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Quantization-Aware Training (QAT)

Quantization operator
(discontinuous) Does NOT exist

Straight-Through Estimation (STE)Image: https://www.researchgate.net/figure/Projection-steps-
with-straight-through-estimator-approximation_fig3_371594378
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Optimality Condition for QAT



Minimize 
Quantization Error

Minimize Loss
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A Multi-Objective View of QAT

Pareto-optimal state



Quantizer Q (e.g., QuEST INT)

Optimizer (e.g., AdamW)

OptimizerUpdate

CAGE is optimizer agnostic!

CAGE is quantizer agnostic!

CAGE Framework Overview

near-cost-free correction term
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Coupled vs Decoupled CAGE

Optimizer (e.g., AdamW)

OptimizerUpdate

P
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near-cost-free correction term

Quantizer Q (e.g., QuEST INT)
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The Role of the Silence Period

Optimizer (e.g., AdamW)

OptimizerUpdate

Silence period Silence period

Silence period

Quantizer Q (e.g., QuEST INT)
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Validation Loss Scaling

CAGE-trained models with 3-bits weights and activations (W3A3) offer lower loss than 4-bit 
(W4A4) models trained with the prior best method (QuEST)



9

Scaling Laws and Parameter Efficiency

CAGE INT3

QuEST INT4
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Theoretical Analysis

Pareto-optimal state



Thank you
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