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1. Conditional Neural Processes

2. Neural Processes



Introduction

◼ supervised problems

➢ a parametric function 𝑔

Prior info: architecture of 𝑔, the loss function, or the training details

➢ a probabilistic stance：stochastic processes

Prior info: distributional assumptions about the prior process

◼ Gaussian Processes

Prior info: a parametric kernel function computationally intractable

⚫ Motivation

combine neural networks with features reminiscent of 

Gaussian Processes

difficult to design appropriate priors



Gaussian Process

◼定义
是观测值出现在一个连续域的随机过程。在高斯过程中，连续输入空间中每个点都是与一个正态分布

的随机变量相关联。此外，这些随机变量的每个有限集合都有一个多元正态分布。

https://www.jgoertler.com/visual-exploration-gaussian-processes/



Problem Setting

◼ Stochastic Processes

Assume that the outputs are a realization of the following process

𝑃 defines a joint distribution over functions 𝑓: 𝑋 → 𝑌. For 𝑓 ∼ 𝑃 set 𝑦𝑖 = 𝑓(𝑥𝑖)

The task is to predict the output values 𝑓(𝑥) for every 𝑥 ∈ 𝑇 given 𝑂



Conditional Neural Processes (CNPs)

CNPs parametrize distributions over 𝑓(𝑇) given a distributed representation 

of 𝑂 of fixed dimensionality

Directly parametrize conditional stochastic processes without imposing 

consistency with respect to some prior process.



Conditional Neural Processes (CNPs)

◼ Training CNPs

⚫ Regression
Use 𝜙𝑖to parametrize the mean and variance 𝜙𝑖 = (µ𝑖 , 𝜎𝑖

2) of a Gaussian 
distribution 𝑁(µ𝑖 , 𝜎𝑖

2) for every 𝑥𝑖 ∈ 𝑇

⚫ Classification

Use 𝜙𝑖 to parametrize the logits of the class probabilities 𝑝𝑐 over the 𝑐

classes of a categorical distribution

take Monte Carlo estimates of the gradient of this loss by sampling 𝑓 and 𝑁

condition on the subset
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Neural Processes

Define a stochastic process 𝐹 such that

is the marginal distribution of 

exchangeability and consistency



Neural Processes



Neural Processes

following ideas of variational auto-encoders, we assume ( ) is a multivariate 

ℎ: An encoder

𝑎: An aggregator

𝑔: conditional decoder 𝑔 𝑥𝑡 , 𝑧 ∼ 𝑓 𝑥𝑡 = 𝑦𝑡
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Experimental 

Black-box optimisation with Thompson sampling 

Average number of optimisation steps needed to reach the global minimum
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