical execution reduces implementation risk and accelerates 

regulatory change management [9]. 

C. Policy-Driven Routing 

Modern orchestration systems interpret human-readable policy statements to drive case routing 

decisions. When an employee joins a restricted list, the system immediately recalculates which pending 

alerts that person can access and redistributes the workload accordingly. Prioritization algorithms 

balance case urgency against analyst capacity, preventing bottlenecks while ensuring high-risk matters 

receive prompt attention. 

 

V. Trustworthiness Principles 

 

A. Deterministic Replay 
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Supervisors increasingly ask institutions to demonstrate exactly what their systems knew at specific 

moments in time. Orchestration platforms must support temporal reconstruction—given historical 

inputs, the system should reproduce identical outputs, complete with timing, routing decisions, and state 

transitions. This capability transforms compliance from assertion to proof. 

B. Explainable Routing 

Every workflow transition should link to specific policy text rather than cryptic rule identifiers [10]. 

When a case escalates from junior analyst to senior investigator, the audit trail captures not just "Rule 

47 triggered" but "escalated per Policy 3.2.1: transactions exceeding $500K require senior review." 

C. Shared Visibility 

Operations teams, compliance officers, and model validators need unified visibility into how 

transactions flow through the system. A single lineage view connecting initial detection through 

investigation steps to final regulatory filing eliminates gaps where accountability typically fractures 

across organizational boundaries. 

 

VI. Discussion 

 

A. Implications for Practice 

As detection technologies become commoditized, the orchestration layer emerges as a critical 

differentiator for financial institutions. Firms that can demonstrate coherent, auditable workflows from 

alert generation through regulatory filing gain credibility with supervisors and efficiency advantages 

over competitors still managing compliance through fragmented tools. However, achieving this 

capability requires more than purchasing software. Integration with existing compliance infrastructure 

presents substantial challenges, particularly when legacy case management systems, separate model 

deployment platforms, and disconnected reporting tools must coordinate through the orchestration 

fabric. Organizations typically underestimate the change management burden—compliance officers 

accustomed to manual discretion may resist structured workflows that constrain their judgment, while 

technical teams struggle to translate regulatory language into executable policies [3]. 

B. Benefits and Trade-offs 

The primary benefit of trustworthy orchestration lies in supervisor confidence. When examiners ask to 

reconstruct a specific decision made months earlier, institutions with deterministic replay capabilities 

can provide complete lineage rather than approximate narratives pieced together from fragmented logs. 

This transparency matters increasingly as regulators scrutinize not just outcomes but the processes that 

produced them. Operationally, well-designed orchestration reduces the alert fatigue that plagues 

compliance teams [14]. By consolidating related alerts into unified cases, prioritizing work based on 

risk rather than arrival order, and automatically routing matters to appropriate specialists, systems 

deliver measurable productivity gains. These benefits come with costs, though. Building platforms 

capable of deterministic replay requires sophisticated engineering around event sourcing, temporal 

queries, and immutable audit logs. Initial implementation investments run high, and organizations must 

accept ongoing maintenance burdens as regulations evolve [6]. 

C. Limitations and Challenges 

Three challenges deserve particular attention. First, achieving truly deterministic replay across 

distributed systems proves technically demanding. When detection models, reference data, and 

workflow states reside in separate services, reconstructing historical behavior requires careful 

coordination of timestamps and version snapshots. Second, organizational cultures often resist policy-

as-configuration approaches. Compliance professionals comfortable writing procedures in natural 

language may balk at expressing those same rules in structured formats that machines can interpret, 

viewing it as ceding control to technologists. Third, maintaining separation between runtime concerns 

and control concerns creates operational complexity—teams need distinct skillsets for optimizing 

throughput versus versioning policies, yet these functions must coordinate closely. 

 

VIII. Future Directions 

 

A. Research Opportunities 
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An academic investigation into formal verification methods could substantially advance orchestration 

reliability. If compliance workflows were expressed in languages amenable to automated proof systems, 

institutions could mathematically verify that policies enforce required constraints before deployment. 

Machine learning applications to workflow optimization present another promising direction—systems 

that learn from investigator feedback to refine routing logic or adjust prioritization could reduce alert 

fatigue while maintaining auditability. Cross-jurisdictional orchestration patterns remain 

underexplored, yet firms operating globally need frameworks that gracefully handle conflicting 

requirements across regulatory regimes [11]. 

B. Emerging Regulatory Trends 

Several regulatory developments will shape orchestration requirements. Real-time reporting mandates 

are expanding beyond payments into securities and derivatives markets, compressing decision timelines 

and intensifying demands on workflow automation. Enhanced governance requirements for artificial 

intelligence continue to emerge, with recent guidance emphasizing the need for comprehensive 

documentation of model behavior throughout deployment lifecycles [12]. International efforts toward 

harmonized standards may eventually simplify cross-border orchestration, though near-term reality 

involves navigating increasingly complex compliance obligations across fragmented jurisdictions. 

 

Table 4: Orchestration Concerns—Runtime vs. Control [7, 12] 

 

Concern 

Type 
Focus Area Key Requirements Typical Challenges 

Update 

Frequency 

Runtime 

Concerns 

Operational 

execution 

Hard deadline enforcement 

(e.g., SAR filing timelines), 

real-time access control based 

on information barriers, partial 

failure recovery, throughput 

optimization 

Meeting microsecond-

level latency 

requirements, 

maintaining 

consistency across 

distributed services 

Continuous 

(real-time) 

Control 

Concerns 

Governance and 

change 

management 

Workflow versioning as 

regulations evolve, shadow 

traffic testing for new routing 

logic, rollback procedures for 

misbehaving policies, and 

approval workflows 

Balancing agility with 

regulatory validation, 

maintaining audit trails 

of policy changes 

Periodic 

(weeks to 

months) 

 

Conclusion 

Financial institutions stand at a critical juncture where operational speed and regulatory control must 

coexist rather than compete. While significant resources have flowed into developing sophisticated 

detection capabilities—machine learning models that identify suspicious patterns, rules engines that 

screen against sanctions lists, analytics platforms that surface hidden risks—the orchestration of these 

capabilities remains the weakest link in many compliance programs. This article presents a framework 

for building trustworthy orchestration systems that bridge this gap through four-tier architectures, 

policy-driven routing, and three core principles: deterministic replay, explainable decisions, and shared 

visibility. The practical implications extend beyond technical architecture to organizational culture, 

requiring compliance teams to embrace structured workflows and technologists to respect regulatory 

nuance. Implementation challenges are real—deterministic replay demands sophisticated engineering, 

policy-as-configuration faces cultural resistance, and maintaining dual runtime and control concerns 

creates operational complexity. Yet these difficulties pale against the alternative: continuing to operate 

sophisticated detection pipelines without coherent orchestration, leaving institutions unable to explain 

their own decisions when supervisors ask pointed questions. As regulatory expectations around artificial 

intelligence governance intensify and real-time reporting mandates expand, the orchestration layer will 

increasingly determine which institutions can scale their compliance operations confidently and which 

remain trapped in reactive, barely-controlled chaos. The path forward requires treating orchestration 

with the same strategic importance currently reserved for detection technology itself. 
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