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The Memory Wall of LLM Inference
• Large Memory Requirement

• ~100GB GPU memory v.s. ~1T parameters
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How to hold it?

• Large Memory Footprint
• Load ~1T parameters per decoding/single-token

How to run it efficiently?

Image from scmp.com/yp/discover/your-voice/opinion/article/3072565/elephant-room



Quantization
• Representing data with smaller bit-width

• Affine w/ round and clamp: 𝑋! = 𝑐𝑙𝑎𝑚𝑝(𝑟𝑜𝑢𝑛𝑑 "
#$%&' + 𝑧𝑒𝑟𝑜_𝑝𝑜𝑖𝑛𝑡)

• Bit-width means precision
• Data round to 2()*+,)-*. chunks
• Larger bit-width → #chunks↑ → round-error↓ → precision↑
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What to Quantize?
• Weight only ✘

• ✔ Good for small-batch decoding
• ✘ Insufficient for large-batch decoding , e.g., offline inference
• ✘ Poor for prefill

• Both weight and activation ✔
• ✔ Small-batch decoding
• ✔ Large-batch decoding
• ✔ Prefill-only
• …
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Let’s quantize both weight 
and activation



What Bit-width?
• 8-bit

• Activation: good to preserve accuracy ✔
• Weight: insufficient compression ✘

• 4-bit
• Activation: poor accuracy ✘
• Weight: accuracy not good enough ✘
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Let’s use 8-bit for activation. 
But how about weight?



Insight: Mixed Precision
• Mostly 4-bit, with a small fraction of 8-bit

• E.g., 90% 4-bit + 10% 8-bit = 4.4-bit
• The dimension to mix

• Layer-wise ✘
• Channel-wise, a fixed per-layer fraction ✘
• Channel-wise, global fraction rather than local fraction ✔
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Let’s use channel-wise mix, 
with global fraction



Insight: Mixed Precision
• Output channel-wise: simpler for system dev

7



How to Determine the Mix Config
• Insight: the channel leads to larger end-to-end loss after 

quantization should have larger bit-width
• Turns the problem to how to determine the loss contribution of a 

channel’s quantization
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Metric: the diff of single channel’s loss ➔

Taylor expansion approximation ➔

Fisher Information Matrix approximation ➔

The final equation ➔



More Decisions and the Challenge
• Challenge of group-wise w/ zero-point quant

• 𝑊! − 𝑧 ∗ 𝑆, ∗ [𝐴! ∗ 𝑆%]   ✘
• 𝑊! − 𝑧 ∗ 𝑆, becomes fp16/bf16, and cannot leverage int8 Tensor 

Core

• Solution: two-step dequantization
• Per-group 𝑾𝒒 − 𝒛 ∗ 𝑨𝒒 ∗ 𝑆, ∗ 𝑆%
• Tensor Core  ->  dtype cast  ->  multiplication
• 𝑊! − 𝑧  are uint4 sub, and result is within the range of int8, safe
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Int to Float Can Be Slow
• Can represent the int-to-float with a single float sub!

• Please refer to our paper for the details
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The Software Pipeline
• Multiple-level 

overlapping
• Global memory
• Shared memory
• Register
• Tensor Core
• SIMT Core
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Good Accuracy
• Nearly-lossless with W4.4A8
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Good Efficiency
• SOTA kernel efficiency
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THANKS

https://github.com/microsoft/MixLLM


