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Bias-variance decomposition

{RE Y = f(X) + £ where £ ~ N(0,0,%)
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L(xo) =E [(Y - f(xo))2 ‘X = xO] E % e I2BIT 2H355E
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+ 2Ep[(f Cxo) — Ep[f (xo; DY) (Ep[f (x0; D)] = £ Cxo; D))]
ETAHMN BAEIE(E

2(f (x0) — Ep[f Gxos D)) Ep[(Ep[f Cxos D] — f(x0; D))] = 0
B EplL(xo; D] &
0% + Ep [(f (o) = Ep[F (o3 DI])°] + B [ (Bo [ (o3 D] = F o3 D))’
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Akaike Information Criterion (AIC)
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Hirotugu Akaike. Information theory and an extension of the maximum likelihood
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and F. Csaki eds .) Akademiai Kiado, Budapest, (1973) 267-281.
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MDL: Minimum Description Length

s ROT—R(EYRI)NEZLENTINVDE
L&S:

—0001000100010001000100010001

—-0111010011010000101010101011
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« CNBIE, TATILEFES>T. RO&
SIZFFEILTES:

—0001000100010001000100010001

 7.times{ print "0001" }

—-0111010011010000101010101011
* puts("0111010011010000101010101011")
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cT— Qb\J:LJiEEIJE’J’Cabéli&s—ﬂxl-li
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—0001000100010001000100010001

« 7.times{ print "0001" }
—-0111010011010000101010101011
* puts("0111010011010000101010101011")
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0001000100010001000100010001
7.times{ print "0001" }
Puts("0001000100010001000100010001")




Occam D #I| 7]

« AAICE&RLTWLWADIE
— Entities should not be multiplied beyond necessity.
« Bertrand Russell IZ&n(E
— Itis vain to do with more what can be done with
fewer.
« ZLEBDER
— Among the theories that are consistent with the

observed phenomena, one should select the
simplest theory.

Occam D #I|J]: ke &

o FoLLFIMSEbNTWEWVbhb, RELERH .
— WikipediaZ &
— &ETHMNIE "The philosophy of John Duns Scotus" M %8.28f

— #(FhE, "The Myth of Occam's Razor" Mind, 27(107), 345-353
(1918)

« Albert Einstein: "Theories should be as simple as it is, but not
simpler."

o BENHDEE(LBICTEMIZILIFVRAEL
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EEElI\EEﬁE(minimum description length)
« Occam’s razor: “Sxfa{R iRz EA"

hyp, =argmin L (h)+ L (D[ h)

heH / \

ex. REARZ Lk hAFREDEE. D
FBHE VR g HE VR

« BT EHFENDRE o« BN ET—IDEK
COFEFETIE, HRAEL EIKSICLIzAENHD

1. Rissanen 12 #t5tHIMDL

2. Kolmogorov/Chaitin @ 7045 L4 <& S<MDL

THY. Lin & Vitanyi 7 IL—FI2&kBED

/MR K £S5 R
MDL: R&&/MLT B IREREE S
hyp = argmax P(D | h) P(h)
heH

=argmin—log, P(D|h)—log, P(h)
heH
=argmin L. (D|h)+ L (h)

heH
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c BRFLFAGERERES XEEZD
- X DFFE C(x) &l
« X BB Upgf0,1) ~D1-to-1 548
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http://www.cs.princeton.edu/courses/archive/spring04/cos126/
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IR ERLFER mBEAS
.- HBEECOBEEDHGE
E,(Leo(x)) = Z P(x)Lq(x)
- T&:
H(x)= —Z P(x)log, P(x) = ZP(X)(—logz P(x))
. BEYS
- BEESTREFSOTITHEFSRAR/N
—RIZHf PANEZONT=E, ESHFHENIELIMN?

« Huffman %%

MER: EREFSR: NIIVFHS

o SYUBOL PROBABILITY coDE
A 28

1 a5
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ata 3@
o011 aa
oo1o .38
ooor 28

oogoot 25

aoooat

- I o ™ m s o o
o
b

ooogna 08

AVERAGE WORD LENGTH 2.77
(in binary digits)

http://star.itc.it/caprile/teaching/algebra-superiore-2001/
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 EBEIRTOFSEHRITHICIE?
—FhEND KIZDNT
- FYETEIC [logh] BDOEHE
CRIZ—ED 1 EHE
- ZLThEHBILT B, =L {1,201} o
=y
« REETEE ~2logk+ 1 Evk
— N WEILTHE. ..

IR ERLEFER: WRTE(?)

c PEX EOBRSTELES, 25T D& X 2htT
BHE C TROEUERB-TLDONHS:
Le(x)=[-log P(x)]

* CEXLOBEBESFRLEFSLETS. £5T 5
HEEDH P TROFHERB-TLOLHS:

Le(x)=~log P(x)

Le(x") =—log P(x")

B &/t R fFSREER
MDL: Rz&/IMET HIREEEES
hy,» =argmax P(D | h) P(h)

heH

=argmin—log, P(D|h)—log, P(h)
heH
=argmin L. (D|h)+ L (h)

heH
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W9 5155 MDLIRET:
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J.Rissanen, Modeling by shortest data description. Automatica, vol. 14 (1978), pp. 465-471.
J.Rissanen, Fisher il ion and ity. IEEE Trans. ion Theory,
vol. 42 (1996), pp. 40-47.

MDL Reading http://www.mdl-research.org/reading.html
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BRETFTILEP(X:0) &35,

TEREADDNEDER T —58% X X0 Xy L, ThdERAL=/S
FA—BDRAHEEEE 0=0(X,X,,.X,) £T B,

ZOEED () RBISBALEHELT—2DORESIE.

N 1 N N
log———=-"log p(X,;0)
Zl: p(X;0) Z

MDLE£DEH

RIZR)EEETILDINTA—EDHFBLICBHELEVNRERTET 5,
EFIORSA— L ERETHEIN T, ZOHFELDF=HIZBEILL T,
SERTRIEEERD,
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EDHD, TD=8 . BERILDIRL, BEREREELTI2ONEY, (B
BULDIEAKREFTEDL L ELBEENEL S, — A BEILDIEA /NS
FTEDLE NTA—BDRBRNETED, CO—FFIELPALHE
THE BEREMERELLD)

NGA—BEVEBETHE, TDHEE 0=0(X,, X, ., X,) DIZE(R
EE.FOYUTIVBNOEARICRLESFIT S, )

RSA—8E k&3 5E, ZOEEREG OUNT)EnB,
2ERE1ELT. ZOFIS FERETRASHFLIZRAO—DZFEETHD
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MDLE£DEH
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N n
AIC =-23"log p(X,;0)+2k

i=1

N
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