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Overview

LRC (Liquid-Resistance odos Proposed LrcSSM model:
N . e-design

Liquid Capfamtance - Efficient Structured State-Space

Networks): >>> Model (SSM) version

- Non-linear recurrent neural
network

- ODE model: chemical synapses
with flexible membrane capacitance
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Overview

Re-design
Non-linear Recurrent Neural >>>g Efficient Structured State-Space

Networks (RNN) Model (SSM) variant
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Challenge of Non-linear RNNs

Input sequence u

SSM‘s state x

NeurlPS 2025 SCALING UP LIQUID-RESISTANCE LIQUID-CAPACITANCE NETWORKS FOR EFFICIENT SEQUENCE MODELING 4




Challenge of Non-linear RNNs

Input sequence u

SSM‘s state x
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Challenge of Non-linear RNNs

u, u, Up
Y, Yo Yt

Input sequence u

SSM‘s state x
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Challenge of Non-linear RNNs

Input sequence u Input sequence u

SSM‘s state x

|teat|ve parallellzable method

Outputy
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Challenge of Non-linear RNNs

Input sequence u

? ? ? Lim et al. ICLR*24
DEER

|teat|ve parallellzable method

Outputy
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Challenge of Non-linear RNNs

Input sequence u

? ? ? Limetal. ICLR24

iteative parallelizable method

ii —

Gonzalez et al. E
i Efficient variants
OUtpUt y NeurlPS‘24

..................................................

NeurlPS 2025 SCALING UP LIQUID-RESISTANCE LIQUID-CAPACITANCE NETWORKS FOR EFFICIENT SEQUENCE MODELING



Our Approach

Efficient algorithm without sacrificing exact computations

- Model design

LRC (Liquid-Resistance Liquid- | Proposed LrcSSM model:
Capacitance Networks): Re-design ,

- Non-linear SSM
- Non-linear RNN >>> , , _

- Diagonal Jacobian matrices

- Dense Jacobian matrices o
- Very efficient

- Not efficient
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Architecture

Input sequence u Input sequence u

LrcSSM block

iteative parallelizable method w

Final outputy

decoding
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Experiments

T Rusch et al. ICLR’25,
¥ Moreno et al. NeurlPS’24

Heart SCP1 SCP2 Ethanol Motor Worms Average

Sequence length 405 896 1,152 1,751 3,000 17,984

Input size 61 6 7 2 63 6

#Classes 2 2 2 4 2 5

NRDE' 73.9+26 76.7+56 48.1+114 | 31.4+45 54.0+7.8 772+ 7.1 60.2 + 7.7
NCDE' 68.1+58 80.0+2.0 49.1 +6.2 220+1.0 51.6+6.2 62.2+2.2 55.5+8.1
Log-NCDE' 74.2+20 821+14 540+26 | 359+6.1 572+56 828+27 | 644+7.6
LRU' 78.1+7.6 845+46 474+40 23.8+28 519+86 850+6.2 | 61.8+10.1
S5t 739+3.1 871+21 551+33 | 256+35 53.0+39 839+4.1 63.1 +£9.5
Mamba 76.2+3.8 80.7+1.4 482+39 | 279445 47.7+45 709+158 | 58.6+8.4
S6' 76.5+8.3 828+27 499+94 | 264+6.4 513+4.7 85.0+16.1 | 62.0+9.5
LinOSS-IMEX" 755+43 875+4.0 589+8.1 | 299+10 579+53 80.0+2.7 | 65.0+8.5
LinOSS-IM" 758+3.7 878+26 582+69 | 299+06 60.0+7.5 95.0+4.4 67.8 + 9.7
Transformer* 705+0.1 843+63 49.1+25 | 40.5+6.3 50.5+3.0 OOM 59.0 + 8.0
RFormer* 725+0.1 81.2+28 523 +3.7 | 347+4.1 55.8+6.6 90.3+0.1 64.5 + 8.4
LrcSSM (Ours) 72.7+57 852+21 539+72 |369+53 586+3.1 90.6+1.4 | 66.3+8.3
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