
Harmonizing Data Systems, LLMs, and Vectors :)
Data-Intensive Applications and Systems Laboratory

Our End Goal: HW-Optimized System Supporting Hybrid Relational/Vector/Semantic Queries 

LLM Inference System = Data System

Data management is crucial (~20% GPU hour saving in 
LLM inference by doing better KV cache replacement)

Agentic LLM Pipeline for Translating NL to SQL

← Verifying candidate SQLs
is more critical than

candidate generation 

Bulk LLM Calls for Semantic Operators Why Not Vector Joins for Batch Query Proc.?

Saving # LLM calls by ~99%, and 50% on average Work sharing/offloading: ~33x speedup, ~43% higher recall 

In-memory Similarity Caching for Disk-based Vector Search

DB-agnostic caching delivers 40-1000x lower query latencies on cache hits

Newest-Request First Eviction 
(NRF, Traditional)

Shortest-Request First Eviction 
(SRF, Ours)

NL query

Offline Online

↑ Agentic pipeline
(every step uses LLM)

Prob. of correct SQL in the candidate pool

90% for k=500
(performance upper bound)

Only 70% for k=1
(in actual pipeline)

NL Filter Predicate:
“Does this paper explain database 

query optimization?”

Can also define NL join predicate, 
group by, projection, …

LLM
Yes/No

Naïve Approach:
Call LLM every time!!!

SOTA & Our Approach:
Use a proxy, only fallback to LLM for uncertain ones!
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IndexNestedLoopJoin(X, Y, θ)
For each query x in X:

Y.IndexSearch(x, θ)

Data Index

Work Sharing

Cache query results,

reuse for similar queries

Work Offloading
= HashTableBuild

xSearch 
seed

Offload search to offline phase

In-memory 
mini-index

Lots of open challenges to solve!!!
- One-size-fits-all solution for filtered vector search
- Declarative control of accuracy-efficiency trade-off
- Query optimization of vector/semantic queries
- LLM for query optimization and direct plan writing

Under large & complex data, queries (100’s ops), 
and HW configurations


