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(17) Something on Random Process

@ 滕佳烨



Random Process 𝑿𝒕 𝒕∈𝑻

e.g., Gaussian Process

特点：随机变量函数
随机变量(g)：函数的每一点都具有随机性
函数性(t)：函数的自变量，两个时间中可能会有correlation

性质：

难点：独立性完全被破坏了！



Gaussian Process 𝑿𝒕 𝒕∈𝑻（类比高斯随机变量）
For every time subset 𝑇0, 𝑋𝑡 𝑡∈𝑇0 is Gaussian.

Canonical Gaussian Process 

One can transform any Gaussian Process to a canonical Gaussian Process.

𝑑 𝑠, 𝑡 = 𝑠 − 𝑡 2



The interesting metric in random process

𝔼 sup
𝑡∈𝑇

𝑋𝑡

Lem: reflection principle.

For standard Brownian motion (special GP),

For general GP… 



Intuition.  随机过程的波动由二阶信息决定。
平方项二阶信息相等，交叉项 𝑋的correlation更大。
𝑋𝑡 比 𝑌𝑡 的波动要小，因此最大值更小。

Hint: Gaussian interpolation



Technique: Gaussian interpolation (二维降一维)

性质：

[Use the property of  Gaussian variable]

Choose a proper f



Take-away Messages

Thanks!

@ 滕佳烨

1. Random Process (expectation, covariance, increment)

2. Gaussian Process

• Any Gaussian Process can be transferred to Canonical GP

• 𝑑 𝑠, 𝑡 = 𝑠 − 𝑡 2

3. Consider 𝔼 sup
𝑡∈𝑇

𝑋𝑡 for GP: Slepian’s inequality

• Comparison between 𝑋𝑡 and 𝑌𝑡 using second order information

• Small fluctuation leads to small expectation.
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