2012 A2 iy 4, NTRRERUS T4 NI H it RIS, N, 2016 4 3 J, %[
Google 2 7] DeepMind [ AR A H A T3 EAR T AlphaGo DAL EEAy 4 Lb 1 ME T A5
A POl LB E T2 fr. 2017 4F 5 H , AlphaGo DA 3 Lt O Mk 1 i FHES 56
— M EE AT . 2020 4 11 F, DeepMind W BAJT- % (4 25 9 R4S I 7 22 48 AlphaFold 2 72
14 Jii [l 2 e 2 R T Aty o R 1 AR B AEBLIR DA, AlphaFold 2 ¥ K 2 4k
M F AR IS T AR R TIRE R, HC R 1 22 T 45 SR B el B S I A S5 RO RS JEE . 2022
LA, RENTE RIS OpenAl K45 T WIKHLEF A ChatGPT, "B REM & . I,
RIEFZMAGET GIAEXT . WMERRT. PR, BEEEsc. WG, ZEmA s,
JIIEERIN PUome 7 —ML, WA e N TR BER 7 UG S B PR e i) AR R R o X 28
NTEREREF MR G IT A A PR A TLER a2 T $OR, bLas=A > W@ N T RESUsAY —
ANEEIN S Hlgeer I AR 2, ERESHIBIEEAE ARG P B AR . B A ets
SR R 5 oMo 1T g (8 A AL 0 PR B AR XU, P B8 38 Mk _E i 28 Rl A AR O
LA EMATEF R TIAAR A T B i ES, IS REW AT L uE . R
oA TR IRAISE, OB B ETE H 33 .

{2, NIRfE (Artificial Intelligence) 1) H ARje il th HA RN RERI LA, 7T
PMRN—HRR . 2] L AT, A HEBR . pREEANATEh4E. HLERS#2] (Machine Learning) U
LN TR —RITIE, FEIENEE PSSR, H R AR AR R e A T i i 35
e XHLAY 2] @R NG E B T R ek B A s A, T LA e
PIHAEAZGEA T2, M2ibLes (BT abl) Bshseiars>d . Plasss ] s Bl 4 Rt
AR, A ) SRR RERR ISR, NGRS BT B AR SR IR DR SR . PRI
HARERBHATEYNZAE ERITERE, T EE AR INEE (VIR W, B 5
FRARRAM A —20 A1) _ERBRE Sy POMRE ST SNl et B — UGB SRR
AT EE R, B AGE NSRS AR X A T P B MU AN TS o LA > RTERY 2 D Fy A
RUZALRE S, RO AR SEA A i ) fie

YN R U 6 B A E A B OREAS . INAT L (a) B, FATTA 18 el 72l
PIRAIIETE (IZREEA ), BLEERIE TR 7 3 AMEIZRAEAR P 3cA B iy BE BT 20 2. L
iy S WA TG AT R A PR AEAS o S BRI 2 1 23 SR e i 32 B (BLdn s TEARAN
P ) FORUEE, SRS RERSARYEIX SRR AL I 2 P MU oA L 1o 357 P T ME R 3 23 B R 2 4 2
Ao XFH—ALOAKLE, GHRENZENIZE TR —, BT LR R R
—HH B XS AR ERESENEARIT, PO R P SR A EE, B
AR BAERA A P [FRE, X = =mE, WARMEEMZHETH—%k. H



1.1 513

B E IR, ERNIRET R —, MR BRI, e R E T . XX stk
PRI IETE , AT B D7 PR R LA A S AR A . BRI SR O T — R EE R AL AR
B (BRATRAES 2 SR AIE AR N AT) | BRI PET RER H T REAS B B fe v ™
AERIERS , AT RER T AR R AR R A . (E, FRATRT DA St RIE Sk ie
(FIERFAT AR RAER) . TEFEEARTERE . A s E AR G, PN HAE
FMEE SRR T o ALgR ) P R 2 BOINAR fe A A B PG DL U Y, BT AR 2
Plaser S s B PIE AT Z —

R — K RHE (BUBE)
AR B RE R

- i ‘ . O [ ] s S VALY —
JZEERES 2 AVALN -

H e L C A R
<HPCPIEE s
OA AL N RO % FE
LR ' 9 ‘? A2 &7?%; i T =

(@) (b)

Pl 11 R SR BT (a) A 2ERIBREERY 18 A YNZRAEASN 3 A REA . (b) FARIE AR
HIGRAEAS . BT =2 R EE R =R (BB ) , G —FINR KRR . F—178mn—
MNGRAEAS .

P 2R REGR AT, JA TR REEBRSRIE R A Eid =L, B2 NN
JRAE 2 I REAS A B DI P AR T B AN s PR ¥, REANHE R I A — B AR
AIFEMIFI B Dt . FEANFRATAR A B — AN TES PN AR SE, AATTW] AE A S8 /Y BRI B A 5
RGERPAFTAABALS FHIRISE SRR 25 B . KRB RER BRI WAL, K
111 FAT AR AT BE 77 2L 22 L AE S 7 TR AR )7 GRS B R R AR S I AT 0 AR .
17 B 2R G0 LY e NS A [+ 3 BE RO BRPRSE I S 0 A6 B 7 EA TR R, B AR — RS
AR THFEAREZ K 7. LAk, 28 1B IRE 2R WA — 2055 I A i i R 73 88
[a]—SKAES T R — TR 22 NS R AR UEREA AR o . 7 BB — 1 H Attt A B 2B
AR (BRI TR ZEARA T RN A AL PRI ) RIS - KA 9 1, v % AE
1 W] AR A R G R AR A E £ A 2 — B AAEMIIT S IR M FA AL BAERE AR
BMARGIEREZ B TR 5308, HF HAEREARCEA BRIV, AT o R R 5
e, R, AIIRATEERINE KEEEA, (HIRSEhnxs TS B A LR Ak
R VFZ T SRR 2 T R A K (The Long Tail) f9BLER, RIAEE (2R
LR, AR ZEEEAFAR AT I, — B/ D724 3500 A, 1y 1 4 R 6T i
FIEE T 10 54 B A7, <77 27 XEPUAE A IR, HENTEEA
Z, M (xie, INSEREIRET) . “8” (hong, EAMAKREN), 87 (le, HEAR

4



1.2 MEFITagRA

RBRE) S5 BRI IL, (HEMTRBEA ST B ERZH. 3, UPHORERR
AR BFIMIE 2, M ZH0R 8 RA DAL EER . EHERE R G RS2 DA B LER
PTG T, TR BRI E P A MR R ER AR T TR B AR . K
WGP SR, BVEARA SRR, (R LU 5 oA T o i 95 R RT3 2% L BEAA
EFEACREES] o AR, AR R GRS AR S A A AL BRI ) v S R

1.2 B I8!

WLEE2E ] FEA DAL= IB2%>] (Supervised Learning) . JGIi7#2%>] (Unsupervised
Learning) Fil5R{k2#>] (Reinforcement Learning). Hl#52% > 2288 K H W B a1 2B 7R

WE 2 2 B An 2 MVIZREREE D vy > SR o X 208 ) v 09— Rt (). H
o, FATVHHE = IR AR mE, FOVFEAEETRENZHE (BU8M) kifig,
FHIERT DA WELL (b) Frosiietk. BRI 4 goaliRi il nl DU BT RFR, K% %
GUFHIE. R o T SAHER RO YRR, DARILT (b) B, R —FEANRAE R ) i) 2
13 (RIRAR. Bl@ma). W8 N AMEARRIIGEIRETTERN D = {(@;,y:)}Y,, Hb
5 DNNGEREAS @y RN AR D yio AR v BUERIREL, FATRI AR AFRY . 2 v B
BIHUE (A0 BYEEZrE), MFR K53 (Classification) BUEEAHUN (Pattern Recognition ); # y;
WOEZAE (40 k), WIFRAIIUT (Regression) . 7St AR I A0HE ARG . SCASE 1)
Br BB, TR ESE) . FE A0S . B B ARG AN g mim . <& (iR
JE BB, AUESE) . M ARM IS . R DNINGREA R D 4 sRR, RINEHEME
M N x D R X R FTRBEMNNAHIREN A (R (b) Brig— “KH" SMERRE),
H A AR AT B — NG AR R RoR, TRE— 5 EARRE . 2, FRATH
R Y RoRFrEgFEA R S (B 1L (b) FJ5—51) o B HUE R RAE R H AT 7R 2
ARSI ERATEE AL . LR BIT, FTRAKRE <" ik y = 0, FFHARF S
WWHhy =1 (B Y ZICEHR 05 1 FmE), AR, BUEAFIZE LR SERHE A A t ] DAL T
RO BEAAL . FERARRIIEL T, XAY WocREIAE S EUE.

JCMUB ) AR R M AR BB D = {11, RN eSS . BIEFR.
XHE TohRAT 2R SRR, Jol s ) il AR D P REA s, R
25 X R A4 Y i ORI A B RO i & B (Knowledge Discovery ), B i i 1 1]
RGBSR BRI € S, BREAFRATFEH A AERLE Al i e Spik
B, A AR AR ST B (— M TR R T S SR E RIAT ) A B T SRR T AG
brifE. A& (Clustering) & —Fpis R TC IR =T BOR, HITH5— LB FE AR 70 ity 426
B, (AR —FE N A REABOEAR L, TS R (R R AR A R 22 57 a1 2R (3§
BEEL. . SR=AE), BIRFRATAT DA AT A ) O YA R BRI B SRR A R IR, (HE
— AR E T W BIFHFAAER SR, I DAVPAL SRR G5 R — iy e AR i WL f 1) s o

(BATRAEM REF N ARHE— LRI TENR ) o BOHSREEOR, FATAT DURIE AL B
5



13 B 5 g AR

7 b > o RERTHUFENL
oy | . R T
w | X e Y , YU ammmemnm |

IO

B o

,?‘l, S T T T
T | ST LR |
i Miisiats, Bl |
= FAMBOHY

Ml Jo
& | ‘
ALY ’D:n‘ " ]
=4 o MESRER RIS
5 5 TARMHML. %
e LAY
T ‘
G 3

1t ! M T 7 2 5 I
— i i L OMZEREERIT
% R —ERRE TR

{14 Ja PEBCRFAERE I 0 O T R, SR )55 H AT g _E A 7 A iR 55 %€ O H AR AR
Po, A A BEZS F T S E oM eSS A e, e SRR T 23 B i HE A SEAR O N T 3 R
R KL BEIEAZN (Frequent Itemset Mining) J& 75— LAY (4 Jo B 27 2] 12
AR, EMTRALF RN EHKIE (tem) 46, THATLARRTM . K, HNFE. £
VLA WP S PRAGT B SR A G AR I A A B 5 PR A (FT RE 2 AR R SRR B
ML) ZH—EgInE. BT UL, TS0 AR 5 R e —ES , AT 5 I 10
B QR M RAI S RIS, 7 — SR R A B — AR R I R, R —
TR, 55— SRBCELIRAT OF MRS RR E SS — Ry i A BT (), LRI A 5¢ 5 H 78
RROKAIRT T, 30 SR AEAT 2 P A PRAT B S R IRJER , AT pe A R o ) B

s AL 2 2 SR AT - PR S R R LA T B SR ARCRAL R R
ETERER SN B RS I B 2R T3, RIS HATS
MBI, R RIS B BRRRY B ARl A ) B — P DU AT B, BITE 2 RiDER
AT REAANRM R R K T2 A mg 2OR U R, Hid A f— 2 HE
BRI RIES S, R Bl A S BB . LRSS, FATH R AR
A FIERE R (RIAEAES), B RSB Al T X 2R A v i — 22X T E SRR oM. BT DA,
o] KR IAZ —2E M (Credit Assignment Problem) , RIVARATHRFA SR fr) 22 il ol 4
TR FC R MR 9 — FR SR, ATIARSE A [F] 3V T BB R ) 391 B2 R SR U B AL Ak
R R . SR T S 2 Bl HLER ARSI XGRS (IR HLEE A ChatGPT) 4%
J7 A ) R



13 A Sdod S0

1.3 iz SR

FATERZ T A T AL ge 22 I B, AR S8R 2 10 [ W] AR B4
N SR (Parametric Model) FildEZ45%! (Non-parametric Model) . 45 S RIS 5080E 2
BER, I HiX SR ERA A NGB s misg . 600 A SE AT H b g
A T SRR, H BAEX AR T @ TR Z5H (e ZREiay) . s SCRREaY
SER AT A R — PR 2SR, BIFE T W] BERAR T (% R AR B Fh S AL, T S
B Tk A GBS i Ah, TR IR B R E SEUN . A S — RS
XA, BRI E A EAL B SRR I W AR B , (B i T T 45 5 o
STIAHIAF S BERARR B AERA BE . AESBRNECR R, (05 AT B B S8R X
SRR, HAMSEE S HAE VI GRER G, AT DAE G- 5 % Fi AR B A 2= B
A3Ae SR, MYNGBIREN, IESHAR IR AT BEA B EE , H HAE R AR5 L,
W R EZ T ESER R AT RN A S (LR fl—FpdESEa (K
EARTTYE ), HF Halak o K AE B AT HE T .

LAY AN X R B, (HE A —FhEZE HSCH M A, HARO B R A
By NERAERIIIACRAN, B R A kA &K

D
flx) :wo—i-:nT'w:wo—i-ijwj (1.1
j=1

Forp wo FROMIME S, o A @ B5 § DR (MR, JA 155 2R IR

KA {wo, wr,...,wp} X D+ 1 MSEAME. SEERE—BHEERREA, Rl

PRI ZmT . T AT @ P —MECH 1 RHE (5 AR LIS E wo AHXTR), Lotk
BRI AT AT S DA o) FE A N ARIE

fl@)=x"w (1.2)

s N AHARMIIGEIE D = {(@,vi) } 1, A VFZHEW DA R & LA

SR w WIBUE, P2 Gl i e i/ 3RIE (Least Squares ), R/ MU AR TN (F 55 5

FRALIMAE 2 (B iR 221 5 1, —f%ic A~ RSS (Residual Sum of Squares) :
N

RSS(w) £ "(y; — @ w)? (1.3)
=1

AT EER M B X MUY w B, SRR DA AR B 1] 537 FURC TR A -
RSS(w) £ (Y — Xw) (Y — Xw) (1.4)
Hp X @ N x (D +1) i3, 1T R8BS RREN R A, 1Y LRI AR S bR
AL . FRATHRF B0 w SRGHL, FHETESET 0 SRR HAR(E -
XT(Y - Xw) =0 (1.5)
PAEZERMAKXIIERGMETHOk . R THESEBIE, AR 1.3%) w K, 153
7



1.3 A A Afodp AR

IR A0 (R S AR LA =5 -
N

VRSS(w) = —22:@ (yz - mjw) = 92X (Y — Xw)
1

AR, HBS AR -2, RIS
XY = X" Xw (1.6)

W XX 27 F 4 (Non-singular), AT (A0SR X T X RT3, BT DA A HAO kB AT
AT AEFI S H w E—fR (AR L6 R 2R (XTX)1):

w=(X"X)"'XTy (1.7)
e PRk w, —ER BirmE (AxX1.3) MgvIME. XERN, REFFERET w
MM R RAL,  HAT RS e 2w d MR

VERXS I AESAAL, KB B HIGE S K Mem A S o A4k
5 f(=): .

f() ngiww (1.8)
Hrp Sk (x) SR 54 o 5l (BRI 1 K MEARME A . EREREEEAEEAE,
RERH K A5 o Sl (S EEar) WA, SRIEREMRERECFY . MME R —N,
SR« PR TINARL, PR B EO AR . AR R, MY T IR K MR 2 T
JEFEHHATRER, DRURMZE. KR8k BRI G AT B S 4, b ki
YERBAMSEE AL T N/ K (RZMHBEGZ A EENEL). Witk K MII%E
PIREAT & — B, FFHENRIERMEG — S8 B8, KESITENARSHEXM
FHWGFEAL R N SEmmsgm, FEepEs K ERmBED. K Ea gL rmia—
FEE T2 S E w, (ATRERPETA R S5 K R & s .

TEbLgR >, W% (Hyperparameters) ZHEAPSSYEYIZBIAL Y FIFE 2R E NS, A
REMA AR A EE A 2158 . EATTE S R IR AL 2% ) s AR A B, S Y
MIZERE . 2R BRI it R i A PG . SR BT TR RERINZ AL B ) 22 e L .
S SEN LR 2B 240 (Model Parameters) , BE%15 B2 7EBIAL I 2 F2 vhod i L B
WHSIEEIREIN . B, FELYERIET, SR SEGS R EE R, @ A MEE bR
FORKBIBA SR A, (I ES R SR R iR E /DN, RERENZ: ES
BROFAE TSR, 62 B SRR E R A S EEE NSRS R, v ABRMREN
UL, EANGA SERCR U240 T RS A g B e R S5oh %
TEHASHE, SRR, REPEBEABESE, WABESE.

AR E A REE T . WE1L3@) FramamE, Hat 100 SR EE S, 8 T W
ARG A A BT @ BB BRI AR TS R A AR (BC2 1) FIARAR (D2 @2) SRTH
IR IR AT E : MET I AKRIN, yv=0; METHEAERIN, y=1. f#H

8
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o % a
(o]
0 2.0 (o) o° OO
o0 9o
O 00
0 o
(o)
o oO %0
(¢}
5 o
[o]
(a) (b)

Pl 1.3 k7S] opOR ENE AR AR AT — o B (a) SRS REAS R I SR (5 AT AR
R R IR, B E R IR G ko —38, iR 5 AR I e R o — K Xk
TR R W R (6 I e A (Decision Boundary) , B @"w = 0.5 ifE L. (b)
iy B A L AR B 28 BER A HLRF I (ORI R i X Ik, R BB g s B A8 2
FRLAER .

LM E NI 1.3(2) BrRE) 100 MEASZ G, FATFEI AT Letb k4
f(z) = 0.8888236 + 0.173223z; — 0.3118708x (1.9)

PEATHI I, R S ARARAR I ARARACA DA LB RTS8 f () (H/NT 0.5, s
NEEEIS]; AR TEET 0.5, WG 5], 8 OGO MIIE 130 FIEZL (H
2L f(z) = 0.5 WE L) Frlilar, &4 HAPH YRS (Decision Boundary ), HNE
HiE T REA UTTE IR R 51 o A =28 () IR RS B A R 1 1.3(a)
R R (R R IX AT, HRE LU S A BN T T 1.3 (b) B /s i 43 A I AN A £
T, PO HBSR D A AR AR LY -

FATCEH P 1.3(0) R R &ids , (R A+ 048 (15-nearest-neighbor) MR PEAT AL, I
ZERMPEL4() FrR . BSERZ i 16 Ml S8 Em 2 H0E (ZEAREITEZR) RifiE, %
[/ F4F 15 AR y (EHCFE, ARG IRI-F IR /N T 0.5 A HIG . FEX AT,
FEAR R Z B B S 030 i B B (Buclidean Distance) P47 BEHE (R TR i ok i SUREAS
Z e KA A B AR sy, AT DARYE SCPR I DR B R ASX) o N T
T HR, E1.4(b) /R T4 (1-nearest-neighbor) LR . —ITSRAYPLR AT B IRE 1
TUATAR S NSRRI T CRF 42 )3 0 T VRS AR D), S 5) 32 B W s il 1 52
Wi — N UIGREEAR I B AR S 5 I DA E A i T AR I A R T, 5 7T B 5 20X 48 i 0
BRI IS. MAETTATWTEOLT , AR AR DR & S2AH QB B IR AR AT AR 1 52 10 T DA
—EMARGEE . EREERE T RO REFHR AN LRI A/ MU SRR A R 22 T

9



1.4 32 X SRR T

o

(a) (b)
Pel 1.4: 5 1.3(0) MR 42001, (HRA K 48 Y. (a) T HEGRL 15 MBI 2SR
AT, R R 15 DR AR E R 2 R T E . (b) Al 1 AP R T E 2 5
AT . XA, 4R (15-nearest-neighbor) AR —3T4F (1-nearest-neighbor) B
TFEBIRN A, JEER 2P RERE. HT2kdm B SCHR 311,

o (AKL3) S EbRRERE K E, POARNE RS K =1, HESIAFARRRENO
MEE . PR AIER) K T2 MM UG Z SN AR A, X IR T Bl I BN fE
PAUIIZRAE _E AT L RER HEA T A -

MBI FHATAE , 4A SR (PARMERIROH]) Fri iS5 B AR R 21 L
WG, ASERATH RIS (R AR RS R G T ) . (AR
5 BRI AT I 2 S EE IR R E R (AR 1.30) FR) . B (VA K 4B
NP A RS R 2 B VIR A S s i R R, B RBIS AL R b B 3 Y A A
SRR, AR — B E AR E VT S AU AR (5 SRR IR A s 3 B i Ry
PEAR) o

L4 w4 skill it

ZHITAN KRS AR T, O ARG EE . A B N 2R AR B, BBE
AT —A ¢ 3R 3 RS ECRAIELS , AR5 AT BT (E MR 2 iAo (ERF X AR AR T L5
PR 4R i R AL, XIS SRR A R I A B R 4EIH L (Curse of Dimensionality ) .

FAER K RSB AR, SeBE SRR Z R BE S, AR5 60 B B AR R B 48. 7E
ZHIMBIF R, RATRA TECREES . £ n ERJLEASES, © = (21,...,2,) Fly =
(Y155 yn) PHRCZ RN R ECRR S -

Vier—y1)? + (@2 — g2)? + - + (0 — yn)? (1.10)

10




1.4 =4 5 xR0

o | e
A0

[oe] C\/ 6
1) ISE A\
S )

¥ o
© _| é,//
o N
P

= . Y

<

3
™ i
Q@ 7 o~ pled]

S

A
o o
— o
' T T T T T T T T T T T
-1.0 -0.5 0.0 0.5 1.0 0.0 0.2 0.4 0.6 0.8 1.0

(a) (b)

Vel 1.5: (a) —ZE A1 2 25 8] A SR F R G BE 25 SR 4R il B ARIEIA A, —ZEIS D0 R AR
S (0,0) B4 3AEAE (REEATEHER ), M ZEm A 1 AR (KaEN). TR
S ARGERTAH R BRI AR, 6 = AR TR 2R MR R [CEE 25 1) 242 (b) FEASFREERE T, B
[Fl e BigE (AR Brassr riknyik (BEg) 24k, fE-H4Essiar, b T 10% w8
VERIESR, H—4En KL fR 2R B A2 a1 80%, I &I AR ZITSE T .

F1.5() BT 4E-T P REALAE B 30 ANER i . FRATR AR R A 2142 20 5 6 — 2 —
P R PR g 0 2 T T RO A B (S R AR . —HE 3RAT] R 5 B S 2 ) o Bl B e

R SRR I A ATEHE Y, 4R HO BN R Y (R B R SE<F T 45 (0
R ) —ZERFOLT, O (A 3Nl T ZEmf A 1 NIRRT AR FAYEAE N .
WM LAGD) Bz, 4SRRI, FNA 5) 32 2 M rs ol e 7 S RS2 I o AL, B 4E 2R
Tt AT YRR S AR R, LR AR R B R 2 R R T, RAIFREEL
Mg G 2IRE0ERK) . YR LA AR, 1S BRI RE .

N T E A PR R OL R 2B RIR L, FAIVA d 4EFRALE S5 K (Unit Hypercube) %5
[ BIEAT 704 BRALHE S 7 PR AR N R KA 1, = 2B D0 Rt K 5w A RS2 07
Ko NEZDYERE, FRATESI T R ARG A 1o BRI Bnfe > o e 2R A 577 1R
sTal L, FRATIRRER K e BT/ T A (e < 1) BBl i s )k SGIE4R . oA
Bl iR oI, RN e ST IRIIRAR (ef) RIS T 48 5 I i el 4
BORITAS G H r i, BRI ST AR AL T R I eq(r) = rM4. AE ARSI, (S
PR E 1% BARAREAL I ALK €10(0.01) = 0.63, T2 E 10% Fdif, RN
e10(0.1) = 0.79. FEASHSIT R RSO 1, B 1% M 10% Bl i 27 i i K 217y
AELRE] 0.63 H10.79, HLELHARERAMRIIR T (E B B2 M—FHKE). K1.50)
JEoR THEREG i d = {1,2,3,5,10} i, A L& (AR) S5 rasErr ki (B
B) WA R R, LR AR, BT Ry VA e G s ) AR R TR . KR A
WA EERMB R M T RIS, BONBEE K e AgasD, SrBpgice 2A8/b, Tl B i i
AR AT RS (AT S R EEUA T 2 K.
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1.5 Re 5 itms

GBSO TL R 55— A R PR AR B 4k B ATER YT S AR, KB R R R 4 e ST
ERTEIEEZ o AR N NS I A LUR AU UL d dEsR ke, RATAT AT AR
Al SR B B 5 D 2 T ) v (o

(1 —0.5/N)1/d (1.11)

PRI A SR S BAE T2 0 v 1 d JEBRIRI AR 9 BEHE, T — A BEHLECE 5 % A
Tl r BIERIREIRR R (r/R), Hir ROBAREAZS LR (R d e fiek, oA
R=1). Bl B s I s R T4 RS r HER ST T N A S LS RT r R T
e R ST AR SRR T A0, T T N AN SR B R s T BORER R (1—r )N,
AT — v MR, BRI R . 24X R 0.5 IF, XTI R B MBS B el e
SEEBH A W (1 — DN = 0.5, FATATPMEEIAR LI, WA 500 D S HA4E S
10, WIEE B RIAL r 0% 0.5178 (RS BIBREE I —2F ) o X BB T 55, ik
BT TR FE (REAZS AL ) o X T BBk B3 21 S A4, S B BEHLRE A% 50
BT BN, BRI, TERZEREOLT, R HOEs s i ReA 2 () B A, T AR 23 a3
ORI DU SR FBUR : EVI SRR AR IR, m 2 [0 O RE A AR AR MR B s A T
SR 43 0 L R T 5, LA N T Bt b SRy i LI REAS AT G SR v 5 2
52 B REA R JE AT A FRA S o

1.5 KRG HEHA

Mg, KA (Underfitting) Fliditl (Overfitting) @PIFFH LAY, EN14H#H
7RSI ZRAE AU AR RE DA B AR Rz AL B R B BE T o R LA R FE BRI SRkt |
BRI A>T, R i TR T ) B S SO R R R A . L, el
AR BRI AN RS, BRI ZR A b2~
W T, AETER RTS8 PR AR . SRR BRI G BRI &,
HAER W Rt EAEERIIAE:, MIMKE TALRE ). A aE s 2 h TRAE R :, H
T REEA S S R IR . AR, SRS A A KRR,
re R RORZALRE IR, Rl T I — BRSSOl KB BARERAE 20
i, T A SRR AN A7 ~) il 255 T R PR iz AL RE Ty (FEILL.67)

FATZ B IR LR K LRI T 1.3(0) Fros fRuens, s i o it
T B A A KA A PR, AR (1&]1.4(b)) WA F A2 My A: T s i & A JRATTRF
PR — A1 B0 22 UL B 5ok 0 AT AR 78 B (Model Capacity ) 5 @2 24 (Problem
Complexity) AR VEECHHFEAE RKAGHL G PG, FFRZHEN R BAA RS fe i g
AR BRI AR, RIS BRI AU A& A [RIRR B AR 2R A BB R BE T - e AR A e 2
AT DA S hE Y A R BEAS, (BE S . M, RA B RIBI ] B TR AR Al
SRR, (KRS S SRR RAN A A e AR AR S R R

12



1.5 Re 5 itms

X00 02 04 06 08 10 X 00 02 04 06 08 10
(©) (d)

Pl 1.6: ZIAIUALEE, Hopb g (i 308 R sin(2mr) Bgk, 2060 ih 2 ER L& G2 i sR 8
(@) R RE R 10 MR R, B DRFRMAZR « Ml ARy XV ER AT
UL, X2 U il (I IR 1Y sin(2ma) sRACEORFESEINBEHLLE RS A Ay . A
) H AR EAEA T AR SR A sin(2m) BOMEOLT , o 05X 10 NI RE i, FOAE AT BT = i
XV y fH. (0) UZIABECH M = 1, MEEERENHRKUEHR. (© UZHXHECY
M =31}, UEHREIIBRA R SRR MR, (d) LZTEECs M = 9 iF, UG
SR T . BB E SCRR [10].

4¢ L1 BHr 2 G S4UE

| M=1 M=3 M=5 M=7 M=9 M=9(\=0.001)
wo 068 —042  —0.06 0.60 6.01 —0.0038
wy | —1.46 1096  —0.62  —26.72 —300.22 4.5121
wo —29.87 51.96 309.29 4795.98 —7.1532
w3 19.38  —200.56 —1284.30 —37326.96 —4.6056
wy 249.82  2549.70  166656.30 0.1140
ws —101.01 —2664.05 —453352.90 3.4788
we 1417.44  760751.60 4.3785
wry —302.04 —766628.60 2.9054
wg 424460.90 —0.0768
we —99080.74 —3.5092

13



1.5 Re 5 itms

(Model Complexity ) . #5125 5 518 4 5 @A LA B I 25 FI S 8080 . IR, — PN
TR AR AL F 4G B 2 B SR BE RIS R 4548, W] DASE Sl B A2 i Bt X, (H A S
WG RZ, —DNEAREERARM B A B SEC R SR 4548, 7] R TR A
WA R, (HEARZ UG . BRI MR B v & BB AL A 100 fE ) Al
ZACRE ), (EAR AU JR B S O E T 2R A By ) S5 A M S 0, TR A 7 e ol I e AR 2R i
FOREEE T I R B I AR
A FATTAT R 1.6(a) Hrag a5 B F/R 1 10 M YINZREH, X Sesiis S0 il e i 2R )
y = sin(2mx) AR E S [0, 1] IXTRISERRAY, I BARH ) y (B LB B L s A ) .
TERN B AR v (A Eas s B 2 o TR SE B RIS T, BT S bR 3T i I SR B 4
A A TR, X SEMg RS AT R YR TR e A A A o A A BEAILE (A A A A R R
B2, HEZH RN ZB T RAMESEHRII AR . A0 B AR HE A s T
M ESLERAL sin(2mz) BITEOLT, AIX 10 SR BELIE RS BT 52 i) A IR ZR80d o~ B 8
JE MR, T RAER R TTIAT —B7 « BRI v {H.
FATUIIRAL I LR AR A AX 10 DB AR, (ERRFR A @ S [F) 0 0 ) 0 o 5 A T4
Ji&, AZMPAT Z I R HoE
M
f(ac):w0+w1x+w2x2+---+waM:Zwkwk (1.12)
k=0

Herp M R 2RI o R @ () k WOR AT A UIEIR R E (wo, wr, ..., wi) T
X M+ 1 ADSRERCER L. FAVTIRE M e/ 3k, i ad fi/ MEFTA ISR B (-5
SPMEZ R A (AR1.3) T2 IR E . WESHE w = (wo,wr, ..., wir) '
A BAELIU AT AGE T 22 KL TSRS

FILOER T M = {1,3,9} W Z WU EER. Bl M = 1 20t (—&ReR
MELR) AN R AR sin BRE0H S B e ql, AT A T RILE IR . HF % M = 3 I},
FEARER A H G sin(2re) B B8 M SEE] 9 wF, Frigs) i 2 1 ek Boos Sl &
TP N SRR TETL.6(d) B 2L @ il 2R ERR SR S A N 2R 1, BT UITRAL
PETIME S SR PMEZ B R ZZ A . IR, G EAEP IR R I RIZ =G, 7R T
PR AR . XTI AL sin(2rz), BrA M = 9 (230U 6 DA A e,
g3t (Smooth) o BLBilH, Bkl M = 9 BZ IS W FHFR T T I & M = 3 5L,
11125 TR R ER /NS T R P AR R o BT T PR 28 o 40 PR 0 v 8 S A
P, AR R BRSO AR, S R IR BE A SR (R iz AL B R LA i R
AN 2 73 SN SRS H 20 R s

FAPRAT— T IR AR M = 9 2B FEENE UGS, RLUNETL
FIH T AR R WA SEUE . W, BE 2000 8mHm, K8 4axi g
B ETE FEle N THE M = 9 2T, B kS HORER R ERHEAR R0 #PC il
SR, DERE A 2 TR e S A i — R AL BEE MRS, 20U UL e

14



1.5 Re 5 itms

e 4 M = 9 2 4
Y g ys-
o | mEm .| s
X OiO 0i2 0i4 OiG 0i8 110 X 0‘-0 0‘-2 0.4 0.6 0.8 1.0
(a) (b)

Pl 1.7: Z20IA LR, Hob g (i 3R I sin(2mr) sRgk, 2060 ih 2k R L& TS 2 i sR 48
(@) PUAL HARBRECF A IE I (X = 0.001), ] 1.6(a) HARTEI G 10 I EREics S AT 4k
M =9 ZHAMAEER . () LGB RN E] 200 ~0F, Brg M = 9 2 A ER .

FIAWHESE . FERAEA RATOUT , FIARE D L A5 5 22 1 1 90 2 B AL 2 F AR

PR o B E, FRATAT DA P 2 I SR A E R/ R Z R 10 s, S h

PR 5 R AR 22y R AL HAR BB A KT S M (Regularization ) :
N

D (i — &) w)* + Aw| (1.13)
=1

He lw|? 2 w'w = wf +wi + -+ wi,, WS A FT I E WO 52705 B i
FEARRE . EI (lw]? MIEH RIS RS, NP7 SR, B3\ B,
IR 2 AR, s 21 A4 2 X ek BOgoBer- 1, (ERZE T MISBOR, RN ZREdE )
WEEREAR. 2R ERFREENES A AP AKX L3RRI F L H AR TR
ARGRZACRE AL B B RATRAAE T 47 BRGS0 it — P X A
B 1.7(a) MBI M = 9 W2 T HE F AR R ECH AR I 2 J5A 20 1T A . B
W2 BN GRBRAEAE REVS A B R SO LA RCR . NI L7(0) s, SAFRA TR INZREdE M 10 4~
FEINE] 200 AN, ARG TR RRAR AL, B M = 9 2 TR ARERS R L L
& sin(2rz) KA (R T 2 = 0 Ml o = 1 X Wtwsdh. HIEH 6D 75— MK, By AR 5L
AL BI85 7 AR R 22 ) o HEIMINZRE AT DA SR SR ARG | ASEZ 29300, AR
BB FE IS, E2 B A (NG EME L ERE) W AR RO I8 4G
FARE AR RS o AU i i PR O AR AR ) el R R B e 2k ey KB R B, ik
AU 38 7 PR A 2R 1o T AR R s F NSRBI AN o AR DR AU B T VA B SR R IR 2 A 2 2
WINEZ A RERE, VARSI BR A B P R P BR (RECRE R EK) . Mt la
A AT RS IR . I IE AL B . SN ZR AR, DA T RAIE e 3555

FEARLI3HFATE N IR BT R L SHEN S IR RGBS TRk, Al
K¢ DT 73 B B E X A7 305 LA IE A 2o g BAE AR IR BEA T T e, I A P PR

SR VB — it U
15



1.5 Re 5 itms

TEZ I ZTRILA v = sin(2rx) WEGIBIF R, S TERISEREEL, FAIEG I
KeHrt sy B T RS . o T R T E] y AR, RATRTAA B
B3, XTHEMBA o, Fy EIRMDA f () BRI . SmiGie, BRI f(2) /)
TG 22 0 T B P SS9 . Mg, ST LR

p(ylz, w, B) = N(ylf(z,w), 57") (1.14)
Hot BRI, BFRREEE (Precision) . 53¢ FLYB4 B FELKS B8 T AN J2 56008 FH 140y 25 ek
ETE, BT O G EER . HeAh, FATEZ TR E w I f PRI %
B w (5. AR L4FFRKN S B2 TR EMA o, HA AT y A2
BER), MR —APA f(z,w) AE. 87 A FZENESG. 52, ST EN @,
y ATPABCEAME, X SRR N (y] f (2, w), B71) Filiik . 3O R FRATEERF R A
Rl ) (,y) Py ZEZFEZE (0 WEHRE . B TR ARG ) 1R i
TR AL FeAIA A A w PSR AL AR BRI IR (% o
SR N AMEARRIIGEARE D = {(z v) 1Y, BREKEHHR R MO A (A301.14)
HORAEIRI, FRA BN (Likelihood) WA A :

N
p(Y X, w, 8) = [ [N (il f (s, w), 87) (1.15)

i=1
N T TR R R IR TGRS, AT AR ORI W EER L (In) 2 RIS ISR,
DR A e KA . AL, FRATTRT ARG 3 -

N
np(Y[X,w,8) = > N (ylf (i, w), 57" (1.16)

=1

FoATT = 3 o A AR R B R B
2
prjmu)> (1.17)

1
2y
N("L’“,L,O')—O_\/% 20_2
Hro? =571, exp(-) Jy HAAHRL e BOTERRRSL. 5 ARLITRARIARKL16, TI15:

N
Inp(Y[X,w.6) =~ 3" (i~ faw)) + 5 g~ > n(am) (1.18)
=1

G DIRSE G w Jok, FrPATT AN o SXIFATAT AR B, TERSR RS SO
BRAUR S T i/ IMEF I iR ZE B R gL (WL A3K1.3).

AT, R R AR BN AT R R Al A Tk L5 B 0 TR gebe o DU Ao A
DUmSgT oA, BRATTR S 20 S5 01 SR AR SN PR ) Se B AR AR e O T fRj B
B, BATEXHG A LNT Sl A 2 A w #5884 (Prior Distribution) :

o )(M+1)/2 o T

p(w|a) = N(w]0,a ') = (% exp (—Efw w) (1.19)

Horr o @@ R, M+ 12 M B 2 i w 4R (65 THE wo) . o7 '1

SE XA LU I TR A . T RIS A, XM 2R A X L A

HEFrEEBETES o, MHAACCEAAE . XEREEZSLIER T, SAE S
16



1.6 58 ik 4F b5 iF 1

My, HEAMERN T2 o (0 DA (Bayes” Theorem), %4 w A JE 1407 1T AR
HIE TSI AR AR R TR (BEILEE2.2 i A X2.13) :
p(w|X,Y,a,B) x p(Y|X,w, 8)p(w|«a) (1.20)

PAE AR EL T DU vk iz DB AR, B e 5 B AR R (BIMLIAR %) 456, 13N
HEMNAMEREWIER . FRAEIEX w WERGES & THANXT w MERBE IR
kAS i S5 SR A UG . IEETRATRT DA I i KA R B0 0 71 R oK Al w OB, X —F AR
PRI RS ZAL T (Maximum a Posterior, ik MAP). Z5&/A30115011.19, FFHEUEXEL
B, REERS w TR, BRMERSHENTH/MEA TR (HE—15):
N

g; (i — f(xi,w))? + %wTw (1.21)
B EXTPA 2/8, A= a/8, B INT IR R 2S5 Rk g AL (1.13) HET .
2, FATATRAREE N WEUES o 5 8 WIEA K. 24 8 BN, FEAEE B 60 5 i e 5k
R (6 AR 7 220 B0 . FEXAME DT, FRATTHE T i) TR B8 B L M4 M e ) B
FREIE R, O A PERNZEREAS TR, PABGINIE MR RS EE . AR, 24 o B/, il
SRS RS, R ACE R SEI A5 A KIRE, RIXPECE A Se 3 MR R & . R,
FANZEBR N ME. T2, FES/N, SR M EsE T (48 ER S
) W ZEROR, REAFRA T AR M BUETE B A K2 W ek m s, PRI A =1.219k B 5E5 5
1 5 fig — TPk R A S N

1.6 BERIGERE S VAl

PR EREAIPPAL SR AL AR > RS A SOR Rl ROME & . ARSI A 2 I rh P i
PERER PR A, sl 5 E B A S RO TR PPk D A e A R O S A
AITE LR, RHAER W Bz ACRE AT AT . Z AT FRATSR I PR R A D0 9 A e L B L
BAENZREE ERYVERE, T SRR AR RS BN SGZALRE 1. 0 T A TR B E R R
AT BE S, — e KB AR BRI R 23 11— AR A A ISR (Test Set) o EARLAUM L AR
e, MR AR AR RS, A TRAE SRS HE, RAEERA TP BA W .
WERFA TR A B A T SO A, I HeRe B /MR R ZE R, TR A&
TePR BRI F) I A 1R 22 5 T RE ™ B AL LS I R 22

WE SRS A RE ] TR SRR B, IS A AN TR B PR M 2 BUE? e 2hde
TR A IR S S BT e B S TR . 2RPRL, EZ BIHREIAY K AR
B, SR FRATAR I ZR AR B TR ME R BER A E S K pOHUE, EH kst K =1 (BRI
PEHMRZENE), XA PECIUEGHRHI. L, FNIFHZIE—2 W Ed e EEL] 2>
H— AR HAEAE M RAIESE (Validation Set) , TR FE S, 2, TEBAH M
e, HRETESIE AR E AT (R ES ORI, LA W A e e 1 2 T )

17



RAVHGI BOA B o EI7ERA B A T, IR R “BERIGAE” B, HERA
PPAEBTEL, AR ERPPAG B PRI AT FEE

50% 25% 25%
A A A
! \f \f \
N ZREE AN =S RS

Pl 1.8: A %00H B LR 7 i, AT DARGHLIEER 50% AOBmVE I ghds, SRJEAE 4 5 Hh B L
PR —PAENGIEEE, 75— IS

X R AR I 73 FE AT GE— R MU, 33k 5 ORSE T mT R R SO . el 9 2011 DA S AL
PR ISR R R R SR T, ATRARIRCA N 2 f R 4305k (AR 18R ) -
Fe BB AR P REPLEEL 50% BRI IR . AR R R BRI L2, — AR
Ualli SIS s S TR (S NF e SAR fve 7 E vall R S DR =22V 6= NE RO RN ¥ SURINE S SR f PSS
FETARE o Brib AR/ NE W] BB WA 5 S RO B T 5

i
il
%
%

e

it

YRS
i o

0

pomg e £

Vel 1.9: M AYAT Ju EERa e, FE ISR BERM4E LR 2Er A fbta S . MEEWAIE ZL )
o, IZRE BT (Eaihgk) B ansl. mxF T, iRz (Laihizk) o
BB E T .

AN RIS 2R B AR RS A E 1| R A G ) 1 RE R B 5 A P 1.9 /s« Bl R 2R AR 2R P AR 1
WGRRZA T AL AR RN E] R iy, YIZkiREIR e R E . IR,
NZRRZE N FRIBAEL " G T IISEE, EF 2 SFEREE . W ThEm S,
T 52 ME 3 2> 2 P — SRR G BT R e . w0, TSR R BRI B T KU
(TR0, (AR BB T p A 0 B0 s P R SR R S AR, DT i T JH X 2R SR s ) ot
BEJr. AWM, SRR EMREE i A sUs . SUEIgIT R, SRS
TUNZREE A MR P AT, T SRR PR AN T R R S Xl 5 850 T B2 AR AL

Bl BRI ALBE T T
18



1.6 8 k4% 53T 15

g b, AT CAG B R B LR r B U S AN SR IR T [/ — A, BSR4 |
R BEURT AU HAE A BAPERE. NI, BARUER RS FRPEREAE (L I S A 1.9 2L &
HHZAH L ARAERRREREB By, H LA P P ISR e s e 8, DI 4% R 4R 8 52 i A iR
T RUE S REZ BRI A, XY TN e B e A . — HkE 1 i,
AT PATE DN AR _EXT HEAT PP, AR A R AV BE . RPN ATE S0 T e, thn] DA
R ITIE, FNBAIEERIA TR, SRR R M AE 5 R B P4 .

HEEE
X orF5
1 2 3 4 5
pillEz%S Mg
\ \
f \f |
SE 1 2 3 4 5
SKI%) 1 2 3 5 4
St 1 2 4 5 3 _F
SLEG3 1
SEiG4 1 3 4 5 2
SLEY5 2 3 4 5 1

Pl 1.10: FLAfr S SUIAE o SERFREARARAERELI 70 N A TAMS T4 . FERAEE AR, f—
RSEI e AP IS TN IREE , R — A TR ARG . S i AAE T AL AN ]
AR 2 A EREATUNZRAIIIN, R JE I LA A 0 Gt SR 3 (A B PP 2 2R

BTG ) O SEAE T RERS MER MO A TR A E R WU b, i _Eak 7 ik mAR BBV
Ja) 73 MK AR IR, (AT SRS BEHR IR DR AN i) s 3 7 1 X 20 A 45 24 1) ff 25 -
PR, —FhfRT R 2 R B e K 38 URIEYR (K -fold Cross-validation) . #%7J57A%E
FERELE D AL 22 K AR MAR R T8, WED=D1UDyU-- - UDk, D;ND; =2
(i #J)e WG, BUEE K — 1D TREIFAMINZSE, FRM— TN, ik,
I PAAAAE K MO R UITREEFIINAE 4 & EdEfT Z NGNS, ffm, #F K i
GERAT I AR B A PGSR (T3 SURAER AR AN 1L 10FR ) o R K $3X
TR = 1 PP R AR, A B I8 PR R 23 AN [ i vl B R (A2 P R DAl 25
K A Uk b A TR N S, (R AR 25— B PP, AN D) i
WX i R BB AR TE . (EREERZ, TEITIS K I SRR A, ATl e A e 4R
EIFATATE AL R SO S B O T R R e A PR AR, AR AR E R
SCEGE,  EIER e RIPEA Y BOR S R BB R 20, DAR DR ITAS 0 A S PR T S

FERARERI IR I AT BB A7 AE R 22 Bl AS R R o) 20 235 28 iy o ) A AR P S o
N T RPN AR, K IS SR UEAIE W] ASE S R BEPL 2» 5 PR, A
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1.6 8 k4% 53T 15

WAGEIRIGX P IR K 12 LI uE SR 3 (E . BRI N, K 93 Xgnikvk
B e 2B K = N, Bl —¥ (Leave-one-out Cross-validation) . F4—VEANZ2EEFEHL L]
e, FOAE RA MRS (B FENEE—MER) . %, BREE—1
FEARBERAEMALE, Ha N — 1R AENSE . B St a R dkE s, JF
M e AR R 2, WHFA—ENT IS Hrse Wik, % RHE BN GE
F ] AR IR 2 VAR A T

XTI M E, Hlase A BLBE B 5 P4k 32 B bR e 2 AT A AR DL 8E iz ik g
WZEFN 75 2257 (Bias-variance Decomposition) $2t T —Fh 43 gz K H 2% >) BVEAE AR WA
IR 2 (Expected Error) 774 J5 B 5B A W vk . O VA R HS B AT HE—25
PRAA AN i 5 & Sz ALRE 1 Z B R &R o

BN N DA RBEEREAR N EEIEE D = {(zs vi) }L,, XEH 2 EEARR
BN p(e,y) FEVLRAEH SRR . BRI y(x) 2TEREL g(x) ISR & ikE
LM JEAE A (SRUEE 15T R LG sin(2me) sRECAYHIT-) . W y(x) WA N y(x) =
g(@)+e, AL e IRAIIENE . 2R o2 (R N (0, 02)  FATH H A2 (A FEEL
e D FINGAGRRIAEL fp(x) W] REHIIL) H FReREL g(x0) , X AP R3S B AT DA A5
RUAEAR FEA © F ¥ J7 1525 (Mean Squared Error ) /) 1 SR {E kAl it , BI 522 Ep|(y () — fp ()]
PHERATRE/ N TR TR Z UG D AR ZEE s KIHE . BT IRATAT A
AR ESEA T pla, y) TRV Z AR IIZLE, AR IIZEAE XS5 2R R B
B, R T A H A EAEA LU EE R PERE, W DUR IR R 254 ERIAL I BRI 11
EAE R bR, DRI RE 2 EAE D MR IR . BB R DU AR S B3 iR 22 ] DA
B R NAT] 2% 2% (Irreducible Error) . {25 (Bias) A9V A1 25 (Variance) =45 :

Ep[(y(z) - fp(2))’] = 02 + [Ep[f(@)] - g(2)]* + E[(f(x) — Ep[f(2)])’]
= 02 1 Bis?f(w)] + Varlf ()
- 2D
ANH LR 2E TRZERET Tz
R R ER RS Ch TR, AT AR D):
E[(y(e) - f(x))’]

=Ely(x)” - 2y(z) f(x) + f()?]
Ely(x)*] — 2E[y() f ()] + E[f(x)?] (IO (R e P o )
E[(g(x) + €)’] = 2E[(g(z) + ¢) f ()] + E[f()?] (y(z) = g(z) +e¢)
Elg(a)? + 29(@)e + €] - Elg(a) f(x) + of (@)] + (@)’

)?

=g(x)*+2g(2)E[e] +E[e’] - 2g(2)E[f (x)] - 2E[]E[f (x)|+ E[f (x)°]  (47E x, g(z) HEE)
=g(x)* + 0 — 29(x)E[f ()] + E[f(z)’] (E[e] = 0,E[¢’] = 07)
=07 +g(®)* — 29(x)E[f ()] + E[f(2)]” + Var(f (z)] (Varlz] =E[+?] - E[z]*)
=0? + [E[f(2)] - g(x)]* + E[(f (=) — E[f(x)])?] (7 22195 )
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1.6 58 ik 4F b5 iF 1

ATy RZE Fe A BV EUR ) e U TN th Tk BR iR 22 . XA RZE IR TRl A S b
PR PIAEROME RS o 22 B T e )R S VI 5 A AR 0 (15 o 0 R 8 0 . ) A P
5, REL T RIRAAEE S Ty 2N R AR R A BRI 22, Ok
TR ENAE MG TR EN AL, BT TR (224007 221 DU AR L2 S B o
AEPUNE T E v, ol G R B A g () ROTINAE, 2% (0 LA CSRAEA R Bl o LI 545
FIRIRA, P111) sl ZE . R 2R BAR O L 1L) mfm s, 72/, m
BRI ERE AL, BAS MR E gl G; EL11e) @&z S ERNE,
PO RE N BR, (RS FECI A AL F1.11(d) g 22 007 2288 e B e 22 1 2 o

IRz ElmZE
e o
o.'o
o0
% o ©
73 000
% 00
(a) (b)
N ° °
77 *le o ©
%= © o © o o
(o] (o) ® o °
° e

© (d)
Vel 111 ALt > ARSI i 22 A0 7 22 04 D b L R S B

(2% 575 222 [ AU (Bias—variance Tradeoff) it MiEfar > Al — M0 . ERARHY
THOUT, FAIF B R REMER R VI 2Rt b i) R 2R, SCRBAR T 2 AL 21 R DL
AL . BRI, XA X AR B o o B2 2% B AR RV T MRSl S I 2R 4k, (HAR S U
TIPSR, SEZALR T, MHREAE B R Gl & TR EBEE, B
RIRETCIR S ) BRI AL, AT RECR G . FRESRIFR I, A IR
IR Ty 22 ke — N IR AR . AR T B R B BRI E RE, ERZ A
IR, BVRZRERHA—E BRE R 2 AR m Ty 20 (BN TR 28052 [54]) . ib
e R, R SRR R A B AY S RV B nI e . 280K UL, PRAR a sin(b)
BRRAWANSE a M b, (B2 b ARZIREN, WA AAEE S IRIRG . I, (UESHE

B, HAREWTE R H BB R AL A B B AL
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1.6 A7 43 534

X K TRRT5IA, HWMZERTT 220 A s BB

2

0.2
E[(y(x) — f(2))*) = of + {;1( > gl@)—g(@)| + i
z; €Sk ()

Hh Sk (z) )25 @ e (SR B9 K MHEARRES. W ER AT AR N, 24 K EHE/N,
TRZEREIT BN, HZM MR (5 K 2BR0). k2, BE K ER, fHMZEr
PR, MG TN Ed 2 BT

[ELf(x)] - g(x)]?

2
= |E % Z y(‘l’i)] 9(93)] (K JEA8 T yR A )
z; €Sk (x)
) 2
= % > Ely(z)] g(w)] ORI 2 )
z, ESK (x)
- © 9
- % Z Elg(i) + €] g(w)] (y(x) = g(x) +¢)
€Sk (x)
- e )
= % > Elg(z)] g(w)] (Ele] = 0)
z, €Sk (x)
- E 2
= % Z g(x;) g(w)] O THREER i, g(x:) HFEED)
| xSk (x)
Ty ZEW R HE S AR AT
Var[f(z)]
‘W[; b m@i (K 3485 Ry i)
z; €Sk (z)
= Y Varly(a) (IEBEREAS ; 2 AT A7)
z; €Sk ()
:% Z Var[g(x;) + € (y(z) = g(x) +¢€)
z; €Sk ()
= K Varld (B () T2 )
o? ,
K (Var[e] = o7)

FITERITR - 17l (George Box) 7 —h) 24 [12]:

“PrAEAAR R, (B SRR A Y —TNIE - ol
22



1.6 58 ik 4F b5 iF 1

AR FAR R BT R R A AR e (HLAmE S AR ), AT
Jir 25 SRR AT S BT — RSB, i X L i i FRAT A B 7 11 00 8 -5 2008 ) L SR A AT A A
—EZES. UL, RO RO IR, AR B AR B LS R R P S R
. BLgsr > 9 Z WFTEEREC T3 [ B2 DA S AU Ak SR AR [l B3k . FRATTRT DA
I P52 S S5 Ty B 2 R B R R (P R R BB AN SRR o AR, AN — I E A e
R, FERA I 5 p R B AR (X B TR Bl i i) , 725 —13%
SHATREMAIR2ARLT o« SRR KB A LR~ PR B R /P E B (No Free
Lunch Theorem) . %@ BRI, TERHERMET, ARBTAT BRI A S 2 ] ARG %
FAPEA AR PR, AR 2 ) A EAR WA BRI TN PR T 2250 SX UL,
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