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Bayesian Statistics

» ERERIRER, SRRENFENEEEH, RitHE4z
— R iR s S, A3 A SR K .
» N iFiRIA Y, SHEMIEE, A MEELA, ot
B it £ B 5 5k 2 W 5 H0E 4 2 AR T e & E A

» RS 00 H-NEom (), RATHME T A%
A p(y|0) FFAERBER y , BB AKXFTUEE 00
J& ¥ A

p(y|0)m(0)

W)= 1 p(18)n(0)de
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R L ot 37 46 W 8y 6

» MCMCpack F #5480, £ 58K X MAR R i T ot
SEHL;

> 4 “arm” # (Y B 3L bayesglm o ¥ DL DL vt H 7 ik LI X 4
MR

» R2WinBUGS #1 BRugs ' #) % 4k bugs() 1 BRugsFit(), &
HE N4
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WinBUGS f& 4~

» WinBUGS W/l & & BUGS(Bayesian inference Using Gibbs

Sampling)

> SRR TE R B TP Rt W 69 & 1180t OF HLe o % 5%
Yy

> FEHR, WinBUGS HEAR AL, #z Al — A B3
K (DAG) Kk i # #y .

> ERMHNATEY, BNTUREEZ ORI HE
$
P(v) =[] P(vlpa(v)),

vev
e, VETHALENRS, v REAFH AT
%, pa(v) = v IRET R,
> 7 WinBUGS M Al H, RAIFE EMART & Z AN A &4
it
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AN B 895 T WinBUGS H 894 T Surgical

> BAERIRE T 12(N) MNERE A F A G HA &L (n) F5E
T (r), THEBE—A list #:
list(n = c(47, 148, 119, 810, 211, 196,
148, 215, 207, 97, 256, 360),
r =c(0, 18, 8, 46, 8,
13, 9, 31, 14, 8, 29, 24),
N = 12)

» BEWETHITENERLFARANETE pi=1,...,N.
» & r; ~ Binomial(n;, p;), B &I A pi~ Un/f(O 1).
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WinBUGS # iy $ 4

» WinBUGS = By 4£ A -
model
{
for(iin1 : N) {
plil ~ dbeta(1.0, 1.0)
r[i] ~ dbin(plil, n[il)
}
}
» WinBUGS #jiZ =1 R IEEHEAR LR -8, TRZAET
H AT 4 FR ARSI A R, X BT LA
% WinBUGS #5 B >4 v 8 “distribution” .
> WA AT A — A list o
list(p = ¢(0.1, 0.1, 0.1,
0.1, 0.1, 0.1,

,0.1, 0.1,

0.1
0.1, 0.1, 0.1))
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WinBUGS H 52 B1L By 1 48 2 BR (1)

1. WinBUGS — Model — Specification — Specification Tool;

2. ¥ At 2h 2 BT TS ) model Z BT ¥ model #H — &
i Specification Tool F # model check , #ni&
T WIinBUGS 4 T 7 3L 7 “model is syntactically
correct”, Ut IAREYIERY %A 15 ik B4 1R

3. AR BB EE AR data By list Z BT HFHF list P — &
i Specification Tool # #] load data , #R7E WinBUGS #
T I T “data loaded”, A B4 I HiE NEKIE;

4. B i Specification Tool H # compile , R 7 WinBUGS #
Z T HIT “model compiled”, I B4 45 iF i 1t
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WinBUGS # 52 L1 1 48 2 BR (1)

¥ A 20 2| LA TSR AR list Z A0 K list A — &
# Specification Tool H ) load inits , W3R WinBUGS ¢
Z T HIT “model is initialized”, WL EZ ¥ &
A

6. WinBUGS — Inference — Samples — Sample Monitor Tool;

7. 7& node i NARK B S H (Bl EATR S S Hp,

BRRE-AWE), A set’, WHELRNTARKCH
ZH;
WinBUGS — Model — Update — Update Tool;

9. 7f updates A SN E EH LT E, A A updata , 1R

10.

¥ % 5| WinBUGS IE 73 (R By ik 3%,

7 Sample Monitor Tool #) node I A\ <G 5%, FH
N R AHNSH, & density B 3 stats %, BE|E
AT AR E
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R A WinBUGS

Z#EF R WinBUGS 2 7T, #HHF T gEE:

1.

2% WinBUGS %|: c:/Program Files/ WINBUGS14/, 3%
M BRI 86 WinBUGS 45 e 3 it ;

2. %% OpenBUGS #|: c:/Program Files/OpenBUGS/;
3. BEHKIAIRAN R;
4. BEWBRT, FRA R PFEA WinBUGS Z fi#h & A 40

9 R package: “arm”, “Brugs’, “R2WinBUGS"; R/
Ji Windows Vista, ¥ 232K, 7 2| Andrew

Gelman WM AE TEFH <15 &
http://www.stat.columbia.edu/ gelman/bugsR/.
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#]1: Meta-analysis

i1 meta-analysis, {5 % 88 32 &5 A A B A | B 338 R R,
ERATEER. T HEEERE WinBUGS B4 F Blocker, #
FRAE—A™ list P2

data=list(rt = c(3, 7, 5, 102, 28, 4, 98, 60, 25, 13
45, 9, 57, 25, 33, 28, 8, 6, 32, 27, 22 )

nt = ¢c(38, 114, 69, 1533, 355, 59, 945, 632, 278,1916
263, 291, 858, 154, 207, 251, 151, 174, 209, 39

rc = c(3, 14, 11, 127, 27, 6, 152, 48, 37, 188, 52,
47, 16, 45, 31, 38, 12, 6, 3, 40, 43, 39),

nc = c¢(39, 116, 93, 1520, 365, 52, 939, 471, 282, 192
266, 293, 883, 147, 213, 122, 154, 134, 218, 36¢

Num = 22)
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Model: meta-analysis

B Andn T 12 BR A5 7E X Meta RR with weight.bug #:

model

{

for( i in 1 : Num ) {

r[i] ~ dbin(pc[il, nc[il) ##control group
rt[i] ~ dbin(pt[i], nt[i]) ##treatment group
log(pclil) <- mul[il

log(pt[i]) <- muli] + deltalil##here deltali] is i
mul[i] ~ dnorm(0.0,1.0E-5)

deltal[i] ~ dnorm(d, tau) ##here d is overall

}

##prior

d ~ dnorm(0.0,1.0E-6)
tau ~ dgamma(0.001,0.001)
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R: meta-analysis

TR R AT 87 e R L AR A

inits=1list(list(d = 0, tau=1,
mu = c(0, 0, 0, 0, O, O, O, O, O, O, O,
o0, 0, 0, 0, 0, 0, 0, O, O, O, 0),
delta = c(0, 0, 0, 0, 0, 0, 0, 0, O, O,

o0, 0, 0, 0, 0, 0, O, O, O, O, O, 0)))
parameters=c("d","delta")  ##fparameters
meta=bugs(data,inits,parameters,n.chains=1,n.sims=10000,

"Meta RR with weight.bug")
meta$summary
attach.bugs (meta)
plot(density(d))
plot(density(delta))

HH# “meta$summary” & A T LU TR B s AT B Rt E
T A plot i 4K, 1 BT b 46 K1 5 24 6 3 30 K.

b b b b b
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#2: BAHA

» BAR Y = PY; 4+ (1-P)Yy;

» ViR Yo R HANESHA, PR—N{ELE, MAFAKRE
—]:‘1}3]3/\‘%‘\{2’&;

> BF

Histogram of Y
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Bl2: BEA(l)

##Gaussian Mixture model in Winbugs: Eyes
##note: R can not read "I()", so there are some difference:
##"%_%" is used before I().
gmmodel=function(){
for( i in 1 : N ){
y[i] 7 dnorm(muli], tau)
mul[i] <- lambda[T[i]]
T[i]l ~ dcat(P[])
}
P[1:2] ~ ddirch(alphal[])
theta ~ dnorm(0.0, 1.0E-6)%_%I(0.0, )
lambda[2] <- lambda[1] + theta
lambdal[1] ~ dnorm(0.0, 1.0E-6)
tau ~ dgamma(0.001, 0.001)
sigma <- 1 / sqrt(tauw) 1
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##write model into the dictionary
if (is.RO){ # for R
## some temporary filename:
filename <- file.path(tempdir(), "gmm.bug")
} else{ # for S-PLUS
## put the file in the working directory:
filename <- "gmm.bug"

3
## write model file:
write.model (gmmodel, filename)
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f2: BAA(N)

data=list(y = ¢(529.0, ...), N = 48, alpha = c(1, 1),
T =c(1, NA, ..., NA, NA, 2))

inits=function()

{ 1list(lambda = c(535, NA), theta = 5, tau = 0.1) }

parameters=c("P","lambda", "tau")

GaussianMixture=bugs(data,inits,parameters,

n.chains=1,model.file=filename)

print (GaussianMixture)

attach.bugs(GaussianMixture)

par (mfrow=c(2,2))

plot(density(P[,1]) ,main="P1")

plot(density(1/tau) ,main="1/tau")

plot(density(lambdal,1]) ,main="1ambdal")

plot(density(lambdal,2]) ,main="1ambda2")
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B3 AEHIAL Bk B A S i

> F AT A EEA
Z—Y >R

filan, Z ZaMALRKE, Y ETFREHER, RE A
THLE, 4 Y RAREKO0, TN 1.

» RIGQARBTERETE Y, XET2FHEANG K.

» Ma, Geng and Hu (2003) i BA 7 A8 AL 7T 32 5
M (identifiability).

> W RO T R R SRR B R — R EM Bk, X E 4
oy et i 07 X B4R At H AL

> DU 7 R TR SRR R ARt %, WinBUGS H1 %
Fl Gibbs RA¥, SLfr EREFRGEELE KT 548, #EA
BT L EEHE BT
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Model: missing completely nonignorable

model = function()

{

for(j in 1:N){
Z[j]1~ dbern(p)
Y[jl ~ dbern(pzy[Z[j1+11)
##this intermediate is a must!!
index[j1<-Y[j]l+1
R[j] ~ dbern(pyr[index[jl])

}

##prior

p ~ dunif(0,1)

pzy[1] ~ dunif(0,1)

pzy[2] ~ dunif(0,1)

pyr[1] ~ dunif(0,1)

pyr[2] ~ dunif(0,1)

}
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#4: Bayesian LASSO

> AL &M E )T
y=XB+e¢
o R EXHALR S, e AT H A
1. BETENLEMER, FHROLSEHEIHEE A RE, E45it
ERIANE RN EZLK;
2. EEAMA R FAK, A THEE, FEFMG T ZRKAK.
» &hxt 1, L GH 7 iR I E A (ridge regression), Ef

Bridge = (X'X + A1) IX"Y.

T2, EElRY, RNFZRF2MEEN. Eny THER
T T Z8NER, XA R FNTE, BT ER
WREE. mEEPRZE S EE, ERNRETEN LM S
BE(4m AIC #1 BIC).
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LASSO

» Tibshirani (1996)3%& & 7

N

Brasso = argming > vi—XiB)stllBl < t
i—1

» WA E FILASSO XMW B X, B
N
Bridge = argming Z(yi — XiB)?,stlBl5 < t,
i=1
> 4 TE] T B DL e 370 A (Weisberg, 1985): 76 £k P A5 AU
Y = XB+¢e,e~ N(0,0°1,)

H, %Wﬂ%ff%ﬁ*ﬁ%ﬁj iid ~ p(B;) ~ N(0,72), R J&
W AREAE A BT, S E T,
» LASSOX{ f2 LaplaceZ7i .
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Bayesian LASSO

» Laplacer 7 7] L& B IE &0 % T RE S B RE0:

2 ealdl — /OO Le_z2/2sa—2e_325/2ds, a>0.
2 0 27s 2

> A NE 5 LASSOAR ST S0t Lot i o0 B A AL

Y|, X, 8,0% ~ Nu(ul,+ XB+a°l),

Blo?, 72, ...,7'3 ~ N,(0p,0°D;), D, = diag{73, ...,7'3},

2 2 2 2 2 2 A2 —X\272/2 , 2
05Ty Ty~ m(0%)do Hie itedr?,

T ONB ) T R WA, w(0?) = %( H At GammaZ
).
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Model: Bayesian LASSO

model = function()
{ for(i in 1:N)
{
y[i] ~ dnorm(b[i], tauw)
b[i] <- mu + inprod(betall,x[i,])
}

mu ~ dnorm(0.0, 1.0E-6)

for(j in 1:p)

{ betal[j] ~ dnorm(0.0, tau.betal[jl)
tau.betal[j] <- 1/tau.beta.inv[j]
tau.beta.inv[j] ~ dgamma(1l,lamda)

}

lamda ~ dgamma(0.1, 0.1)

tau <- pow(sigma, -2)

sigma ~ dunif (0, 1000)
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Thank you very much.
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