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State Space Machines – Language as a Diffusive Field
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Recap: Continuous SSM
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Every  Eigenvalue is a Semantic Rhythm
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Discretization of Continuous SSM
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Convolutional Memory (instead of Sequential)
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Making computation fast via FFT
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Is FFT-based Kernelized Discrete SSMs enough?
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Instability in learning A, B, C Matrices
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Exponential Growth/Decay with k
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Computational cost depends on diagonalizability of A
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So far, we were dealing with Eigen Decomposition
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Takeaway: Structure is still needed
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Desiderata …
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Structured Parameterization of A – The HiPPO way
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HiPPO (High-Order Polynomial Projection Operator) - The intuition
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Why orthogonal polynomials?
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The HiPPO ODE
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Getting to the HiPPO ODE - From Legendre to Orthonormal Basis
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Getting to the HiPPO ODE - Normalizing Time-Interval



Sourish DasguptaAdvances in Large Language Models 22

Getting to the HiPPO ODE - Normalized Projection
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Getting to the HiPPO ODE - Differential update
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Getting to the HiPPO ODE - The final form
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Interpreting the HiPPO matrices
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Still continuous!
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Adopt the good things of HiPPO but make it normal & light
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Discretize the SSM
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Applying FFT
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The final contextual embedding



Sourish DasguptaAdvances in Large Language Models 32

The S4 Architecture Pipeline
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Performance comparison
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Performance comparison
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Performance comparison
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Where state-of-the-art models fall short
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Where state-of-the-art models fall short - Transformers
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Where state-of-the-art models fall short - RNN-styled
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Where state-of-the-art models fall short - Linear Attention
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Where state-of-the-art models fall short - MoE
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Where state-of-the-art models fall short - S4
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What all the SOTA models miss …
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S4 summarized
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What else could be done?
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From Fixed to Selective Dynamics
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Selective Parameterization (per dimension)
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How to infuse input?
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Let’s do the discretization now
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Recurrence made faster via Gates
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Derivation of Beta (update) Gate
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Gated Recurrence – Linguistic Interpretation
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Why is the computation Linear-time? – Selective Scan
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Linear-time Selective Prefix (Associative) Scan
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The Mamba Kernel
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Ensuring Stability
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Mamba Architectural Pipeline



Sourish DasguptaAdvances in Large Language Models 59

Performance comparison
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Performance comparison
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Training Efficiency in Context
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Training Efficiency in Context
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Inference Throughput in Context
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Inference Throughput in Context
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Summarizing …
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Most recent developments across the landscape …

Credits: Sebastian 
Raschka
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Questions?


