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Introduction

Motivation:

To address the computational deviations of spike matrix multiplication in Spiking Self-Attention and the
high training costs of SNNs, stemming from non-event-driven GPU training and temporal state overhead.
we propose that rational SNN architectures should achieve fully event-driven operations, low training
overhead, and competitive performance. The main core is the SMixer.

Contribution:

* We analyze the inherent architectural requirements for event-driven SNNs and the need for effi-
cient training methodologies. Based on this, we propose a blueprint for a high-ratio spike feature
structured pruning framework built upon the Spiking-token Mixer.

* Based on Spatial-Temporal Redundancy in Spiking-token Mixer, we develop the Dynamic Spatial-
Temporal Spike Pruning framework, which integrates dynamic spatial and temporal spike feature
pruning methods.

* We demonstrate that the SMixer architecture can achieve performance comparable to that of the
Spikformers. Furthermore, we show that our efficient pruning framework built upon SMixer,

accelerates training while maintaining performance close to the original model across various
neuromorphic and static datasets.

Spatial Temporal Spiking Feature Redundancy:
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Model Overview

Spiking Token Mixer:
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Visualization of SMixer:
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Experimental Results

ImageNet Classification:

Methods Architechure Time Step Parami (M) TP (imds)  Memary (MBY  Power (mId - Tap-1 Acc (%)
o STMixcr-8-512 1 oz 211 11762 20 FER .
STMixer STMixer-5-T68 1 6116 120 17008 448 76,68
" - STMixer-8-512 ] 17.61 250 9578 .68 73,56
STMixer + DSTSP STMixer-5-768 I 58,66 162 13002 236 76,57
Spikformer V1-8-384 1 w11 130 5360 1.73 75.42
Sotich v Spikformer V2-8-512 I 51,55 13 GBS0 284 79,05
ApRHEmEr Spikformer V24384 4 2901 2 12170 4609 TR.E0
Spikformer V2-8-512 4 51,55 57 18786 936 80,38
Spikformer V2-8-384 I 27.97 156 3490 113 76,30
. . Spikformer V1-8-512 I 18,56 134 5384 212 79.16
SplchrmierVd = M Spikformer V253454 4 2797 65 9156 3.65 79,12
Spikformer V2.8.512 4 45,56 56 12682 797 BOL45
Spikformer V1-8-384 1 27.34 245 2584 083 76,22
. . crep  Spikformer VI-8-512 I 47.93 198 1368 .98 78,99
SpikformerV2 —+ M+ DSTSF o oo w30 4 17,34 135 75015 155 7503
Spikformer V2-8.512 4 47.93 uy 10387 344 79,15
HET-10-384 I 16,47 mn 13841 £ 15,52
QKFormer HST-10-512 ] 2008 AT 20005 170 w71
) HST-10-384 I 18,31 65 385 276 76,03
OKFormer - M HET- 10512 | 29,70 325 13051 4,06 78,68
) - HST-10-384 1 14.92 461 5991 217 75.13
OKEoemer — M+ DETF HST-10-512 I 2592 98 9751 315 77,39
Efficient-transfomer-5 4 kA 300 M0 1.70 75,30
SDT-V3 Efficient-iransfommer-5 4 [ACH 267 12388 i T8.50
Efficient-ransformer-L 4 19,00 197 16318 00 T9.50
Efficient-transfomer-§ 4 6,37 373 T 1.42 75,25
SDT-V3 — M Efficient-iransformer-5 4 1015 280 T 2.56 TH.63
Efficient-transformer-L 4 19.36 219 13912 491 79.25
Efficienttransformer-§ 4 505 08 A0 .01 4,15
SDTV3 5 M o+ DSTSP Efficient-ransformer.M 4 u42 33K B0 202 76,63
Efficient-transformer-1, 4 1566 73 10710 3.9 77,75
.
Coco Detection:
Methods Architecture Param (M)  Power (mJ} Step AP S0 )
Smiking-Yolo [95] 0.2 - A5 257
AMMNISMNMN Spike Calibration [96] 17.1 312 45,3
Fast-SMM [13] 25.1 15 46.4
Spiking Retina [97] 11.3 B 28.5
Direct wraining EMS-Res-SMMN [958] 269 - 4 5001
s
. 340 495 1 4.0
Meta-SpikeFormer® [28 e - .
P 1281 75.0 1405 1 51.2
387 56.2 2 418
Direct training  E-SpikeFormer® 387 9.5 1 38.4
387 119.5 = 588
. - Shlixer 497 368 4 S8.9
Drirect trainin ;
: 2 SMizer + DSTSP 39.2 21.2 4 574




