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The Al Infrastructure Problem

Relational DB
Vector DB (Postgres)
(Pinecone) " 2
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» Correctness lives in surrounding systems, not the model itself.

e Optimistic Al pipelines assume model correctness; failures

surface late and expensively. ,
LLM AP <\

¢ Missing constraints, transactions, and observability leave Al

behavior uncontrolled and risk unclear. T Audit Log
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Why Postgres?

The elephant in the room




Why Postgres for Al Workloads

» Postgres acts as the Al control plane, handling deterministic logic and constraints.
* pgvector keeps embeddings inside Postgres with ACID guarantees and standard fe:

* One database unifies text, metadata, retrieval, safety controls, and audit logging.
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Postgres vs Dedicated Vector Databases

Postgres as Al Control Plane Dedicated Vector DB Tradeoffs
» Vector, full-text, and relational queries in one database transaction ¢ Often require separate systems for auth, me
search
» ACID transactions, backups, replication, audit logging, and row-level
security included * No built-in SQL joins, transactions, or relatio
» Single stack for text data, embeddings, metadata, and monitoring » Better fit only when you need billions of vect
state service
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Postgres Al Primitives

e pgvector: vector similarity search and high-dimensional embedding storage inside Post;
e pg_trgm: trigram-based fuzzy matching for typo-tolerant, lexical-aware search.

e Built-in full-text search: tsvectorftsquery for lexical retrieval alongside vectors.
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The Architecture

How the pieces fit together
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The Database IS the Control Plane

Postgres is the deterministic control plane; 1
LLM is a constrained, stochastic worker.

The database does everything deterministic; the LLM only
drafts and revises under constraint.

8/23



Schema Design & Security

e SECURITY INVOKER with pinned search_path enforces caller privileges and prevents functi
e REVOKE PUBLIC with least-privilege GRANT lets only the app role run specific functions.

e Append-only audit tables and typed MCP functions ensure immutable logs and validated, no

9/23 >



System Architecture

uploads content

Postgres as Al control plane —
MCP tools, not raw SQL

mgested into
LLM orchestrator drives workflow

End-to-end slide generator: Postgres-centered control plane with
MCP, orchestrator, and renderer.

4
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RAG & MCP

Under the hood
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What is RAG?

RAG: The Student Ar
Without R»‘«G. .
Retrieve before you generate
) AN
Ground answers in your data . >
Hybrid search, not just vectors
RAG retrieves relevant context, augments the prompt, then the LLM
generates grounded answers.
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RAG Inside Postgres

WITH sem AS (
SELECT c.chunk_id id, 1-(c.embedding <=> :qv) s,
ROW_NUMBER() OVER (ORDER BY c.embedding <=> :qv) r
FROM chunk ¢ WHERE c.embedding IS NOT NULL LIMIT 20

), lex AS (
SELECT c.chunk_id id, ts_rank_cd(c.tsv, plainto_tsquery(:q)) s,

ROW_NUMBER() OVER (ORDER BY s DESC) r
FROM chunk c¢ WHERE c.tsv @@ plainto_tsquery(:q) LIMIT 20

)
SELECT coalesce(sem.id, lex.id) chunk_id,
:sw/(:k+coalesce(sem.r,41))+: 1w/ (:k+coalesce(lex.r,41)) rrf

FROM sem FULL OUTER JOIN lex USING (id)
ORDER BY rrf DESC LIMIT 10;

Hybrid query combines pgvector semantic and tsvector lexical search via RRF.

RRF merges rank positions from both arms, avoiding score normalization issues.
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Beyond Vector Search: Two-Stage Retrieval

Stage 1: Hybrid RRF in Postgres Stage 2: Cross-Encoder Rerankir

Hybrid retrieval: pgvector semantic + tsvector lexical in one SQL * Python cross-encoder reranks top-K candid
query, using cosine distance with HNSW and ts_rank_cd with GIN. using cross-encoder/ms-marco-MiniLM-L€E

) ) ) chunk scoring.
RRF combines ranks: 1/(k + semantic_rank) + 1/(k + lexical_rank),

avoiding mixed-score scaling issues. * Cross-encoder jointly attends to query and |

. e . . . delivering higher precision than bi-encoder
Postgres stage is recall-optimized, casting a wide net in under

~20ms. e Latency ~50-100ms for ~50 query—chunk |
with Stage 1 keeps total retrieval under ~10(
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What is MCP?

Open protocol "USB-C" for Al

Typed tools, not raw SQL

Clear safety boundary

MCP connects LLM apps to Postgres tools through a safe, typed
client-server boundary.
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Safe vs Dangerous: MC

DANGEROUS: Raw SQL

LLM generates SQL directly
SQL injection risk
Vs
No schema validation

Unrestricted access

No audit trail



Typed Tools, Not Raw SQL

// # knowledge tools
async function mcp_search_chunks(query: string, topK: number) {}

// # deck orchestration
async function mcp_pick_next_intent(deckId: string) {}

// # validation gates
async function mcp_validate_slide_structure(slideSpec: Json) {}
async function mcp_check_grounding(deckId: string,

slideSpec: Json) {}

// # commit
async function mcp_commit_slide(deckId: string,
slideNo: number,
slideSpec: Json) {}
MCP tools are typed wrappers over Postgres functions, never raw SQL.

Each tool maps to a specific DB function category: search, validate, commit.
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Control & Observability

Making the invisible visible
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Control Gates & Validation

The Gate Chain

GPT-5 Draft

LLM generates slide from retrisved chunks

Retrieval Quality

Did search return anough relevant evidence?

G2 Citation Integrity

Do all cited sources actually exist in the database?

All gates run as 62.5 Semantic Grounding
PL/paSaL functions | Does each bullet ac

ually match its cited chunk?

in| with

failure reasan

Max 3 retries per gate

e 63 Format Validation
Is the slide structurally valid for its type?
Novelty Check = it
ca y

I5 it too similar to slides already in the deck?

G5 Commit
Atomic write + NOTIFY + SSE -+ browser
fr_commit_sfide

Slide appears in browser via SSE In real time
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Observable Al with SQL

SELECT gate_name,
decision,
reason,
COUNT(x) AS occurrences,
ROUND (AVG(score) : :numeric, 3) AS avg_score
FROM gate_log
JOIN generation_run USING (run_id)
WHERE deck_id = $1
GROUP BY gate_name, decision, reason
ORDER BY occurrences DESC;

Aggregate gate outcomes per deck to see which checks fail most often.

Immutable gate_log entries make these observability queries non-repudiable.
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The Demo
Live from PostgreSQL
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What We Built

Browser

reveal.js | live status panel | 55E client

",,-"" FastMCP Server

#“ 12 typed tools_cross-encoder reranker, in-m
LLM cannot bypass this layer

Postgres-first slide generator T
LangGraph Orchestrator 4 PostgreSQL 17
! STATE MACHINE | 9 NODES CONTROL PLANE

E n d —to-en d a Ud ita bl e pi pe I i ne 1 | pick_intent — retrie';e = draft | | | fn_hybrid_search I_pgvectnr HNSW {pg

— validate — ground — commit | G1 G5 Gate Functions (PL/peSQl
~ failed_gates — rewrite — retry | LISTEN / NOTIFY | Views | Conf
i chunk | doc | slide | deck | gate_log |imag

These slides are the demo

s

= = \ N = e
Diagram: docs -> chunks - gates -> slides, all governed and logged % FastAPI Server
inside Postgres. N |t endrr S5 o

M Sslide generation path M Content ingestion path I MCP saf
B LISTEN / NOTIFY (SSE) W External API call
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Key Takeaways

Core Ideas

* Postgres is the Al control plane,
not just long-term storage.

¢ RAG here means retrieval + state
+ gates + provenance.

* MCP tools form the safety
boundary instead of exposing
SQL.

What Postgres Handles

* Hybrid retrieval, safety gates, and
state management all run inside
Postgres.

e Postgres verifies grounding, logs
decisions, and enforces security
boundaries.

¢ The demo shows Postgres
unifying retrieval, safety, and
orchestration.
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Typical Al Stack

6 services, 6 failure modes

Vector Database
Pinecone [ Weaviate / Qdrant
Search Engine
Elasticsearch / OpenSearch
Metadata Database
MongoDB / DynamoDB

Cache Layer
Redis / Memcached

Logging / Observability
Datadog / Langfure { custom

Ingestion Pipeline
Airflow / Lambda / custom ETL

Pain Points
® No ACID across services
® 6 APis to maintain

® Data consistenty is hope-based

Multi-service fragmentation



Thank You & Questions

GitHub: github.com/payals/pg_rag_slide_generator
LinkedIn: linkedin.com/in/payalsingh
Email: payal.singh@netapp.com

Slides: Generated by this very system!
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