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System Summary

ARIA OS is a local-first execution and governance layer for environments where network connectivity,
power stability, and centralized coordination cannot be assumed. The system maintains decision
integrity and constraint enforcement during degraded conditions through distributed supervision,
persistent state management, and explicit human-in-the-loop interaction boundaries. It is designed
for recovery from partial failures rather than prevention of all failures.

What Fails Without AriaOS

Execution Loss: When network connectivity to centralized control systems is lost, edge devices
revert to predefined fallback behaviors or halt. No mechanism exists for continuing autonomous
operation under governance constraints during extended isolation.

Audit Gaps: Systems that lose connectivity during critical operations cannot maintain complete
audit trails. Post-incident reconstruction is limited to logs from devices that remained reachable.
Actions taken during partition are unverifiable.

Governance Collapse: Cloud-dependent AI systems cannot enforce policy constraints when
isolated. Agents either operate without constraints or halt entirely. No middle ground exists
between full autonomy and complete shutdown.

Recovery Ambiguity: Systems that experience partial node failure or power cycling cannot
deterministically restore execution state. Operators cannot verify which operations completed,
which failed, and which require retry.

Coordination Deadlock: Multi-node systems designed for continuous connectivity cannot resolve
conflicting operator inputs during network partition. Split-brain scenarios create divergent state
with no reconciliation procedure.

Model Degradation Blindness: Distributed AI systems lack mechanisms to detect and halt
degraded model outputs under resource constraint. Quality failures propagate until human operators
notice behavioral anomalies.
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System Architecture

Node Model

ARIA operates in single-node and multi-node configurations. Each node runs an execution supervisor
that manages local agent processes, enforces resource constraints, and maintains state checkpoints.
Nodes communicate through eventual consistency protocols when network connectivity exists but
operate independently during partitions.

Single-node mode executes all capabilities locally with no external dependencies. Multi-node mode
distributes workload across available nodes and maintains quorum-based decision making when
coordination is possible.

Execution Supervisor

The supervisor process monitors agent execution, tracks resource consumption, and enforces hard
limits on memory, compute, and external API calls. When violations occur, the supervisor halts
execution and logs the violation for human review. The supervisor does not attempt automatic
recovery from constraint violations.

Supervisor responsibilities: - Process lifecycle management - Resource limit enforcement - State
checkpoint creation and restoration - Failure detection and logging - Human notification routing

Memory and State Handling Under Interruption

State is persisted at configurable intervals and before risky operations. Each checkpoint includes
execution context, decision history, and constraint validation results. When a node restarts after
power loss or crash, it restores from the most recent valid checkpoint and marks any incomplete
transactions as failed.

The system does not attempt to resume interrupted decision chains. Incomplete operations require
explicit human review before continuation.

Governance and Constraint Enforcement

Constraints are defined as executable predicates over system state and proposed actions. Before
executing any action with external effects, the system evaluates all applicable constraints. If any
constraint fails, the action is blocked and logged.

Constraint types: - Resource limits (memory, tokens, API calls) - Domain-specific rules (safety
bounds, approval requirements) - Temporal restrictions (rate limits, cooldown periods) - Coordination
requirements (quorum, human approval)

Constraints are immutable during execution. Updates require system restart and explicit operator
confirmation.
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Human-in-the-Loop Interaction Points

Human intervention is required for: - Constraint violation resolution - Recovery from failed
checkpoints - Adjudication of conflicting multi-node decisions - Approval of high-consequence actions
- System reconfiguration

The system provides structured interfaces for each interaction type with full context of the decision
requiring human input. Timeouts are explicit and configurable. When timeout expires without
human response, the default behavior is to halt and wait rather than proceed.

Failure Model

Network Partition

When network connectivity is lost, each node continues local execution using its last known state.
Multi-node coordination operations block until connectivity is restored or timeout is reached. The
system logs the partition event and duration for post-incident analysis.

Recovery: When connectivity is restored, nodes perform state reconciliation. Conflicting decisions
during partition are flagged for human resolution rather than automatically merged.

Partial Node Loss

If a subset of nodes becomes unavailable, the remaining nodes continue operation if they maintain
minimum quorum. Operations requiring full-node participation are queued until failed nodes recover
or are explicitly removed from the cluster.

Recovery: Failed nodes rejoin by loading their most recent checkpoint and requesting state delta
from active nodes. Divergent state is reconciled through human review.

Latency Spikes

Operations with time bounds fail explicitly when latency exceeds configured thresholds. The system
does not retry automatically. All timeouts are logged with measured latency for diagnostic purposes.

Recovery: Human operator reviews timeout events and determines whether to retry, adjust thresholds,
or modify the operation.

Power Cycling

Node restart triggers checkpoint restoration. Any in-flight operations are marked as failed. External
systems that may have been affected by incomplete operations are flagged for manual verification.

Recovery: Operator reviews failed operations log and determines which operations to retry and
which to abandon.
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Conflicting Operator Input

When multiple operators issue conflicting directives, the system accepts the first received directive
and rejects subsequent conflicting inputs with explicit notification to all operators. Override requires
explicit acknowledgment of the conflict.

Recovery: Operators coordinate out-of-band to resolve the conflict. System state reflects the
accepted directive unless manually overridden.

Model or Agent Degradation

The supervisor monitors agent output quality through configurable validation functions. When
output fails validation repeatedly, the agent is halted and the failure is logged. The system does not
attempt to “fix” degraded agents automatically.

Recovery: Operator reviews failure logs, diagnoses root cause (model API issues, prompt drift, input
quality), and either reconfigures the agent or replaces it.

Distinction from Edge AI Systems

ARIA OS is an execution substrate, not an AI product.

Not model-centric: The system treats AI models as components subject to supervision and
constraints, not as the primary control mechanism. Decision authority rests with the governance
layer, not with model outputs.

Not autonomy theater: The system has explicit boundaries on autonomous operation. High-
consequence actions require human approval. Constraint violations halt execution rather than being
overridden by agent reasoning.

Not cloud fallback dependent: The system operates indefinitely without cloud connectivity.
All critical capabilities function in isolated mode. Cloud services are optional enhancements, not
required dependencies.

Edge AI systems assume reliable connectivity to cloud services for model updates, monitoring, and
override capabilities. ARIA assumes connectivity is intermittent and operates continuously during
extended isolation.

Current Maturity and Hardware Validation Requirement

Software validated: - Single-node and multi-node operation - Checkpoint creation and restoration
- Constraint enforcement mechanisms - Supervisor failure detection - Human-in-the-loop interfaces

Multi-node working: - Quorum-based coordination - State reconciliation after partition - Dis-
tributed constraint evaluation

4



Failure injection performed: - Simulated network partitions - Forced process termination -
Resource exhaustion scenarios - Checkpoint corruption - Conflicting operator commands

Why Software Validation Is Insufficient

Software simulation cannot reproduce physical system behavior under power instability, thermal
stress, electromagnetic interference, or hardware-induced data corruption. Checkpoint restoration
timing differs between simulated crashes and actual power loss. Network partition behavior changes
when caused by physical link failure versus software-induced disconnection. Storage write guarantees
under power cycling cannot be tested without hardware.

Hardware validation is the only remaining gating item before operational deployment. Without
physical infrastructure validation, the following remain unverified:

• Checkpoint integrity after unclean shutdown from power loss
• State restoration timing under voltage sag conditions
• Storage subsystem behavior during brownout
• Network stack recovery after physical link restoration
• Thermal effects on long-duration execution
• Actual latency distributions under physical network degradation

This validation requires physical infrastructure with controllable power conditions, programmable
network failure injection, and instrumented hardware monitoring.

Research Outputs and Artifacts

Failure logs and recovery timelines: Timestamped records of all failure events with system
state before, during, and after each failure.

Governance decision traces under stress: Complete audit trails showing constraint evaluation
and enforcement during resource exhaustion and coordination loss.

Deterministic execution proofs: Verification that identical input states produce identical outputs
across checkpoint-restore cycles.

Latency envelopes under degraded conditions: Measured response time distributions for all
operations under network partition, resource constraint, and node loss.

Audit integrity verification across node loss: Demonstration that decision history remains
complete and verifiable after arbitrary node failures.

Configuration and resilience matrices: Documented relationships between system configuration
parameters and observed failure recovery behavior.
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Proposed SEI Research Alignment

Empirical study of AI decision drift under degradation: Systematic measurement of model
output quality as latency, resource availability, and input quality degrade.

Recovery behavior after constraint violation: Characterization of system state after various
constraint violation types and assessment of recovery procedures.

Human-machine teaming under stress: Analysis of operator decision-making when system
state is ambiguous or conflicting.

Governance enforcement versus emergent behavior: Investigation of tension between explicit
constraints and agent goal-seeking behavior.

Failure pattern taxonomy: Classification of observed failure modes in multi-agent systems under
resource constraints and coordination failures.

Tooling for post-incident reconstruction: Evaluation of checkpoint and logging approaches for
reconstructing decision chains after failures.

Who This Research Serves First

Infrastructure operators: Organizations managing distributed systems in environments with
unreliable connectivity or power. Validation data demonstrates recovery behavior under conditions
encountered in remote facilities, mobile platforms, and contested environments.

Regulators and compliance bodies: Agencies requiring audit trails and governance enforcement
verification for autonomous systems. Research artifacts provide reference implementations for policy
constraint enforcement and decision traceability.

Insurers and risk assessors: Entities evaluating liability exposure from autonomous system
failures. Documented failure modes and recovery procedures inform risk models for AI system
deployment.

System integrators: Engineering teams deploying multi-vendor systems with distributed control
requirements. Reference architecture and failure data reduce integration risk for heterogeneous
deployments.

Research Deliverables

Reference-grade artifacts: Complete system implementation with documentation suitable for
academic analysis and reproduction.

Reproducible failure data: Instrumented test environment with automated failure injection
scenarios and collected telemetry.
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Publishable findings: Experimental results with sufficient detail for peer review and data sets
suitable for publication.

Access to operational system: Working implementation bridging theoretical distributed systems
research and practical AI deployment constraints.

Optional co-authorship: Collaboration on publications where SEI researchers contribute to
experimental design, analysis, or interpretation.
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