
⚫We propose the QSD-Transformer, achieving energy efficiency via low-bit weights and 1-bit spikes.
⚫We identify performance degradation in QSD-Transformer due to the SID problem.
⚫We develop a bi-level optimization strategy: IE-LIF neurons for multi-bit spikes in training and FGD scheme for 

optimized attention distribution.
⚫Our method delivers state-of-the-art performance and efficiency on vision tasks, enabling practical deployment of 

spike-based Transformers on resource-limited platforms.
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Tradition Transformers significant demands on the storage
andcomputational capabilities of neuromorphic chips, thereby limiting
their deployment on edge devices. Brain-inspired spiking neural
networks (SNNs) provide an energy efficient alternative to deep
learning.

(a) High energy consumption (b) Energy-efficient alternative

Addressing the performance degradation of the QSD-
Transformer baseline is equivalent to maximizing the mutual
information entropy between it and the quantized Transformer in
ANNs

➢Directly quantize leads to performance degradation

➢Spike Information Distortion (SID) Problem
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➢Information Enhanced LIF (IE-LIF)

➢Fine-grained Distillation (FGD)

we propose the information-enhanced LIF (IE-LIF) neuron and
adjust the information distribution of Q-SDSA at the lower level,
focusing on maximizing the information entropy.

we achievethe optimization goal of problem define by proposing a 
fine-grained distillation (FGD), which adjusts the distribution of Q-
SDSA at the upper level to minimize the conditional entropy.

Code Paper

ANN

SNN

(1). All Quantized

(2). Quantize FC

(3). Quantize Attention

(4). Quantize Conv

The QSD-Transformer obtains SOTA performance, achieving a 
harmonious balance between accuracy and power.

➢ ImageNet classification results

➢ Coco2017 Object detection results

➢ ADE20K Semantic segmentation results

➢ Transfer learning results on CIFAR10, CIFAR100,CIFAR10-DVS

Both the proposed IE-LIF neuron and the FGD scheme can 
improve performance.
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