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KVCache Quant. Background
❑ KVCache properties

➢ Shape: [batchSize, layerNum, 2, seqLen, KVHeads, hiddenDim]

➢ Dynamic generation of contextual knowledge

➢ Linearly scale

❑ Related works

➢ KIVI: asymmetric 2bit KV quantization

➢ MiKV: importance driven token-level

Liu, Zirui, et al. "Kivi: A tuning-free asymmetric 2bit quantization for kv cache." arXiv preprint arXiv:2402.02750 (2024).
Yang, June Yong, et al. "No token left behind: Reliable kv cache compression via importance-aware mixed precision quantization." arXiv preprint arXiv:2402.18096 (2024).

Inter-layer & intra-layer coarse grain mixed precision
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KVTuner Motivation KVCache Quant Sensitivity Analysis 

❑ Generalization: key is generally more important than value for model accuracy (perplexity)

➢ 9 models

➢ 9 precision pairs

➢ Lower key precision 

▪ -> perplexity degradation

❑ Intra-layer and inter-layer sensitivities are the inherent model property and independent of 
inputs
➢ Layer-0: K8V2<KV4

➢ Layer-1: K8V2>KV4

Qwen2.5-7B-Instruct, math GSM8K Qwen2.5-7B-Instruct, creative generation AIGC softage

Layer-0: 0.7
Layer-1: 0.6

Layer-0: 1.6
Layer-1: 0.4

Layer-0: 1.6
Layer-1: 0.8
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KVTuner Observation Empirical and Theoretical Analysis

❑ Sensitivities strongly correlate with attention patterns

➢ Key errors may lead to attention distribution shift

➢ Sparse/concentrated v.s. random/retrieval

➢ Noticeable model-wise and layer-wise difference

Llama-3.1-8B-Instruct Qwen2.5-7B-Instruct

Llama-3.1-8B-Instruct

Qwen2.5-7B-Instruct
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KVTuner Method 

❑ Two-stage search space pruning
➢ Efficient sampling 

❑ Offline multi-objective KVCache quant. precision tuning
✓ Automatically adapt to different models and constraints

✓ Zero online overhead with calibrated config.

❑ Gain

✓ Nearly lossless 3.25bit KVCache quant. on math./scientific 
datasets

✓ 21% throughput improvement on GQA models

Paper Code

❑ Intra-layer and inter-layer coarse-grain KVCache mixed precision quantization tuner

➢ KV sensitivity theoretical analysis driven & hardware friendly 

➢ Generalize to different quant. modes and inference frameworks

3.4 × 1030 → 15625
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KVTuner Experimental Results
❑ Accuracy and performance gain

➢ Nearly lossless 3.25bit KVCache quant. on math./scientific datasets

➢ Nearly lossless 4bit KVCache quant. on the sensitive Qwen2.5-7B-Instruct 

▪ Uniform per-token-asym KV4 and KIVI-4 lead to >67% accuracy loss 

➢ 21% throughput improvement on GQA models

➢ Simple per-token-asym matches the accuracy level of complex KIVI

KVTuner 3.25bit memory compression and throughput gain

Generalization: nearly lossless long context generation with <4bit KV


