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Kernels
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‣ Specifying a kernel determines the characteristics over functions drawn 

from the  

‣ For simplicity, let’s take 

                

‣ We consider this kernel 

            

GP

f =
f(x1)

⋮
f(xN)

∼ # 0,
k(x1, x1) . . . k(x1, xN)

⋮ ⋱ ⋮
k(xN, x1) . . . k(xN, xN)

k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

2

Drawing functions from GP’s
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‣ Sample fine grid of points  

‣ Compute    

‣ Compute  

‣ Sample random vector of size N:     

‣ Sample  by computing 

{x1, . . . , xN} ∈ [−5,5]
K
K = LLT

z ∼ #(0, IN)

f =
f(x1)

⋮
f(xN)

∼ # (0, K) f = Lz

3

Drawing functions from GP’s

k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 1
θ1 = 1
θ2 = 0
θ3 = 0

Using kernel:

( Choleshy or eogeu decomposition)
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k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 4 θ1 = 1 θ2 = 0 θ3 = 0

4

Varying the pre-factor θ0

IT

Amplitude
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k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 1 θ1 = 0.5 θ2 = 0 θ3 = 0

5

Varying the length scale θ1
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k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 1 θ1 = 2 θ2 = 0 θ3 = 0

6

Varying the length scale θ1

m
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k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 1 θ1 = 1 θ2 = 5 θ3 = 0

7

Varying the offset θ2
correlation

independent
f. of position

m
-
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k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 0 θ1 = 1 θ2 = 5 θ3 = 0

8

Varying the offset θ2

- -

- -

aperforation
"



Machine Learning 1

          

                                      

k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 1 θ1 = 1 θ2 = 0 θ3 = 1

9

Varying the linear term θ3

-
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k(xn, xm) = θ0 exp (− 1
2θ2

1
| |xn − xn | |2 ) + θ2 + θ3xT

n xm

θ0 = 0 θ1 = 1 θ2 = 0 θ3 = 0.2

10

Varying the linear term θ3
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