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Seminar OT
oeo

Orientation

7 Mo|Ltel Agolo], 3 WES 25 JBLCH

@ Week 1 - OT, R + RMarkdown Basics, Introduction to EA|ZAF +
HO|2 EA|
@ Week 2 - Markov Chain, Monte Carlo

Week 3 - MCMC (Markov Chain Monte Carlo), MH-Algorithm +
27 73

@ Week 4 - Conjugate Priors, GLM, Bayesian Regression
@ Week 5 - Bayesian Hierarchical Regression, Gibbs Sampler
@ Week 6 - Bayesian Model Comparison, Bayesian Non-Parametrics
@ Week 7 - Preliminary Week
5H':F MD[LO M= R BF ARES O Y0|H, A7t E2|l= 2tAl= Al

oMo A= Z8H0| |0 USLICE
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Seminar OT
ooe

Assignments

o A= BTt M5 OFgLCE ShA|2H 2AIE S 01A A0l|A|
HZSSHAI A7} HI|0jM ZHES sH=2|=F stAGHC
o A= HA| ZeoM Li2= 0| IAIS0| LEs 3= U7

— oOT
Al g ZABLCE

o 0f2] 2HS0| L2 HLE U2 2H0[0], ST A7t S|4t
o 2831, 32 H0|2 SX0| Of RBFR|0f HfiME HEE
st=2 stAEct

A=)
oT=2

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024 4/39



R and RMarkdown Basics
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R Basics

off 20| R & 1st=27K?
o R 2 SASASS flall S0 20{Ql 2F CHAe SAEA
Jls=S AlSdtELHC O|AS E&diM & Bt 228 & +7¢

U HECL

e Environment (8t4) 2 = & 7|0 2210| {AsHE HELE2
AAZtez2 2+ QA ™
5170l = Of 0[gL|CY.
GHs| 0|42 22| 2M 0|2t 82 A2 AHS0|H, A=
DM Z & = CHE HOE AFEsSt= A0 2840|7 oLt s
Aol52 £45tH7| fIiM= R Of CHSH A|A = 2 E2FHLCT.
CI2E HO|2 EA| OlA= C++ & 278 &= U2 0|F Folsli=AlZ
HHEHL|CL.

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024 5/39



R and RMarkdown Basics
0®00000000

R Basics

O HAHE 27| fI6HM R OM = FAS &= LOI0FE7t27?
Vector, Matrix

Defining a Function

for, while and if-else

S EFEQ AHE gt4Z (ex: rnorm, dgamma, pbinom, qchisq,
etc)

o Plotting
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R and RMarkdown Basics
00®0000000

R Basics (Vector, Matrix)

@ Vector

o X eRP HENZ HHISIH, 12t HO|E{Z2, X = K{7[|0f|A] p Z0[2
SIE{7} ELICH

o ROME 22 c() &

=
£
rep() &+S2 2 5+

@ Matrix

o I}O|MOf|AM numpy 2| array 2t E&5| FAFStH, 2-2H& G| O|E{ Y L|CY.

o matrix() St4E O|25HAl BHSO{X|0{, DataFrame &= Matrix JE[2
HBIRZ 7t ASLICH

o HIE{QH= L2 g4 2Hof| BilE] YENZ 2t=Z 20| HA|=|0{OF LT}

o nrow 2} ncol 2 S5HM Output 22 LI2= HEZIAQ| S
28 4 sl

o dim() 2 SoliAM A7|E &g 4 ASL|C

o %x% £ EGllM HEZA FH solve() & ESHA] Inverse Matrix
EEEEPS /3 aty
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R and RMarkdown Basics
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R Basics (Function, for, while, if-else)

© Defining a Function
o function(Input){ZE} & EliM &S AH ¥ & JYSLICH
o return() 2 SollA S,OfM ALE S gl
UAS L
o 2 otHE OujOn) E2{2tM AFRSHA| EICHH Computation Time 2
ZOj2[R|2t TEZ Hi2t2E = A|Z0|M = 715740 ZO01X|7[0f &&at
CHE0| ASFLICE
Q@ for, while and if-else
o HIO|MO||M St= ALt HZ oL}, mpo|Mat= T2 { 22 &
ZSHAAHAM Sl OF ElCh= 20| M0 ZA{RL Ct.
o for loop & AL 1list LHO| Y= FALAESS 25 Cf Repeat A|7|H,
O|Hd2 1:iterations S22 &&2st £ USL|CY.
e while loop 2| 2% HZ WQ| Z70| BtZEE|= 502 RO} BtE0|
FLct.

H
oo

HHO|O ifelse O[2t= &S EoliA] indicator B4
JtsELct
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R and RMarkdown Basics
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R Basics (& &X of+35)

0 #E2E Y45
o 2IXO| 0|5 A0 r, p, q, d E AR ZX 22} o|0|5t= A2
C32t Z5LIC
o r: oliY m2tO[EO|M HESZ 2E5t= A.
o p: olie gt CDF g, S &8 &0t
o q: 3l &E 2t9| Quantile Zf, = Inverse CDF £ ZC}.
o d: 5l 22| PDF 22 &L}

o SHHAL B2 SUAL 7|2t O|AA|= 23| runif(n, 0, 1)
0t O|8aliM HHEH2Z 2Z5HOF BILICE = rnorm() &2 OO
AHESHA| L Ct

o THE= A UAHT AHESIH =0, 0|0 CiSt O|A|= unif, norm,
binom, gamma (Shape Scale Q1Z| Shape Rate Q1Z| F2o|& Zi1),
invgamma (‘B Q| TH7|X|7F 2L CH O T{7|Z[QIZ|0f T2tA
otetole7F &ef|7[0] folsiAM AtEciTAML!)

o G5t OfEH AtEot=Al= X 0|5 %0l ? 2 0|H ELUCH
O|: ?rbinom

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024 9/39



R and RMarkdown Basics
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R Basics (Plotting)

@ Plotting (1)

o plot : X = Y ¢/=0| 2l OA O|O1| EH0|' Scatterplot
2|0 A2 O ARE=

e abline : AME HHA E|j_
@ abline(a=1, b=2) -y =x
° abllne(h—O) —y=032AM,
° abllne(v—l) —x =0 2M.

o hist: =2 5| AEMS 131 f 0|25 S3llA H|OIE{7t OfH
=9 E°k° IMREAE & 27t AL
o breaks : 5|AETZ LHOM LS HO|Lt 2 Q1|

o freq: y-=9| /2 [0,1] AIO|2 HIEZ|
o density : %8 HIZ J2{x&= &&= OfL X2, G|O|E
JAE Ytz HHO & et M2siA|H EY
o H|O|R MAH|0| M= plot (density (ZS)) HEHR AFF AR EL|C
o O{7|0iM kS0l aliYst= A2 HI0|20|MH= MCMC MESLICH

o=2=24d

I:II-D:|

=
= C—
Ct.
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R and RMarkdown Basics
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R Basics (Plotting)

@ Plotting (2)
o pch: Ho| 2QF
cex : @9 37|
col : @/ of Azt
1ty - Mo SF
lwd : MOl #7|
x1lim, ylim: c(a, b) 22 YUHGIH x/y Z0| a 2} b A[O|Z J|
EICt
xlab, ylab:x/y £9| 0|5&
main : Plot At4|2] 0|2
legend : W52 £/4& LIEIHZECH
par (mfrow=c(a, b)) : 0§ 72| Plot 2 a x b YEHZ EOJF 0
A I AFHESt= Option
o add = True : 7|& 2% 20| 22 Z| O} Z|
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R and RMarkdown Basics
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R Markdown Basics

o 20| RMarkdown S 112/&7t2?
o FAOYEREEHIMNY
87H, H|O|= 67).
o EIMO= O O{H ZEE MA O™ Zot=3 Al=X|2F 0]of Cist
SR HagtLct
o RMD Z AI23510 2 TAMZ 25
22 GYLA st SAE A

m [
=
10
i
=
J
2|
N
ol
(m]

DI5LCH (232 7|2 £

F|F
pax
(@]
0
o
2
_Qé
x
=
fe)
L
o

r

o 2HMO| &A=ZHNCHH Knit HES F2WH |, Html, Word, pdf
2KE 28 47t AL

o OIS Hae OO, CHE YRHO| THEHA|H 042 JHAIH
SLich
=
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R and RMarkdown Basics
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R Markdown Basics (Latex 1)

% SAoE= $ 7|§ A}O|0f| & OF EHL|C}.
2|ARZ}, B2 AR AtEStE 7|2 &2 \FH Ol 20| FLct
O: o : \sigma, exp : \exp, V2 : \sqrt{2}
o _ 2t " = ZtZt Sub-script, Super-script S 2|0|gtL|C}.
of: 2, : 2a bX b*X, AP : A"b_c
o \frac {}{} : @& 2|0|&LIC.
% \frac{1}{2}
o (~) &= \sim 22,
o (x) &= Hl&| 7[=, \propto 22.
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R and RMarkdown Basics
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R Markdown Basics (Latex 2)

=ZAE POl YEs:

o \textbf{} : Bold Text

o \textit{} : [talic Text

@ \underline{} : Underline

o \texttt{} : Code Text

e \mathbf{} : X, Bold Symbol

e \mathbb{} : R, &4 7|2

AAFE MEEE 7|2S

o \le, \ge \ne: FS25 (<, >, #)

e \hat, \bar, \tllde —'?—ZI- ol mO|7| X, X, X

@ \in, \cap \cup : & 7|25 €,n,U

o \infty : £l co

o \rightarrow, \leftarrow, \leftrightarrow : St&HS —, +,
e \sum, \prod, \Sigma, \Pi: > . J[,x,N

Jaewoo Shin
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Intro to Bayesian Statistics
©000000000

H|0|= SA| (¢ &)

SH™L = CHEXA| IH7| 2| AFRO| 7Hs5tA 2, 7| 2422 R & ¢
INERIEIES
O|He O Eg8&ez AC I} SO0IA SHE7| QISHA :
o HIO|2z 7|24 22 OOl A E EEHr2 BietZte 20|
USLCH
o 0|2 E3l|M Posterior P(6 | X) & F+&3= 20| 758U Ct
o $AlORE S| 02 ES0| OfA|= Bayes Theorem QL|C}. 52| 0t
0|4 21 QICtD siA RHHOoZ MI2|2 oA &7tQ?
o HIZ MCMC & &&35t= AQLCh
o C++ TET C}2|0f 8 = 20}OFE|R|BF ChatGPT o] E28 Hto
LT

°
-
a
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Intro to Bayesian Statistics
0®00000000

H|O| = EXA| (Frequentist vs Bayesian)

Frequentist :
e EH-E528 Long-run frequencies (&2 At
AHZ10] 4ojLt= HlE) 22 QAL CH
o SEML X 7t QUCHH, O| 2t 2tAE 2401 9
Constant 22 QIAISIL(C}.
o 2H :HIEO| HAS Z

2te YHESS DicE

o
Bayesian :

o &E32 F QI Degree of Belief (Prior) 2= &o|gtL|C}t.

o BHEL X 7t UCHH, O| At 2 E 24 (Parameter) Q1 0 £
SEHS, A2 B4 (Hyperparameter) & &R+ =
QIABILICY

o SH: FHUHQ UGS EU= EAst= A

Jaewoo Shin H|0|=2 SE{R 122} Sep 14 2024 16 /39



Intro to Bayesian Statistics
00®0000000

H|O| = E 4| (Bayes Theorem 1)

0|2 ¥2l= Ch32t 25Ut

P(A|B):F’)

B
o P(A|B) P(B|A): B &8&
e P(A),P(B): Margmal SES
H 0|2 E4l= 0| H2l& SallM LSO FSLIC,
O] Y2l Y&k 4o, Chaxt 20| A3 & ASUC

P(B| A) = P(;‘(Q\)B), P(AN B) = P(B | A)- P(A)

H|0|=2 SE{R 122} Sep 14 2024 17 /39
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Intro to Bayesian Statistics
0008000000

H|O| = E 4| (Bayes Theorem 2)
O H|0|2 Fe|E P Y T2 BHE oA
f(X|0)p

7 ‘ /\

me1%) = ffxye)p

) : Posterior Density (X3|7| =422 a2¢t A!)

e m(0|X):
o (X |8) : Likelihood
@ p(@) : Prior (A3|e] &AMl 2F)

f(X | 0)p(0)dé : Normalizing Constant
B, 22= 6 of 2|54 U] et 2F 7] W20l A3l=

()
— T

ALM|3| &
Ctgat 20| A8 4+ UA FuLt.
(0 | X) < (X | 0)p(0)
O|ZA| Proportional to 3t Zt=2| 7t AESH AS Kernel 0|2t

BA
SLICH O3 OpA|8 A2 Posterior 2| Kernel 0|2t 25 £~ QU&LICEH
Jaewoo Shin #|0|2 EE{2] 1323} Sep 14 2024 18/39



Intro to Bayesian Statistics
0000@00000

Ol Al 24 (1)

1000 7Ho| A|SS SOIA 145 7 20| SF0[2t1 Y520, YL
52 HlEl 225 MECLHE Prior & 7HYSHRGLICE O™ O|AS

Ct.
Ct2 0} 262 Hierarchical Model 8 A 4~ J&L|CT

X ~ Binom(100

(=}

i

6 ~ Beta(a, b)

e f(X|0)x 9X(1 _ 9)1000—x
Py p(e) o 03—1 (1 o a)bfl
o (0| X) x f(X | 8)p(6) = §7+X-1. (1 — g)b+1000-X-1
“x_1 T(a+ X+ b+1000 — X)
a+X—1 (1 _ p\b+1000-X—1
x (-9 M(a+ X)-T(b+ 1000 — X)
~ Beta(a + X, b + 1000 — X)

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024
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Intro to Bayesian Statistics
0000080000

OlAl 24 (2)

712 A3|= Posterior 2] 2XE Ct21} 2H0| 2|

ol

& AL L

6 | X ~ Beta(a + X, b+ 1000 — X)

1000 7ff =OfA{ 145 7§ 7} ZFO|710]] X =145 O & o= QU OO Beta
THEO| HHAS 0|8 & % |C}.
a+ X
E0|X]= ———
[0 X] a—+ b+ 1000

2{® a ot b gtSS OEA SYSt=Lof W2tM O] gt bR A
LT,

Jaewoo Shin H|O|2 §E2 132} Sep 14 2024
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Intro to Bayesian Statistics
0000008000

H|O| = E 4| (Confidence Interval vs Credible Interval)

Confidence Interval :
o DHE 24:0/0] 70| SHYALICS. = 2172 95% & 100 4]
TS SO0AM 242 95 717t ZetetCh= of0[YL(Ct.

4
° P( —196}<u<x+1965)

Credible Interval :
o H|O|R0|M AMBE|= 42| 77H0|0, 247t EEH40|7(0] 242
2 A BIE AT Adgch
@ 95% Credible Interval = 2471 s 12+ oH0j| 2| & &&0| 0.95
0|2H= s=olL|C}

— A d
o Ct2H &ali, F27t0| [a, b] O|H P(6 € [a, b] | X) = 0.95 O|2}=
o|D|YLCt.
< s < s
° P(x—_1.96ﬁ §u§x+1.96ﬁ)
where X = X and S = s are observed data.
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Intro to Bayesian Statistics
0000000800

H|O|= EA| (HPD Interval 1)

Symmetric 2t HPD Interval = SCt P(a< 0 < b | X)=0.95 &
DFZSL|CE SEA|2H O] A Hi2t2 Lof| T2t CHSL(CE
Symmetric Interval :
@ Mean 2 7|22 0.95 Bt29| Density 7} 2 T77IR| x-2&
St
o 1% quantile &E O|&5tH 7HHSHA & & USLICEH
Highest Posterior Density (HPD) Interval :
o 9|2 7|20 (7% &2 Density 2 EBHH0517]0f) 724 0.95 7}
2 G7hR| L ct
o HICHZIQI RS2 J|EC2 I &2 YL E 7RI FZHS0] ofC|of
UEAZE & 4 YA L Hojel 2258 BOo| OHE
0 40| 7|0 HPD Interval = H|O[20{|AM BtO| CI=A| & O H /LTt
QFCKOY| 2IL7t Symmetric StCHH Symmetric Interval 2F HPD Interval =
&g

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024 22/39



Intro to Bayesian Statistics
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H|O|= EA| (HPD Interval 2)

HPD and Sym Intervalg.png

HPD and Sym Interval|png
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Intro to Bayesian Statistics
000000000e

H|O|= EA| (HPD Interval 3)

1 O] HPD Interval & A 727 HIZ coda IN7|R|E AtESt=
ALt

e final = rnorm(100000, posterior_mean, sqrt(posterior_var))

@ Symmetric Density Interval

e quantile(final, c(0.025, 0.975))

@ HPD Interval

o library(coda)

e HPDinterval(mcmc(final), prob = 0.95)

Output O] Z+2} (7.757207,11.156792) @} (7.783376,11.17874) 22
O| Mt 2}0|7F ZA gL Ct.
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Recap on Bayesian Statistics
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Recap on Bayesian Statistics

H| O] 20f| TSt Recap & SHZS LI,

Frequentist :

o EFE 52 Long-run frequencies (22 AtHS 25| BEH23HS o
A0 LOjLI= HIE) 22 QAL

o SHEHa X 7t QICHH, O At AE 2401 4
Constant 2% QIAISHL|CY.

o ZH :HIEO B3 Z=WHESS U= A

Bayesian :

Jor

B> ﬂﬂﬂl

ro

Degree of Belief (Prior) 22 AQ|grL|C}.
f':” 0|42t ZtHAEl 24~ (Parameter) Q1 0 £
2 (Hyperparameter) & &5y 02

NN
()
[l

%

AN
L X e

JI0 ook o
o rE njo
AN > 4>
>£
10
m

B0l AlEe ECj2 BAGHs X

A
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Recap on Bayesian Statistics
0@000

Recap on Bayesian Statistics

24 A E 2Efe2 27| W20, As5l= H0]2 Y2|S SallM

Posterior Distribution 2 CtZ2} 20| d2|a 4+~ ASL|Ct.
F(X]0)p(0) _ f(X]0)p(6)

Jf(X]0)p(6)d6 f(X)

(0| X) =

7(0 | X) : Posterior Density (X437t s =422 g9t A)
F(X | 8) : Likelihood
p(@) : Prior (A35]Q| &t AF)
J f(X]08)p(0)d6 : Normalizing Constant
o f(X|0)p(#) : Kernel of Posterior Denstiy
Proportional I\l BE B4 ¢ 0 Chat SHQILiC

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024
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Recap on Bayesian Statistics
0000

Recap on Bayesian Statistics (Prior)

m(0 | X) o< £(X | 8)p(0)

o 247t O|Al= &EEHLE 2 g7 HE0 0 A HEEES
7} OF gL EY.

o 1% Prior 842 Y| 5tH =377
o IPALO| QO|2 Prior £ AT 4 QBT
o R40| MZI0| AGH MBS 5= HO| IHY ESLICH
o 0|20 >00[2tH, 6~ (a,b) 2 20| 0 O|A}0Y| Y= BE2 HHFI=

20| o 2L}
o O|Z& Likelihood 2} A5 Posterior 7} & L|C}.
o Prior o] A S Z|CHTH S0|= A0| H|O|Z0|Me| &HO0|H, 0|
Non-informative Prior O|2t11 227|& §L|C}

Jaewoo Shin H|0|=2 SE{R 122} Sep 14 2024 27 /39



Recap on Bayesian Statistics
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Recap on Bayesian Statistics (Likelihood)

(0 | X) o< £(X | 8)p(0)

X Of Cist Ale 2 HfEf%Efﬁ Joint Distribution AIQIL|C}.

6 Of Ciet Ao 2 Hiet2CH SEgk4 YL

o 2422 E% Tol ZO01ZI HIOJEIS YRS [ T Y o4
240l ﬂ‘:'—9ic.’_|7\|01| st =2 LTt

f(X]0) 7t OtEl L(0 | X) 22 B7|E Ti= AS LT

ol =S 3—|EH2F A7l 0 2EZFS MLE 0|2t £FL(C}

Jaewoo Shin H|0|=2 SE{R 122} Sep 14 2024 28/39



Recap on Bayesian Statistics
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Recap on Bayesian Statistics (MCMC)

(8 | X) o< £(X | 8)p(6)

o 7|20z 22 BE&20| 2AE otH, 142 A3|= Normalizing
Constant 0|2t 220, pdf HEHZ SF27| oA 2AErL(C}.

e StA|t MCMC 2| B20f|l= £t Z& Un-normalized Density 0| =
AHE0| 7t LIE

o fE 7| YS AEoteE BEEA|
O|AS MCMC o] 3% ¢

Jaewoo Shin H|0|=2 SE{R 122} Sep 14 2024 29 /39



Conjugate Prior
©00

Conjugate Prior

Posterior 2} Prior 7t £Zt2 Family of Distribution 2 [Ch2tZtCHH, A4S
Z|8|= Conjugate Prior O|2t11 2SL|C}.

= Posterior 2f Prior 22 =Lt IEXE =X EICHH O|AS
Conjugate Prior 2t11 & 7} U&= AL CH
o Likelihood 2} Prior SCt &E&20[7|0 Hgol= A2 &5 246
ZXO|Z[QH & 2l A 0|AL| A O|HM AHO|AZ ZLCt AHESIH
g LCt.
e Conjugate Prior = 11 Of|A| 2 SILtO|0, Likelihood 2} Prior 7}
olget 228 WECH= AS 0|0 Y QUCHH Posterior 7F O
JEfUR| Of= BR7t =0 JFLIC

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024 30/39



Conjugate Prior
0®0

Conjugate Prior (Examples)

o 7|[ZH2Z Likelihood = H|O|E{0f h2tA CHE7]0] A35|7t o=
D23 R

o G}A|Bt Prior 8] AL 5|7} OF2CHE & 4 A7|0|| Likelihood 2}
ol22|= JE|Z UF':OM‘I Posterior =X Conjugate Prior &
O|8aiM e &= UA ELICt

Likelihood Prior Posterior Parameter
Binomial Beta Beta B(n,p)
Poisson Gamma Gamma Pois(\)
Normal  Inverse-Gamma Inverse-Gamma  N(y, 0)
Normal Normal Normal N(8, o?)

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024 31/39



Conjugate Prior
ocoe

Conjugate Prior for Normal Mean

most 2

uin
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Formulating tl
©000000

Formulating the Posterior

— (=3
P(B | A)- P(A)
P(A| B) = P(B)
O|AE O|&3liA A 5|= Posterior & T+55ot= 0| 7t55HH, Conjugate
aH

Prior 02]2] OJAIIME OIS LICE (173}
1000 7| HZS 20 M 145 7§ Tro| Eo|2tn 4

Jaewoo Shin #|0|2 EE{2] 1323} Sep 14 2024 33,39



Formulating t!
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Formulating the Posterior (Example 1)

X ~ Binom(1000, 0)
0 ~ Beta(a, b)

o f(X]0)x 6*(1— 9)t000-X
) p(e) X 0371 (]_ _ e)b—l
o (0| X) x F(X | 0)p(6) = §7 X1 . (1 — g)P+1000-X~1

- “x-1 T(a+ X+ b+1000 — X)
a+X-1 (1 _ g)b+1000-X-1
) t=o [(a+ X) - (b+ 1000 — X)

~ Beta(a+ X, b+ 1000 — X)

Jaewoo Shin H|0|2 EE{2] 124} Sep 14 2024 34,39



Formulating ti
00®0000

Formulating the Posterior (Example 1)

712 A3|= Posterior 2] £XE Ct21} 2H0| 2|

ol

& st

6 | X ~ Beta(a + X, b+ 1000 — X)

1000 7ff =OfA{ 145 7§ 7} ZFO|710]] X =145 O & o= QU OO Beta
THEO| HHAS 0|8 & % |C}.
a+ X
EO0| X]= ——
[0 X] a—+ b+ 1000

2{® a ot b gtSS OEA SYSt=Lof W2tM O] gt bR A
LT,
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Formulating ti
0008000

Formulating the Posterior (Hierarchical Model))
of

O 2 Likelihood 2} Prior 7} SC} FO0{R|H| EICIH Posterior

Al
Sfe]
ol &g ¢ & USUCH

Gl
g

Prior S{A| 22 W20, 1 20| 9l 242l Hyperparameters a, b
AA| BEE w2chD Btof L Ch

M4 40l E2 MM Posterior & T+t &= 242 Hierarchical Model
oot RELCH =
X ~ Binom(1000, )
6 ~ Beta(a, b)
a~T(c,d), b~T(ef)
Sh2|2F AA| &&0l|M= Prior & 0| £2t0|E2} 7FO| TAHCZ &
o= Aghe 2s| =2710] CIOIEIS SaiA Prior £ HHst 297}
Ak LEZ LG — Empirical Bayes!

Jaewoo Shin H|O|Z EE{2 13} Sep 14 2024 36 /39



Formulating ti
000000

Formulating the Posterior (Empirical Bayes)

© vy~ h(@|v)
v %t AHH|E OLof| H|O|E| S O|2alAl 2HZ siiH 2= A!

=

g(x,0[~v)="F(x[0) h(0|~)

m(xw):/_oo f(x|e)~h(e|v)d0=/°° g(x.0| 7)do

—0o0
23 m(x | 7) & S3hM 7 S 23 4 U Fuct.
(2SS MLE S ALZELICH
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Formulating the Posterior (Example 2)

Xi | A~ Pois(A), i=1,---,n
A| b~ Gamma(1, b)

B AnX o __1 n
g(X'*)—m'e P
m(x | b) = [ g(x | A\)-h(\| b)dA
_fo T x' AmX+1-1 e—n-)\_%‘e—/\/b‘d)\
_ T(ox+1) {B/ (b 1)) 4!
= RS
0 1 _ 1 set
| B) =~ +(n-x+1)- ———— =0
gp 8 (M| D)) = =g (n- X+ 1) gy
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Formulating the Posterior (Example 2)

ng+1-1  —XA[n+1/b
ox ATxFL=1 g [+/]~Gamma<n X+1, b+1)

~

Q b
A=|n-Xx+1 -Aiz n-x+1) ——
[ ] n-b+1 ( ) n

Empirical Bayes Estimator &= MLE 2t £ZCH
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