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1. Proof of equation (13)
We provide detail to show how to arrive at (13)
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2. Proof of equation (15)
In this part, we provide proof to show that that we can replace q(z, c|xi) with q(z, c|xj) in (14) i.e. the decomposition of
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∗Work done during an internship at SUTD

mailto:ngaiman_cheung@sutd.edu.sg


3. Derivation of equation (19)
We provide detail to show how to arrive at (19) from (11)
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where inequation (a) comes from (13), equation (b) comes from (16), and equation (c) comes from the fact that
∑
j wij = 1.

4. Derivation of equation (21)
We provide details to show how L(θ, φ,xi) can be estimated using (21). We note that the equation (26) can be derived

similarly. The equation (21) can be written as

L(θ,φ;xi)

=Eqφ(z|xi)qφ(c|z)

[
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]
=Eqφ(z|xi)qφ(c|z) [ln pθ(xi|z) + ln p(z|c) + ln p(c)− ln qφ(z|xi)− ln qφ(c|z)]
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In the following, we evaluate the terms in (4).

4.1. Evaluate Eqφ(z|xi)[ln pθ(xi|z)]

The term Eqφ(z|xi)[ln pθ(xi|z)] can be estimated using the reparameterization trick, i.e.,

Eqφ(z|xi)[ln pθ(xi|z)] ≈
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where z(l)i ∼ N (µ, diag(σ2)), and [~µ, log ~σ2] = f(xi, φ). L is the number of samples that used in the SGVB estimator. In
our method, we set L = 1 and omit the superscript of zi. Then the term Eqφ(z|xi)[ln pθ(xi|z)] can be estimated as

Eqφ(z|xi)[ln pθ(xi|z)] ≈
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2
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(6)

where µxi = g(zi; θ).



4.2. Evaluate Eqφ(z|xi)qφ(c|z)[ln p(z|c)]

We note that the term Eqφ(z|xi)qφ(c|z)[ln p(z|c)] can be estimated using the reparameterization trick. But in our paper, we
use an approximation of this term, i.e., we approximate q(c|z) using q(c|z). Then

Eqφ(z|xi)qφ(c|z)[ln p(z|c)] ≈Eqφ(z|xi)qφ(c|zi)[ln p(z|c)] (7)
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As qφ(z|xi) is Gaussian distribution with mean ~µi and corvariance matrix diag(~σ2
i ), where [~µi, log(~σ

2
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have
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Substituting the above equations into (11), we arrive at

Eqφ(z|xi)qφ(c|z)[ln p(z|c)] ≈ −
1

2

K∑
k=1

γik

M∑
m=1

(lnσ2
k|m +

~σ2
i |m
σ2
k|m

+
(~µi|m − µk|m)2

σ2
k|m

) (14)

4.3. Evaluate Eqφ(z|xi)qφ(c|z)
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where (15) comes from the reparameterization trick, γik denotes the kth entry of qφ(c|zi), and (17) comes fromEqφ(c|zi) [ck] =
γik.




