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𝜃
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𝜃 ሶ𝐦 𝑡 = 𝐀𝐦 𝑡 + 𝐁𝑢(𝑡)

𝐀 = 𝑎 𝑖𝑗 ∈ 𝐑𝑑×𝑑;     𝑎𝑖𝑗 = 2𝑖 + 1 ቊ
−1,  𝑖 < 𝑗

−1 𝑖−𝑗+1,  𝑖 ≥ 𝑗
;       𝐁 = 𝑏 𝑖 ∈ 𝐑𝑑;     𝑏𝑖 = (2𝑖 + 1)(−1)𝑖;       𝑖, 𝑗 ∈ 0, 𝑑 − 1
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𝐱 𝐡 𝐦

𝑢 𝐞 𝐖

3

𝐦𝑡 = ഥ𝐀𝐦𝑡−1 + ഥ𝐁𝑢𝑡;     ഥ𝐀 = Τ∆𝑡 𝜃 𝐀 + 𝐈,   ഥ𝐁 = Τ∆𝑡 𝜃 𝐁

𝐡𝑡 = 𝑓 𝐖𝐱𝐱𝑡 + 𝐖𝐡𝐡𝑡−1 + 𝐖𝐦𝐦𝑡

𝑢𝑡 = 𝐞𝐱
T𝐱𝑡 + 𝐞𝐡

T𝐡𝑡−1 + 𝐞𝐦
T𝐦𝑡−1

Discretization and layer definitions:
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𝑈(𝑡) 𝐼(𝑡) 𝑅 𝐶

𝜏𝑚𝑒𝑚

Leaky
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𝑅𝐶
𝑑𝑈(𝑡)

𝑑𝑡
= −𝑈 𝑡 + 𝐼 𝑡 𝑅

𝑆𝑡 = ቊ
1, 𝑖𝑓 𝑈𝑡 > Θ

 0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑈𝑡 = 𝛽𝑈𝑡−1 + 𝑊𝑋𝑡 − 𝑆𝑡−1Θ
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𝐡𝑡,𝑐𝑢𝑟𝑟 = 𝐖𝐱𝐱𝑡,𝑠𝑝𝑘 + 𝐖𝐡𝐡𝑡−1,𝑠𝑝𝑘 + 𝐖𝐦𝐦𝑡,𝑠𝑝𝑘

𝐦𝑡,𝑐𝑢𝑟𝑟 = ഥ𝐀𝐦𝑡−1,𝑠𝑝𝑘 + ഥ𝐁𝐮𝑡,𝑠𝑝𝑘

𝐮𝑡,𝑐𝑢𝑟𝑟 = 𝐞𝐱
T𝐱𝑡,𝑠𝑝𝑘 + 𝐞𝐡

T𝐡𝑡−1,𝑠𝑝𝑘 + 𝐞𝐦
T𝐦𝑡−1,𝑠𝑝𝑘

We rewrote the original 

LMU equations in such a 

way that each block, 

i.e. population:

a. transmits 

b. receives 
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Space A E I O U Y Space

𝐶ℎ𝑖,𝑠𝑢𝑏𝑠𝑒𝑡 = 𝐶ℎ2𝑖,𝑤ℎ𝑜𝑙𝑒 ∨ 𝐶ℎ2𝑖−1,𝑤ℎ𝑜𝑙𝑒
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•

•

•

•
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•

•

•



Thank you!
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