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f(x) ~ GP(h(x)B, k(x,x"))
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> E51E# (squared exponential) 254% EK
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k(x,x) = afzexp (— 5 (x —x")TM(x — x’)) + 05 0,q
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M3 = AAT + diag(l)™2 (1 € RN, A € RV¥K)
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,0(}7|X, w, HJHi)pO(W|91Hi)
,0(}7|X, H'}[i)
p(}’lX; H'}[i) — fp(le, w, H'}[l)pO(ngi}[l)dW

,D(le,X, 0'}[1') —

p(y|X,w,8,7;) : PIZAREY
po(W|0,H;) : ZETEW D
p(VIX,0,H;) : BELLKRREEZUEYE ( evidence )
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’Cy(xp'xq) = Ufz exp(—ﬁ(xp — xq) ) + 026,

(L or,0) = (1.0,1.0,0. DEMEIERx ~ U[-8,8] - J#
TS

11



log probability

minus complexity penalty
| --- datafit

—— marginal likelihood

10°

characteristic lengthscale

(a)

log marginal likelihood

95% conf int

10
Characteristic lengthscale

(b)

12



> BERSENTT

—
o

—
o

noise standard deviation
|

o
T

10 10
characteristic lengthscale

13



marginal likelihood, p(yIX,Hi)

0t == simple
—— intermediate
- -- complex

y
all possible data sets

14



> HESE
UIEEE : E1HZ{E1R2Z ( generalized error ) i 5utR#Y
WUESE AKX - YIIASE/) - REBEE

IIFEER - BEA

YIIZrEE

15



AN U

3

?E;AZTE > Ak

X
i

—fi83 <k <10

Split1
Split 2
Split 3
Split 4

Split5

> B— ( leave-one ) XX 4G IE
k

= nNn

- Bk-1721ERIZ

=58k X - ir&generalized error g;

E ’

N =<

Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Fold 1 Fold 2 Fold 3 Fold 4 Fold 5

Final evaluation {

1 ERSIES

AT

> Finding Parameters

J

Test data

16



DU R 15 B e 15

> Pl
ZER—AESHIRE - HEREm(x) =0 - ZREAN

1 2
Ky(xp'xq) = Ufz exp(—ﬁ(xp - xq) ) +0°8,,

A(L, 0r,0) = (1.0,1.0,0.1) £ EIE mx ~ U[—8,8] - i#
TSIt - ERAB—XNWIEHTBSMHIT -

17



002 concentration, ppm

N
o
o

...............................................................................

360

Beoaw £l
A

w
N
o
-,
;5.

. LA NiAY . . . .
30 £y 4
a5
Py
»
SR o
. S0 X

| |
1990 2000

year

|
1980

|
2010

]
2020

XAHIEEIZ L M1958F £2003F 8] ( H-
EfRAE ) #BERRENS]
ESERFHIAFEIIRS _SERRE -

jﬁ—

X005 K £2 AU 3 377

18



A=A BN

<HEB A EH
ki(x,x") = 0% exp(—
S SESS ST =k

(x — x")?
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(x —x)? 2sin?(n(x —x"))

kZ(x: X’) — 9% exp(_ 295 — 052 )
N =N Y ZE
-0
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s T
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C. E. Rasmussen & C. K. I. Williams, Gaussian Processes for Machine
Learning, Chapter 5
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