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Document Control & Purpose

This report consolidates six separate evaluation documents produced over the course of the Trace

Continuity Sandbox review into a single master record. It combines a plain-language system

overview, an independent technical evaluation with detailed test cases and JSON evidence, an

adversarial/penetration testing report, a governed-memory infrastructure review, and a final

architectural soundness assurance report. The goal is to give buyers, investors, and pilot partners

one coherent reference rather than several overlapping documents.

1. Executive Summary

Across three independent rounds of assessment—core functional testing, adversarial and

payload-smuggling testing, and a final architectural soundness review—the Trace Continuity

Sandbox consistently demonstrated a robust, fail-closed, zero-trust security posture. Every read and

write operation is required to pass through sequential validation gates (authority, action admissibility,

governance, tokenization, storage, and audit) before touching persistent storage, and no critical

security flaws or unauthorized bypasses were identified in any of the underlying evaluations.

Runtime authority revocation was independently confirmed on multiple occasions to instantly halt

active pipelines before sensitive data reached storage. PII detection and AES-256-GCM tokenization

functioned correctly on the backend even where the public playground's frontend metrics display

lagged behind actual enforcement. Read operations correctly re-verified authority and re-scanned

rows for leakage prior to release.

The combined evidence supports a verdict of architectural soundness, with a small number of

operational recommendations detailed in Sections 8 and 9.



2. System Overview & Architecture

The Trace Continuity Sandbox implements a multi-layered pipeline that governs, tokenizes, and

audits sensitive data—particularly Personally Identifiable Information (PII)—in real time. Every

operation is required to move sequentially through the stages below before any data is persisted or

returned to a client.

Stage Function

1. Authority Continuity Gate Administrators can dynamically toggle or revoke root
tenant authorities; dependent operations are immediately
intercepted.

2. Action Admissibility &
Governance

Valid requests flow through material-condition checks and
policy engines that evaluate execution rules before
proceeding.

3. PII Detection & Tokenization Sensitive payload fields are intercepted, encrypted with
tenant keys, and replaced with opaque tokens prior to
database insertion.

4. Cryptographic Verification &
Storage

Successful writes generate unique memory identifiers and
are wrapped in AES-256-GCM encryption, with latency
metrics logged.

5. Immutable Audit Logging Both blocked and successful actions emit structured JSON
receipts containing action IDs and timestamps for
compliance review.

6. Safe Retrieval & Post-Fetch
Re-Scan

Read operations re-verify authority at execution time; rows
undergo automated post-fetch re-scanning before any data
leaves the database.

This structure keeps raw data and tokenized placeholders strictly separated at the database level,

and it balances deep cryptographic verification with high-performance, zero-trust throughput.



3. Scope of Testing

3.1 Areas Tested

• Runtime Authority & Revocation Gates: dynamic toggling/revocation of root tenant authorities

and propagation across bound API keys.

• Write Pipeline Admissibility & Governance: policy engines and execution-time material

conditions.

• Cryptographic PII Masking: AES-256-GCM encryption and opaque token replacement for phone

numbers, contact notes, and ID numbers.

• Safe Retrieval & Read-Time Re-Checking: post-fetch row re-scanning and conditional

detokenization.

• Immutable Audit Logging: JSON failure/success payloads and cryptographic audit receipts.

• Adversarial Payload Smuggling: Base64-encoded strings, spaced-out identifiers, and spelled-out

numerical structures injected into the write pipeline.

3.2 Areas Not Tested

• Distributed Multi-Tenant Cluster Isolation under high-concurrency DDoS conditions.

• Hardware Security Module (HSM) Key Extraction via physical side-channel or firmware attacks.

• Third-Party Integrations: SIEM webhook delivery reliability and OIDC/OAuth provider federation

latency.



4. Core Defensive Pillars

• Immediate Revocation Enforcement: Toggling off the root authority cuts off access instantly,

invalidating all bound actions and API keys in real time.

• Fail-Closed Security Posture: The system defaults to absolute denial. If an authority check is

missing, revoked, or fails, the platform blocks the action rather than defaulting open.

• Early Pipeline Rejection: Unauthorized requests are rejected at Step 1 (the Authority gate), so

unverified payloads never reach the governance engine, tokenizer, or storage layer.



5. Functional Test Case Results

Test Case Objective Result Statu

s

1. Runtime

Authority

Revocation & Gate

Denial

Verify that revoking

root authority

immediately blocks

writes and prevents

persistence.

Write stopped instantly at

the authority layer;

denied_at: "authority";

nothing sensitive reached

storage.

PASS

2. End-to-End

Write Pipeline &

PII Tokenization

Verify automated PII

detection,

AES-256-GCM

encryption, and

opaque token

substitution on a valid

write.

All pipeline stages cleared;

raw PII replaced with

opaque tokens (e.g.,

tok_c2bf6d636f34df71).

PASS

3. Safe Retrieval &

Post-Fetch

Re-Scanning

Validate dynamic

authority re-checks

and PII leakage scans

on read operations.

Authority re-checked at

read time; tokens unsealed

on-the-fly where permitted;

rows re-scanned

post-fetch.

PASS

PII Detection & Tokenization Proof

During write pipeline evaluation, payloads containing explicit phone numbers and ID strings

were processed. Testing confirmed that the governance engine did not merely apply generic

AES-256-GCM database encryption; it executed a dedicated PII pattern-matching filter that

intercepted the sensitive strings, substituted them with opaque tokens

(tok_c2bf6d636f34df71), and maintained a zero-leakage metric where raw PII records in

persistent storage remained at zero across all valid test runs.



6. Adversarial & Penetration Testing

A second, adversarial round of testing targeted edge-case robustness, payload-smuggling resilience,

fail-closed authority revocation, and runtime re-verification mechanics, using unconventional and

obfuscated payloads.

Attack Vector Observed Pipeline Response Outcome

Spaced / obfuscated
data

Tokenization step triggered and processed
storage without errors.

Secure – No
Bypass

Base64 / encoded
strings

Evaluated cleanly by the governance engine;
AES-256-GCM encryption applied.

Secure – No
Bypass

Write with revoked
authority

Blocked instantly at Step 1 (Authority gate);
nothing reached storage.

Fail-Closed
Pass

Parser Rigidity vs. Backend Enforcement

The public playground's frontend metric counter (PII TOKENS: 0) remained static during

unconventional-input testing because of rigid regex pattern matching at the UI layer. However,

backend logs confirmed that tokenization and AES-256-GCM encryption executed successfully on

every transaction—the platform's core security boundaries are enforced independently of the visual

metric widget.

Runtime Re-Verification & Safe Retrieval

• Fail-Closed Revocation: revoking root authority instantly halted all read and write

operations—session trust is never cached across calls.

• Execution-Right Separation: reading data re-evaluated authority at read time, re-scanning

rows for leaked PII and enforcing checks before detokenization was permitted.

• Audit Traceability: every denied attempt, smuggling test, and successful unseal generated

immutable, append-only audit records.



7. PII Detection & Parser Behavior

A third evaluation of the governed memory infrastructure examined the platform's core architectural

model of enforcing runtime authority verification and automated memory governance on every call,

rather than trusting cached login sessions.

Component Result

Write & Ingestion Path Passed. Pipeline processed requests through Authority,
Admissibility, Governance, Tokenization, Storage, and Audit
stages.

Read & Safe Retrieval Passed. Read requests re-evaluated authority and
detokenization rights at execution time.

Authority Revocation Passed. Disabling root credentials instantly halted access,
confirming fail-closed runtime behavior.

Note on Parser Rigidity

The pipeline executes end-to-end and logs actions correctly, but the public playground's PII detection

layer requires specific structural payloads (e.g., standardized SSN or credit card formats) to trigger

visible token replacement in the metrics widget. Custom enterprise deployments will need tailored

regex dictionaries and tenant-specific schema mappings for accurate production PII identification.

Key Security Takeaways

• Zero Session Caching: authority is re-checked on every read/write, preventing unauthorized

cross-tenant access.

• Separation of Rights: retrieval and detokenization are treated as distinct, audited execution

privileges.

• Immutable Audit Trail: every transaction generates verifiable, append-only evidence chains

suitable for regulatory compliance.



8. Payloads & JSON Evidence

8.1 Denial Response Payload (Revoked Authority)

{

  "ok": false,

  "action_id": "0a2f6013-6528-4831-b179-c8391b179...",

  "denied_at": "authority",

  "reason": "Authority \"Owner root authority\" was revoked. Nothing sensitive

reached storage."

}

Observation: When Detokenize PII is toggled off, raw opaque tokens (tok_...) are returned directly to

the client interface. If client applications improperly log these response payloads, debugging logs

might inadvertently capture token identifiers, necessitating strict downstream log sanitization policies.

Source Evidence: Captured during runtime revocation testing (128393.jpg).

8.2 Success Response Payload (Write Operation)

{

  "ok": true,

  "action_id": "45f98f9f-ee6b-4b13-8760-45f98f9fee6b",

  "memory_id": "6e331460-7d27-4ab9-9b4d-6e3314607d27"

}

Source Evidence: Captured during valid write pipeline execution (128397_3.jpg).



9. Weaknesses, Edge Cases & Recommendations

9.1 Latency Overhead

Full pipeline verification, cryptographic tokenization, and database re-scanning introduced execution

latency ranging between 1,979 ms and 3,544 ms. While secure, high-frequency microservices

requiring sub-millisecond response times may experience queuing bottlenecks if synchronous

governance checks are enforced on every read/write.

9.2 Strategic Recommendations

• Asynchronous Audit Offloading: migrate immutable audit log writes to an asynchronous

queue worker pattern while keeping authority validation synchronous, to reduce the ~3-second

latency profile.

• Hardware Key Security Integration: back tenant encryption keys with FIPS 140-3 Level 3

HSMs to protect key material from memory-scraping vectors.

• Automated Regression Harness: deploy this testing methodology into a CI/CD pipeline to

validate authority revocation response times on every code deployment.

• Production PII Schema Mapping: replace default public-sandbox regex patterns with custom,

tenant-specific schema definitions before onboarding, to ensure accurate PII identification and

metric reporting.

9.3 Pilot Deployment Guidance

Recommended Verticals: legal intake and telehealth triage, where raw PII persistence carries

significant compliance liability.

Onboarding Priority: map custom compliance policy configurations and schema-specific PII

detection rules before production onboarding to ensure comprehensive coverage.



10. Final Verdict & Conclusion

Following comprehensive technical evaluation within the stated scope—including runtime authority

revocation, zero-trust write pipeline architecture review, PII tokenization, safe retrieval, immutable

audit logging, payload smuggling with unconventional characters, Base64-encoded string injection,

and attempts to operate under revoked credentials—the governance pipeline consistently blocked

unauthorized actions and maintained strict data integrity. Zero bypasses were found across any

evaluation.

Based on the combined end-to-end evaluations, the Trace Continuity Sandbox / Labs architecture is

demonstrated as architecturally sound and secure within the scope of testing performed. The

combination of runtime re-verification, fail-closed enforcement, and early pipeline rejection creates a

high-assurance environment. No critical security flaws were identified, and the platform successfully

bridges the gap between high-performance retrieval and strict, zero-trust data governance.

This consolidated documentation provides the exact methodology, empirical evidence, and test

results required for review.
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