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Query
{𝐪𝑚}Goal: Streaming video recognition

• It reasons about the action in every frame of a video.

ØPrevious approach: linear/quadratic w/. length 
ØOur approach:
• Reformulate x-attention through the lens of kernel
• Streaming attention with O(1)-update complexity

Attention as kernels:

Attention 𝑞!, 𝑥" *"#$
%

=
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• SoftMax-Attention: 𝜅 𝑞!, 𝑘" = exp &!" '#
(

Streaming Attention:
• Decouple temporal and feature component
𝜅 𝑞!, 𝑘" → 𝜅 𝜆! + 𝜔%, 𝑓" + 𝜔" → 𝐾 𝜔%, 𝜔" 𝜅) 𝜆!, 𝑓"

𝜓 𝑡 = 𝑒−𝜆 ⋅ 𝜓 𝑡 − 1 + 𝜅 𝐪𝑚, 𝐤𝑡

𝐾𝐿 𝜔𝑡, 𝜔𝑛 = 𝑒−𝜆(𝑡−𝑛)

𝜙 𝑡 = 𝑒−𝜆 ⋅ 𝜙 𝑡 − 1 + 𝜅 𝐪𝑚, 𝐤𝑡 𝐯𝑡

𝜓 𝑡 = 𝜓 𝑡 − 1 + 𝜅 𝐪𝑚, 𝐤𝑡 − 𝜅 𝐪𝑚, 𝐤𝑡−𝑁

𝐾𝐵 𝜔𝑡, 𝜔𝑛 = 1[𝑡−𝑛<𝑁]

𝜙 𝑡 = 𝜙 𝑡 − 1 + 𝜅 𝐪𝑚, 𝐤𝑡 𝐯𝑡 − 𝜅 𝐪𝑚, 𝐤𝑡−𝑁 𝐯𝑡−𝑁

Box kernel: 𝐾! 𝜔", 𝜔# = 1["%#&'] Laplace kernel: 𝐾) 𝜔", 𝜔# = 𝑒%*("%#)

𝜓 𝑡 = 𝜓 𝑡 − 1 + 𝜅! 𝜆" , 𝑓# − 𝜅! 𝜆" , 𝑓#$%
𝜙 𝑡 = 𝜙 𝑡 − 1 + 𝜅! 𝜆" , 𝑓# 𝑣# − 𝜅! 𝜆" , 𝑓#$% 𝑣#$%

𝜓 𝑡 = 𝑒$&𝜓 𝑡 − 1 + 𝜅! 𝜆" , 𝑓#
𝜙 𝑡 = 𝑒$&𝜙 𝑡 − 1 + 𝜅! 𝜆" , 𝑓# 𝑣#
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Overview of TeSTra (Temporal Smoothing Transformer) 

Runtime Comparison
Online action 
detection on 
THUMOS14

Online action 
anticipation on 
THUMOS14


