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Overview

We designed FlockMTL for query processing on multi-modal data. Exist-

ing approaches face several challenges:

1. Implementations are ad hoc with many low-level decisions.

2. Reliance on loosely coupled systems and hand-written orchestrators.

Resource Independence

Example creating a MODEL and a PROMPT:

MODELs and PROMPTs as first-class SQL schema objects.
Run CRUD operations on the resources versioned.

Scalar Semantic Operations

Example using scalar functions with text and images:

(a) Filtering by relevance to join algos. (b) Identify product items from images.

Function Description

llm_complete generates text or structured output from an input tuple or an image.

llm_filter returns True/False for a given tuple or an image.

llm_embedding generates an embedding vector from an input text value.

fusion fuses N normalized scores, e.g., using rrf / combanz / combmed / etc.

Unlocking Hybrid Search → RAG

Example using data fusion to unlock hybrid search:

Aggregate Semantic Operations

Example using aggregate functions summarizing research themes:

Function Description

llm_reduce generates text or structured output frommultiple input tuples or images.

llm_rerank ranks input tuples based on relevance.

llm_first/last returns the most or least relevant tuple from multiple input tuples.

→ With CTEs, these functions allow interleaving analytics with LLM pre-

dictions, supporting semantic operations, e.g., filtering, hybrid search, ex-

traction, and ranking. A use case of interest is market intelligence.

Built-in Optimizations

Showcase three optimizations: (i) Meta-prompting; (ii) Batching; and (iii)

Async execution. Also explored deduplication and caching.

Meta-prompting: Base prompt templated with the user prompt to

reduce variability and improve LLM accuracy.

USER_PROMPT

cl assi f y as ' exper i ment al '  or  ' t heor et i cal '

FI NAL PROMPT

You ar e a semant i c anal ysi s t ool  f or  
DBMS.  The t ool  wi l l  anal yze each r ow 
i n t he pr ovi ded dat a and r espond t o 
user  r equest s based on t hi s cont ext

# I NSTRUCTI ONS:

{ { FLOCKMTL_I NSTRUCTI ONS} }
{ { USER_I NSTRUCTI ONS} }

# OUTPUT FORMAT:

{ { OUTPUT_FORMAT} }

### I NPUT QUERY:

{ { I NPUT_QUERY} }

### I NPUT DATA:

{ { I NPUT_DATA} }

I NPUT_DATA

|  Resear ch Paper  Text  |
| - - - - - - - - - - - - - - - - - - - - - |
|  <cont ent  -  1st  r ow> |
|  <cont ent  -  2nd r ow> |
|          . . .          |                              
|  <cont ent  -  nt h r ow> |

Funct i on Type

SCALAR_FUNCTI ON

FLOCKMTL_I NSTRUCTI ONS

-  The r esponse shoul d be di r ect l y r el evant  
t o each r ow wi t hout  addi t i onal  f or mat t i ng,  
pur el y answer i ng t he pr ompt  t r eat i ng each 
r ow as a separ at e i nput .
-  Use cl ear ,  cont ext - r el evant  l anguage t o 
gener at e a meani ngf ul  and conci se answer  
f or  each r ow.

Funct i on Name

LLM_COMPLETE

OUTPUT_FORMAT

The syst em shoul d pr ocess each i nput  r ow 
and pr ovi de a r esponse t o t he USER_PROMPT 
f or  each i n pl ai n t ext .  The expect ed 
r esponse shoul d be i n JSON as f ol l ows:

` ` ` j son
{        
    " r ows" :  [
        " <r esponse 1>" ,
        " <r esponse 2>" ,
             . . .
        " <r esponse n>"
    ]
}
` ` `

I nput  Dat a

DATA_CHUNKS

USER_I NSTRUCTI ONS

-  ONLY ANSWER WI TH exper i ment al  OR t heor et i cal

RELEVANT_ATTRI BUTES

r el evant _paper s RP ' [ cont ent ] '

used to construct input data

System specified User specified

Batching: Groups dynamically multiple input rows for an LLM

prediction. Done per input data vector to a Projection operator to

reduce latency, token usage and model API calls.

Async: Send async prediction requests for batches of the data vector to

a Projection operator instead of synchronously.

For the setup with 4 threads and batch size 32:

Sync + batching: 196.04s for 1k tuples.

Async + batching: 16s for 6k tuples; 6s for 3k tuples.

Sync without batching: over 100× slower, often timing out.
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