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Abstract:
 Offline reinforcement learning (RL) enables policy training solely on 

pre-collected data, avoiding direct environment interaction---a 
crucial benefit for energy-constrained embodied AI applications. 
Although Artificial Neural Networks (ANN)-based methods perform 
well in offline RL, their high computational and energy demands 
motivate exploration of more efficient alternatives. Spiking Neural 
Networks (SNNs) show promise for such tasks, given their low 
power consumption. In this work, we introduce DSFormer, the first 
spike-driven transformer model designed to tackle offline RL via 
sequence modeling.

 Spike-Driven Self-Attention
 TemporalnSpiking Self-Attention(TSSA): temporal dependency capture.
 Positional Spiking Self-Attention(PSSA): positional dependency capture.

Experiments:
 Results on MuJoCo

 Results on Adroit

Summary
 DSFormer’s Design: DSFormer, the first spike-driven transformer for 

offline RL, uses TSSA and PSSA to capture temporal and positional 

dependencies, and PTBN to replace LayerNorm while preserving 

temporal dependencies.

 Performance: With SNN’s threshold activation, DSFormer excels in 

long-range dependencies and sparse environments, outperforming 

SNN and ANN models on D4RL with 78.4% energy savings.

* *

 PTBN
 Threshold-dependent Layer 

Normalization (tdLN): contradicts 
SNN's spiking nature.

 Progressive Threshold-dependent 
Batch Normalization (PTBN): gradually 
transitions from tdLN to a SNN-
compatible tdBN during training.

 Framework: Autoregressive Transformer with Embedding Layer, 
𝑀𝑀 Decoder Blocks, and Prediction Head.

 Decoder Design: Uses spike-driven Self-Attention (TSSA, PSSA), 
MLP, PTBN (replacing BatchNorm), and Membrane Shortcut.

 Input: At step 𝑙𝑙, 𝐼𝐼𝑙𝑙 = (𝑎𝑎𝑙𝑙−𝑁𝑁, �𝑅𝑅𝑙𝑙−𝑁𝑁+1, 𝑠𝑠𝑙𝑙−𝑁𝑁+1, … ,𝑎𝑎𝑙𝑙−1, �𝑅𝑅𝑙𝑙 , 𝑠𝑠𝑙𝑙) becomes 
𝑋𝑋𝑙𝑙 ∈ 𝑅𝑅𝑁𝑁×𝐷𝐷 , repeated 𝑇𝑇 times. 

 Output: Self-Attention (𝑌𝑌 = 𝑋𝑋 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑋𝑋 ) and MLP 
(𝑋𝑋 = 𝑌𝑌 + 𝑀𝑀𝑀𝑀𝑀𝑀(𝑌𝑌)) process 𝑋𝑋; final output is normalized and 
predicts actions.

Method:
 Architecture
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