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Speculative Decoding
• Draft: a smaller model generates a draft 

token sequence

• Verify: the base model conducts token-level 
parallel and non-autoregressive verification

Tensor Parallelism
• Partitioning workloads across multiple 

devices

Background

Both are lossless



Problem

SD + TP = further lossless acceleration, 
BUT…

Inefficient Multi-GPU 
Utilization
• Optimal TP size: 

• Verification > Drafting

• GPU idling during drafting



Problem

Cause: layer-level data 
dependency
• ℎ𝑖+1 = ℎ𝑖 + 𝐴𝑡𝑡𝑛𝑜𝑢𝑡𝑝𝑢𝑡𝑖 + 𝑀𝐿𝑃𝑜𝑢𝑡𝑝𝑢𝑡𝑖

• Layers have to be run sequentially, limiting 
parallelism to intra-layer level

SD + TP = further lossless acceleration, 
BUT…

Inefficient Multi-GPU 
Utilization
• Optimal TP size: 

• Verification > Drafting

• GPU idling during drafting



Cross-Layer Hidden-State Approximation
• ℎ𝑖+1 can be well approximated by ℎ𝑖 , and therefore 
ℎ𝑖+N can also be well approximated by ℎ𝑖

Observation



1.Layer-Parallel Fuzzy Speculation
• Directly input ℎ𝑖 to attention layer i+1 , …, i+N

• Eliminate N-layer data dependencies, utilizing idling 
GPUs by inter-layer parallelism

• Well approximate 𝐴𝑡𝑡𝑛𝑜𝑢𝑡𝑝𝑢𝑡𝑖+𝑗 , maintaining high 
precision of the fuzzy results

• Fuzzy speculation does not impact output quality

• MLP layers are still run sequentially

Method



1.Layer-Parallel Fuzzy Speculation

2.Bonus Calibration

• Fuzzy KV items can accumulate long-term

imprecisions.

• Bonus calibration discards all KV items after 

verification, and refill the KV cache with 1-

forward layer-sequential pass of the draft 

model, with the bonus token

Method



The cosine similarities between ℎ𝑖 and ℎ𝑖+𝑗
are approaching 1, indicating high 
approximation precision.

Experiment



Check our paper and code for more information! 

Code

https://github.com/Yize-Wu/EasySpec

https://openreview.net/forum?id=RGUcF6pIZN

Paper

Contact: wuyize2021@iscas.ac.cn
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