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Executive Abstract: Enterprise adoption of Generative Al and autonomous LLM agents has exposed a fatal vulnerability: model
intelligence is strictly bounded by underlying data hygiene. According to empirical 2025-2026 industry benchmarks, 84% of corporate
GenAl pilots fail in production not due to algorithmic limitations, but because of dirty relational schemas, missing column lineage,
uncontrolled PIl leakage, and RAG semantic hallucination. This whitepaper presents an end-to-end architectural framework for
establishing autonomous, real-time Data Governance (DG) within modern Al application stacks without introducing prohibitive
engineering overhead.

1. The Trilemma of Enterprise Al: Lineage, Context, and Compliance

When production LLMs interface directly with enterprise relational databases (Text-to-SQL, NLQ) or vector stores (RAG), traditional
periodic data governance fails. Al agents make decisions in milliseconds, requiring an active metadata layer that operates in real
time.

Failure Vector Traditional DG Assumption Generative Al Reality KaoinAl Architectural Solution

Semantic Hallucination Analysts manually write SQL LLM invents non-existent joins/keys Active Semantic Knowledge Graph

PII Vector Poisoning Data masked at reporting layer Raw customer PIl embedded in vectors Pre-Embedding SHA-256 Dynamic Filter
Silent Data Drift Batch ETL reports on failures Agent makes bad decisions on stale rec@db-second CDC Anomaly Ingestion
Lineage Opacity Yearly audit documentation Regulatory demand for exact prompt-to-&etereninistic SQL Graph Decomposition

2. Zero-Data-Retention Architecture for LLM Integration

A primary blocker for enterprise and SME Al adoption is cross-border regulatory exposure under the Singapore Personal Data
Protection Act (PDPA), MAS Technology Risk Management (TRM) Guidelines, and EU GDPR. Sending proprietary enterprise
databases to public Al model providers constitutes an unauthorized data transmission breach.

* Metadata-Only Processing Boundary: KaoinAl never transmits actual customer records, balance sheets, or medical
histories to external LLMs. Only abstracted schema semantics (DDL, column types, statistical distributions, and obfuscated
foreign keys) enter the prompt context.

« Dynamic Client-Side Execution Layer: Generated SQL analytical queries are piped back and executed exclusively within the
client's private database boundary (RDS, Snowflake, BigQuery, or on-premises PostgreSQL).

« Cryptographic Ephemerality: In-memory cached schema definitions are encrypted using AES-256 with client-managed KMS
keys. Zero customer data is persisted on KaoinAl ingestion relays.

3. 5-Phase Implementation Blueprint for Engineering Teams
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1. Automated Discovery: Connect source databases via read-only credentials. KaoinAl indexes catalogs and builds automated
ERDs in under 15 minutes.

2. Autonomous PIlI Sanitation: Continuous regex + entropy classifier tags Singapore NRIC, FIN, phone numbers, and
payment PANSs, deploying dynamic SHA-256 masking views.

3. Semantic Grounding Calibration: Synthesize business vocabulary and entity definitions, mapping colloquial terms (e.qg.,
'Active Churn’) to verified SQL predicates.

4. RAG Context Boundary Enforcement: Filter retriever outputs through RBAC permissions before context injection into agent
prompts.

5. Autonomous Audit Logging: Every agent-executed query logs source table lineage, confidence scores, and compliance
tags into an immutable audit mart.
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