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THE PROBLEM

Model-Centric Interpretability Fails for Agentic Systems

Agentic Al systems plan, invoke tools, update memory, and coordinate over multiple steps. But current methods (i.e. SHAP, saliency
maps, circuit analysis, etc.) explain individual model outputs, not how failures emerge from component interactions over time.

Co-Design over Reaction

Interpretability must co-evolve with
agentic capabilities, not be retrofitted
after deployment failures.

Layered Decomposition

Agentic opacity occurs at distinct layers:

behavioral, mechanistic, coordination,
and safety, each needing tailored
methods.

Lifecycle Integration

Interpretability must operate across the
full deployment lifecycle, not as a
one-time audit.
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Framework: Agentic Trajectory & Layered Interpretability Stack (ATLIS)
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Stage 1: Pre-Deplbyment
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Stage 2: Deployment Stage 3: Runtime Stage 4: Incident
Operations Response
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Stage 5: Post-Incident
Learning
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Expected agent behaviors
are simulated under
normal, safety, and
adversarial conditions to
establish reference
baselines.

Internal representations
and decision circuits are
mapped to identify
components associated with
known failure modes.

Low-level mechanisms are
linked to high-level planning
and reasoning structures to

define expected decision

flows.

Coordination structures and
delegation roles are defined
to establish how agents
interact and share
responsibility.

Define and specify
alignment objectives, safety
thresholds, escalation rules,

and acceptable failure
modes prior to deployment.
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Activate operating
behaviour logging, including
action sequences, tool
usage, and latency profiles,
to define normal system
functioning.

Representative activation
patterns and decision
pathways are recorded to
establish internal operating
baselines.

Document standard
reasoning patterns and
tool-use protocols, and map
to circuit pathways under
normal workloads.

Enable monitoring of
inter-agent communication,
delegation patterns, and
shared-resource to validate
coordination assumptions.

Ensure active
human-in-the-loop oversight
mechanisms and
governance controls to
regulate agent autonomy

during early deployment.

Agent actions are tracked in
real time to detect
anomalies, behavioral drift,
and deviations from
expected trajectories.

Targeted probing and
sampling used to examine
internal mechanisms during
active agent reasoning. Full
circuit extraction conducted
offline post-incident.

Compare real-time
reasoning traces to
intended plans to detect
misalignment between
planning and execution.

Coordination breakdowns,
delegation failures, and
interaction anomalies are
detected across agents.

Continuously validate
actions against safety
alignment objectives with
graduated intervention
protocols (log — warn —
block — shutdown).

Abnormal behaviors are
triaged, analyzed, and
classified to identify unsafe,
unstable, or ambiguous
system states.

Incidents are traced back to
specific internal circuits,
activations or
representations that caused
failure root.

Link observed failures to
specific reasoning steps,
planning errors, or memory
updates.

System-level behaviours are
analyzed to determine
whether they originate from
single agents or cascading
multi-agent effects.

Enforce, contain, escalate,
and guide response to
unsafe behaviors via
human-in-the-loop

intervention.
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Behavioral baselines and
monitoring thresholds are
refined using incident data
to improve future detection

and response.

Internal structures are
refined to prevent
recurrence of identified
failure mechanisms.

Knowledge transfers are
updated to improvement
alignment between circuit-
level activity and system
behaviour.

Incident data refines
coordination protocols and
inter-agent monitoring for
full analyses.

Safety policies and
alignment objectives are
updated based on incident

learning.

outcomes and system

5 interpretability layers x 5 deployment
stages.

This enables lightweight monitoring with
risk-aware escalation to deeper analysis.
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GROUNDING IN PRACTICE

Case Study: Palliative Care Referral Divergence

Lung Cancer Disease Site
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Flagged Drift Memory Traced

Researchers

Formalize modular interpretability stacks; build
shared benchmarks for agentic failures
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within Layers

L&\

L3: Bridging L4: Multi-Agent L5: Safety

Reasoning Linked Handoff Found Bounds Checked

Practitioners

Embed traceability at module boundaries; instrument
planning, memory, & tool calls
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Why ATLIS Catches It

L1 Behavioral drift flagged

Root cause traced to memory
weighting & handoff

L5 Safety bounds checked, clinician
escalated

Model-centric methods miss this. The
divergence arises from longitudinal component
interactions, not a single output.

Regulators

Mandate system-level evidence: tracing, lifecycle
monitoring, decision provenance



