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Summary (1/1)

• MSE Optimal Vector Quantizer(PolarQuant)
• optimal distortion rate in terms of mean-squared error(MSE)

• 1-bit Residual Quantization(QJL)
• an unbiased and low-distortion inner product quantizer

• Theoretical Guarantee
• MSE, Inner Product Objectives
• Provably near-optimal within distortion lower bound

-

The Core of TURBOQUANT
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Summary (1/1)
Abstract
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Preliminaries (1/4)
KV-Cache
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Preliminaries (2/4)
KV-Cache Problem & Quantization
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Preliminaries (3/4)
KV-Cache Problem & Quantization
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Preliminaries (4/4)

• TurboQuant is a lossy compression
•minimum distortion + reduce precision

Lossy vs Lossless Compression
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Problem Definition

•Goal: Design a quantization map
                                       Inverse map 

•Objective: minimize distortion

• Computationally efficient quantizers Qmse, Qprod    that achieve optimal 
bounds, for any given bit-width b.

Goal
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Proposed Methods (1/3)

• MSE Optimal Vector Quantizer
• optimal distortion rate in terms of mean-squared error(MSE)

• 1-bit Residual Quantization(QJL)
• an unbiased and low-distortion inner product quantizer

Two-stage Process

Source: Wikipedia, Beta Distribution
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Proposed Methods (2/3)

•Goal: Minimize MSE distortion

• Step1: Random Rotation via QR
- inducing a Beta distribution on each coordinate

• Step 2: Max-Lloyd Scalar Quantization
• Optimal Scalar Quantizer for 
• precompute and store Codebook

- Lloyd-Max centroids are denser where the PDF is tallest (near zero) and sparser in the tails

• Step 3: Inverse Rotation

Distortion Bounds

MSE Optimized TurboQuant

Lower Bound

https://emil.khu.ac.kr/
https://emil.khu.ac.kr/


Efficient Multimodal
Intelligence Lab

12

Efficient Multimodal
Intelligence Lab

12

Proposed Methods (3/3)

• MSE optimized quantizers are biased for inner product
• Goal: an unbiased inner product quantizer
• Step1: apply         w with b-1 bit-width 
• Step2: apply a QJL on the residual error

unbiased

Variance Bound

Distortion Bound

Inner Product TurboQuant

Lower Bound
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Experiments (1/4)
Empirical Validation
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Experiments (2/4)

•Needle-In-A-Haystack

Efficacy in online KV cache quantization
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Experiments (3/4)

• End-to-end Generation on LongBench
• Contents

Efficacy in online KV cache quantization
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Experiments (4/4)

• aa
• Contents

Near Neighbour Search
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Conclusion (1/1)

• Contribution: near-optimal, online(data-obvious) quantization
• 핵심은 2가지 알고리즘(PolarQuant, QJL), 나머지는 수학적 증명
• 시스템, 실사용이 중요

• Rotation, Dequantize overhead
• edge-device나 대형모델에서 가능?
• Video에서 가능?(Generation, Understanding)

• Video KV에서 Rotation으로 인해 분포를 지워버리면, 문제가 발생하나?

Experiments에 대한 비판
• https://vllm.ai/blog/2026-05-11-turboquant#accuracy-results
• https://research.nvidia.com/labs/eai/blogs/kv-cache-compression-and-its-

infra-problems/
• https://arxiv.org/pdf/2604.19528

conclusion
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Future Work (1/1)

•A White Paper on Neural Network Quantization
• TURBOQUANT w/ Video Understanding
• SnapKV: LLM Knows What You are Looking for Before Generation

Further Readings
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