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Joint Probability Representations Lecture #5



Neural Models for Classification Lecture #5



• Non-linear dependence: Let h(x; θ) be a non-linear transformation of

the input features pNN(Y = 1|x;α, θ) = σ
(

α0 +
∑d

i=1
αihi

)

.

Lecture #5Neural Models for Classification



Motivating Example: MNIST Lecture #5



Autoregressive (AR) Models Lecture #5



Autoregressive Models Lecture #5



Fully Visible Sigmoid Belief Network (FVSBN) Lecture #5
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FVSBN Results Lecture #5



NADE: Neural Autoregressive Density Estimation Lecture #5



h4 = σ

⎛

⎜

⎜

⎝

⎛

⎜

⎜

⎝

...
...

...

w1 w2 w3

...
...

...

⎞

⎟

⎟

⎠

⎛

⎝

x1

x2

x3

⎞

⎠+

(

...

)

⎞

⎟

⎟

⎠

, ...

Lecture #5NADE: Neural Autoregressive Density Estimation



Lecture #5NADE: Neural Autoregressive Density Estimation



How to train a NADE? Lecture #5



NADE Results Lecture #5



General Discrete Distributions Lecture #5
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Real-Valued NADE Lecture #5
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RNNs: Recurrent Neural Networks Lecture #5
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Example: Character RNN (Andrej Karpathy)
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RNN Pros Lecture #5
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Summary of ARMs

1. Easy to sample from.

(a) Sample x̄0 ∼ p(x0).

(b) Sample x̄1 ∼ p(x1|x0 = x̄0).

(c) · · ·

2. Easy to extend to continuous variables. For example, can choose Gaussian
conditionals p(xt|x<t) = N (µθ (x<t) ,Σθ (x<t)), or mixture of logistics.

3. No natural way to get features, cluster points, do unsupervised training.
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4. Easy to compute probability p(x = x̄).

(a) Compute p(x0 = x̄0).

(b) Compute p(x1 = x̄1|x0 = x̄0).

(c) Multiply together (sum of the logarithms).

(d) · · ·

(e) Ideally, can compute all these terms in parallel for fast training.
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