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The Shift: From Conversation to Execution

C

Conversational Al Agentic Al

Terminates with an output Initiates a chain of actions in the real world
(e.g., achat response). (e.g., adjusting a treatment, re-routing a flight).
Risk: misinformation. Risk: direct physical, financial, or legal harm.

The Consequence: An agent becomes part of the “system of record” and is subject to:
Regulatory frameworks (EU Al Act, GDPR),

Safety standards (IEC 61508},
Operational liability.

Key Insight: Conversation is an interface. Execution is a commitment.




The Core Challenge: Probabilistic Context vs. Governed Meaning

>~ The Tension: A Concrete Example
An LLM, trained on medical literature, might
> coherently suggest a medication for a patient.
o cId However, based on probabilistic patterns, it could

recommend a drug that is contraindicated due to a
LLM Action specific patient allergy or interaction—a violation
(Probabilistic Model) (Medication) of a basic, non-negotiable safety rule.

The Mitigation Path: From Buzzwords to Architecture

Architecture o
— — —
1. Retrieval-Augmented 2. Constraint-Based Reasoning: 3. Neuro-Symbolic Integration:
Generation (RAG): Grounds Runs the proposal against a Probabilistic proposal generation
proposals in the patient’s hard-coded rule engine (e.g., followed by deterministic
actual, authoritative EHR. ‘IF Drug_A THEN CHECK accept/reject semantics based on
NOT Allergy_B’). symbolic logic.

— ———



The Agentic Maturity Model (AMM)

Maturity is defined not by the sophistication of the reasoning engine,
but by the robustness of the governance scaffolding around it. Level 5: Adaptive

Level 4: Autonomous | | Al dynamically refines
A | | | itsown operational

Al acts within a boundaries under
governed semantic continuous

Level 3: Delegated

— framework, with GOVENdEC.
, Al acts withina human oversight
Level 2: SUpEfVlSEd prE'dEﬁ ned, 0n|y on exceptions_
| validated ‘playbook’  (Trget for most
Al proposes, human B (e.g., Automated regulated systems)
Level 1: Assisted approvesevery trading within strict
- |single action. risk parameters) A\ Critical Note: The L2—L3 transition is
Human does, Al (e.g.,Chatbot the highest-risk inflection point, as
suggests. suggests, user clicks human approval shifts from instance-
(e.g.,Code send order’) drivento policy-driven.
| autocomplete)




Foundational Architecture: The Semantic Layer

Why agentic systems fail without shared, governed meaning.

Layer4  Domain Ontologies & Taxonomies

Formal, machine-readable definitions.

Your tool: Existing standards (SNOMED-CT, IEC 61850).
| . Your job: Make them executable.

‘ ~ Layer3 Business & Safety Rules
Machine-executable constraints (e.g., IF confidence < 0.95 THEN escalate).

<

Governance Ops
‘ ~ CI/CD for rules: Proposal - Automated Validation = Monitored Rollout.

Operational State Representation
The single source of truth for system state.




Reference Architecture: The Validation Gate

This is where the governance rubber meets the road.

Critical Principle:
Validator Independence
The validation engine
must be logicallyand
# architecturally isolated # # Action
from the agent's prompt,
memory, and learning
loop. It operatesona

verified, static snapshot of
The LLM/Agent core rules and state. Checks every pl'OpOSB|

generates proposals. against the Semantic Layer.

Sequence: Agent Proposal = Independent Validator (consults Semantic Layer)
— [APPROVED] Action Executed / [REJECTED] Escalated



Industry Perspective: Aviation

Use Case: Dynamic Route Optimization (AMM Level 3-4)

Mechanism: Agent proposes a fuel-efficient reroute. Validator checks it
against live airspace closures (FAA feeds), company fuel policy (rules), and
aircraft performance envelopes (physics models).

Compliance: The validation pipeline is certified to DO-178C (Software
Considerations in Airborne Systems).

Key Insight: The agent enhances efficiency, but the validator owns safety,
ensuring compliance with immutable physical and regulatory limits.



Industry Perspective: Healthcare (Oculomics)

Use Case: Clinical Decision Support for Retinal Scan Analysis

Mechanism: Al analysis is anchored in formal medical ontologies
(SNOMED-CT) and patient data via HL7 FHIR.

Safety & Regulation: Classified as Software as a Medical Device
(SaMD). Low confidence triggers a mandatory human-in-the-loop

escalation.

Key Insight: Ambiguity is a clinical risk, not a model error. The
system’s explicit uncertainty management is a feature, not a bug.



Industry Perspective: Energy & Infrastructure

Use Case: Grid Resilience Coordinator

Mechanism: Agent suggests load shifts. Validator simulates action against
a digital twin (physics model) and checks IEC 61850 interoperability.

Safety Constraint: The ‘Safe Operating Envelope” is a hard-coded set of

parameters (voltage, frequency). Any action breaching it is blocked per
IEC 61508.

* voltage

Safe Operating Envelope ‘}
 frequency j

Key Insight: Agents manage state transitions within a certified envelope.
The validator is the guardian of the envelope.



Risk Management: Failure Modes & Effects Analysis (FMEA)

In regulated environments, most catastrophic failures originate from semantic
misalignment.

Failure Mode Scenario Mitigation Strategy
A hospital agent learns ‘stat’ means Continuous semantic
Semantic Drift |urgent, but misses its technical, time- | synchronization with
bound meaning. authoritative clinical guidelines.
Constraint An energy agent proposes aload shed | Pre-execution validation gates
Violation that would violate a standing contract. |against business/safety rules.
.. : Zero-Trust architecture: Input
Prompt A malicious user manipulates an o :
¥ . = : : sanitization and validator
Injection aviation logistics agent via crafted input.| .
independence.
Unsafe A delegated agent (Level 3) attempts an | Hard-coded authority limits
Escalation action requiring Level 4 authority. within the governance layer.
RefleXio




Measuring Maturity: Key Governance Metrics

Validation
Pass Rate

Escalation
Rate

% of agent proposals
accepted by the
Semantic
Layer/Validator.
(Target: High, but not
100%—rejections show
it's working)

% of actions requiring
human review. (Key
indicator for AMM

level calibration)

MeanTime To

Validation (MTTV)

Speed of the
governance check.
(Critical for real-time
systems)

Semantic
Coverage

% of critical domain
concepts formally
modeled. (Measures
ontology
completeness)

Audit Trail
Completeness
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% of agent decisions
with full provenance.
(Non-negotiable for
compliance)



Organizational Implications & The Path Forward

Embodies regulations into
machinereadable rules &
audit requirements.
Timeline: Continuous.

Builds the governance
harness (Validator,
Semantic Layer tools).
Timeline: 6-12 months.

Legal &
Compliance

Engineering

The Cultural Shift:
Chief Al Assurance Officer

Governance

This role must own veto power
over production deployment,
independent of product or
innovation teams, to enforce the
governance framework.

Domain
Operations

Defines the ontologies, safety
envelopes, and procedures.
Timeline: 3-9 months.



The Path to Certification

Core Principle: Certify the governance harness, not the adaptive core.

1. Define the
Operational Design
Domain (ODD). The

precise scope of
governed meaning
and action.

2. Implement & Test 3. Document the 4. Demonstrate 5. Certify the

the Validation Gate. Governance Auditability. Full Integrated System.
Demonstrate Lifecycle. CI/CD for provenance for any Against the relevant
deterministic rules, FMEA, rollback agent action. standard (DO-178C,

compliance checking procedures. |EC 62304, EU Al Act

and validator Annexes).

independence.



The Inevitable Shift

The question is not if your organization will adopt agentic Al, but whether
it will survive doing so without this governance framework.

Plot your current projects Design for the Validation Establish cross-functional
on the Agentic Maturity Gate with Independent leadership with the

Model (AMM), identifying Validators from day one. authority to enforce

the high-risk L2—L3 governance, such as a Chief
transition. Al Assurance Officer.

This brief frames the imperative. The full report provides the blueprints for survival and success.
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