
Gated KalmaNet: A Fading 
Memory Layer Through Test-

Time Ridge Regression
Liangzu Peng, Aditya Chattopadhyay, Luca Zancato, Elvis 

Nunez, Wei Xia, Stefano Soatto



Rise of long-context models

Ø Long-context processing imperative to unlocking new model 
capabilities.

v Code automation over large repositories.
v Aggregate information across long videos. 
v Long-consistent reasoning traces for agentic applications.



Ø Eidetic (Attention): Keeps entire past verbatim in memory, high 
compute and storage costs, Perfect recall.

Ø Fading (SSMs): Compresses the past into a fixed-sized memory, 
low compute and storage costs, Low recall.

Background: Eidetic vs Fading Memory
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Ø All scalable SSM layers share the same linear recurrence.

Ø At every step, what to forget (𝐴!) and what to write (𝐵!) are 
functions of only the current token → low recall capabilities. 

Current State-Space models are myopic
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State: fixed-sized 
memory of the past Transition Operator: 

Controls what to forget 
from the previous 
state.

Gating Operator: 
Controls how the 
incoming token is 
written to the memory.

Input at time t, the 
value token



Ø We introduce Gated KalmaNet (GKA, pronounced ”gee-ka”), that 
v updates its state using the entire past.
• Specifically, 𝐴! and 𝐵! depend on all key tokens seen so far. 

v enjoys linear-time compute and constant-storage costs like existing SSMs 
and it scales.
• We implemented efficient Triton kernels and validated GKA up to 32B parameters.

Ø . 

Gated KalmaNet: non-myopic SSM at scale!
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Non-linear function of 
all the keys seen so 
far; the entire past



GKA as comparable runtime with existing 
SSMs
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Ø GKA has linear time-complexity with sequence length.
Ø Comparable to GDN in (forward+backward) pass.
Ø Our parallel Triton implementation of GKA is fast.



GKA on language modeling
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Hybrid GKA models on long-context tasks
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Ø Hybrid models mix SSM and Attention layers to combine SSM 
efficiency with Attention’s superior recall.

Ø We trained several Hybrid models at 8B scale – Hybrid GKA 
showed the strongest long-context capabilities.



GKA on Image Classification
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