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LLMs for Data Processing

Example: game reviews dataset Text Dataset Top-of-the-line LLM Answer Other examples

e Extract name of
police officers with
misconduct from
court cases

(e.g., GPT4o, Claude Sonnet)

Elden Ring is a monumental
achievement in open-world ...

Stardew Valley is the ultimate
cozy game, much better than
Animal Crossing ...

* Find legal contracts
thatrelyon a
particular law

Prom r pr ing:
ompt for processing: does @ User wants outputs from accurate top-of-the-

the review ment10:7 gnother line (e.g., gpt-40) LLM but it’s too expensive
game more positively?
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Low-Cost LLM-Powered Data Processing

Text Dataset

Large expensive LLM
(e.g., GPT4o, Claude
Sonnet)

Small cheap &
LLM (e.g.,
GPT40-mini,
Claude Haiku)

Answer

User wants outputs from accurate top-of-the-
line (e.g., gpt-40) LLM but it’s too expensive

We can use cheap potentially inaccurate

LLM (e.g., gpt-40-mini ) aslong as we

provide guarantee most outputs are the
same as the top-of-the-line LLM
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Low-Cost Pipelines Through Model Cascade

Text Dataset

Model Cascade Pipeline

accurate

Called oracle

cheap Q

Called proxy

YA

Answer

Process all records while minimizing number
of times we use the oracle and guaranteeing
output matches oracle’s on at Ieast %lof
documentslvwlth h_gh_grobablllt

8Ul Users prowdes a 153 User- prowded

failure probability [l quality target

Cost of proxy is

negligible
compared to oracle
(in practice an
order of magnitude

We consider the
oracle answer as
the correct answer

difference)

A common framework to decide when to
use which model is model cascade
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Mode Cascade Framework

Text Dataset

* Numbersin [0, 1] quantifying proxy model’s
confidence in its answers

* Obtain through proxy inference (e.g., LLM

proxy log-probabilities)

Calculate

Cascade SCores * Useful if generally correlated with accuracy
threshold
Use oracle| Use proxy Cascade Threshold Problem
< = Records sorted _ L.
T > on proxy scores Determine a threshold to minimize
K, \ number of times we use the oracle
Select as cascade @ Sample and check if proxy is while guaranteein output matches
threshold correct or wrong using oracle & &

./ q, 'F I VA oracle’s on at least T% of documents
0| | ! | | 1 with high probability
N0 nNo yes yes yes Nno  no e>
(® Estimate if different potential
thresholds meet quality target
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Overview of Existing Approaches

Cascade
threshold
B—EI-I:I-I:I—I:I—I:I-I:I—EH:I-I:I—I:I—EI-EI—EI-E%
R\
Select as cascade J@ Sample and check if proxy is
threshold correct or wrong using oracle

/
i ' & r
1\ oy B Bt i e
no no yes  yes  yes no ﬂoe7
(® Estimate if different potential

thresholds meet quality target

Existing method designed to
solve variations of the problem Method

Naive applicationof =~ , — Naive
statistical tools PRISM

1: Kang et al VLDB 2020

Weak guarantees
fail to meet target
in practice

Lead to little
cost saving
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PRISM

Dataset

Cascade
threshold

PRSIM determines a cascade threshold to
save cost while providing theoretical
guarantees on meeting the accuracy

target

Takes data and task characteristics into
account to provide high-utility
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Cascade

PR'SM Ove rVieW threshold

Use oracle| Use proxy

1

v
Selection with (D Adaptive Sampling
Tight Analysis

I/ | .I ' AN

1 il ) N A A el RS ¢
no no yes yes yes no mep
@ Estimation through Hypothesis Testing

@15 Adaptive samolin f{ Estimation through @ Tight Analysis of
F@! . PEnE Hypothesis Testing -~ Threshold Selection

* Analysis of probability of not

* lteratively samples e Uses recent statistical tools _
records  Improves accuracy when meeting the target o

« Considers label variance is low * Takes data characteristics into
distribution and the account
accuracy target
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PRISM Algorithm

User-specified accuracy target 0.8 \\8

Accuracy

Samples
T Sl
taken
1.0 1
Estimate

0.6 | after
041 sampling
0.2 1
0.0 1 N

0.0 0.2 0.4 0.6 0.8 1.0

Cascade Threshold
OO oo-00> Entire Dataset
Threshold under
consideration
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PRISM Algorithm

Samples
0 i taken
U ified target Ho1 .
ser-specijieda accuracy targe \8
>
& 0.61
3
g 04
0.2+
0.01 .
0.0 0.2 0.4 0.6 0.8 1.0
Cascade Threshold
__________ = o OO0 a0 Entire Dataset
Threshold under
consideration
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PRISM Algorithm

Samples
0 i taken
U ified target «_ | 7
ser-specijieda accuracy targe \\8
>
§ 0.6 1
o
£ 0.4
0.2 1
0.0 .
0.0 0.2 0.4 0.6 0.8 1.0
Cascade Threshold
= = = _____ = o OO oo-00-> Entire Dataset
Threshold under
consideration
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PRISM Algorithm

Samples
0 i taken
U ified target 0] v
ser-specijieda accuracy targe \\8
>
§ 0.6 1
o
£ 0.4
0.2 1
0.0 .
0.0 0.2 0.4 0.6 0.8 1.0
Cascade Threshold
= = = = o OO THI-O0-> Entire Dataset
Threshold under
consideration
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PRISM Algorithm

Samples
0 i taken
U ified target =07
ser-specijieda accuracy targe \\8
>
& 0.61
3
£ 0.4
0.2 1
0.0‘ N
0.0 0.2 0.4 0.6 0.8 1.0
Cascade Threshold
= = = _____ = o OO0 oo-00-> Entire Dataset
Threshold
under
consideration
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PRISM Algorithm

Samples
gl ede e o o
! taken

O

N

1.0 1
User-specified accuracy target \\8

>
& 0.6
3
g 04
0.2 1
0.0 .
0.0 0.2 0.4 0.6 0.8 1.0
Cascade Threshold
= = = N S L ToO-00->
I e e o
Cascade ™ g
Threshold Process
with proxy
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Further Details

0

PRISM also provides guarantees if
the user is interested in precision or
recall instead of accuracy

Estimation through @ Tight Analysis of
° Hypothesis Testing <~ Threshold Selection

1.0 1

0.8 1

0.6 1

Accuracy

0.4 1

0.2 1

0.0 1
0.0 0.2 0.4 0.6 0.8 1.0
Cascade Threshold

W
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Further Details

Samples taken
: i et ol oo
0 : by PRISM

Samples taken by
B 5 S v S T G A S v £
0 " Naive and SUPG

Wasted samples
6 . . Estimation through Tight Analysis of
( i Adaptive samplin
gyi . BnE é Hypothesis Testing @ Threshold Selection

© ©
Naive (X ) (x ] o

PRISM

SUPG

0«
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Results

* Accuracy target: 90%
* Probability of failure: 10%

Text Datasets
Oracle: GPT-40
Proxy: GPT-40-mini

A

»
»

Numbers show fraction of
Reviews Court Opinion Screenplay Wiki Talk

Weak data processed by proxy
guarantees (+/- shows percentage
strong improvement over SUPG)
guarantees J l
Dataset: Game reviews Dataset: Wikipedia Edits
Prompt: Does the game Prompt: Does the edit revert
review mention another a previous edit?

game more positively?
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Results Across Accuracy Targets

Similar gains
when given
precision and
recall

% of Oracle Calls Avoided

—&— PRISM —e— SUPG

(a) Reviews

0.4 1

0.2 1

0.75

080 0.85  0.90

Accuracy Target

0.95

—&— Naive

(b) Wiki Talk

0.6 -

0.4 1

0.2 1

0.0 1

®

0.75

0.80  0.85  0.90
Accuracy Target

0.95
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Summary

* PRISM helps reduce costs while processing text data with LLMs
» Uses cheaper models as much as possible for the specific dataset and query
* On average 86% lower cost, 118% higher recall and 19% higher precision over state-of-the-art

* Provides theoretical guarantees to avoid performance regression when using small
models
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Thanks! Q&A
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PRISM Algorithm

Ground-Truth Accuracy of

1.0 v Proxy at different thresholds
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Accuracy

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Cascade Threshold

__________ = — —Oo0——————————— OO

0 1

»
»

Processed by proxy
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