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074 Introduction

Lecturer: & 2023 7+25t7|
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0Z: Introduction

glom olag e 55 Hlole] Aol iz fEEE okl 58] AxuT otk Wz EAH 2o
“of o] @7 B4 s} ShoLp el that B AT i 45k el 2 Al Feh Hokety @ 4 9lnk

o] WA= FAHY] 2 WHES AEE that &o] 27 3gA = o] thE Aot

Part | 55 EoF ol AA(19508H) & 54102 A5} Hoko] tfImAel 3749] St o] e Bayesian),
H] & 3= O] (Frequentist ), -5 2] (Fisherian)o]] thafj 4] &olct.

Part 1T FHFE9] 37| TUA719] 1950t FE] 1990 th7k2] 7R 324 Ql 4 HHE. Resampling
methods, AJEEXA 3} EM ¢8|, dutstAddd e, Empircal Bayes, MCMCof tfj3f A7fgtct.

Part III 2147] Hgolef o] Ao T4t t22 <] SATHE, thEr et EHs} 9] AE4, Random Forests,

Neural Network, SVM, Post selection inferenceS tf| 3] FE3tc}.

Joh Tukey+= FA%H0] 71 2 4 o] WA ol Yle RE 2okt =T 4 Ath= v = “The best thing about
statistics is that you get to play in everyone’s backyard.”& @At} 2147 o= SASHA = g oAt Hlujdo]
oYzt dutdoll A Holg Alde] FHoz S ob & Zloltt. o] HEg S 7Sl 2Bk

¢ % YRS 41 S vt
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1%} Algorithm and Inference

Lecturer: & 2023 7+25t7|

AL QFske sholth. olejst dlolE o] AR dl4Y Wi, ZRopT A

£ 4 9ieh. BAStelE 2A) £7HA) G o]2, Wo]A|ek (Bayesianism) 3} WEF-0]
(frequentism)7} Itk BE of7]o] S HsHAM SEF0] (Fisherianism)& 5 5 Qlek. o] HBolAt
cRFE SR SAS] GEA 2744 (52 371K ol RS 0] FEAT Kol o] TA A Lopz
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Vg ol A ElE BAT B#E olgatel £ b Ade] Aol Asiut. Selvt chewt 2o Aw

=
Th. e, S BERTL AL S BW AT 7 2AXGAE AFA AL S (109ED ATAS) S

PBEFck AZFARAL. o % n — 2260]0] BFL Tk} 2L TAL ol8ate] ANE & ok,
z= Z x;/n (1.1)

o] F& drht Hetgt AA7 o] ARl figt g BHPFO] F 04} (standard error)E |

AR 22 o] Aol ol24 A o854 %Al bootstrap(iL2|F)& ©]-85to] A= te 7+ =
7|zl FieEFS o8 FEL Tttt & 5 Qi
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A% A5A AT PAES FA5E HTHE weighted averageS ALg3HE Zo] sttt
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12} gk, A3 ) WL 9o double truncationd] o9} o] FEI& Zo] HAE U 4 YES 2 4TS
sha gick. the AelA 27k AE FohA AFYol o BA SARHS WA FEA] Lot

1.1 A Regression Example

g [Life AHmE o] A7) 5] Wit AEo] AHEES Bzt 15799 AR AYAE qdoR
Lol(age) & xF 02, A7) S-S (t01) 8 yEHO 2 & F50} Yol TAE HolFT It JYPolA 2 5
Qo] ARt o R 1o|7} 542 44750 A =

EE AL A4 9lon 750 AHslEE & AR o] A4
Fastl meslor & Afgfolth. E W7h] FEG AL AAte] Fg47} 0] olstols] ol7t EA R4S
QL] $AE HoiAE S Btk FANE 60Ho1Y ¢ F150] FALYAT A15A] Aa
A e o ol tolo] AHE A sith. 27 [LIPIA HolFE 4% A@s) A4l
y=Po+ Pz (1.3)
o] MR P AL hgT 2 AFFL A4 S FAAS (8o, 51)F T3kl Doi Holet.
Z(yi Bo — Brxi)
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‘f -l
2 w0 s o w0
age
2% 1.1 15799) 2o ol A%, AR S AN ATk AHtolol 4 o] NP (£2 BELA)S Holzet
H2AIF (least square) FI2]F-2- 1800 el 28F 2HE2 (Le g ndre)sz} 749-2+(Gauss)el ofaf At P
o o) whel W B, = 2.86, 5 = —0.079% AR A (L1 olgstH 54 oldr A7) 5 ASS

247 WS BFEES 18059 BAT 92 Belo] AT I5S Aol 17959 E AFULT T HAAFH
AFRESS] AT B2 ANFOR INAE 4927 ALAFEE NEAThT 939 9
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& & et 2042 B A7 sHFE 1.29 o| AWk 8041Y ¢ ASAE 34302 Fags d &
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719 1.2 Local polynomial lowess(x, y, 1/3)& 2 X E AAzt7 o 2t A2} bootstrap ©]-85Fe] A&kt 95% A= 4L7¢

I [L2= A4 AFEIE S0EF lowessE ol §5te] AAE HAGNSTHL BolFT gIrk. AAZ R
oA lowess(x. v, 1/3)& AFg8te] 919] B4 AMER 1714 1/39] ojnl eS8tz sH= 2t Lholel A
APk 71202 1/30] G FHlolEl S o] 8ste] olEAE TRTHS Zolth. lowesse] TalAE HA Fo
A5 At st 19 L2RIA WAE 4 Qe An ol Al 209

A AATS Bol AT 0T FUEE 30FUAA A5l Z A7 A0 Wbt gla thA] ol Fell Ak AR B

Itk o],

= YHE A8 Bootstrap®] 4
ofo|t]o]+= resamplingS 55+ FEE X (sampling distribution)-& -FF5=4] it} gtz oz EX EA =
o BEREE To7] YalH ol2dd W (g BAE FaFee) v

AR = Qlth AP BEEIZE Yoffr] 917t TP 4R S ol
Axrete] 1 Zte S| AEIWS o]85te] AA|GhH BEE

F+ (resampling) O] k= ofo|Ho]& Arg-5to] o] #AIE A5ttt = Hel HEoA HYFZE(sample with
replacement) & -§35F0] o271 AEE-S AGStL 7 AEECNM THE 7HAAL e SATE Axteite

Ao] §4] ofo]r]ofo]tt.

3% L3 25709 ABEAA P lowessF A E HAZT et mebd] 53 Aol 2549 A54S
AN 4 glov] o|S vigog 529 BELAE TT 4 Atk A4 EXAE T8k g4 250749)
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tot

713 1.3 Bootstrap2 vl 2 507 25709] lowess(x, y, 1/3)

AEEL AT E LA B 4 Aol A2ABHE ol§3 Avet BAGH ol o2 245
g ol

lowessE=A 2] 0] EF QAL Z7}6= ASRE Hol=

B L1 AMEE ARARE AR (1) Hold AEARA d57;(2) AFSARANA 7} old 59 BEL T,
(3) Yol lowess &3] (4) bootstrap ©]-&3F lowess d|&%] 2] EFQ 2}

age 20 30 40 50 60 70 80
1. linear regression 1.29 .50 -.28 -1.07 -1.86 -2.64 -3.43
2. std error 21 .15 .15 .19 .26 .34 42
3. lowess 1.66 .65 -59 -1.27 -1.91 -2.68 -3.50

4. bootstrap std error 7123 31 .32 37 A7 .70

Lowess

Lowess (LOcally WEighted Scatterplot Smoothing)< thE A Q1 H| R 4= T4 HMH O] SR o] 53 (mov-
ing average)< AWISIAIZ] /fF o= 2V &4 Qlvk. WA (z1,91), ..., (Tn, Yn)= T&%@}Oﬂqﬂ 7}7g 51t o]
SRS AN AL RS AN S 2qtS 71 E0E Sphe B E =

H&TH30] 7P7he W25 AEsiA] o] BE52] 9] ygke] Hat-& ALtstd Het AA IOWGSSOﬂ/\JIL OT% §:1rf—%
B} dukslsl o}eks] 712 (polynomial regression)2 AF&511 7152 A A (weighted least square) H'H-&
AMgSHe] 2 BYS Aty whebA el o] Abr (degree)@f 7HEA], ARESh= ol H 9 H]&of uhet
Gere o] HER o] A4 4 Atk QAROR o] AHETE F1FAE w(d) = (1 - [dF)* tricube
weight functiono]™ 2= 22fo|st= ARty whebA AAZAQ] 2HR4= HlolH 9] HE aztal & 5 9l
o AR Zrof| watA UEof Bj-2 bias-variance trade-off7} i gtch
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1.2 Hypothesis Testing

SAH 222 2 345 AR o] vl Falg Al MY DAL AR BE gl

o] Atz 72 o] WIS 2 LA E]o] 9l o o] & 457 ALL (Acute Lymphoblastic Leukemia, &4 &
A e ) ghztoln] Y 2] 2772 AML (Acute Myeloid Leukemia, G4&5A W dH)3kzto|ct. LH2]
SAERAAL Ao ] § Gk QA Sk 2 S G T2 24
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ALL scores — mean .752
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AML scores — mean .950

27 L4 WMEY A2 F 1369 $AZY] FAE: 919 TPL ALL (n = 47) 1, oFh 1YL AML (n = 25) TFL HofZh. o HE
t AAEAZFO 2+ 3.010]9 p-value= 0.0036°|T}.

S|IAERA g4 9l%o] AML T1F0] Hot et @44 & HojF1 Qlom 7y TTE1He] AL o] Hd2
o 2t
AML = 0.752, ALL = 0.950

5 150 Wae o AR Aot b A0 BolAw Holee] AXYEE Bestel A OR Hol}
% olth. o] A9 7P Bl AT BATNES ol HE 1 Aol AAEALS the

%S O 1w [ 1 O [e] | =aNe} =

5

_ AML — ALL

A
o171 st ANL — ALLS] BZRA(EZF 03] F4olch. W T Fdo] BT HTHEE np2chd AT
M (Z T REe] Bito] 22 A9)stelA 919] ol B2 FHFAFS AFES 109 ¢ BEES MEch o] HE
AATAZ A 3012 Fol AW o] B FZAHES ASUTHA pghe 003602 Foldich. Awrgom
Fol5ze] 0.052 FolAths @ Teche o] A9 et ARALL /14T 4 ek

SHA[RE ol2jet Axprt AMY of il o] 7HaH e Aol A v A3tE shuEtd 3.01012ks HASA
o] Zhe 184 Zulgle Avtety ohr]: FEch 1Y RE 7128719 5347 g Zhztell A At
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o|BE AABAC] S| AEIRS MelErh o] TelA 3.010leHs ghe AZtRTE ZAel gro] ok
5 B okt 22 27b4 QIR o714 0.0560] pghe ojulsta gkt

L Addor g2 7HMEERY A5 HAstA sk 7Hdo]l e A BEA Sl AT Mol Zol=t
= =
2. o]22]¢] null distributiony} AA] Hlo]gl oA Holx null distribution®] ¥2]: 1% [L5PIA AA] o] =

9l null distributionl A-§57} 7091 t5-27} AAIE|o] k. o] A9 o]2A<l BEkmr} A4 HolE

zo| mel7k BN FEES & 5 9t

Mr

99t 22 998 oA (multiple testing)o] BAHOR F2iA glon olg BAE HFak Sla) 15
4 HFA -8 (False Discovery Rate: FDR)2] /@& AZfE oot} FDRE A-§5 F¢ Wy 2rof

A EH|UA Hol= AR FAZS g2 6.160]430] °

Folgt AT1E AN 2 4 o
2 ol gt 22 P49 HlolE 7} ok v uit A28 74 diigEo] FASHA 9 F

E] gttt Neural net©]Ut support vector machine, boosting®] ©]2]%t o2t & 4= 9t} 5

Aut BATAES olald FTeIFL o8 FoHA) 43S 7122] frequentist %2 Bayesiane] THoA

Z

Aesa ol 24 Erhg AT Boostingo] HEAL A2 B& 5 9

Frequency
700
J

200 300 400 500 600
1

100
1

r T T T 1
-10 -5 o 3.01 5 10

t statistics

3% 1.5 7,12870 9] §AA S EE o]-§ste] AAET o] 2 HATAF s|2EDH. Tk 2XAL A{LEr 709 tREE
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