G AT

Wang Shujia

Department of Statistics, School of Economics
Shenzhen University

Wang Shujia (Shenzhen University) Bayesian Statistics 1/40



Overview

Q HENA
© Ui HrE H [l
(s IR IR N
o Mt iRk
o UL $Hfrhs A 55 DL -S4 tir
Q gkt R R A
© i SAURAEINT L5 DL ST 4 i ) 22 =

Q i K75 0k

Wang Shujia  (Shenzhen University) Bayesian Statistics

2/40



Q HiENA

© Ui JrE H [ml

© VU b A J

Q Vintingeit itk R PR

@ Ji EURAEIT 5 DL B ) 22 S

Q #M K%k



DI 2 2

754« DU (Thomas Bayes,1702-1761),
JEEBOM . AERTRA AR TR IR R R,
{H2 1742 A MG NFEEFF LG (H
ERROPNIEEFEE IV R

flffEtH “EE” 5K Condon KIS, HHEHIMILL “Essay Towards
Solving a Problem in the Doctrine of Chances”, K#fE 1764 FHF AL E
{Philosophical Transactions).

CREAEPEURE, AR E TR AR, DR
AHE KM T 2D USRI GETE AR T, T 1 4t 2R R 7
b A5 e B o T A 76

Wang Shujia (Shenzhen University) Bayesian Statistics 4/40



URAE H A5

PR DU G2 11 ) e A 5 i A JR B
TR RBIREES RIS (MCMCO) &k
#J2 R. WinBUGS/OpenBUGS. Stan Fll JAGS % Il M- % {4
R DU R A SR N, S
> LA AT Y DU
eI AL Ll
&1 xit
ZJE T
PR TY Rt i R

e 6 o6 o

vV vy VvYy

Wang Shujia (Shenzhen University) Bayesian Statistics 5/40



WP 2

o LMY gg itk

o IEZS A A (1) DL 34 My

o SIS oA 1k FE

o L/RBIREEZFFRIE (MCMC) Hik
o #WAFizH (WinBUGS, RStan, R)

o ZILZRM:E AR

o JT N LR E AR

o L JEfHAY

o UMMM FPRAN RS %4 5 D
o DU MR A~ 45775

Wang Shujia (Shenzhen University) Bayesian Statistics 6 /40



IR TR}

FHRRFE TR CGERAE . (EMEATRN R BRI n] PLE I an R i A 3R R :
Q FRHI Blackboard
9 BFR A Nk T %K

> https://andrewwang.netlify.com/courses/bayesian__statistics/

Wang Shujia (Shenzhen University) Bayesian Statistics 7/40



RGP

o WIKE R (%, 70%)
o ENLAIIH (20%)
o WA FI (10%

Wang Shujia (Shenzhen University)

Bayesian Statistics

8/40



Q EN

© VU7 E BRIl

© VU b A J

Q Vintingeit itk R PR

@ Ji EURAEIT 5 DL B ) 22 S

Q #M K%k



DiH-HrE B (A

EH (e (BH))

EH BAAT, BRALEARTFTREEMHM: A,... A, (AR
I, AHEHGHFRLAREMH), N E=1,2,...,n, A

Ap)P(B|Ar)  P(Ap)P(B|Ag)

B
PUAKIB) =——p5— = S P(A;)P(B|A;)

o MM, F TR REIZFEI T2 AnK (F1F B),
BLZAEHT A A R] BE SR IR A2 -

» Ay SURHHLT, Ag: HEHR
o MG, 30% MR A (FRNFKWBEZ, Prior probability)
o EFMIIEMMARE: KIWHNAKRE, MHKIME P(A|B) (FF
NIGUHEER, Posterior probability)
o NmtHE A2 4. WIBMBLER, MWILRMEBHTBIE, BIER
N P(B|Ay)/P(B)

Wang Shujia (Shenzhen University) Bayesian Statistics 10/ 40




DI e — R

ST A R B G RS N EEA 0.5% A FENAT T

BRI B AR A S, S5 R R (FF B), At AR R A Sk g

TIREERR

o Ap: MUBIYRE T, Ao fhfFHIZE—WIKE

o fIEIGEBIIMEAR: P(A1|B)

o LAMIBWI N =/ ML
o%%%égwm.ﬁﬁ%ﬂﬂ%ﬁ%@%%&éku¢%£w%

0.5%

Q P(BJAy): EIET, RKK ZHMERIBER RIEHEFZ, 95%)
Q P(B|Ay): ARREGE T, I LHERME (RRAIRE, 5%)

Hﬂ]

Wang Shujia (Shenzhen University) Bayesian Statistics 11/40



DU HrE B — RS (80

ik geas R ERIE, IR AR

P(A1)P(B|Ay)
(A1)P(B|A1) + P(A2) P(B|A2)
B 0.5% x 95%
©0.5% x 95% + 99.5% x 5%

FW: WG AT, MBRIYRFNEER 05% (LK), KRG, i
SIRGR BRI 8.72% (JF5)
o S AEHIG—IR, SFRANAMRM (By), Mihhsk A3 m AT
MAENRZ/?
» KIR, P(A1|B3) =97.18%

P(A)[B) =

=8.72%

Wang Shujia (Shenzhen University) Bayesian Statistics 12 /40



Dl e (SR

SEH (DU Hy e 2 (‘iéiﬁ”))

LR X|0 ~ f(l), "iE}UL 0 ~w(0) BT, WAL R H
#X=xTF, 2H0GEHS *’Fp

Ol ~ p(6la) = w o< () (x0)

B0 EAFEIERKBZATNHA 0 ~7(0), A 0 ERDH
REREE X =2 B, 58 0 89544 pdf p(0|lz) A HA 0 89F5

J& B Ap RARIE I R BB A Fn 3L 0 I A 8915 £

Wang Shujia (Shenzhen University) Bayesian Statistics 13 /40



DU R (L) (4)

FEIES DI g Bk, OCT X LAy
X ~ fx(x /f z ede—/ ©(0) f(x|6)do

FRONIBGALIREREL (marginal likelihood), BXSEIEFM 45375 (prior
predictive distribution)

Wang Shujia (Shenzhen University) Bayesian Statistics

14 /40



Q EN

© Ui JrE H [ml

© VUM I i) ok A J

Q Vintingeit itk R PR

@ Ji EURAEIT 5 DL B ) 22 S

Q #M K%k



© VUM S0 HE BT f) o A Je
o Mt Rk
o DU A 55 DL - $Hfr 4 iy



ek, BEDUERET, HARFKIRIE

20 40 20 SEACR, — LR —HEah LB AR, dhnr Aoy 9k o
FRUNIERFRER . EXGIT YK RA Fisher FENLZHE 10 ME0%% (%
5 M) BEATRRLG, SR Z L LU T 9 M. WA R G A P Y
KIEES?
o MR 1 HR) I ACAS Mt P HIR S S RE 000 s A 5 R, 5 2R
M T 10 2k, AT 1 9 Ko I DCA XA 7 D RENG ?

Wang Shujia (Shenzhen University) Bayesian Statistics 17 /40



ek, BEDUERET, HARFKIRIE

20 40 20 SEACR, — LR —HEah LB AR, dhnr Aoy 9k o
FRUNIERFRER . EXGIT YK RA Fisher FENLZHE 10 ME0%% (%
5 M) BEATRRLG, SR Z L LU T 9 M. WA R G A P Y
KIEES?
o —LMEIINE 1R AR A R Al P 5 HI i T e TUIM ) el T ) 5 SR, 45
M T 10 2k, AT 1 9 Ko I DCA XA 7 D RENG ?
o AL AR F A ARU BENS B0 ) — AN IR T AR U I R AL
1o WK 10 f3 AR, AU T 9 K.

Wang Shujia (Shenzhen University) Bayesian Statistics 17 /40



PR AR ) HHE

R ZEIRMEWT: X Rz L IEMPRR A REL T
o M. X|0 ~ Bin(10,6), MEELERE = =9,
o WENI: Hy:0=05H,:0>0.5.
» BEARKN p-H = P(X > 9|Hy) = 1 — pbinom(8,10,0.5) = 0.011
> 25 WRRZ L EEYRRYRGE
o XM A E SRR IR A—FER (B —F).
o TREIMAH{EIXLLLE I ?

Wang Shujia (Shenzhen University) Bayesian Statistics 18 /40



L di 7R 0 DL SE B

DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
o M. X|0 ~ Bin(10,0), B
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



2z i R AR DL S HE By
DU M IR T B T 2, B EEIN EAN A S EL 0 14 A AT e it )
W .
o M. X|0 ~ Bin(10,0), B}
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MEARZE © =9,

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



L di 7R 0 DL SE B

DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
o M X|0 ~ Bin(10,6), RJ
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MELRE v =9,
o O MISEI BTN 0~ U0,1), Bl 7(0)=1(0<0<1)

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



L di 7R 0 DL SE B

DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
.
o MA: X|0 ~ Bin(10,6), AP
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MELERRE 2 =09,
o O MISEI BTN 0~ U0,1), Bl 7(0)=1(0<0<1)
o 0 W35

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



L di 7R 0 DL SE B

DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
.
o MA: X|0 ~ Bin(10,6), AP
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MELERRE 2 =09,
o O MISEI BTN 0~ U0,1), Bl 7(0)=1(0<0<1)
o 0 W35

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



2z i R AR DL S HE By
DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
i .
o MA: X|0 ~ Bin(10,6), AP
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MELRE v =9,
o O MISEI BTN 0~ U0,1), Bl 7(0)=1(0<0<1)
o 0 W35

p(f|z) o< 7(0) f(x]0) x 6*(1 — 9)107;;;
B AR A

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



2z i R AR DL S HE By
DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
i .
o MA: X|0 ~ Bin(10,6), AP
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MELRE v =9,
o O MISEI BTN 0~ U0,1), Bl 7(0)=1(0<0<1)
o 0 W35

p(f|z) o< 7(0) f(x]0) x 6*(1 — 9)107;;;

BUARM 6|z ~ Beta(z + 1,11 — x)
o HEMK: Hy:0=05H;:0>05.

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



2z i R AR DL S HE By
DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
i .
o MA: X|0 ~ Bin(10,6), AP
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MELRE v =9,
o O MISEI BTN 0~ U0,1), Bl 7(0)=1(0<0<1)
o 0 W35

p(f|z) o< 7(0) f(x]0) x 6*(1 — 9)107;;;

BUARM 6|z ~ Beta(z + 1,11 — x)
o TEKI: Hy:0=0.5Hp:60>0.5
o Hy WAL G52
P(9 > 0.5z = 9) = 1 — pbeta(0.5, 10, 2) = 0.994

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



L di 7R 0 DL SE B

DURHST 2RI B T HE, BN EAS AXESEL 0 1o A AT e A
.
o MA: X|0 ~ Bin(10,6), AP
P(X =2/0) = ()67 (1 - 6)10*(z = 0,1,...,10)
o MELERRE 2 =09,
o O MISEI BTN 0~ U0,1), Bl 7(0)=1(0<0<1)
o 0 W35

p(f|z) o< 7(0) f(x]0) x 6*(1 — 9)107;;;

BUARM 6|z ~ Beta(z + 1,11 — x)
o TEKI: Hy:0=0.5Hp:60>0.5
o Hy WAL G52
P(9 > 0.5z = 9) = 1 — pbeta(0.5, 10, 2) = 0.994
° i%i’a: SRZSCRE Hy (R L BAHINTRIIRET)), SR FIREGIR
A=,

Wang Shujia (Shenzhen University) Bayesian Statistics 19/40



PAE USR8 T ) DL - 7 4 W

o 1M: X|0 ~ Bin(10,0), WMEERZE 2=9

Wang Shujia (Shenzhen University) Bayesian Statistics 20 /40



PAE USR8 T ) DL - 7 4 W

o 1M: X|0 ~ Bin(10,0), WMEERZE 2=9
o 0 MBI AR IN 0 ~ Beta(3,30),

Wang Shujia (Shenzhen University) Bayesian Statistics 20 /40



P A e T F) DL P S by
o M. X|0 ~ Bin(10,0), MELERZE 2 =9

o 0 MBI AR IN 0 ~ Beta(3,30),
o 0 MEM A N:

Wang Shujia (Shenzhen University) Bayesian Statistics

20 /40



P A e T F) DL P S by
o M. X|0 ~ Bin(10,0), MELERZE 2 =9

o 0 MBI AR IN 0 ~ Beta(3,30),
o 0 MEM A N:

Wang Shujia (Shenzhen University) Bayesian Statistics

20 /40



PAE USR8 T ) DL - 7 4 W

o 1M: X|0 ~ Bin(10,0), WMEERZE 2=9
o 0 MBI AR IN 0 ~ Beta(3,30),
o 4 MFR AT N:

p(0]z) o< 7(0) f(]0)
x 0371(1 _ 9)30719:10(1 _ 9)107:10
— 9x+3—1(1 _ 9)40—3@—1

Ep

Wang Shujia (Shenzhen University) Bayesian Statistics 20 /40



PAE USR8 T ) DL - 7 4 W

o 1M: X|0 ~ Bin(10,0), WMEERZE 2=9
o 0 MBI AR IN 0 ~ Beta(3,30),
o 4 MFR AT N:

p(0]z) o< 7(0) f(]0)
x 0371(1 _ 9)30719:10(1 _ 9)107:10
— 9x+3—1(1 _ 9)40—3@—1

Bl 6|z ~ Beta(x + 3,40 — x)
o FEII: Hy:0<05 Hy:60>0.5.

Wang Shujia (Shenzhen University) Bayesian Statistics

20 /40



PAE USR8 T ) DL - 7 4 W

o 1M: X|0 ~ Bin(10,0), WMEERZE 2=9
o 0 MBI AR IN 0 ~ Beta(3,30),
o 4 MFR AT N:

p(0]z) o< 7(0) f(]0)
x 0371(1 _ 9)30719:10(1 _ 9)107:10
— 9x+3—1(1 _ 9)40—3@—1

Bl 6|z ~ Beta(x + 3,40 — x)
o FEII: Hy:0<05 Hy:60>0.5.

o Hy ML) JEH L%
P(6 > 0.5|z = 9) = 1 — pbeta(0.5,12,31) = 0.001

Wang Shujia (Shenzhen University) Bayesian Statistics

20 /40



PAE USR8 T ) DL - 7 4 W

o 1M: X|0 ~ Bin(10,0), WMEERZE 2=9
o 0 MBI AR IN 0 ~ Beta(3,30),
o 4 MFR AT N:

p(0]z) o< 7(0) f(]0)
x 0371(1 _ 9)3071990(1 _ 9)107:10
— 9x+3—1(1 _ 9)40—3@—1

Bl 0|z ~ Beta(x + 3,40 — x)
o FEIY: Hy:0<05H;:0>05.
o Hy LI
P(0 > 0.5z = 9) = 1 — pbeta(0.5,12,31) = 0.001
o Z5i: SREISCRF Ho(WHIRDUAA TAIEE i 1E S H I RE 11, S
IREEIRHER)

Wang Shujia (Shenzhen University) Bayesian Statistics 20 /40



Drunk man prior: beta( 3, 30). 95% HPD Interval[ 0.151 , 0.413]

95% HPD Interval

0.0 0.2 0.4 0.6 0.8 1.0
Lady prior: beta( 1, 1). 95% HPD Interval[ 0.632 , 0.994 ]
959% HPD Interval
T T T
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