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Firing rate of neuron 1 (= 𝑟1)
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𝑠1(𝑡) = 𝑤1 𝑟1(t) + 𝑤2 𝑟2(𝑡)



the covariance matrix Σ ,
Σ 𝒘𝑇 = 𝝀 𝒘𝑇

𝒘𝒌 𝒘𝒌Σ𝒘𝒌
𝑇

𝝀𝒌
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Σ = 𝒓 − ത𝒓 𝒓 − ത𝒓 𝑇

(𝚺)
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• 𝜇 = 𝜃𝑥Underlying
Spike rate

Predicted spike
distribution
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𝒚(𝒕) = 𝑦1(𝑡), 𝑦2(𝑡), … 𝑦𝑁(𝑡)

𝑦𝒏
𝒛

𝑧𝑑 𝑡 ~ N(0,1)

𝑦𝑛 𝑡 ~ N(
𝑑=1

𝐷

𝑊𝑛,𝑑 𝑧𝑑(𝑡), 𝜎
2)

z 𝑡 ~ N(0, I)

y 𝑡 ~ N(𝑾 ∙ 𝒛(𝑡), 𝜎2I)

y 𝑡 = 𝑾 ∙ 𝒛 𝑡 + 𝜖, 𝜖~N(0, 𝜎2I)



z 𝑡 ~ N(0, I)

y 𝑡 = 𝑾 ∙ 𝒛 𝑡 + 𝜖, 𝜖~N(0, 𝜎2I)



z 𝑡 ~ N(0, I)

y 𝑡 = 𝑾 ∙ 𝒛 𝑡 + 𝜖, 𝜖~N(0, 𝜎2I)

z 𝑡 ~ N(0, I)

y 𝑡 = 𝑾 ∙ 𝒛 𝑡 + 𝜖, 𝜖~N(0,Ψ) Ψ =
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z 𝑡 = 𝑨 ∙ 𝒛 𝑡 − 1 + 𝑣, 𝑣~ N(μ, 𝜎2I𝑧)

y 𝑡 = 𝑾 ∙ 𝒛 𝑡 + 𝑏 + 𝜖, 𝜖~N(0, 𝜎2I𝑥)

𝒛𝒊 𝑡 ~ N(0, 𝐾𝑖)

y 𝑡 = 𝑾 ∙ 𝒛 𝑡 + 𝑏 + 𝜖, 𝜖~N(0,Ψ)



z 𝑡 ∈ {1,2, …𝐷} (discrete states!)

y 𝑡 ~ N(𝜇𝑧, Σ𝑧)

z 𝑡 ~ maximally non − Gaussian

y 𝑡 ~ N(𝑧, 𝜎𝑧
2 I)

z 𝑡 = 𝑨 ∙ 𝒛 𝑡 − 1 + 𝑣, 𝑣~ N(𝜇𝜋, 𝜎𝜋
2I𝑧)

y 𝑡 = 𝑾 ∙ 𝒛 𝑡 + 𝑏 + 𝜖, 𝜖~N(0, 𝜎2I𝑥)

𝜋 𝑡 =∈ {1,2, …𝐷}





𝑧 = 𝜃𝑥

𝑦 ~𝑁(𝑧, 𝜎2) 𝑃(𝑦|𝑥, 𝜃, 𝜎) =
1
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2𝜎2

Now, find the “most likely” 𝜽 given observed y and x!
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