Monitoring Refinement Feedback Loop
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Stage 1: Pre-Deployment Stage 2: Deployment Stage 3: Runtime Operations Stage 4: Incident Response Stage 5: Post-Incident Learning
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Baseline Benchmarking Under Activate Monitoring Layer and Real Time Tracking of agent Action Failure Detection and Behavioral Baseline Refinement Through
Controlled Conditions: Simulate and Record Normal Operating Pattern: and Anomaly Detection: Triage: Rapidly detect unsafe, Incident Integration: Update
Layer 1: observe expected agent behaviors Establish baselines for tool usage, Continuously observe agent anomalous, or ambiguous behaviors; anomaly detection thresholds,
Real-Time across safety-relevant and task execution sequences, and behaviors during production use, classify incident severity; and isolate expand failure patterns, and adjust
Behavioral adversarial test scenarios before decision latencies under real-world identifying deviations from contributing action sequences for real-time monitoring
Monitoring deployment. conditions to identify deviations from deployment baselines and flagging further analysis. settings.
expected agent behavior. emergent behavioral signatures.
Design Analysis and Circuit Record Normal Operating Pattern: Lightweight Circuit Probing: Root-Cause Identification at the Circuit-Level Safety Refinement:
Layer 2: Mapping: Identify ?ntemal . Capture representative internal Perform targeted sampling of critical Model Level: Trace incident Ihcident ana!y;is in.forr'ns updates to
i representations, decision circuits, activations, decision circuits, and decision pathways, attention pathways to specific internal internal decision circuits to prevent
Mechanistic and failure-prone mechanisms that planning structures during standard patterns, and circuit activations as activations, circuits, or recurrence of failure-prone
Clrcw_t may influence downstream agent operations to serve as a reference the agent executes tasks; full circuit representational failures that mechanisms.
Analysis behavior. point for later anomaly detection. extraction conducted offline contributed to unsafe or incorrect
post-incident. behavior.
Linking Internal Mechanisms to Record Normal Operating Dynamic Analyses: Compare Linking Observed Failures to Knowledge Integration: Incident
Expected Planning and Behaviors: Patterns: Document how high-level real-time reasoning traces with Reasoning and Planning Errors: patterns inform mapping between
_ Connect low-level circuit activity to reasoning (planning, tool selection, expected abstraction-level patterns Identify which high-level reasoning circuit-level activity
Layer 3 high-level agent reasoning steps and memory retrieval) maps to internal to identify misalignment between steps, planning choices, or memory and behavioral outcomes.
Abstraction anticipated action sequences. circuit pathways under normal intended planning logic and operations deviated from expected
Level workloads. Tool-Use Protocols: observed decision-making. logic and how these missteps
Bridging Record expected tool invocation manifested mechanistically.
patterns, API call sequences, and
external action chains during
controlled deployment.
Coordination Protocol Activate Monitoring Layer: Enable Anomaly Detection: Identify Assessing System-Level Impact in Full Analyses: Incident data refines
Layer 4: Specificat?on; Define inter-agent tracking of inter-agent unexpected coordination behaviors, Multi-Agent Settings: Determine cqordination protqcol_s and
. communication schemas, task communication, delegation patterns, message-passing irregularities, whether failure originated in a single inter-agent monitoring.
Mu“'_’ delegation hierarchies, shared and shared-resource access delegation failures, or resource agent or emerged from inter-agent
Agentl.c: resource access rules, and collective behaviors during operational roll-out contention that may indicate communication breakdowns,
Analysis decision-making procedures. to validate coordination systemic multi-agent instability. coordination misalignment, or
assumptions. cascading multi-agent effects.
Defining Safety Constraints and Human-in-the-Loop: Ensure active Safety Alignment Verification: Containment, Escalation, and Full Analyses: Incident outcomes
Autonomy Boundaries: Specify human oversight during early Continuously validate actions against Human-in-the-Loop Intervention: refine safety thresholds and
alignment objectives, safety deployment. Validate autonomy predefined alignment objectives, Enforce safety controls, limit harm, alignment verification criteria.
Layer S: thresholds, escalation rules, and boundaries, monitor constraint safety thresholds, and autonomy and guide response actions.
Safety acceptable failure modes prior to adherence, and escalate unexpected boundaries with graduated
& deployment. or borderline decisions. intervention protocols (log — warn
Alignment — block — shutdown) based on
severity with automatic constraint
violation flagging.
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