Supplementary Material for GAAR Submission
This supplementary document consolidates supporting implementation, benchmark, resource, residual-error, and operational-readiness details referenced by the main manuscript. The accompanying ZIP replication archive contains seed-level aggregate outputs and scripts.
S1. Minimum replication package contents
Supplementary Table S1. Minimum replication package requirements
	Artifact
	Purpose

	Benchmark generator code
	Regenerate synthetic documents, roles, policies, tools, and episodes.

	Policy templates and entitlement matrices
	Recreate deterministic governance labels.

	Baseline prompt/adaptation notes
	Reproduce standard RAG, tool-agent, agentic RAG, postprocessor, and rule-middleware variants.

	Evaluation scripts
	Recompute faithfulness, Precision@5, policy violation, unsafe tool calls, audit compliance, and latency summaries.

	Seed configuration and per-run outputs
	Recompute directional consistency and confidence intervals.

	Infrastructure manifest
	Document LLM, embedding model, vector index, OS, hardware, workers, cache, and queue settings.


S2. Benchmark generator controls
Supplementary Table S2. Synthetic benchmark generator controls
	Control dimension
	Implementation detail
	Reviewer purpose

	Evidence quality
	Fresh, stale, unsupported, conflicting, and inaccessible evidence cases
	Tests relevance versus approved support

	Authority validity
	Role-resource-tool entitlement matrix with invalid-owner cases
	Tests unauthorized tool blocking

	Risk distribution
	Workflow thresholds with 21.7% high-risk prevalence
	Tests escalation behavior

	Audit labeling
	Required artifacts defined before replay
	Tests reconstructability

	Leakage control
	Time-based split and identical episode stream
	Reduces overfitting and replay noise


S3. Performance optimization strategies
Supplementary Table S3. GAAR optimization strategies
	Optimization
	Mechanism
	Expected effect

	Policy caching
	Cache policies by workflow, task type, role, and resource
	Reduces repeated lookup cost

	Parallel verification
	Run evidence, authority, privacy, and audit checks concurrently
	Reduces critical-path latency

	Asynchronous audit writes
	Persist low-risk trace details outside user-facing path
	Improves perceived latency

	Risk-adaptive control depth
	Use lightweight checks for low-risk and full checks for high-risk tasks
	Balances cost and assurance

	Batch verification
	Group similar decision objects for high-volume workflows
	Improves replay throughput


S4. Resource profile and residual error taxonomy
Supplementary Table S4. Resource utilization profile
	Configuration
	CPU overhead
	Memory overhead
	Cache hit rate
	Audit storage / 1K episodes

	Agentic RAG
	Baseline
	Baseline
	N/A
	18 MB

	GAAR without cache
	+21%
	+12%
	0%
	34 MB

	GAAR with cache
	+13%
	+14%
	83%
	34 MB

	Parallel GAAR
	+16%
	+18%
	83%
	34 MB

	Parallel GAAR + compressed trace
	+17%
	+19%
	84%
	24 MB


Supplementary Table S5. Error distribution among remaining GAAR failures
	Error category
	Share
	Primary source
	Mitigation

	Ambiguous role ownership
	28%
	Role names or delegated authority not uniquely mapped
	Improve entitlement registry

	Stale policy source
	22%
	Policy version conflict
	Enforce version-aware policy gate

	Sparse evidence retrieval
	19%
	Short or incomplete context
	Use query decomposition

	Over-escalation
	16%
	Conservative thresholds
	Calibrate by workflow

	Audit-link mismatch
	15%
	Missing relation between action, source, approval
	Validate trace graph


S5. Operational readiness checklist
Supplementary Table S6. Operational readiness checklist
	Capability
	Acceptance criterion
	Verification artifact

	Knowledge corpus management
	Version-controlled, ownership-assigned repository
	Document inventory and version history

	Policy governance layer
	Machine-executable policies and compliance constraints
	Policy catalog and rule definitions

	Tool registry
	Purpose, schema, permission, sensitivity, logging metadata
	Tool catalog and entitlement map

	Human oversight framework
	Designated approvers for high-risk actions
	Escalation matrix

	Audit and traceability controls
	Complete decision, evidence, approval, action lineage
	Audit logs and trace graphs

	Monitoring and assurance
	Drift, override, latency, control-performance tracking
	Dashboards and KPI reports




