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𝑞𝜙(𝑧|𝑥)

𝑝𝜃(𝑥|𝑧)
𝐿 𝑥, 𝜃, 𝜙 = 𝐸𝑧 log 𝑝𝜃 𝑥 𝑧 − 𝐷𝐾𝐿(𝑞𝜙(𝑧|𝑥)||𝑝𝜃 𝑧 )

𝐸𝑧 log 𝑝𝜃 𝑥𝑖 𝑧 ≈ 𝑥𝑖 log ො𝑥𝑖 + 1 − 𝑥𝑖 log(1 − ො𝑥𝑖)
Pretend 𝑥𝑖 is the probability that the i-th pixel is 1

For a single input case x:

ℎ

𝑝𝜃 𝑧 = 𝑁 0, 𝐼 , 𝑞𝜙 𝑧 𝑥 ~𝑁
𝜇1 𝑥
…

𝜇𝑘 𝑥
,
𝜎1 𝑥

…
𝜎𝑘 𝑥

𝐷𝐾𝐿(𝑞𝜙 𝑧 𝑥 ||𝑝𝜃(𝑧))=
1

2
[σ𝑗 log 𝜎𝑗 − 𝑘 + σ𝑗 𝜇𝑗

2 + σ𝑗 𝜎𝑗]



Reparametrization trick

• Want to learn to sample good z’s using
𝑧~𝑁 𝜇𝑧|𝑥 , 𝜎𝜎|𝑥

• The z’s sampled depend on 𝜇 and Σ, but we cannot 
differentiate with respect to them

• Trick:
𝜖~𝑁 0, 1

𝑧 = 𝜇𝑧|𝑥 + 𝜖𝜎𝑧|𝑥

• Now can differentiate wrt 𝜇 and Σ
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Training GANs
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