Gaussian processes




Random process

Forany z € RY assign random variable f(x)

Trajectory 1D distribution




Random process (TexHnueckun cnanp)

Forany z € R assign random variable f(x)

1D distribution

If d=1 => time @

Trajectory



Gaussian process
Definition:

Random process f is Gaussian, if for any finite number
points, their joint distribution is normal:

f(x1)
VneN Yz, z,...,2, € R (f(.ﬂ'voz)) ~ N
f(zn)
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Gaussian process (TEXHUYECKUU CJZTAA)

Definition:

Random process f is Gaussian, if for any finite number
of points, their joint distribution is normal:
f(z1)
~ N

VneN Vi, zo,... 2, € R flz2)
f(xn)
Want: joint over all points is normal
+ efficient sampling (plot w/ sampling)
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Gaussian process

f(x1)
VneN Yz, xo,...,2, € R (f(f??))m_/\/‘
Parameters: f(@n)

Ef(z) = m(x)
Cov|f(z1), f(w2)] = K(z1,22)

Finally:

f(x1) m(x1) K(x1,x1) ... K(x1,x5)
1) | ([ ) | [ K o Kesen) )
f(xn) m(x,) K(xn,x1) ... K(xp,xn)
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Stationary process

Definition:

Random process f is stationary, if its finite-dimensional
distributions depend only on relative position of the points
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Stationary process

Stationary or not?




Stationary process

Stationary or not?

3 4 5 6 7 8

Not stationary: seasonality




Stationary process

Stationary or not?




Stationary process

Stationary or not?

o 1 2 3 4 5 6 7 38

Not stationary: trend




Stationary process

Stationary or not?




Stationary process

Stationary or not?

Stationary




Stationary process

Definition:
Gaussian process is stationary, if:

m(x) = const

K(IL‘l,ZIZ‘Q) — K($1 — [132)

Variance: Var|f(z)] = K(0)
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Kernel

Radial Basis Function (RBF)

K(z1 — x3) = 02 exp (_ (21 — x2)2>

212
L length-scale

Rational Quadratic

K(z) —x3) = 0° (1 (1 — q;2)2)a
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Whlte noise

~

K (21 — 33) = 0°0(z1 — x2)
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