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Type equation here.

Fundamental mathematical concepts

    Multivariate Gaussian Distribution

•Block Form

𝑋1

𝑋2
~ N

𝜇1

𝜇2
,
∑11 ∑12

∑21 ∑22

•Marginally

𝑋1 ~ N 𝜇1, ∑11 , 𝑋2 ~ N 𝜇2, ∑22

•Conditionally

𝑋1｜ 𝑋2 = x2 ~ N(𝜇1+ ∑12∑22
−1(𝑥2- 𝜇2),∑11 − ∑12∑22

−1 ∑21)



Gaussian Process

𝑓 ~GP (m, k )
• Definition

• Mean Function

• Covariance (kernel) Function

𝑚: ℝ → ℝ,  𝑚 𝑥 = 𝔼[𝑓(x)]

𝑘: ℝ × ℝ → ℝ, 𝑘(𝑥, 𝑥′) = 𝐶𝑜𝑣(𝑓(x), 𝑓(𝑥′))



Gaussian Process

For any finite set of inputs

X = (𝑥1, … , 𝑥𝑛)

We have

𝑓𝑋 = (𝑓 𝑥1 , … , 𝑓 𝑥𝑛 )𝑇 ~ N(𝑚𝑋, k𝑋𝑋)

with

𝑘𝑋𝑋 = 
k(𝑥1, 𝑥1) ⋯ k(𝑥1, 𝑥𝑛)

⋮ ⋱ ⋮
k(𝑥𝑛, 𝑥1) ⋯ k(𝑥𝑛, 𝑥𝑛)



Reproducing Kernel Hilbert Space (RKHS)

• Definition

Function space ℋk associated with a kernel k

• Reproducing property

𝑓 𝑥 =< 𝑓, 𝑘 𝑥,∙ >ℋk



Setting

• Data:

Kernel Ridge Regression

• Optimization problem

• Closed-form solution 

where 



Gaussian Process Regression
• Model

Assume：

𝑓 ~GP (m, k ),   𝑦𝑖 = 𝑓(𝑥𝑖) + 𝜀𝑖  ,    𝜀𝑖  ~ N(0, 𝜎2)

Given training inputs: X = (𝑥1, … , 𝑥𝑛)𝑇 ,    Y = (𝑦1, … , 𝑦𝑛)𝑇

• Posterior Distribution：

posterior is again a Gaussian Process:

𝑓| 𝑌~ GP ( ഥ𝑚, ത𝑘)

• Posterior Mean：

• Posterior Covariance：

where



GAMES & FUN

Connection between GP Regression and KRR

GP posterior mean = Kernel Ridge Regression

• KRR Prediction

• GP posterior mean

• Equivalence(zero-mean GP, 𝜆 = 𝜎2/n)



Question?



THANK YOU!
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