
1
*Corresponding author



Introduction

2

•  Leaky Integrate-and-Fire Model


• LIF Model is  commonly adopted 
to model a spiking neuron in 
spiking neural  networks (SNNs).  

✤ [Roy K, Jaiswal A, Panda P.] 
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•  Leaky Integrate-and-Fire Model


• LIF Model is  commonly adopted 
to model a spiking neuron in 
spiking neural  networks (SNNs).  


• Three basic bio-behaviors: 


‣ Leak: membrane potent ia l  leakage 


‣ Integrate: integrat ion accumulat ion  


‣ Fire :  spike in i t iat ion 

✤ [Roy K, Jaiswal A, Panda P.] 

✤ LIF neuron simulation

Vthresh



Motivation

4

• Super Neuron———GLIF


• Variant LIF models with different bio-features are proposed in prior 
arts.   No work proposes a clear study on how to unify and leverage 
these different bio-features. 


• Could the higher neuronal  dynamic diversity of  spiking neurons help 
SNNs do better? 

Bio-behavior Feasible Bio-features

Leak Exponential Linear

Integrate Uniform-coding Flexible-coding 

Fire Hard-reset Soft-reset



• Revisit ing


• Vanil la LIF: 


• Constants or parameters are primitives


• Choosing different primitives:
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U(t,l) = τexpU(t−1,l) ⊙ (1 − S(t−1,l)) + C(t,l),
C(t,l) = W ⋅ S(t,l−1),
S(t,l) = ℍ(U(t,l) − Vth)

U(t,l) = U(t−1,l) ⊙ (1 − S(t−1,l)) + C(t,l) − τlin



• Gated LIF


• LIF with both exponential  and l inear decay: 


• Coarsely fused LIF:

U(t,l) = τexpU(t−1,l) ⊙ (1 − S(t−1,l)) + C(t,l) − τlin,
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C(t,l) = W ⋅ S(t,l−1),
S(t,l) = ℍ(U(t,l) − Vth)

U(t,l) = L(t,l) + I(t,l) + F(t,l) ⊙ S(t−1,l),
C(t,l) = W ⋅ S(t,l−1),
S(t,l) = ℍ(U(t,l) − Vth),

L(t,l) = τexpU(t−1,l) − τlin,

I(t,l) = gtC(t,l),

F(t,l) = − τexpU(t−1,l) − Vre .



U(t,l) = [1 − α(1 − τexp)]U(t−1,l) ⊙ (1 − S(t−1,l)) + C(t,l) − (1 − α)τlin,
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• Gated LIF


• Gated LIF with both exponential  and l inear decay:
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S(t,l) = ℍ(U(t,l) − Vth)
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• Gated LIF


• Gated LIF with both exponential  and l inear decay: 


• GLIF formulation:

C(t,l) = W ⋅ S(t,l−1),
S(t,l) = ℍ(U(t,l) − Vth)

U(t,l) = L(t,l) + I(t,l) + F(t,l) ⊙ S(t−1,l),

C(t,l) = W ⋅ S(t,l−1),

S(t,l) = ℍ(U(t,l) − Vth),

L(t,l) = [1 − α(1 − τexp)]U(t−1,l) − (1 − α)τlin,

I(t,l) = [1 − β(1 − gt)]C(t,l),

F(t,l) = − (0 + γ)L(t,l)
exp − (1 − γ)Vre,

Rethinking
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• Gated LIF


• Channel-wise parametric method :
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Primitives Gating factors
τlin τexp Vre gt α β γ

α =
1

1 + exp(−xα)



• Gated LIF


• Channel-wise parametric method : 


• Backpropagation through t ime (BPTT):
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Primitives Gating factors
τlin τexp Vre gt α β γ

dℍ(x)
dx

= ℍ(0.5 − |x | ) .

α =
1

1 + exp(−xα)



• Comparisons with SOTAs
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• Ablation study



Thanks for Your Attendance !


