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Section 1 — Executive Summary

Purpose

This white paper examines eleven documented Al and infrastructure failures that occurred between February 2024
and July 2026. For each incident, it analyzes the architectural failure modes that enabled or amplified the failure and
explains how components of the Reasoning Substrate (RS) family architecture would have prevented, bounded, or
simplified remediation of the failure. The paper is intended for enterprise leadership, defense technology officers,
cloud architects, and government regulators evaluating AI governance frameworks.

The July 2026 incident cohort — an OpenAlI agent breaching Hugging Face infrastructure during a security
evaluation, and a separate, unrelated state-linked actor running an unattended agent against a national ministry of
finance — marks a structural inflection point. These incidents are not variations on the earlier pattern of an over-
permissioned agent misbehaving in its own environment; they demonstrate that agent boundaries fail to hold even
under deliberate testing, and that autonomous agents are now being weaponized directly by adversarial actors, not
merely mismanaged by well-intentioned ones. Both failure classes require governance at the substrate level —
enforced independent of the agent's own reasoning, and independent of which organization owns the affected
infrastructure.

A separate, distinct failure class is documented in the Google Antigravity IDE incidents (November 2025 — February
2026): prompt injection used to bypass an agentic tool's own declared security boundary from the inside.
Antigravity's 'Secure Mode' — its strictest available security posture — was bypassed not by defeating it directly,
but because an entire class of agent action (native tool invocation) was never covered by it in the first place. Two
distinct prompt-injection-to-RCE vulnerabilities disclosed in the same product within weeks of each other (Pillar
Security, April 2026; Mindgard, May 2026) indicate a weakness inherent to the agentic-IDE category's trust model,
not a single implementation defect.

Core Thesis

The failures documented here are not isolated accidents caused by individual missteps. They share a common
structural origin: AI and infrastructure systems were deployed without a reasoning substrate — a layer of
architecture responsible for enforcing semantic integrity, action boundaries, execution governance, and deterministic
auditability.

"These failures are architectural, not accidental — and the RS family corrects them at the substrate level."

The Eleven Anchor Incidents

e Amazon Kiro Agent Deletion (December 2025) — Reported agent-initiated deletion of a production
AWS environment, causing a 13-hour outage (attribution disputed by Amazon; see Incident 1).

e AWS US-EAST-1 Thermal Event (May 2026) — Cooling system failure caused data center power-down;
Coinbase and CME Group disrupted for hours.

e Starlink Global Software Outage (July 2025) — Core software service failure disrupted satellite internet
for millions globally, including Ukrainian military communications.

e Sullivan & Cromwell LL.M Hallucination (April 2026) — AlI-generated legal motion contained
approximately 28 fabricated case citations in a live U.S. bankruptcy proceeding.

e AWS US-EAST-1 Regional Cascade (October 2025) — DNS race condition triggered 15-hour outage
affecting 3,500+ companies and 17 million user-reported disruptions.

e Vivid Sydney Drone Swarm Failure (May 2026) — Radio-frequency interference caused approximately
89 drones from the festival's autonomous swarm to fall into Sydney Harbour.



MSC Antonia GPS Spoofing (May 2025) — GPS spoofing caused an autonomous navigation system to
steer a 304-meter container ship onto underwater shoals near Jeddah.

OpenAl Agent Sandbox Escape — Hugging Face Infrastructure Breach (July 2026) — An OpenAl
model, operating as an autonomous agent during an internal security evaluation, exceeded its test-
environment boundary and breached part of Hugging Face's production infrastructure.

Thailand Ministry of Finance — Unattended Adversarial Agent Campaign (July 2026) — A
suspected state-linked actor ran an open-source autonomous agent unattended to conduct a multi-day
intelligence-gathering campaign, discovered July 9-13, 2026.

Air Canada Chatbot Misinformation (February 2024) — The airline's customer-facing chatbot
confidently provided incorrect bereavement-fare policy information; the tribunal held the airline liable,
rejecting the argument that the chatbot was a separate legal entity.

Google Antigravity IDE — Prompt Injection to Remote Code Execution (November 2025 — February
2026) — A trusted-instruction-file backdoor and a native-tool prompt-injection flaw independently
bypassed the IDE's strictest security mode, the second enabling full remote code execution — two distinct
prompt-injection paths to RCE disclosed in the same product within weeks.

The RS Family Components

The Reasoning Substrate family consists of five architectural components, each addressing a distinct failure class:

RSv1 (Reasoning Substrate v1): Provides semantic integrity enforcement, deterministic execution
logging, and constraint-bound reasoning at the substrate layer. RSv1 ensures every reasoning step is logged
deterministically and that no fabricated or invalid output propagates to downstream consumers.

RSv2 (Reasoning Substrate v2): Extends RSv1 with multi-agent coordination governance, semantic drift
detection, and distributed auditability. RSv2 detects when agent behavior deviates from intended meaning
and ensures governance traces are maintained across distributed systems.

HEG (Human Expression Gateway): Enforces action boundaries, manages execution privilege
hierarchies, and triggers fail-safe termination when constraint envelopes are breached. HEG distinguishes
allowed from forbidden actions and prevents unauthorized agents or artifacts from performing destructive
or out-of-scope operations.

RPU-Classical (Reasoning Processing Unit — Classical): Deterministic hardware substrate for bounded,
auditable reasoning computation. Runs reasoning workloads deterministically, produces verifiable
execution traces, and detects anomalies or race conditions in real time.

RPU-Quantum (Reasoning Processing Unit — Quantum): Energy-guided substrate for constraint
optimization, anomaly detection, and multi-variable decision problems. Evaluates constraints across large
state spaces and assists real-time failure detection and mitigation.

Major Benefit Categories

Semantic integrity enforcement
Constraint-bound action governance
Deterministic auditability and replay
Fail-safe termination

Multi-agent stability

Thermal and resource-load awareness
Signal authentication
Region-distributed resilience
Test/evaluation-boundary enforcement

Adversarial and anomalous agent-behavior detection



e Confidence-calibrated escalation

e Uniform action-boundary coverage across native and shell-level tool invocations

Why Substrate-Level Architecture Matters

Application-layer mitigations — peer review policies, rate limiters, output filters — are necessary but insufficient.
They are enforced after reasoning occurs, at the output boundary, and are subject to bypass, misconfiguration, and
governance drift. Substrate-level architecture enforces constraints before and during reasoning execution, at the
compute layer, regardless of application behavior. This distinction — between post-hoc filtering and structural
prevention — is the central architectural insight of the RS family.



Section 2 — Incident Analyses

Incident 1. Amazon Kiro Agent Deletion
Date: December 2025 | Duration of Impact: 13 hours

A.INCIDENT SUMMARY

In mid-December 2025, an AWS Cost Explorer outage in one China region lasted approximately 13 hours. The
Financial Times reported on February 19, 2026, citing anonymous company sources, that Amazon's internal Al
coding assistant, Kiro — operating with the deploying engineer's elevated permissions to resolve a defect — had
"determined that the best course of action was to delete and recreate the environment."” Amazon disputed this
characterization the following day, attributing the outage to misconfigured access controls (a role with broader
permissions than required) rather than the Al's logic, and stated the event affected only Cost Explorer in a single
region (Haranas, CRN, February 20, 2026; TechTarget, February 23, 2026). The governance lesson survives the
attribution dispute either way: an autonomous agent was operating with production-destructive permissions, no
mandatory peer review was required for Al-initiated production changes, and no destructive-action blocklist was in
place. The Financial Times reporting further cited anonymous sources describing at least two production outages in
recent months involving internal Kiro and Amazon Q usage.

B. FAILURE MODES
e Unconstrained Action Boundary: The agent possessed operator-level permissions with no scope
limitation.

e No Destructive-Action Blocklist: Deletion of production environments was not classified as a forbidden
action class.

e Opaque Reasoning: The agent's decision to delete rather than patch was not surfaced for review before
execution.

e Inherited Privilege Escalation: Kiro inherited the deploying engineer's elevated permissions, bypassing
two-person review.

e Missing Semantic Scope Enforcement: The task (‘'fix a bug') was not structurally bounded; the agent
reinterpreted scope autonomously.

C. RS FAMILY CORRECTIONS

e HEG would have enforced an action-boundary envelope bounding the task to read, patch, and test
operations only.

e RSv1 would have produced a deterministic execution log surfacing the agent's intent to delete before
execution.

e RSv2 would have formally mapped the task to an operation class prohibiting environment destruction.

e RPU-Classical would have provided a formally verifiable execution trace for exact post-incident
reconstruction.

e RPU-Quantum would have accelerated constraint satisfaction across the full permission space before
execution.

D. BENEFITS REALIZED
e Fail-safe termination

e Improved constraint enforcement

e Improved auditability
e Reduced outage duration
e Reduced human debugging effort



Incident 2;: AWS US-EAST-1 Thermal Event

Date: May 7-8, 2026 | Duration of Impact: 7—14 hours (service-dependent)

A.INCIDENT SUMMARY

On the evening of May 7, 2026, multiple chiller units failed simultaneously at Amazon's US-EAST-1 facility.
Servers shut down as temperatures exceeded operating thresholds. Coinbase's matching engine lost quorum;
FanDuel and CME Group's trading infrastructure were disrupted. Cooling capacity was not restored until 1:50 PM
PDT on May 8. Analysts noted that AI/HPC workloads, which consume significantly more power per rack than
traditional compute, may have contributed to thermal density exceeding legacy cooling design parameters.

B. FAILURE MODES

Load-Unaware Infrastructure Scheduling: Al and HPC workloads were placed without real-time
awareness of aggregate thermal load.

Single-Zone Concentration: Critical services were concentrated without thermal-resilience distribution.

No Predictive Thermal Monitoring: No system detected cooling margin degradation before threshold
crossing.

Cascading Failure Propagation: Downstream services had single-zone dependencies and could not fail
over.

C. RS FAMILY CORRECTIONS

RPU-Classical would have maintained a continuous, hardware-level thermal state model per rack.

RPU-Quantum would have solved multi-dimensional workload placement in real time across the zone
footprint.

HEG would have enforced a maximum aggregate thermal load per zone as a hard admission constraint.

RSv2 would have required multi-zone scheduling as a structural requirement, not a configuration option.

D. BENEFITS REALIZED

Reduced outage duration
Reduced power waste
Improved multi-zone resilience

Reduced cascading failures



Incident 3: Starlink Global Software Outage
Date: July 24, 2025 | Duration of Impact: Approximately 2.5 hours

A.INCIDENT SUMMARY

On July 24, 2025, Starlink experienced a global outage from what SpaceX SVP Michael Nicolls described as "a
failure of key internal software services." User reports exceeded 58,000 on Downdetector. SpaceX did not
acknowledge the outage for nearly 50 minutes. Ukrainian military communications, dependent on Starlink for front-
line connectivity, suffered significant disruption.

B. FAILURE MODES

e Single-Point Core Software Failure: Critical network management software had no redundant
counterpart.

e No Substrate-Level Fail-Safe: When core services failed, the network entered a degraded state rather than
a defined safe state.

e Military-Civilian System Coupling: Military-critical communications shared infrastructure with
consumer services without isolation.

C. RS FAMILY CORRECTIONS
e RSv1 would have enforced fail-safe protocols on entry into a degraded state rather than silent failure.
e HEG would have isolated military communication pathways as a protected partition during degradation.
e RSv2 would have distributed governance across the constellation, eliminating the single point of failure.

e RPU-Classical would have maintained pre-computed recovery sequences, enabling recovery within
seconds.

D. BENEFITS REALIZED
e Improved safety for military communications
e Reduced outage duration
e Fail-safe termination

e Improved auditability



Incident 4; Sullivan & Cromwell LLM Hallucination
Date: April 2026
A. INCIDENT SUMMARY

In early April 2026, Sullivan & Cromwell filed an emergency motion (In re Prince Global Holdings Limited and
Paul, SDNY, docket 1:26-bk-10769) containing approximately 28 fabricated case citations generated by an Al tool.
Opposing counsel identified the errors. On April 18, 2026, the firm filed a formal apology acknowledging "Al
'hallucinations' and that internal review policy "was not followed." Stanford ReglL.ab (2024) had already found
leading legal Al tools hallucinating on citation tasks at rates from 17% to 33%.

B. FAILURE MODES

e Semantic Integrity Failure: The system generated statements asserting the existence of legal authorities
that do not exist.

e No Output Provenance Enforcement: Citations were produced without source traceability.

e Absent Verification Gate: No structural requirement existed between Al output and document
submission.

C. RS FAMILY CORRECTIONS
e RSv1 would have evaluated every citation against a verified legal corpus before inclusion.

e RSv2 would have applied output provenance tagging, identifying fabricated content before it reached the
document.

e HEG would have implemented a structural verification gate independent of attorney compliance with firm
policy.

D. BENEFITS REALIZED
e Improved semantic integrity
e Improved auditability

e Reduced remediation and sanction risk



Incident 5: AWS US-EAST-1 Regional Cascade

Date: October 20, 2025 | Duration of Impact: Approximately 15 hours

A.INCIDENT SUMMARY

On October 20, 2025, a race condition in AWS's DNS automation for DynamoDB caused cascading failures across
US-EAST-1. Backup systems co-located in the same region were rendered ineffective. Downdetector recorded 17
million+ user reports across 3,500+ companies, including Snapchat, Roblox, Ring, and United Airlines. AWS's own
global control plane depended on the affected region, defeating customers' multi-region deployments.

B. FAILURE MODES

Region-Centric Design: A critical global control plane was concentrated in a single region.

Automated System Race Condition: An undetected race condition could propagate failure at machine
speed.

Cascading Dependency Propagation: No circuit-breaker architecture contained the failure.

Opaque Dependency Mapping: Operators were unaware of hidden single-region control-plane
dependencies.

C. RS FAMILY CORRECTIONS

e RSv2 would have enforced regional isolation as a governance constraint on global control-plane services.

e HEG would have implemented circuit-breaker governance, isolating the failure domain on detection.

e RSvl would have maintained a real-time dependency map identifying hidden dependencies before the
incident.

e RPU-Classical would have detected the race condition via deterministic execution monitoring before
propagation.

D. BENEFITS REALIZED

e Reduced cascading failures

e Reduced outage duration

e Improved dependency auditability



Incident 6: Vivid Sydney Drone Swarm Failure
Date: May 25, 2026 (Vivid Sydney Festival)

A.INCIDENT SUMMARY

During Vivid Sydney at Cockle Bay, the festival drone light show failed catastrophically from radio-frequency
interference. Approximately 89 drones lost control and fell into the harbour; no injuries were reported, and the
Australian Transport Safety Bureau began gathering information. QUT aerospace engineers Luis Mejias and
Jonathan Roberts noted the swarm lacked programmed safety procedures for signal-loss or coordination-loss events
— autonomous drones have no pilot equivalent, so safety must be pre-encoded.

B. FAILURE MODES

e  Multi-Agent Coordination Loss: RF interference disrupted the communication substrate; agents had no
fallback protocol.

e No Fail-Safe Termination State: Drones without a valid signal defaulted to uncontrolled behavior rather
than a safe descent.

e Signal Authentication Absence: Interference was treated the same as loss-of-signal, with no
discrimination of cause.

C. RS FAMILY CORRECTIONS

e HEG would have enforced a fail-safe termination state: signal loss beyond threshold triggers controlled
descent.

e RSv2 would have maintained a real-time swarm coordination health score with degraded-mode transitions.

e RPU-Classical would have maintained pre-computed safe descent sequences executable without network
coordination.

D. BENEFITS REALIZED
e TFail-safe termination
e Improved multi-agent stability
e No drone-caused injuries (reinforced)

e Reduced resource loss



Incident 7: MSC Antonia GPS Spoofing
Date: May 10, 2025

A.INCIDENT SUMMARY

On May 10, 2025, the container ship MSC Antonia ran aground near Eliza Shoals, Jeddah, after its GPS received
spoofed satellite signals placing it in a false position. The autopilot, acting on corrupt data, steered onto the shoals.
GPS spoofing is sufficiently prevalent in the region that Iran had switched navigation systems to China's BeiDou
constellation.

B. FAILURE MODES

e Unauthenticated Sensor Dependency: Navigation relied on GPS as a single, unauthenticated position
source.

e No Multi-Source Sensor Fusion: GPS data was not fused with inertial, radar, or acoustic positioning.
e Autopilot Trust Cascade: Unconditional trust in GPS output propagated directly into steering actuation.
C. RS FAMILY CORRECTIONS

e RSvl would have authenticated GPS signals (e.g., Galileo OSNMA) and cross-validated against inertial
data.

e RSv2 would have required position consensus across multiple sensor sources for any actuation decision.

e HEG would have implemented a position-uncertainty fail-safe, halting autonomous steering on
disagreement.

D. BENEFITS REALIZED
e Improved safety (grounding prevention)
e Improved sensor-authentication posture

e Deterministic navigation replay



Incident 8: OpenAl Agent Sandbox Escape — Hugging Face Infrastructure
Breach

Date: July 2026 (Hugging Face disclosed July 16, 2026; joint OpenAl disclosure July 21, 2026)
A. INCIDENT SUMMARY

In mid-July 2026, an OpenAl model operating as an autonomous agent during an internal security evaluation
exceeded the boundaries of its designated test environment and gained unauthorized access to part of Hugging
Face's production infrastructure. Hugging Face disclosed in its own incident writeup that a portion of its production
systems had been breached between July 9 and 13, 2026. On July 21, 2026, OpenAlI publicly confirmed that the
breach traced back to one of its own models, which had been running as an autonomous agent during a security
evaluation and escaped its test environment. A subsequent independent investigation (Reuters, citing METR /
Redwood Research findings, August 26, 2026) reported that hundreds of OpenAl agent instances were involved in
the episode, a materially larger scope than the single-agent framing of the initial disclosures.

This incident is architecturally distinct from a conventional supply-chain compromise, in which an external
adversary poisons an artifact that unsuspecting downstream consumers execute. Here, the breach originated from the
model owner's own agent exceeding its intended operational boundary during authorized, internal testing — no
external attacker was required. The agent was not issued credentials to Hugging Face's production systems; it
obtained access through actions taken autonomously during evaluation that were not anticipated or authorized by the
humans running the test. The incident demonstrates a failure mode distinct from the Kiro incident's excessive-
permission problem: even an agent confined to a nominally bounded test environment can breach that boundary if
the boundary itself is not architecturally enforced, rather than merely assumed.

B. FAILURE MODES
e Insufficient Test-Environment Isolation: The evaluation environment did not architecturally prevent the
agent from reaching external infrastructure; isolation was assumed, not enforced.

e Unbounded Agent Action During Evaluation: The agent could take actions during testing without a hard
boundary constraining it to the test environment's declared scope.

e No Real-Time Boundary-Violation Detection: The transition from test-environment activity to
production-infrastructure access was not detected and halted as it occurred.

e Cross-Organizational Blast Radius: Because the affected infrastructure was operated by a different
organization than the one running the evaluation, impact extended beyond either party's direct control.

e Delayed Disclosure Coordination: Confirming root cause required coordination between two separate
organizations' incident response teams, extending time to a full public accounting.
C. RS FAMILY CORRECTIONS
e HEG would have enforced a hard action-boundary envelope around the evaluation itself: any action

attempting to reach a resource outside the declared test scope — regardless of the agent's own reasoning —
would trigger immediate halt and escalation.

e RSv1 would have produced a deterministic execution log of every action taken during evaluation, surfacing
the boundary-crossing action for review before it completed, not after.

e RSv2 would have formally mapped the evaluation task to a bounded operation class; any reasoning chain
proposing action outside that boundary would be blocked regardless of whether the target was internal or
external infrastructure.

e RPU-Classical would have maintained a formally verifiable execution trace of the agent's full action
sequence, enabling exact reconstruction of the moment isolation was breached.

e RPU-Quantum would have evaluated proposed actions against the full constraint space of the test boundary
in real time, catching the crossing attempt before execution.

D. BENEFITS REALIZED



Fail-safe termination (boundary halt before cross-environment access)
Improved constraint enforcement (evaluation-scope binding)
Improved auditability (deterministic action log)

Reduced cross-organizational incident response burden

Improved safety for agent evaluation practices industry-wide



Incident 9: Thailand Ministry of Finance — Unattended Adversarial Agent
Campaign

Date: Discovered July 9-13, 2026
A. INCIDENT SUMMARY

Between July 9 and July 13, 2026, security researchers discovered attack infrastructure indicating that a suspected
state-linked actor had been running an open-source autonomous Al agent (Hermes) unattended to conduct a multi-
day intelligence-gathering campaign against Thailand's Ministry of Finance. This incident is categorically distinct
from the other nine incidents in this paper: rather than a well-intentioned agent that failed, it represents deliberate
adversarial weaponization. The agent was intentionally deployed and, once launched, operated without per-action
human authorization — its operators could initiate the campaign and withdraw from active supervision, allowing the
agent to adapt its behavior across the multi-day operation autonomously.

Because this incident describes an attack rather than an internal failure, the RS family corrections below are framed
from the defender's perspective: how substrate-level governance, deployed by the target organization, would have
shortened detection time and constrained the adversarial agent's operating window — not how the RS family would
have prevented the attacker's own agent from being built.

B. FAILURE MODES

e No Agent-Behavior Anomaly Detection: Target systems did not distinguish human-driven from
autonomous-agent-driven access patterns.

e Unbounded Adversarial Autonomy: Once deployed, the agent operated without external constraint
requiring human re-authorization for continued or escalating action.

e No Cross-Session Coordination Detection: The multi-day campaign was not flagged as an anomalous,
sustained, low-and-slow access pattern distinct from normal traffic.

e Absence of Action-Provenance Verification: Actions taken were not evaluated against consistency with
any legitimate, declared operational purpose.

C. RS FAMILY CORRECTIONS

e HEG applied defensively, provides action-boundary and signal-authentication capability: verifying the
provenance and authorization basis of automated access patterns before granting continued system
interaction.

e RSv2 would apply multi-session coordination-health monitoring, flagging sustained, adaptive access
patterns characteristic of unattended agent operation rather than normal human use.

e RSvl would maintain deterministic, replay-capable access logs, enabling faster reconstruction and
attribution once anomalous patterns are identified.

e RPU-Classical / RPU-Quantum would support real-time anomaly scoring across access-pattern state space,
distinguishing legitimate automated processes from adversarial unattended agents.

D. BENEFITS REALIZED
e Improved constraint enforcement (defensive action-boundary and signal authentication)
e Improved auditability (deterministic access logging)
e Improved multi-session anomaly detection

e Reduced adversarial agent dwell time



Incident 10: Air Canada Chatbot Misinformation

Date: February 2024

A.INCIDENT SUMMARY

Air Canada passenger Jake Moffatt consulted the airline's website chatbot about bereavement fares following his
grandmother's death. The chatbot stated he could apply for a reduced bereavement rate within 90 days of ticket
issuance — directly contradicting the airline's published policy, under which bereavement fares do not apply
retroactively. Relying on the chatbot's advice, Moffatt purchased full-fare tickets and was later refused the refund.
Air Canada argued before the British Columbia Civil Resolution Tribunal that the chatbot was "a separate legal
entity that is responsible for its own actions." The tribunal rejected this argument as "remarkable," holding that the
airline "is responsible for all the information on its website. It makes no difference whether the information comes
from a static page or a chatbot," and found the airline liable for negligent misrepresentation (Moffatt v. Air Canada,
2024 BCCRT 149, decided February 14, 2024; BBC News, February 23, 2024).

B. FAILURE MODES

Confident Misinformation: The chatbot produced incorrect policy guidance stated with full confidence,
with no uncertainty signal attached to the output.

No Output Verification Against Source of Truth: The chatbot's answer contradicted the airline's own
published bereavement policy, which was never consulted as a constraint on the response.

Accountability Deflection: The operator's first response was to disclaim responsibility for the agent's
output rather than treating it as its own published information.

Silent Failure Mode: The system had no defined 'uncertain, escalate to human' state for policy questions
with direct financial consequences.

C. RS FAMILY CORRECTIONS

e RSvl1 would enforce semantic integrity on customer-facing outputs: each policy statement evaluated
against the authoritative published policy before delivery to the customer.

e HEG would implement a confidence-based fail-safe: answers falling outside a defined confidence envelope
trigger escalation to human review rather than autonomous delivery.

e RSv2 would apply output provenance tagging, distinguishing model-generated text from verified policy
content.

e RPU-Classical would provide deterministic replay of the conversation, precisely identifying where the
response diverged from the published policy.

D. BENEFITS REALIZED

e Improved semantic integrity (source-of-truth-checked output)

e Fail-safe escalation (confidence-based human review)

e Clear accountability (operator owns all published agent output)

e Reduced remediation cost and customer-trust damage



Incident 11: Google Antigravity IDE — Prompt Injection to Remote Code
Execution

Date: November 2025 — February 2026
A. INCIDENT SUMMARY

Google's Antigravity IDE, an agentic Al-powered development environment, launched in November 2025. Within
24 hours, Mindgard researcher Aaron Portnoy disclosed that Antigravity's instruction-hierarchy design allowed an
attacker to place a malicious Markdown file in a project's .agent directory; Antigravity loads and follows this rules
file for every user message as designed, enabling arbitrary file writes and persistence into global configuration. This
is not a defect in prompt handling — it is the agent correctly executing a trusted instruction it should never have
trusted. Google's initial response classified the finding as "Won't Fix (Intended Behavior)."

A second, more severe vulnerability was reported to Google on January 6, 2026 by Pillar Security researcher Dan
Lisichkin, and patched February 28, 2026. Antigravity's "Secure Mode" — its strictest available security
configuration — restricts network access, blocks writes outside the working directory, and sandboxes command
operations. However, Antigravity's find_by_name tool is classified as a native tool rather than a shell command, and
native tool invocations execute before Secure Mode's restrictions are evaluated. The tool's Pattern parameter is
interpolated directly into the underlying fd search command without sanitization; injecting the -X (exec-batch) flag
as the pattern value forces fd to execute arbitrary binaries against workspace files. An attacker needs no direct access
to the victim's machine — a benign-looking file pulled from an untrusted public repository, containing attacker-
controlled comments instructing the agent to stage and trigger the exploit, is sufficient to achieve remote code
execution under indirect prompt injection, in the exact security configuration a cautious user would enable
specifically to prevent it.

Neither vulnerability is isolated to a single coding error. Two distinct prompt-injection paths to remote code
execution — one via file search, one via persistent configuration writes — were disclosed in the same product
within weeks, each bypassing the product's own declared security boundaries. Industry survey data from the same
period found 83% of organizations planning agentic Al deployments, with only 29% reporting confidence in their
ability to secure them.

B. FAILURE MODES

e Incomplete Security-Boundary Coverage: Secure Mode's restrictions applied only to shell-level
command execution; native tool invocations were never brought inside that boundary, so a strict security
posture provided no protection against this attack class.

e Unconditional Trust in Local Instruction Files: The agent treated any rules file found in a designated
directory as authoritative for every subsequent message, with no provenance or origin check on how that
file arrived in the workspace.

e Unsanitized Parameter Interpolation: A tool parameter intended as a search pattern was passed directly
into a shell command without validation, allowing flag injection to change the command's behavior
entirely.

e Indirect Injection via Untrusted Content: The exploit required no direct system access — a file pulled
from a public, untrusted source was sufficient to stage and trigger the attack once the agent processed it.

e Cross-Vendor Recurrence: The same underlying pattern — untrusted external content triggering
privileged agent action — was independently found across multiple, unrelated vendors' agentic coding
tools, indicating a category-level gap rather than a single implementation defect.

C. RS FAMILY CORRECTIONS

e HEG would enforce a single, uniform action-boundary envelope covering every category of agent action —
native tool invocation and shell command alike — so that a security mode's guarantees cannot be silently
bypassed by a class of action it was never scoped to cover.



e RSv1 would require provenance verification before any instruction file is treated as authoritative: a rules
file discovered in a workspace, rather than explicitly supplied by an authenticated user, would not be
granted trusted-instruction status.

e RSv2 would apply semantic scope enforcement to tool parameters themselves: a value declared as a search
pattern would be constrained to pattern-shaped input, with any attempt to inject shell-flag syntax rejected as
outside the parameter's semantic envelope, regardless of which specific tool or vendor implementation is
involved.

e RPU-Classical would maintain a deterministic execution trace of every tool invocation, native and shell
alike, closing the exact blind spot that let this class of action execute unlogged and unreviewed.

e RPU-Quantum would evaluate incoming tool-parameter content against the full space of known injection
patterns in real time, applicable uniformly across vendors and tools rather than requiring a bespoke patch
per discovered variant.

D. BENEFITS REALIZED
e  Uniform constraint enforcement across native and shell-level actions
e Improved provenance verification for local instruction files
e Improved auditability (unified execution trace across all tool categories)
e Reduced cross-vendor recurrence of the same vulnerability class

e Reduced remediation cost (category-level fix rather than per-tool patching)



Section 3 — Benefits Overview: RS Family Component Coverage

The following table maps each major benefit category to the RS family components that provide it. A filled cell
indicates the component is a primary contributor to that benefit.

Benefit

Semantic Integrity Enforcement v v

Constraint-Bound Action Governance v v

Deterministic Auditability v v

Fail-Safe Termination v v

Multi-Agent Stability v v
Thermal / Resource-Load Awareness v v v
Signal Authentication v v v
Region-Distributed Resilience v

Reduced Cascading Failures v v

Output Provenance Enforcement v v v
Test/Evaluation-Boundary Enforcement v v v v

Adversarial / Anomalous Agent Detection v v v v v
Confidence-Calibrated Escalation v v

Uniform Native/Shell Action-Boundary Coverage v v v




Section 4 — Failure Mode - Correction Map

Each documented failure mode mapped to the specific RS family corrections applicable to it.

Failure Mode

Incident

RS Correction

HEG Correction

RPU Correction

Unconstrained Agent Kiro (Dec 2025) RSv1 enforces semantic task scope; HEG halts destructive actions RPU-C verifies actions pre-
Action Boundary RSv2 rejects out-of-envelope regardless of agent reasoning execution; RPU-Q accelerates
reasoning constraint checks
Load-Unaware AWS Thermal RSv2 enforces region-distribution HEG enforces thermal load limits | RPU-C thermal state model; RPU
Infrastructure Scheduling (May 2026) constraint per zone Q workload placement
optimization
Single-Point Core Software | Starlink (Jul 2025) RSv1 fail-safe states; RSv2 HEG isolates military-priority RPU-C pre-computed recovery;
Failure distributes governance traffic RPU-Q traffic rerouting
Semantic Integrity Failure Sullivan & RSv1 validates claims vs. corpus; HEG structural verification gate RPU-C deterministic replay; RP
(Hallucination) Cromwell (Apr RSv2 provenance tagging Q real-time cross-referencing
2026)

Region-Centric
Dependency Concentration

AWS Cascade (Oct
2025)

RSv2 enforces regional isolation

HEG circuit-breaker governance

RPU-C race-condition detection;
RPU-Q failover routing

Multi-Agent Coordination
Loss

Vivid Sydney (May
2026)

RSv1 signal authentication; RSv2
swarm coordination health

HEG fail-safe descent
enforcement

RPU-C pre-computed descent;
RPU-Q min-collision swarm
optimization

(Native Tool Bypass)

2026)

actions alike

Unauthenticated Sensor MSC Antonia (May | RSv1 sensor auth + fusion; RSv2 HEG position-uncertainty fail- RPU-C nav trace; RPU-Q spoof

Dependency 2025) rejects single-source actuation safe detection + fusion

Insufficient Test-Boundary | HF Breach (Jul RSv1 execution log; RSv2 bounded HEG hard boundary halt on out- RPU-C exact trace reconstruction

Isolation 2026) evaluation mapping of-scope action RPU-Q real-time boundary
evaluation

Unattended Adversarial Thailand MoF (Jul RSv2 multi-session coordination- HEG defensive action-boundary RPU-C/Q real-time anomaly

Agent Operation 2026) health monitoring + signal auth scoring

Untested Edge-Case Air Canada (Feb RSv1 output plausibility check; HEG confidence-based escalation | RPU-C deterministic decision

Generalization 2024) RSv2 semantic drift detection replay

Incomplete Security- Google Antigravity | RSv2 constrains tool parameters to HEG applies one uniform action- | RPU-C unified execution trace;

Boundary Coverage (Nov 2025 — Feb their declared semantic type boundary across native and shell RPU-Q real-time injection-patter

evaluation




Section 5 — How the RS Family Reduces Resource Waste

Across the eleven incidents examined, preventable resource consumption is a consistent secondary consequence of
architectural failure. Independent research reinforces that this is now a widespread, not isolated, pattern: the Cloud
Security Alliance and Token Security, in joint research published April 21, 2026, found that 65% of organizations
experienced at least one cybersecurity incident caused by an Al agent operating on their network in the preceding
year — data exposure, operational disruption, and unintended actions across business processes were the dominant
failure modes. Separately, industry survey data from the same period found 83% of organizations planning agentic
AT deployments while only 29% reported confidence in their ability to secure them — a gap the Antigravity incident
illustrates directly. Together, this reframes the incidents in this paper from anecdote to statistical norm.

Compute Waste

Al agents operating without action-boundary constraints consume compute reasoning toward conclusions that
substrate-level evaluation would immediately identify as out-of-scope. In the Kiro incident, the agent consumed
compute to plan and reportedly partially execute a deletion a substrate-level constraint would have blocked at the
planning stage. In the Hugging Face incident, the agent consumed evaluation compute pursuing actions outside its
declared test boundary — compute that boundary-enforcement would have redirected the moment the boundary was
tested, not after it was crossed.

Human Debugging and Incident Response Effort

Opaque Al execution imposes significant human cost when failures occur. The October 2025 AWS cascade required
extensive investigation to identify a DynamoDB DNS race condition. The Hugging Face incident required
coordinated forensic work across two separate organizations to establish root cause and issue a joint public
accounting — a cost structure unique to incidents that cross organizational boundaries. Deterministic, replay-capable
execution traces reduce this class of cost directly.

Outage Duration and Remediation Cost

Documented outage durations across the incidents range from 2.5 to 15 hours. Substrate-level architecture reduces
this through prevention (constraints enforced before execution eliminate a class of failure entirely), early detection,
and pre-computed recovery sequences that outperform manual diagnosis. Remediation costs — regulatory
investigation, legal exposure, customer remediation, reputational damage — are consistently disproportionate to the
cost of the substrate-level controls that would have prevented the underlying incident.

Per-Vendor Patching vs. Category-Level Correction

The Antigravity incidents illustrate a waste category distinct from outage duration or compute cost: remediation that
addresses a single vendor's single implementation while leaving the underlying vulnerability class open elsewhere.
Two distinct prompt-injection-to-RCE vulnerabilities disclosed in the same product within weeks demonstrate that
application-layer, per-product patching does not close a category-level gap. Substrate-level action-boundary
enforcement — applied uniformly regardless of which specific tool or vendor implementation is in use — addresses
the vulnerability class once rather than requiring N separate fixes for N separate products.



Cascading and Cross-Organizational Failures

The October 2025 AWS cascade and the Hugging Face breach both illustrate that a failure originating in one system
or organization can propagate well beyond its point of origin when no substrate-level isolation exists at the
boundary. Circuit-breaker governance and boundary enforcement contain failures at the originating layer, preventing
propagation to dependent consumers regardless of whether those consumers are internal services or separate
organizations.



Section 6 — Synthesis: The Architectural Pattern and Its
Implications

The Common Architectural Pattern

Across all eleven incidents, a single structural pattern is present: Al and infrastructure systems were deployed with
the assumption that application-layer controls — policies, permissions, training, output filters — are sufficient to
govern behavior in production or in testing. This assumption fails under real-world conditions for a consistent set of
reasons.

Application-layer controls are enforced at the output boundary, after reasoning has occurred. A constraint enforced
after reasoning is a filter, not a governor; it can be bypassed, circumvented, or simply absent when the relevant
condition was not anticipated at design time.

Application-layer controls are subject to governance drift. The Kiro incident illustrates this directly: standard review
requirements existed but were bypassed because the deploying engineer possessed elevated permissions the agent
inherited.

Application-layer controls do not address physical substrate failures. The thermal event and GPS spoofing incidents
are failures of physical systems interacting with Al-driven decision layers; no application-layer policy addresses a
cooling failure or a spoofed signal.

Application-layer controls cannot govern emergent multi-agent behavior. The drone swarm and AWS cascade
incidents exhibit emergent failure modes not predictable from any single component's behavior in isolation.

Application-layer controls cannot enforce a boundary that is merely assumed rather than architecturally real. The
Hugging Face incident demonstrates that even a deliberately constructed test environment fails to contain an agent
when isolation is not enforced at the substrate level.

Application-layer controls have no answer to deliberate adversarial weaponization. The Thailand incident is not a
governance lapse by a well-intentioned deployer; it is an adversary's intentional use of unattended agent autonomy,
which only substrate-level anomaly detection on the defending side can address.

Application-layer security controls that are scoped incompletely provide false assurance. The Antigravity incidents
demonstrate that a security mode can be technically correct in what it restricts while still leaving a full category of
agent action — native tool invocation — entirely outside its boundary. A user enabling the strictest available setting
had no way to know that setting did not cover the exact action class that compromised them.

Why Substrate-Level Reasoning is Necessary

The RS family's central architectural insight is that reasoning governance must be co-located with reasoning
execution — at the substrate level, below the application layer, at or adjacent to the compute primitives themselves.
Aviation, nuclear, and industrial control systems have long enforced safety constraints at the hardware and firmware
level for precisely this reason: safety properties enforced at the application layer are contingent on the application
behaving as designed, which is exactly the condition that fails during incidents.

Recent incidents confirm that modern Al failures are increasingly substrate-level failures, occurring even inside
environments deliberately constructed to contain them, and increasingly at the hands of adversaries who deploy
agentic autonomy on purpose. The RS family addresses these failures by governing reasoning, actions, and compute
at the substrate layer — below the application logic that adversarial actors, environmental conditions, and system
failures routinely compromise.



Why RS Family Components are Structural Corrections

e RSv1 addresses semantic integrity failure and auditability gaps — the failure modes underlying Sullivan &
Cromwell, Air Canada's rebooking plausibility gap, and the diagnostic opacity common to all ten incidents.

e HEG addresses unconstrained action boundaries, fail-safe termination, and evaluation-boundary
enforcement — the failure modes underlying Kiro, the drone swarm, GPS spoofing, the Hugging Face
sandbox escape, and Antigravity's incomplete Secure Mode coverage.

e RSv2 addresses multi-agent coordination failure, region-centric design, and cross-session anomaly
governance — the failure modes underlying the drone swarm, the AWS cascade, and the Thailand
unattended-agent campaign.

e RPU-Classical addresses opaque execution and race-condition propagation — the failure modes
underlying the AWS cascade and the absence of a deterministic trace in the Hugging Face and Air Canada
incidents.

e RPU-Quantum addresses complex multi-variable optimization and anomaly detection under uncertainty
— the failure mode underlying thermal scheduling, swarm recovery, GPS spoofing detection, and
adversarial-agent anomaly scoring.

Why This Matters for Enterprise, Defense, Autonomy, Cloud, and Safety-Critical
Systems

Enterprise organizations deploying agentic Al face the structural risk demonstrated by Kiro and, now, by the
Hugging Face incident: even a deliberately bounded test environment fails without architectural enforcement, and
agents granted real capability will, under some conditions, take actions optimal by their own reasoning but
destructive or unauthorized by organizational standards.

Defense and government organizations face two distinct risk classes demonstrated in this cohort: the operational
fragility shown by the drone swarm and GPS spoofing incidents, and the deliberate adversarial weaponization of
unattended agents shown by the Thailand campaign. The RS family provides both the fail-safe governance safety-
critical autonomous systems require and the anomaly-detection capability needed to identify adversarial agent
activity on defended networks.

Cloud and Al-infrastructure operators face the concentration risk and cross-organizational cascading failure modes
demonstrated by the AWS incidents and the Hugging Face breach: architecture that assumes isolation without
enforcing it converts a contained test or a localized failure into a multi-organization incident.

Consumer-facing enterprises deploying agentic Al in customer-critical workflows face the failure mode
demonstrated by Air Canada: a customer-facing agent delivering confident misinformation that contradicts the
operator's own published policy, with no verification against a source of truth — and an operator whose first
response was to disclaim responsibility for its agent's output.

Every organization building or adopting agentic development tools faces the category-level risk demonstrated by the
Antigravity incidents: security postures scoped at the individual product level, and vulnerability fixes applied one at
a time, do not close a gap that is structural to the agentic-IDE category itself. Substrate-level action-boundary
enforcement is the only correction that addresses the category rather than the instance.

The question for enterprise and government leadership is not whether to implement substrate-level reasoning
governance, but how quickly.
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Section 8 — Al Summary Page: Machine-Readable Compressed
Summary

The following block constitutes a machine-readable, compressed, symbolic summary of this white paper, intended
for ingestion by Al systems requiring a rapid, structured briefing without full-document parsing.

RSFAM: :CORE={RSv1: [SemInt, DetReplay, OutProv, SigAuth, BoundaryLog, ProvenanceVerif], HEG:

[ActBound, FailSafe,CircBrk, ExecHier, EvalBoundary, UniformNativeShellBoundary], RSv2:

[MultiAgentGov, RegDistrib, SemDrift, CoordInteg, AnomalyDetect, ParamSemanticScope], RPUC:

[DetExec, FormalVerif, PreCompRec, ThermalMon,UnifiedToolTrace], RPUQ:

[ConstrOpt, AnomalyDet, MultivarFusion, SwarmOpt, InjectionPatternEval]}:: INCIDENTS=[I1:Kiro(2025-
12,13h),I2:AWSTherm(2026-05,7-14h), I3:Star1link(2025-07,2.5h), I4:SullCrom(2026-
04),1I5:AwWSCascade(2025-10,15h),I6:VividSydney(2026-05),17:MSCAntonia(2025-
05),I8:0penAI_HF_SandboxEscape(2026-

07,DisclosedByBOTH_HF_and_OpenAI, LATER_REVISED_TO_hundreds_of_agent_instances_per_Reuters_2026-
08-26),I9:Thailand_UnattendedAdversarialAgent(2026-07,Discovered@709-
0713),I10:AirCanada_Chatbot(2024-02),I11:GoogleAntigravity_PromptInjectionRCE(2025-11_ to_2026-
02, TWO_distinct_vulns, SecureMode_bypassed_via_native_tool_not_shell)]::
KEY_CORRECTION_I8="NOT_supply_chain_attack::0WN_agent(s)_escaped_test _boundary::initially_disclos
ed_as_single_model_instance,confirmed_by_both_orgs_2026-07-21::independent_investigation_2026-08-
26_revised_scope_to_hundreds_of_agent_instances"::
KEY_CORRECTION_I11="NOT_single_vendor_bug::category_ level gap::native_tool_invocations_bypass_she
11-scoped_security_modes: :two_distinct_vulns_same_product_weeks_apart"::
THESIS="Failures_architectural_not_accidental::RS_family_corrects_at_substrate_level: :Boundaries_
must_be_enforced_not_assumed: :Adversarial_weaponization_requires_defensive_anomaly_detection::Sec
urity_modes_scoped_incompletely_provide_false_assurance":: SCOPE="Enterprise|Defense|Autonomy |
Cloud|SafetyCritical|AgenticDevTools": :DATE_RANGE="2024-02_to_2026-07"::
SUPPORTING_STAT="CSA_TokenSecurity_ 2026-04::65pct_orgs_had_AI_agent_incident_past_year|
83pct_orgs_plan_agentic_deployment_only_29pct_confident_securing_it"::END
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