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RMAT EHEREANA XD E BE

P(A|B)= % (RAXDEH Bayes' theorem)

U

*P(A|B) : (the conditional) probability of A given B (PgA £ELZEDH5)

PA): ¥4 ANEEHMER=C | P(B): #% B EHMH=_
P(ANB): F5 AL B ziﬁﬁﬁa:@%éﬁﬁgﬁ:@

PAIB): 4 B MR EX7-HETHES AN xsfkr= &2 LyzL

B A}

CD- 2.8 S30lat BLREHHEHE = B ANREHMSE [ B NEEY

ETCANEZLBOFTDAD)HEFE | = [P(ANB)=P(B)P(A|B)] (RiEEH)

FAEIC A IS E 2 pe LOBD_AM) _ [pAnB)=P(A)P(B|A)]

U U &
- TIE% U P(ANB)=P(A)P(B|A) =P(B)P(A|B) ERViLH
=  P(A[B) = 2EPA) 7% P(BIA) = PABP®)

P(B) P(A)

RIS [B12 1 [BOEIE T, B2 EnaEDH5 K B2 AB,C D 3 #f&IEIZERY
L CHIZIFoT- I 72BN TEI-ZLICR DWW, 2 fEH DOF B I X7k
kX, (BRGHOARRFE)

ROTZWDDIINE T2 EZDTEIENTZEVOMERE2IRELTZF T, B TRILIZEW
IR DOEHIE
P(x): M8 1%L TEIENDOMR
1/5+4/5X1/54+4/5%X4/5%X1/5=61/125
AICEZIENDFSR A, BICESENLHER B, CITESENLFHE C ELHER P(B)
2RI P(B)=4/5X1/5=4/25
RKODHMERIT 4/25+61/125=20/61



& ZIC, A RHEEHF Bayesian statistics 25 2 HEEXELTLL FEAA—TT 5,

A1 Ao A3 e An

@ B2 B3 Bn

A=A1+A2+As3+ -+An, B=B1+B2+B3++Bn &7 5,

A ZJRIA B ZRE RS . W< DDA Ar~An SHERIS LB EWOfE R ATz L

T%, K72 450% Bi=BNA1, B2=BNAz, -* Bn=BNAn (HE) LB FKILTE,
B=BNA1+BNAz+ BNA3+:-+ BNAn EELZENTEXHIETHD,

72720, BiitEE LT, F5 A1, Az, Az, - AnbHEN ET 5,

RAZXOHGHTIE, 22T, BRECHNEA CTED ) L3522 MR RET D,

ERRAA—TTHDIZAZRIRER U LEEZ, A TED
P(A)=P(A1)+P(A2)+P(A3)+ - +P(An) =1 LL7z&&

P(A) CIRIFREEZR P(BNA) DOBIROAEZ 2 UL (T EFLOSRMEA SR,
FILEENFIHTED,

P(BNAi) = P(A;|B) P(B) = P(B|A))P(A)) = PAiIB)= %
P(A;)
P(BNA)) P(B)

ZL T PB)F LREEER AL B E T HE,
P(B)=P(BNA1)+P(BNA2)+P( BNA3)+...+P( BNAn)
=P(B|A1)P(A1)+ P(B|A2)P(Az2) +...+P(B|An)P(An)

A ZJRA (AR DO—2) | B &=/ R (7 —%) LRI 55,
= A1~An D n HOJRRNG, fEF (5 —4) B AU LEHET D,




1)) #h a,b,c T 60%. 30%. 10% DEIE TIELILTWDRLL B | Sk
2%. 3%. 5% DR EMNHAZENREREIIT D> TNBET D, 4, S5 2R
HEMSIZEVHLE 1 ENABR M THLHEEX, ZIUHEM a TIELIL TV DRESR
%2

a b C

0.02 0.03 @

P(a)=0.6, P(b)=0.3, P(c)=0.1
P(F|a)=0.02, P(F|b)=0.03, P(F|c)=0.05 (AR THLFELRLET D)
RDIZiE=RIT P(a|F)

P( |F)— P(Fla)P(a) _ 0.02%0.6 _ 6
alr)= P(F|a)P(a)+ P(F|b)P(b) +P(F|c)P(C)  0.02%0.6+ 0.03%0.3 +0.05%0.1) 13

AR LA H T
B 1) 1, TS O ASARGREF  BIE R TBIF U, STt o AL EL,

Bl 1) SN DIEX B TERNER 1, 35 2 36D, 75 1 IR E 4 DEHE 1 DDF 5
823, 8 2 IZIFTRE 2 DEAE 3 DDE 5 l3H5, 175> 2 DELLDOILIR EE
M1 HOHY, AUICEAT/EZAIC 1BV HL TR T EVOEIEE 3 FfTo7, T
BHENECHR, 7, ADOEN T, L EOERNOZDFENTE 1 THOHMRIL?

P(V1): %% 1 2D S DR P(V2) : 3 2 NOH LR
P(R) AR RO P(W): FIFRO TS

S s i
P(V1|R)= P(R|V1)P(V1) (D P(V2|R)= P(R|V2)P(V2) @

P(R) P(R)

P(W|V1)P(V1) P(W|V2)P(V2)
P(VIIW)=——70— @ P(V2|W)= =2 @

P(R)=P(R|V1)P(V1)+ P(R|V2)P(V2)
P(W)=P(W|V1)P(V1)+ P(W|V2)P(V2)

P(R|V1)=4/5, P(W|V1)=1/5, P(R|V2)=2/5. P(W|V2)=3/5



ZZTCLP(VD), P(V2)IFEE 1,2 DRAMIDIFAEMER ORLHALV, (RO TEHR T
IR ATRETE AN _A RO BT LD 2.9 58 1,2 DIFEMERITE LV (3 1,
7ol 2 O SN MERNFELY) BEHEAHORA]) LT 52LMRTED,

P(V1)=P(V2)=1/2 (ZER1HER)

D1FEHOHERVHL

D, @QIZfRATHE

41

_ P(R|V1)P(V1) _ 53 _2

P(VIIR)= P(R|V1)P(V1)+ P(R[V2)P(V2) §§+§§ T3
21

_ P(R|V2)P(V2) _ 53 _1

P(V2IR)= P(R|V1)P(V1)+ P(R|V2)P(V2) gi{; T3

T 1,2 DIFEMERITEINEA 2/3, 1/3 (BRHESR) 12720, 2k 2 [BIH OFHiHE
FLEUTHEMT 5,
2)2 Bl H DML

P(R|V1)P(V1) P(R|V2)P(V2)

P(R)=P(R|V1)P(V1)+ P(R|V2)P(V2)

P(R|V1)=4/5. P(W|V1)=1/5. P(R|V2)=2/5. P(W|V2)=3/5
ZZT.P(VD)=2/3.P(V2)=1/3 Zfi 45, (A ZXHEH)
O, @IZfRATHE

4 2
_ P(R|V1)P(V1) _ 55 4
P(V1IR)= P(R|V1)P(V1)+ P(R[V2)P(V2) §§+§§ T s
21
_ P(R|V2)P(V2) _ 55 _1
P(V2IR)= P(R|V1)P(V1)+ P(R|V2)P(V2) §§+§§ s

T 1 DHE H U7 R (F%MER) 13 80% IZEHT SN TUD, ZOF% R
4/5,1/5 % 3 [a] H OHFHifEREL THEH 2,
3)3 [E H OB L (B B2 D TWRET )

P(W|V1)P(V1) P(W|V2)P(V2)
P(VIIW)=——5r— '@ P(V2W)=——05— '@

P(W)=P(W|V1)P(V1)+ P(W|V2)P(V2)



P(R|V1)=4/5, P(W|V1)=1/5. P(R|V2)=2/5. P(W|V2)=3/5
ZZT.P(V1)=4/5. P(V2)=1/5 35, (A XFHH)
@, DITRATDE
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_ P(W|V1)P(V1) _ 35 _ 4
PVIIW)= P(W[VL)P(V1)+ P(W|V2)P(V2)  :t+iss 7
P(W|V2)P(V2 2z 3
P(V2[W)= (W|V2)P(V2) _ 5% _3

P(W|V1)P(V1)+ P(W|V2)P(V2) %*%%*%

1 DRV LR —4/7

T =2 URRAL DRAR I EGLONAIZALEEL THE RITAZE (BRE M)

FREOA XD EEL Bayes' theorem A
P(V1), P(V2)IZ R prior probability T, P(V1)=P(V2)=1/2 T
BAAGS AL, EOBITH SN F R MR DN FATMEREL THEHSN TS,
HATRERIIFNO P, HIEREDTBMRMEASNAZLbH 5,

P(R|V1),P(R|V2),P(W|V1), P(W|V2) IZAE likelihood
EEITT —ZDOEEDHeF CIRE =R (R EH) T Lz EFoTnd, 2
Z Tl P(R|V1)=4/5. P(W|V1)=1/5. P(R|V2)=2/5. P(W|V2)=3/5

1% MR posterior probability (37 —# 2LV ¥ H Bayesian updating =
HUVIZHER T RO BRI S R SRIZR D,

3R P(R|V1)P(V1) + P(R|V2)P(V2) <°
P(W|V1)P(V1) + P(W|V2)P(V2) |ZJA8 A marginal likelihood &%
NTWD,




A X HEF S Bayesian statistics EH LR O aT S frequentism

® AR TIIRE (NTA=F) BHEREREE X T — GO,
BOLEDENPENALOWE=RTE DRI G- L2 E 5D,
TR DR =B RR ORL AT F TIE RN TER EBTEDLIIFER 31
(e~ TT — X DER R 21D,

BEERRAORERT A XHRR

B EK TR 28k
F—d IR X

® FFMEIVIATATIL: AL P(A;|B)= 2BAPA) e b 24 45 A6 (FEEK)

P(B)
i AT 2 Box (7 —2) ICEER. = RHEET =20 EE 2D,
HE RS R DI

P(9i|x)=% (0 F—4 91 /8FA—5)

P(0i|x): FEMEHR, P(x|00): LEEBA%. P(00): FRIAES. P(x): B 0L
P(x) = P(x|0,)P(61) + P(x|6,)P(0;) + -+ P(x|6,)P(6,)

o P(x|00)P (i) _ P(x|8i)P(6i)
= POUX) = e T Pl P @) TP GIOPGY — T, PGIODPOD
HAGE A EL DREX
2(6]x) = [EOmO) _ _jeom©)
P(x) Jo f(x|0)T(0)dO

m(0|x): FE T, f (x]0): L, m(0): FRimAi. [, f(x|0)m(0)d6 : &L I

R OSAZXOFEEO 3R/ (FD R ITER T58, bELEXITEETHY, T
L TWADT, JELEEIXE /2D T
(0|x) « f(x|O)T(O) — Fi% /AR oL X F R /7AR

® ~{XHEE Bayesian inference (213, FHEAEOAMHDBKEINEVORIENHD,
FEIZP (x) A L E OFPRIIIZ R 72BN T Dfe A B2 e L, LEEFHRIT
IFZRTA=Z T DRAERR 7y DNELR SN D, IRIREEL T,
OAXTHBIZEIE TELET NEED = BRI FERISA.
@PC ZF M LEMERET VOEEFHR =~/ a7 @l E7 U/ mik (MCMC)



H SR B /ij434F natural conjugate prior distribution
NAXKFFDOERIFTF LR o LEXFATHRIEVDE TREND,

LGB BB O E

T =B DEOREER G, E DIDIRMERFATNAED DD (T IE AR D> IERLAR IS
FTARED RT VR AE) OFNL, T — 20T OB AL TH 9 T
WD DB D, BIZIE, RERFIET 10 ADHH 4 NIEfFE-~T2854 . BERK
13 10C4 0 #(1- 0 )6 D 5341 {bin(10,0.4)} (Z722D,

2. F R[5 AT DITE

FANATHIERD2NEXL, HAFEFAN TR DO E OMEZERELEFELET D locally
uniform, noninformative, flat 72X CR IS5 F 145740 prior distribution %
9%, 1&# prior belief distribution 23&FUIXHIH 9%, SRS B AEME
DBEWVHRIERFEFI A EH VDL, TR EFRID D FE LA T2,
Bl ZITFRNC ot B BRI 2530 o RIS EN L 723545 D~ —4 4347 Beta(a, )%
HHIAMIEE AL, CEERAEE L T AT bin(n,p) &2 H T 5L % M IS Al
DAADFEREEZ T N—F 504725, ZO8%5 4% conjugate BIfRIZHDH LN,

SR o EE B kil
=2 i il
EHL A 1B A0 (G VEN) ERR
WiTi o~ oA AR (5 BARN) Wi~ 53
T = A RT3 B~

*  X/Y~Bin(nY), Y~ Beta(a, ) DB ET N a5 25L& X DD AT —4-
2 T8 /74fi (beta-binominal distribution) (2720 | SEATHIIZZE 23 H B,

* X|Y~Po(Y), Y~ Ga(a, p)DREEET N EB 2 X X DN GARIIT o~ RT Y
> %347 (gamma-Poisson distribution) (2720 fi#HTHICE 223 HD,

3. 55:1% 5040 DRk
FR A HY 7V Y sampling 1TV, /N7 A—4 parameter ZH#EE T 5,
RT3 A TR A, EFLH TR n BEOGE 02 E DT A—5%
HEET D,




PDF3 ® HYY

NA XN 2T HEE, RFLO BRI FRT M OFNH T 2013 F 3R Ok
THY, EHELBRNT A TERW 28, Windows _E T /La7#EHE 7 hln
(Markov chain Monte Carlo; MCMC) ¥&(Z L0 _A X JE 5 )V DN N TEDH T —
D77 =7 WinBUGS (Bayesian inference Using Gibbs Sampling) 23U {iXUIiEf#
HEND, —BALBRIEET L OOEDTHLRT VVEIRET LR, BB ET
JV (Hierarchical Linear Models: HLM) 72 & DA 73 Al REE 72D,

WinBUGS 1L FbE o0 mn—RT& 5,

https://www.mrc-bsu.cam.ac.uk/software /bugs/the-bugs-project-winbugs/

WinBUGS ZF 92121, E# WinBUGS (22— RZ5i# 92 7150, Hat/ 7k
REZFNIHTDHIERDHDHN, =72 IT KA ELTHA AT BRI 72 B EiED
I CTRENTCTES BugsXLA 24207 ELH D,

BugsXLA TiFa—REEZIAL 2 E DHFERIIANE RO TN, 2018 4F 8 H
BE . Web B3R L7=[RY ClE B ARFE T BugsXLA [ OW TR LT- i E, =7 YAk
DRND T, A [E 0D PDF3 1%, =12 BugsXLA Z #8192 BB THERR L=,

BugsXLA (created by Phil Woodward) X
www.philwoodward.co.uk/bugsxla/download.html 75/ EfER N A 7 m—RT&
%o £ DIRHIZIE WINZIP LW B 7 R3S th BECHL O REY 7 b CII R TE 727
o7z, (WINZIP (X7 =Y U7 Enn DR TR I A U — R T&ED, )
FRRAE

Phil Woodward [Bayesian Analysis Made Simple An Excel GUI for WinBUGS |
CRC Press THV, ZOAREZ(ZL T BugsXLA Z{# H L= fif T Ic W Tk 5,
BugsXLA TlI=—REla D4 EI 720,

T —2 (fA22) DWEFR AR — AT T V72 E I BAL CO BRI ISR FR D
7177 frequentism OFAFHIZAR D05, A X7 Bayesian statistics @fiﬁﬁp%’\
BugsXLA Zff 4 2DI1Ch M B L7205, MCMC 72812 DWW THL kA S B ICL T, Ik
NV LML LI THD,


https://www.mrc-bsu.cam.ac.uk/software/bugs/the-bugs-project-winbugs/
http://www.philwoodward.co.uk/bugsxla/download.html

T—F (AE) IXEDRRERSE DN ?

' HHEFOME
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':ﬁﬁ“—‘—aﬂif;u\ ' “fEF— 5 (021) g7 — &

Cal- O 01 OLLFITE &

Sy8= T4
VAT % 1 A D ZEH3 T ISR

VAR
e A Y il

J

| |

o2l ON

N—F (ZH) o1
=11 e EAY i

B —H A

J

WD DHER AR

—TE434n binominal distribution : bin(n,p)
A=z 30 5] (n [B) #R-72HF 1 O H (D8R p = 1/6)13 5] (x [5]) 27>
p(x) =, Cp*(L—p)"™* p=np .0®> =np(l-p)
= BT —F05H, ZETF—# (0L 1), 8T —FD5H 050 1 DfEEZLHHE

ATV %34 Poisson d.
— ERFE NI XD F RO D /540 THiZRBLG R RO 53
(WU T —ZD5375)
BNLIRFEHTZ0ICFY) A B ZDBIG S EALRFRIC x I &5 MR

p(x)ze‘ll—x u=2A.02=2

x! D

= BT —F T3V BT —205b, a8 EEHNIZTELVMEERZ LGS
722U RT YU RIC K0T mbsind T —& Tid, LIRUIEEH D 5 B K
&, ZOHG & Bim sy B (overdispersion) U WY BT L OEIEN ML,
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#8{r 434 geometric d.
[RICaA a3 HEEE A (x[B] E)IZHIH TEDPTHH

— _ x—1 =l —_F
p()=pA-p)*" \u=7.0"=7

HBE%(434n hypergeometric d.
TRONE 10 18 (A ) & FVE 20 8 (N-A ) 208872, & 30 8 (N &) o Hss 5
(M &) DERZEE7Z 3 & ROERBHEHE 1 DX #l) THDH 55,

* Fisher f# € . log-rank f& €. —#%{t Wilcoxon 1 & D54

ACx *N-aCM-x
NCM

p(x) =

_AM 5, _ AM(N-A)(N-M)
H=—Fx 0= N2(N-1)

¥ E43F exponential d.
R AN FH R DK = AR R D 45 A
SRITOE DB NRIE T AR (1 255770 0.5 AOREDHHESIL 1=0.5)

f)=2e™ [u=

TE#H4 A normal distribution N (p,02)

x—p)2

x=m
BEREIERE fO) 1T fO0=re 0 . P Siiko”

2

FEYETE 45 A IV (0, 12) e =55 HE B F () 1 f(x)=\/%e_x7

EH 5y (B 8EBEE) DIEE
BB N(wo?) “EXud 58 o2 2R

_Ge=pw?

MeRB RIS f(x) 1% f(x)=\/%e

FREDIERREMNSRES n OFEARZHHL BARL 2157287 %, u DFAETY
ADNIFHE po  238od DERIA N (n, 05) DEE p OFERISAMITIER
OIAZIRD ZOMFHE py | 3o 13RAERD,

__ nogx+o?ug 2 o402
b =—"— = ~0i

noé+o? nog+o?
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LA EIEH 534 multivariate Normal Distribution(MVN) N, (u, X)

ZEBEOFFEL TS BETADT-ZRITO ER AL EFRIND,
ZIZTMERIIY a IZH LT al 1HREEZ LIV ERD,
XT =Xy, X)), i,j €{1,-+,k} DLEXH, H05H rkE

u; = E[X;],0i5 = Cov(Xi,Xj), a; = Var(X;) &L,

H1 011 " Ok
p=(§>,2=< 3 - E ) CEj;S<o
Hi Ok1 " Okk
ZZT, 2= (op)lT (B0 o BATHITh D,
BEHEREEL X D x = (xq, -+, %) T (CIUT DIRIREE =R B RIS

1 1 1 —
fx(xlu, D= ooz mrrexpl=3 (x - wWE N x — )}

THz2LNDEE X 1TV w = (uy, pz oy ) « EEATH 5 OZEEERSY
FZHE Np(u, 2) THET,

FRlZ 1 WoLO%GE . ) (1) LB AT 2= (02) 132 1 Koo
BB ERERTS 1 DOEKETHY, 5 M((n), 2) = My, 02) E782b,

Ko <L ~5%0, BH v ~5%h

B o< B (R L ITER UL EITOERSNDIITEN, x>0 OHFPHTHZD)
I'(x) = fooe‘ttx‘ldt
ZHUTEBRICHE D T5& 0
ra) = fooe‘tdt =[-e7fy =1
x>1 CTER O FES S 0

I'x) = fooe_ttx_ldt = [—e 1ty — foo(—e_t)(x — Dt*2dt
0 0

=0+ (x—-1) foooe‘tt(x‘l)‘ldt

12


https://ja.wikipedia.org/wiki/%E7%B5%B1%E8%A8%88
https://ja.wikipedia.org/wiki/%E5%85%B1%E5%88%86%E6%95%A3
https://ja.wikipedia.org/wiki/%E5%A4%9A%E6%AC%A1%E5%85%83
https://ja.wikipedia.org/wiki/%E5%88%86%E6%95%A3%E5%85%B1%E5%88%86%E6%95%A3%E8%A1%8C%E5%88%97
https://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Multivariate_normal_sample.svg

=(x-1DTIT(x—-1)
L EDBT(x+ 1) = axT(x) = x!

ZITCTr(1/2)%RDDH7280 t=x2ELTHEDL

A AFG 5T DU
HELTCHDE
r(1/2) =f e—ft—l/zdtzf e
0 0
7~ B

fooo e dx = \/Z—E ZfEo>T

X x"1(2xdx) = Zf

o 2 1 x
f e ™ dx=
]

ax
f .'l”{"--‘-
0
= .
f J...-H-ly ax-
0

L B |

1
e i
2‘&'0’
dx=n!

n!
dx = -

:.l-"l 1 G?’.‘

2a"+T

Zn=1)

III H

Va

)

S

[ee)

0

e dx =1
IR — R L LT e E 2 B 20X 2,502 24 95T (3.5)1%

I'(3.5) = 2.5I'(2.5) = 2.5 x 1.5T'(1.5) = 2.5 X 1.5 X 0.5['(0.5)
=25x%x1.5x%0.5x+m

<434 gamma distribution Ga(8|a, b),Ga(a,b)

Ga(0|a, b)_r( >

F(a)
ba

(e m LRS- T5L 1

E(e)—f er

J‘ ga- 1 —b9d9

(a

v(0) = E©0?) - (E(®))" =<

9 1e7b? <9, 1=a

)ga 1 —bedg __

0.20

0.4

= 3.32 LEHEITES,

IR DDA E IR E LT T RS )

/T
1.5 0.15 \ 0.3 /\
1.0 0.10 \\ 0.2 /
N
0.5 0.05 01
/ \\ N
0.0 s 0.00 0.0 \H
01 2 3 4 5 6 7 8§ 910 01 23 4 5 86 78§ 910 01 23 4 5 868 7T & 910
Ga(0.5,1) Ga(2,1) Ga(5,1)
Ga(f)a, b)=—— ~geleh X Ta=1 DI

I'(a)

1
Ga(8la, b)="-e~"° = be~°

EEE Cagiil
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MR CHE BRI AT I CMSIACHED MR AEEK, 6 1, 6 2, *++, B, DFA, 0 116 22+ +6a

DUEFRIS3AT | 3T~ 3 A
ZHOITO =1 DOFf

Ga(8la,b)=——e"0= Y _pb = a2 b l;—"le_b : RT3 AR

F( ) (a—-1)! al

H~i3AiGa(8)a, b)= Ga(a, b)lZ, ﬂ;ﬁﬁgﬁfri’} 21 ERKBWEEZLDT A LR

FRD a PIEZDETORRONAERT, BIAIXN10 FIC—EDOEFIGTT A
:t:é/f/\“‘/b( =0.1)283 1 (a=3) EIDETITENIDLH LD

CIXTHIFHENT 3/0.1=30 4, #ER DA ELTIX Ga(3,0.1) DA ~43 A0 3% |

Wi~ 4345 1Ga
IGa(x, q, B)—m x~ e B/x x>0
E(x):ia>]_ V(x):B—ZO(>2 M(E—R) = 4
a-1 (a-1)2(a-2) (a+1)
5 T
45 a=1p=1 ——
4 0=2,p=1 ——
3-2 il a=3,p=1 —— |
5| w=3,p=05 |
25
L5 [ —
1
0.5 H .
0

N—FRA LR —F 5 AH

s
B(p.q) = folxp*(l—x)q-ldx (p.q >0)
B(p,q) = HoREs LT
=f0 R TCI 1dx—[—(1—x)q 1] f @ = 1) - 07 %dx

=371 (Lp(1 — )9 24y = 12 —a-1a-2
- p fox (1 x) dx = p Ip+1q 1= " p+11p+2q 2

__ (a-1)(g=2)-21 _ (q-1)(g—2)--2-1 _ -D!(g-D)!
p+D(P+2)(p+q-2) PYI L1 7 pp+ny+2)-(p+q-2)(p+q-1) = (p+q-1)!
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https://en.wikipedia.org/wiki/File:Inv_gamma_pdf.svg

N— X B OMNE
(1) Blp.q) = Blg.p)

o , P J pe 1
(2) Bip+1l.q)l=——8Bpyq) . Blpg+1)=——8(p.q) _Z
y ! p.a.- q P4 P Pt P4 (1) Blp,1) "

(3) Blpyg = 2[ {cos )™ (sinz) ™ dr (2) ¢=1 = Bp,g) = %B(p-l— Lg—1)
[i}
. 11 (p— g —1)!
4) Bil.l)=1, H(—.—)- T 3) pgeN = Blpgq =
373 (3) p.g b0 = i

_ I'(®rq) 7
B(p.q) =10y PHKEHY

~R—&434 beta distribution Be(p, q)
P11 -0 (p+q—-DxPI(1-x)

Be(p,q) = 0<x<1,0<p,q

Bp,a) (p-D!(g-1D)!
p=q=1 OKF
Be(1,1) = SLEDE_AE0 " g ()
E(o) = [y x 0 =
V@) =BG - (EW)” = oot

M(E—F) =22

(r+q-2)
5 1.5 2.0
L —
4 1.5 ™
; 1.0
Vi
1.0
2 ) 0.5 // \
1 0.5 e
0 0.0 0.0
0 010.20304050.60.70.809 1 0010.20.3040.50.60.70.80.9 1 00.10.20.304050.60.70.80.9 1
X X X
Be(0.1,0.2) Be(1,1) Be(3,2)

R—44534iBe(p,q) = p+q BB RS p BIARIHLIZSHE DA



BT INZDONT

IER#ZE7 /L normal linear model(NLM)

{—#IZE T /L: general linear model(LM) }

B AT & BT LT — 2 2 BRI R ERRZEDTNEE 2 TOD R TRI—FIET
Y. [y=XB+e PB: HELILVWWSTA—H X THA AT, & 7RE] O TE
BLCED, EHBIEET NV (—HIEET V) Tk, O WEEHAEEES,. HWE
BOy BSERSAIHED ZEEARGEL, y B IER AR IZIED72W GG G TIER
WA BIZITER, ESERED 2 EAER, IV T —H i E) IR TE R,
ZL T, @y DRI /RFGA=E DR G TRDSND,

PR (JRE) e=XB—y DEBIEH DM THELT, f/h R IELHWTER
VT R/INTT D B ZHEET D, ARZEIIN(0,02), ZERIERSM T I &
nXn BAATHIELTN, (0, 021) (ZHED, BIENFIAT, S0 o tir, oot 24
BT, ZEEILGHIHTIRE ORFHET VB ED,

HERET /L

yi=a+bx; + ¢ i=1--,n
a: y-U) i H (intercept term)  b: [FIJFfRE (regression coefficient)
yi: W& ¥ (response variable)  x;: #tH]Z25 4 (explanatory variable)
g FR7EIA(error term)

-Co Q)= GG Do)

B = (b) HEE LTV VST A —

1 x
x=(s ) T YA ATS

1 x,
y=Xp+¢
BEEFET L
Vi = Bo + Bix1j + -+ Prxyj + & j=1-,n

V1 1 X1 o Xpa\ /B, &
()G G
Yn 1 Xin " Xgn .Bk €n



Bo
B=|: | HEELIZWWITGA—H—

Bk
1 X1 Xk1
X=<E : : ) T AT
1 Xip Xkn,
y=Xp+e
—JCELE S BT E T L
yij=u+al-+£l-j l:].,,l j=1,--~,n
Y11 Bt a €11
V12 U+ aq €12
YVik U+ aq &1k
V21 U+ a; €21
Y22 +a €22
N 3 ; BN
Yai U+ a, €21
Y{'l u+a; g]-'l
Yim U+ a; &jm

ZDFTIVTII NG AL DD b, a1,02 4,05 D j+1 (Z720DZND T, sHLEELT
%, T A1 DHCL T, SUTFE 1D T I8V FIENELID, TNERIRIGRIEES
WV, — DO FIEELTHSEMT aa o+ +aj=0 ZH0DHE

aj=—0l1—0£2 e _aj_l
ut+a; uta
,Ll+:0!1 ”-':al 1 1 0 0
uta; utoay ! 1 O 0 m
A+, U+ a A 0
Ht+a, 1+ a, 1 1 O 0 a
: = : =11 0 1 :
u+a, u+a; 1 0 1
: : P : a1
uta; U= —Qp - — Qg =1 -1
: : 1 -1 4 -1
nte/)  \wma—ap -
&0
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Y11 €11
£
y:12 1 0 %2
: 1 0
Vik . . 0 u &1k
y21 : : a 821
V22 1 1 0 '1 Eao
: 1 0 1 S TN
Yai 1 &1
: : a1 :
Vi1 1 -1 &1
: 1 —1 :
Yim Eim
U
241
g=| i | HEELLZWAATA—F—
\“i—l/
1 1 0 0
1 1 0 0
: : : 0
1 1 0 0 . B
X=|1 0 1 CT A ATE
1 0 1
1 -1 _1
1 -1 1
y=Xp+¢
TR E S ATE T L, ST ET L

O ISEEE y DIERDATHEN, @ y DFEREN /T A—ZD—IRFEA TR
NOOTERMILET VTHD, y=XB+e OXTHOOTILNTES,
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—ALBRIZE T )V generalized linear model(GLM)

—IRACBRIEE 7 L IS B BB IER AT D72 ThiE H T& | AT
RV, INE Ay LA ORI REIFERE. n A O
ELT g(y) = Boxo + Prxy + -+ Ppxy, ERILTED,

ZZTRI% g(y) X Vi7B% (link function) LS9,

* MG L, B RO FER AN — BT D,
ISBEEBNF R — TOMEMGIIER DM
216 (p1-p) ORTYFRERT M — 2 B3R (VX —A 0 4)
ATANT =2 — RTI o5 AmE18 %,

* — AT T L THWDRRZERE L, FEEO A R (IERL A6 $5 800 A,
g AT A IR IR E DWER 3 AR) TdhD,

GLM DOFf¥H
RRZEHD AR N Bl 53 A D4 B
EHL A #RIE (Identity) A
IS AR 7k (Logit) = S A AL e w iy
AN Z7'uatwh (Probit) | Z'aE Y NEYF 3T
NNVl XIHOIIE (Log) AN E AT
A= 53Aq KGR IE (Log)

RTYVERET IV

AT 534f Poisson distribution
— ERFENICEE A2 H R OB O 554 TS BA RO 546

p(y) = e-“y—f L= . o2 =1 TESN. MAEEHECTY A FRS5HE

REGLRERIC y B X DR
N7 al)F 53 HT Poisson regression analysis

HOLBRP —ERFMNICEZ 1B ER A LT 2T =2 0ZLa v b —4
count data &V BTN =X DI G4 OHIFHE CFEIE) L3 Baisa 12—
TAEE  EBIINCRT 5k AL LT R T Bl ST 24 THZLsTX 5,

(> “MET =2 TRAVHEHKT —¥ 095, HHETHNEEELOEELDHE)

BIG LU CA B I DI AL HUER DI AN Wy 1 — DA% 8 FEITHED

19



VT LT e B8, — BRI NIZIR B A RE L7 BB FRIC K DB B 7 &,
Vs B Zlog AL
log(A) = Bo + P1Xy + PoXo + -+ PnXn + €
A B G A A R AR A7 ED
Bo:EE B mEVFERE e lFERE

—fALRRIEET LD 3 HE
O— AR T L THWHRAZERELS (error structure) (%, FEER 55 A7 i (EH 4
I K R W~ An AR T AR . AR E DWER AT

@#IE T I (linear predictor) {Z-DVVT
AL IR ET IS B L, DRI
) = Bo + P1X1 + BoXy + -+ 4 B X, + & ERSIL, ATV UEIFTIE
log(A) = By + L1 Xy + BoXy + -+ BpXy + € E72D,

@ZZ T, g(u) WxiXlog(A)) 1T u; (ZZTHEA ) OBEIET, B Tl 1L
SER O BARE IR E A% g () (ZZTlklog) 737 %% (link function ) EFEIE
N,

BT &, ML CERREIRZLIZY., 0BT ORI, Z&0 itz S

LTIt B s i ) o N S H AR S M4 | 70 E D TSI | A T o720 T HZ L LT <R3
TIRFEILA2WNWZ EN R,

Offset (4712 NEHD) B 21X HE a1 Tl A A1=1500 (ZxfL 15 D34, a2 T
IZ A A2=3200 (ZxFL 22 %87E, a3 TIX A [ A3=5000 (ZxfL T 40 OFENRHDHE
&, HBICLRWTA R A% Offset SFEEL TRITIX, 7 —#1% 15,22,40 ED AT
VT2 OFFRHETED,

log #V>7B¥EL. A7 By MIBIZIE 1 X TO AN O A ZFEE LI, BB T
FIT 1/ADIETHERALES AT —log (A). AXBEEOTHEALIZS AT
+log (A) ELTEEELTEIN, BALEIE OS5I Clae S I ERE R
BHZENTED,

RT3 A DIEE LR 7=
ZZTY~Poisson(0) DOFf, LG ENREICROT,EY) =Var(Y) =0 EY)D
HEEEO L3758, Y — 0 135575 residual Thd, RT VU 5H0 OFEREALFEZE ¢ 1%
_Y-8 2 _ v (¥i—8)? 2
r= 7 — Nri = Z—gi x2(m) &5,
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RT YV EYFIZOWNTOF] (—#{bAIEET L A Annette ] Dobson L0 5|)

%) — X BAZEE ORI EE RS RIFREED | FTTES 26 NOZPEEEBFER 23 ADZ M
OIEMEFR (Bl ECRAEI K72 E) O, GRHTRE, BATFEESIZ 70—75 k. [
EHRREHIHINT | —fXBASEEE ~DRPBEEI 1996 12 3 [AILL R EVH5pf)

MM OBUZ L > TR E OB Z T 5L &, 2 FREFRIFEE O ML EMEZ S DD,

AT RE
01102301111201301213341320
n=26, Y1J 1.423 43k 1.374

BLFRE
20300111100220120011102
n=23, ‘¥ 0.913 43# 0.810

Yie: j HED k& B OLMEDORRIREL, j = 1B TRE, j = 20 2 HF
k=1, ,K;TKy =26K, =23
Vi E NI T, BB OB e RS T A8 0, R RT3
IEARTE T Do
Hy: 6, =6,=186
Hi: 64 # 6,

E(Yy) = 6; Yj~Poisson(6) Ho E
E(Yx) = 6;; Yj~Poisson(8;) HyDE CROLEELIZET L j = 1,2

Hy: DEDEX

6 jke=0
f(yjk;g) - Y jk!
] Kj
log(6;y) = Z Z(mlog@ — 0 —logyjg!)
j=1k=1

FOTRE, B —FE IS LT 0=1.184 (R A HEE E)
FTANTOT =22 RN EOL B D i K =-68.3868

Hy: DEOLX
K1 K2

log(6,,6,;y) = Z()’lkl0991 — 0, —logy.!) + Z(}’zkl()g‘gz — 6, — logy,,!)
k=1 k=1

21



0, = 1.423,8, = 0913 ZRALZNENORFAEBIE O Fx KiEF=-67.0230
log(0y,05;y) DFiHdlog(0;y)L0E 1 DZ VT A—=FEHDOT, I KEIFLT

log(@l, 0,;y) DI 1log(6; y) KVRILHRKRELILD, ZOBODHEHICH ENED

INEL SRIEAE B DR 3 A 2 TN D B3 80 %

»—»-_/C
——

log(6,,6,;y) =

Ilgil(J’1k10991 -6, —

logy!) + 211551(3’2k10992 -0, —
IIHEE SN B/ 3T A—Z D e RKAEE (22 TliX 2 8) 28 A 8aF1E 5 /L satuated

model (= KXE7 /L maximal model="/L&7 /L full model) X" Xi15,

K.
log(0;y) = 2§=1 Yl iklogh — 6 —log yi!)

X LDHLET IV THY, 7NVET IVERICHER A RT V2 5540) 38 L OGRS
B EFF > — i bAIEET L Th oD,
ZZTY~Poisson(0) @H%% L E BN RIC 72D T, E(Y) =Var(Y) =0 E(Y)O)
13757 residual THD, RNT V554 OFEHELIEFE ¢

HEEEO &9 2L Y -

Y-90

logyai!)

= Y r? =Z% ~y?(m)
YO BRI, AL,
0=1.184 (/6 = 1.088) 91A= 1423 (@ = 1.193)
8, = 0.913(y/0, = 0.956)
AR TR
0 6 -1.088 -1.193
1 10 -0.169 -0.355
2 0.750 0.484
3 1.669 1322
* 2.589 2.160
BhrRE
0 9 -1.088 0.95¢
1 8 -0.169 0.091
2 5 0.750 1138
3 1 1.669 5184
FEEIA2 BEASERTELFICHELTAHE
H, O

Z r2 = 6 x (—1.088) + 10 x (—0.169)% +

o+ 1% (1.669)% = 46.759
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H P 23426-1=48 DA 2 TAHARITHED
H, DWF

Z r2 =6 x (—1.193)2 + 10 X (—0.355)2 + --- + 1 x (2.184)% = 43.659

B B 23426-2=47 DI A 2 TN
N4 2 FAED L 46.759-43.659=3.10 L/NS\WN, ZDZ L, 2 DDO/RTA—H % FF
DH, OFTMILVEMRH, OFET /IR TEIUIE BT =42 KRBT 5D
JTIE7RV, (ED7RY)

— REIFZZTHELBRESEEZIT,

o274 Z7ERETN (— PDF pl59 M)
HLZEDEZDMERZpET HE, EILRWHERIZ(1 - p)
_pP_

17 134> X (odds) EFEIZILTUVND,

ZZ T, A =logitp = loge(ll_';p) EVOEHE (B A X) BB 2D,

TEOBHRIZZRY logitp WEA/fBEZESTH 0< p<1 T

D
1.0
7

.

Y logitp

_ B . __exp(d) 1
ZE pICOWTHEKE p = 1+exp(d)  1+exp(-2)

HLEN (PRI T D) TREDMERDp,,_,  HOEM (FRINTOHD) TEED
ERpy,_, &TDE

(=) /() o R MG AL relative risk [ZIRIFF L
Pxi=q 1-Pxi—g

ZZ T logitp TP T 2R 3T EHX, O —RA(BIIMRE) THRISN b DERY
AT AVIETILEN),

logitp = loge(;=) = a+ f1X1 + foXo + -+ BuXy
e (ﬁ) = exp(a + f1X1 + Xy + -+ BrXy)
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MR A E T /V linear mixed model (LMM)

MIBIRAET VX, 77N —F T LINEB L OEH SN T — X2 T 5%
FEEUFET IV OJEETHY, BENREEEHNFD 2 DO IOAERSND,
TENROTTEE  GEROBIERIFEL 5 THY, BEDRIZZOT T /N —T 123
BT NS, BEDFIITERIAA DL — ., BEDRIZITR20, FCL~ro
TN —T R G B BIE I B O L B A BT A2 LT, T2 DIV
—7{bIZBAT 2 U IE A RBLTE D,

EHFIEIES 7 /L normal linear mixed model ,NLMM &

— ARG IR A7 /L Generalized linear mixed model, GLMM 7345,

IEHLRRZIR A 67 /L normal linear mixed model (NLMM)
IEHSIEET L NLM AR LR HIEITE 7 L ThY | BERNRITINA TE &
RAZRL TD, BERITEF ER MR ESND,
B RI#IZET /L hierarchical linear models (HLM)
T X MMFEEET L random coefficient models
P Jig -~ X5 /L hierarchical Bayesian model
% HifE7 /L growth curve models
REZNEET /L mixed-effect model 7RELIEDIEONL H3dHD,
— AV IR A7 /L : Generalized linear mixed model, GLMM
—ALBRIZE T /L GLM Z L3R LIZ R s AT £ 7 L THY |, FEZNRITNA TE &
RAZRL TD, BERITEF ERS MR ESND,

) Sy BOHTET LTI,

ANOVA y;; = pu+ a; +&; TwoWay ANOVA y;j = p+a; + B +vij + &ijk

a;, Bj vy ZEEEL T, ZhaEERNRE T /L (fixed effects model) &,
ZHISKHL T, ay, B vy ZHEREBEL TROETT N2 L BN RET /1 (random
effects model) VM, ANOVA TIE y;; = u+ A; + &;

{AjlTe;; SIFMNLITN(O,07) IZHEV, g5 1F N(0,07) 1ZED, }

Two Way ANOVA TII, y;jx = u+A; + Bj + Cj; + &

{A;. By Ci. & IZHWITISLIIN(O,02). N(0,05) . N(0,08). N(0, )29, }
ZIT MEEPFIH TR & BB RIRET VEE BIRTT VA A G DY
T2 BT NVEMIEIRAET /L linear mixed model, MJ&ERJ#RTEE 7 /L Hierarchical
Linear Models (HLM) 72 & L9,
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LI EERPEUNEDH LT —2EH/ELT-Y 7 7V —7(ABC )bk DA
ZDIORT —HEERH)T —Z LN, ARSI T —ZEbE9, Bl IEH 77
—7AT104, V77 NV—7"B T204..LVIOV U T AEEIRLIZES G A, A
FESNTeT —HThD, FlELTHIT L, PRI ETHMAET —#, KAERIET —272L
WEFEND,

ORI T —HDTITHRIVIR G ET AV BMER S D, IBIRAET VI,
TEZN R (fixed effects) & &%) H (random effects )& & Te, BEENEIL, T —F D
EEEHEE TE53, BERITEEHEE TE0,

WERDEYFHHT . NLM 228 TV F AP L TWBZEEREL TWD, PEE
7 —21%, P TP TNRND T, TRTOT —FaFLD T
y=PBo+Pix+e
DI THAT T DDA,
F7-. Y7 —T(ABC) I LICEIFONT AT D &
Ya = Boa+ Brax + e,
Y = Bos + B1px + €5
V¢ = PBoc + Picx +ec
PR THR > TWAEHRN KDL, ZROIGFHRBRIEZ 5,

WIIRAGET VITERSEROBER LHE DD, 77 —7(=ABC-)T L

W T & DT 7 T,
Vij = Boj + Bujxij + e ERBIND,

I T T N—=T DU By; EMAZBy; (2OWNT

Boj =Yoo +uo; «B1j=Viotuy, ETDHE

Yij = Yoo + Uoj + (10 + u1j)xij + €5 R BEEDR, F EEDIR)
BTOVT I N—TDUR BIOMEZZFEEI LT DDy LWy olldoTHREN,
HY TN =T DU/ BILOMEEIITOENED T (ug; 8L Duy ) R LA D
b DELTERBISND,

. SUSLYEDH  TUTLEEDH  suu Lk afEE
BEOER ETL EFIL EFN

BRI — 2 DT TIE, $7 7L — T DU B OMEE O, HEY, Bl
WY T TN —T B CENL BV IEET D OMIC R 35D,
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BAEFR R frequentism & A XHEF 5 Bayesian statistics (DF

1) BEHEE LA XHEE
ZZC. i A:1E maximum likelihood method 2183 L CTA5 L,
B2 6NTeT =20, ZINDEO MR A0 DR i E T 571,
KRR CIZ > TR AHEEMEA R R 5, 20T NV TERSNDILE | 25K
KA EE DR (parameter) OHEEEE FH 5 5,
- ZIWEEHEEE (maximum likelihood estimate; MLE)

B DINDT =Ly, Yy, o, Yy IFOINIZRG T — 22 WA & U CTHERR T AR,
2 DT —Z WA HRBIE O E TED, ZORFRBIES ()& T D&,
BT —2XFIREZf (vy), f (7o), - f () ZiiT=T (=FE12725) Z&12725,
ZZTAER% L@) (likelihood function) . 7272L 813 OO RELE T 5L,

LO) =117 f(i;0) f (y2;0) - *f (Vs 0) LIEF

KA LD B E RIS — logL(8) = X, logf (vi; 0)

RS TRETTH, — —logl() =0 L7250 %Kk,

1) (A7 Poisson 2341 DIHEY)
HAT SRR AN T LINDZ DT —HEPNIRT AR EE 2 BT
'7j““§772y1, Y2, Yn~ kﬁ—f)k\

BT A5 A DR R 3E FE BT p(y) = e-“y—f ThDHNb,

LPERIS (T — 2 DIEONDMER) 13, 1=60 (HEEE) &L T,

-6 oeYi

L(Q) = ?p(yn) = ?zle yi!

PR P BT
logL(8) = (y1 +y2 + -+ y,) xlog(8) —nb + log(1/(y1! * yo! * -+ y!)
ZDOHRKMEZROHTZD, 0 T LT, =0 L35 HBRAAET-THE,

9 _ Oatyattyn)
5 logL(6) = —n= 0

LoT, = 2B Lz,

> B (B I OWT NTA=F G IR AT DEERREA f (v; )& L, LR
BE2LO;y)eT Dl RKOWETEHRLE L(O;y) = f(y;0) ERILIEIZRD,
21T, f(y;0) = 0y? TOZEFEFELIZEXDyY OEETHY “IREIEIZ/ D03,
L(6;y) = 0y? TlRyZEELLEED 0 ORI — IR/ D,
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https://ja.wikipedia.org/wiki/%E6%AF%8D%E6%95%B0
https://ja.wikipedia.org/wiki/%E6%8E%A8%E8%A8%88%E7%B5%B1%E8%A8%88%E5%AD%A6#.E7.82.B9.E6.8E.A8.E5.AE.9A

B EAHETE & A RHETE D LL#
I EHEE BITHEEE SR DB 2 H IS W HEETE DS, Lo FIETo 2kdsHe
&, T AEREEL TRTA=ZEZENLTND, & _ARHEEDE 27—
e BHEE BRI TR RA DT NAXHEE XTI REEH, — EIR
EJN
RAHEETIE LO) =11 f(y1;0) *f (2 0) -+ f (yn; 0) Z LFEBIELEIFOY,

&41“%%?@17(9“@=—P("';’(izg ©D n(olx) = f_(xllj’(i’;@ i

P(x|60). f(x|0) DA (BIH) LFEHIEND,

2) BRIEET /V: linear model (LM) (25 53
= NAXEFFTILBEE <A X7 /L (hierarchical Bayesian model)

T AL BEERIT (hierarchical) IZLTET NVANTHDIFAARTHD,

T —BINBD/NTA—BIZGFM DT, y ~ (y)0) . /3XTA—F O DML D /3T A
—% A BRI DT ONDEE, 0 ~ g1(6/4) LT DL AL 0 %KMESTD
INFGA=HTHY, /3T A—4 (hyperparameter) EFES, 52, B/ XTA—H|Z5y
MaEBEZD, A ~g2() ZELTED,

BERE )T VAN CHEXIZE B> TLAD DB AIHEM: (exchangiability)
OREETHD, LLHD/XTA—H Y vh 0= (0,0..,0k) DIEENEH>TH, TDIF
W54 DAL LIRNRS, F DT A=y MIAH A RE THHEEbND, ZD L)
IRASHA P REZR I AT, 0 DHDLFERIDA g1 DODTUH Liph T NVIELARGE
THIENZE S TIHELZENTES,

A FIEARAOT URHRITOERE  PHERERE A E)E p2 K5IH)
O HIHREMIG, BIEAITRAT 1HOER  (y,y2 ) XL T
BRI N(p,0%) 28 2, R (uo?) ZHEET 5, (frequentism)

[ g~ XE7 /L (hierarchical Bayesian model) Tl
yi~ N(u,0?)
u~ N(0,1002)
T= 1/02 ~ Ga(0.001,0.001)

@ n ADOBFIZOWT, i r B0k LHEE L7256,
(frequentism) Tl%, repeated measures ANOVA % 7213 two-way ANOVA
without replication (PDF p71 &) THEHT L, #HEHET /L E LT,
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®

yy=wtait+e; &~ N0O0o*) (=1-,n;j=1-7)
I 52, aj~ N(0,08) LaD XX 2 HETHEEET VY
(frequentism) T 5,

P g~ X5 /L (hierarchical Bayesian model) Tl
yij~ N(u+a;,0%) a;~ N(0,0%)
1~ N(0,1002)

1/_,~ Ga(0.001,0.001)

1/0§ ~ Uniform(0,1000)

n GO~ U AOEKEZE ¢ [FIORERI (0, 20, 2,) TRE L7 ehLiE
7 — 4 X (frequentism) C
yij =a+Bxj+e&; &~ N(0,02)
(i=1-,n;j=1,1) OHE
WIBIRAEET L E LT
Vij = (e + @) + (ug + B)x; + &5 &~ N(0,0%)
(ai, Bi) ~ N(0,%)

P g~ X5 /L (hierarchical Bayesian model) Tl
Yij ~ N(uij,0%)
Hij = a; + Pix;
a;~ N(ug, 0-025)
Bi~ N(ug,03)
te ~ N(0,1002)
1g ~ N(0,1002)

1/_,~ Ga(0.001,0.001)
1/06% ~ Uniform(0,1000)

1/%% ~ Uniform(0,1000)

B ERBTE D,
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3) LELLMRRE . LR, FMEEYE
B AR E
ORI O N HEELESTNDEE, ZOREMNLEV LR X OIED x
ThHOHMERE (FREE) 2 f(;0) LT 5, ZOLE, YA X n ODFERDIEN
Xi=x1,X2=Xx2 .., Xon=xn CHol2LT 5L,
L(O) = L(X,0) =TI7 f(x1;0) *f (x2;0) =+ *f (x; 0) L7025
0=0 %, L(X,0) &R KIZTD 6, T7abb § O LHEMEL, LEDOR KM
w L(X 0)Ld 5, RHEMIIKIL T, IR IEHET- T AN ELNELTZEED
O DI LHEENEZO L L, ZDEED LB OME R EEHAELNE LT L&D
REORKE) % LK §) 55, 22T, L(X, 0)DIEINT, L OAfER KO
72DT, LX, 0% L(X, 8)% ERIDZZLFR, TiE, Zhbm 2 SO B EDLH,
Tbb
A= L&X.6) 61’)
L(X,0)
DRIEFNINEWN, TbBILX 67) 3 L(X 0) ITHATHD T/hEW | EXIE,
R UL E S WD EE XA AT 5, (BELREDS 2 )
A3y LT THLREZED al THDHILI Ay ZBAT, 1 BT THLHEE, K
AT HEL, RN IELVEE, 0SA=1, THOMEEN o, ((1),(2)%
a/2), 2D, 0=A=1, V)X ENFERIMR /25,

A

Iy —
X

(2} ' (1)

A,
— A DGELT(1),(2) ChHDME, i 3EH)

1) I o A

TEEBIEL(X, p) 13

V2mo? o

log L(X; 1) % u TTLTOLEBE, pn ORLHETE o

1 1w x; —
LI = (=) "exp(—5 ) (%)
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A= +x,++x)/n =X LEERoT, LX ) 1%

)”exp{——E(x‘

IR IE LW E X, IR ERHLT u=po ERDT-DT, @ =py £->C

{——2(’“‘ Foy?

L(Xu)—(

K0, BEHA ZRkoDL

(=) el o G by
L(X, w/ 2 4i n _
L((X l;)) —5 = &Pl 55 (X~ o)°]
( J—)" xp(— 5 2, 22y
FEHIRA 0=SA=1, &T5&, ZOKDND, ZHUSHIGT DX OXEIE, EX
(D (2) \TRENDFPHIT/2D, Lo T, X DZOFPHICADIHERN, AE/KUE a
(272D 300 291U, EDOH BRI G THIEHEE I KD HID,

A=

ﬁﬂ?ﬁ)# deviance(D)

ZZT(ZZTHERERRD x Zy [TESEZ A TRIL TODRHTERIT
l/\) b B RTA—HB DI LHEEBEEL TTNVET VDL EBIEL(bgy; v)~ B

DDA EBERL(b; )58, KA = X0man) sz Ly sk %K

L(b;y)

D7Elogh = log L(bpayx; ¥) — log L(b; y)ISEHECTZ523, —2logh 2371 2 ey
ANZHE, — KB O DRt E R E 72V deviance(D) EMEIEILD,

L(bmaxsy) _(Z/VET VO RE)
IR = L(byy)  (REEFLOIME)

D= —2log (LKA =—-2[log (bpax;y) — log (b; y)]
= —2 {log ONVETNVORE) - log REETNVOLE)}
= —2(0NVETNVOMBAIE - $RTT/VORMELEL)
HHE df= fafIeEr VOBEBE - #FE7LVOEBE
WBLEEIX I A 2 FAi TSN REFFTEEL THALLT U,

ZET L full model: HEESND D\ TA—F DI KK ZETeET L
Null €7V 8 THIF AU R 72T OET ADZE
BELOBHLET IV AREET L



https://mumu.jpn.ph/forest/computer/2017/08/20/11018/

BN 7 VET VO E D Z &
HEE SN DT A—Z DI KA B Lo ET Va7 /VE7 /L full model (faFn-t
)1 satuated model =#x KE5" /L maximal model) EFE5,

B RIEBLE 1T, Null &5 /L OGRBLE Dz L
Null E7 V&1, BIETRFPERTEZTOET LD,

FRFERMLEE residual deviance ( = BILDBHLHET /L OB — Fe/ MR ML)
FRABENRKEVIZEE, B TUIEONELS, /hSWEE, HTIEEIRL,

ATV ETTILTIE

log (bmax;y) = Xyilogy; — Xy — X logy;!
(/N | 7 VET LV OFBBLE)

log (b;y) = Xyilogy; — X3 — X logy;!
(e RIS, Null &5 /LD i BE)

D = =2[log (bmaxi¥) = log (b; )] = =2|Lyilog ¢ = X(: = 9]

Xyi=xy &Y
D=-2Yy,log (%) (B 7= M )

+ MiE deviance(D)IZDOVT
WIEE deviance(D) 1T BFERIS L=1/1 & 2 T TR THHMTEFR TED,

parameters 6 ZH DMl 3,
D(6) = —2logL(y|6)

0 % QDI EHETBELLT-LE, winBUGS TIED(0) 13/ 37 A2 D i B EHEE

B (B 1% A28 A JH L CRHR L7 B8O B X (-2)
D(6) = —2logL(y|9)
(deviance of the posterior means | fitted deviance)

D(6) = EgyyD(6) = Egy[—2logL(y|6)] = ~ X 1{~2log L(y|0©)}

(posterior mean of the deviance . expected deviance)
winBUGS TIZFE I OSFERRBUE THY , A XL —Tar DRBISEHRSND
KFE FE DHFAL ) X (-2)
pD =D(6) — D()
(effective number of parameters, pD )
(pD:/RXTA—=BD/SAT R, R ET KT TN T 12K T, )
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AIC GRILDO R E A UE Akaike information criterion)
AIC= D(6) + 2k = —2logL +2k (¥l —2MLL+2k )
SHRTET VO THIO B SO E
L KLEE . MLL: S RAELE kb mAAHEE LT T A—2%
O Uiz 2 Zp g (1 2 X8 FERCR #isR . IER 0 A L E Do 5472 81
EHLET VIR @QREE B CTEORIET —Z DG EEmDHI LN TE
05, [RFEOROT —21213 5 07e<70% (i A [HE, Overfitting) 2 fi# ik,
= AIC F/NDOET LA ER
AIC [FFEHET NV OH TILEYVD R X (goodness of fit) Tid/e<, THIO R
(goodness of prediction) # BT 5ET /LERHFBLUE
hierarchical models VAL THWSLA,

BIC(R_A X{EMEMYE Bayesian information criterion) I,
BIC = D(8) + klogn
7272, k X7 /v ® dimension, 8 = (8s,...,6k),
n NIV TNV A, y=yi,..,yn

DIC ( fRZEIF#EE%E Deviance information criteria )

DIC = D(6) +pD =2D(6) — D(9)
* DIC =D(6) +pD = D(8) + 2pD

iV DIC fED T 3K

DIC |[ZZh B AR TIEEHREIZZ UL, HRIZH WD

AIC ZREIE7-H DL X157 non- hierarchical models Tl AIC 23 K00,
BIC, AIC LY hierarchical models (213 DIC 73 1)

D(8) 1B RZNEXIIPD (Tv AT AHEICRDIENHDY, 8§ D3HE
TEMEE L TRARWEREIRT 2,
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Yo7V T (GPLELERAE) 12D\ T

Bl ZITER AN OBIENZ 10 H 0T —Z2 &2 TV T LR, —D—DDT —4
(T NDT —Z TIEHADMEITEZRD . 10 H 2 5 USRI 720U ME
(2725, 118IZ 10 fHOY> 7V 7% 100 ], 1000 [B], X512 10000 BT 20X, L9
EMe 2 B E 2 HE T+ AN TED, 2OV PV ZITIER S I > T fLE R
HTHDH, WKOMDT —ENSIREE T VA RIRT 52 81%, RHEEM D5 F 28R
L7eZEIZE L, ZORE R CRERIHE 7T — &% 7V 7 (LR E) TZ 5,

IXT AN I« T —hANT Y T HRE

INT AN« 7 — R AR 7 fRE T, iid(independent and identically

distributed) D E DL E
2 1E— LB A M CIE, 7 — 2 =TI+ B + B TRSNDA,
F =208 GREffi T, F HACoWT

PHFEDRES
OFFFLOT —H)5 F lastHE
OHEE ST MR A 2 VT, OQOEENZE L L7227V 7% 10000 [F]
IEFEHIRULATV (S R2b—3ay) ZOHE F A stE
@Izl —Tar TeHREIN FEEOYBOTHEAEINL F thz EFl572 F lho(A|
BAEHEL
@ (EEIS7=EE) + (a3 —sar LR 28 p e D,

HR DALY TS

FRDMNOY TV T HATO% 6 BRI RT3 ThHIVTRATRIIZE 2.
BHD, BHETLTT L TIEY TV 7 BIRBNEE T 7275 MCMC T, B0
DFRAMDDED RN 2 (B E L TR 2715 TIER) H#E 7
JTED, BN T — XX T ROy, #0IK L Dynamic trace (/2) 2>5 N XA DA
—RIVE EHETE DT v — b (8 EEBIS0) DMERES IV ST A—=Z D3 A 13000030,

ooooo

¥
L

5.2

5.1
5.0
49T

48} ° >
1 1 1 i

10850 10900 10950 b
iteration

1006 :@dwes nw

33



~/LaZEgE T ek (MCMC)

<)LV #$H (Markov chain)

https://mathtrain.jp/markovchain J£975|H
BUEDIREE Xe N 52 HNIZHE B EDOWDRD FEH X0 X1, .o X-1)b . Xew1 2 Tl
THERCIE BRI THLEWOIMEE Z~ L a7 M (D EDERTOEEICO H RS
NHENHTE) LV,

~ Va7 LI,

IRE] t DIRRE Xe TR ATF T D04 T Xe ZRDDERDIRKE, Xerr 1TZIED
W EOHEHIIIEATE T ERTOEEIZO A ZBEIND VD ZOF| (HEH) 2~ /L
A7EFHEND, T TIHESH IR AN —FE T t ITKDRnET 5,

IR RIS — iR 72~ /L= 78 3 B — D B & 4747 (stationary distribution) (2R
DIEDIREI, E T AT D IERECF R IR MR D IO 72 B FZAT5 D7) MCMC
EOBHBTHD, t BN DTN TH TV RUXE T Ao 7 Ehd L
N2 IS O RIT K DIND, DFEVEF AR ZPHIRBIZIZEK S 720,
a7 EEO BRFIEL T, LLFOLIRET VEEZD,

o MEHLAIORKILI H ORKITEELR,

e SHEEN ¥ HENOHERIT 0.7, Z2O/EFRIT 0.3, NOHRIL 0

e S HZ SFHRENIMERIT 0.4, ZOMERIT 0.4, NOMERIT 0.2

e S HM -FHENIHERIT 0.3, ZOMFIL 0.3, NOMRIT 0.4

WRBZEMT S={Fh, &, W }T.Kh, &, WOFRREZENLH 1,23 TET
& S={1,2,3} LEFITD, THITIRBEEZ K LD,

F72, t HHEORRERTHRPBERE X 8B HI2E, t HRICHENRELET
t+1 H HLENDMHEZEIL 0.7 720 T, P(Xui=1l Xe=1)=0.7 £725,
BB DR 5 BRITFF (T EE 2 5 HERHERITH),
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https://mathtrain.jp/markovchain

ij BT i D ISER T OMERE AN OB MERITS (1B R
175, EREATH) L5V, ZORITIIHERfEZRITS P IZLLTFOLIIT7e5,
07 03 0
P=<0.4 0.4 0.2)
03 03 04
eI 7T _EME LY, HEBMHRITH O EFRIT 0 BLE 1 IR
HERBAERAITHIDOLE DOITY, 17FIE 1
[HERME=R1T500 n ) &Tn [BIOBREOMESR | 3% 5T D,
—n REZIRGE T D HER e R T A A PO E3EL, P(XernsilXe=i) % ij ARATIC
FFO178% P L35L, PM=Pr (FiIIHERSHERITHID n F) BEAL T 5,

HERTERITHIO 3 P2 ZFtHEL TAHDL,

0.7 03 O 0.7 03 O 0.61 0.33 0.06
PZ=(04 04 02 <0.4 04 02)=|05 034 0.16

03 03 04/\0.3 03 04 0.45 0.33 0.22

o T, S HDODRZELEIZ Z HEDO RGN EIRDNDRERDIKEST2, n BHEDORK
K[OMERE RO NEXT Pr ZEFE T IIEL,

TEH A IREBONUR T 5eE MIREEELTZV,
ZDLEDOWRRE 7 % W54 8V, m=(nl,n2,m3) LT ML, pl BB HERITA,

0.5 034 0.16)| 0.5 0.34 0.16 0.547 0.3334 0.1196

<O.61 0.33 0.06) (0.61 0.33 0.06) <O.5641 0.3333 0.1026)
P* = =
0.45 0.33 0.22/ \0.45 0.33 0.22 0.5385 0.3333 0.1282

0.547 0.3334 0.1196 || 0.547 0.3334 0.1196

<O.5641 0.3333 0.1026)(0.5641 0.3333 0.1026)
P8 =
0.5385 0.3333 0.1282/ \0.5385 0.3333 0.1282

0.5553371 0.33333334 0.11132956
0.55511865 0.33333333 0.11154802

m=(0.555, 0.333, 0.111)IZULHRL TV 5

(0.55577401 0.33333333 O.11089266>
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EUTFHNOFESL
https: //www.astr.tohoku.ac.jp/~chinone/Markov _Chain Monte Carlo &9 5|

BT HNOFEST S TERSAT PrXID) b7V (Xt t=1,2,.,n} ZEOH
T CHIRHE E/f(X)] % E[f(x)] z%zzgl FOX) EIEICEEAT 35,

HE-T (X)) DR (population mean) (X927 VY TRt D, Y
TNAXIDMSL D EE | KREDER] (low of large numbers) (2X0, 7 /L% n
ERETDIEE L O E X R ENRIESND, 22T n 1 IFNTT2 AN
REZERDDHIENH KD THY T —2ETlI7ev, — IS, FERMERS A
Pr(X|D) 7NOMNLIZH T S{X3E RO 28I TFEAE R RETHD, Ll 72
MO{X HIL T UHIMANL THD ML EITR N, { X HTE Y72 R xR~ Pr(X/D)i5
PN E RO T EVOEFRIZ LS TERIIL, ZNEITO— 2D HIER~/La 7
HAEHNWDLDTHD,

FlEU T, B A > THER n 23R T2 H1EE % 2 5,

72T VOISR QEFTEOHFIZM) I W T,

1) 2) 3)

ZOXK 1D)DIEFEOHEFE As 1% As=4R2, [ D HiFE Ac 1% Ac=nR2,
ZZTC EF ORI TIELDIZRET LS AT D EF DRI ATl E A D727
TAEE D e ZRI TR D SRIZ72 D DT

4Nin
Nin+Nout

Nin: Nout=Ac:(As-Ac), mt =

FITC, TELDIZHREIDEWVIMEEZ L B2 —H T, 100 #KBWREFT DL 2)
ZDHEDPHDOFIZASTODD, WIRWNESTHEE T ORI,

Nin= 82, Nout=18 LV, m = 3.28 t72%,
WIZ 1000 FifT->THDHEK 3),

Nin= 785, Nout=215 1V . nt=3.14
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https://www.astr.tohoku.ac.jp/~chinone/Markov_Chain_Monte_Carlo

<)V 7T T sk (MCMC )

http://hoxo-m.hatenablog.com/entry/20140911/p1 XV5|H
< VAT A E AL LI TV T EATHZE, MCMC ED T LT Y XA
stepl. AR ZIRDD
step2. /LA TBENZIVIROY TV T EATI AR R TET D
SMHHSITN (S FTOV TV DYNITRRNHVEITHD
step3. AR ZTLHE T, step2 ZfDix 7

MCMC [3E & AU T DLV HE 2R TR, FIHEITERIFLARN

AR DO RK DM Z T T IO/ iR a2 5%, ~ /a7 gix ER 524 7T,
X T ATV 7708 TR I AICEET HT LD Al EE

B AETIHILTEICO AL HD0Y MCMC 1 LRI B L2385

XT R YT T—3,

1.y OEEBEELZSRUEMEOAND x ORERMEY 7V 7325

2. x OEZBEELZSRMME OGNS y ORERMEY 7V 7325
VI LB R HIATHOY v TN T, TIVTY X LOMWE b ST &5 DD
YTV INEGITTELG AL TERVID, A XET L TIEIh
INEGINZTELDT, _ARFHTIZEL b T5,

FOR-H2T75—
FIR-HB2I5—
x AENAB< &E(E
yZBEELE y HENE< EFT
ROHMTEHRICHES x ZEELE
SHIERECHES
O0—0O

RVFNZDOT N R LG IROIRIEDFTOIRAEIZ L > TR EDL (/a7 )| =
ST T NVIAVA LT T IR THLIEN T DD,

X T R AT T FE AR DEE ORI TV T TEDHRFITER D
— WinBUGS Tt 2%
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http://hoxo-m.hatenablog.com/entry/20140911/p1
http://f.hatena.ne.jp/hoxo_m/20140911004922
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WinBUGS ZEEFERE] (oI rralsns) (BE)

http://cyberdoctorhiro.blogspot.com/2012/02/v-behaviorurldefaultvmlo.html k05| H

ot T LD
27—/ LT, BT NVEFIRL TWDE A RRSED.
model{

for (iin 1:N){

x[ i ]~dnorm(mu, lambda)

}

mu~dnorm(0, 0.001)

sigma~dunif(0, 10)

lambda<-1/pow(sigma, 2)

}

list(N=50,
x=c(5.1,4.9,4.7,4.6,5,5.4,4.6,5,4.4,49,5.4,4.8,4.8,4.3,5.8,5.7,5.4,5.1,5.7,5.1,5.4,5.1,4.6
,5.1,4.8,5,5,5.2,5.2,4.7,4.8,5.4,5.2,5.5,4.9,5,5.5,49,4.4,5.1,5,4.5,4.4,5,5.1,4.8,5.1,4.6,5.
3,5))

Model | A==—7>5 [ Specification... | 3R 5.

Inference O

1

Specification..

Seed...

ocript

F 5L, [Specification Tool | £V )X AT BV INFKREIND. ZORER T, £72check
model | IS DR Z A3 AR AT RE.
ﬂSpecilicaliun Tool @

check model | C |

num of chains ,1_
far chain

_geniis_|
& —7U—KTmodel | ZEIR 3 5.
model{

for (iin 1:N){
x[ i ]~dnorm(mu, lambda)

}
38


http://cyberdoctorhiro.blogspot.com/2012/02/v-behaviorurldefaultvmlo.html
http://cyberdoctorhiro.blogspot.com/2012/02/v-behaviorurldefaultvmlo.html
http://1.bp.blogspot.com/-KRTr_iHYh9c/TzpyUPaBJQI/AAAAAAAACko/GDJOUqzVPhE/s1600/wb05.png
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mu~dnorm(0, 0.001)
sigma~dunif(0, 10)
lambda<-1/pow(sigma, 2)

ZDIREET, ISpecification Tool | N check model | 227U 9%. &7 VB SCIEN
IZIELITHUE, VA R D/ T iZmodel is syntactically correct | EF/RSi15. £
['Specification Tool | N lNload data | & compile | 7R Z 2 23Mif FH CEXAHLHI12725.

F—U—R st Z&RT 5.

list(N=50,
x=c(5.1,4.9,4.7,4.6,5,5.4,4.6,5,4.4,4.9,5.4,4.8,4.8,4.3,5.8,5.7,5.4,5.1,5.7,5.1,5.4,5.1,4.6
,5.1,4.8,5,5,5.2,5.2,4.7,4.8,5.4,5.2,5.5,4.9,5,5.5,4.9,4.4,5.1,5,4.5,4.4,5,5.1,4.8,5.1,4.6,5.
3,5))

ZOIRHET, Specification Tool | D oad data | Z 27Uy 7§ 5L, T —H NGt riAEiL
5. T =B DFEFIIAIFIN)IENTIL, V4 RU D Tl dataloaded | EFR RSN,
o1 /NA)L

A ENIEE O~ Va7 A £ L7200 T, [num of chains 13 1) D FFIZLTE
<. I'Specification Tool | @ [compile | &7V 73 5. AL XAV T U, V4R
v DO Tz model compiled | &R RS%. F7z, [Specification Tool | D lNoad data |
&l compile | 7R & DMEHARFREIZZ2D, fROYIZMoad inits | & gen inits | 7822 D3l
HTEH8012722%.

o\ T A—LHETENHD YD AT

F—U—Rlist) 221, [Specification Tool | ® [gen inits | %27V $ 5.
FFENTIE, UARY D/ FiZmodel is initialized | KRS LD, Fiz,
['Specification Tool ] ® load inits | 23ME H A~ R REIZ 2 5.

eMCMC D ¥Efj

Model | A==—75TUpdate...| #3%4R L, [Update Tool | ¥ 17 2/ %K/~ TEL.

Inference Oy

Update Tool @
updates |ﬂmm refresh |1EID
f update | thin |1 teration |I:|

[ over relax ¥ adapting

Specification..
I
Save State
Seed..

it

Script

of
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http://3.bp.blogspot.com/-90OvEZsb824/TzpyiV-n-_I/AAAAAAAACmU/Vvg9FmEt1HY/s1600/wb19.png

%72, lnference...] A==—7/ 5[ Samples...| # &R L, [Sample Monitoring Tool | %
AT 07 ZeFonS TR

Options Y% Sample Monitor Tool r';|

samples... nade | ll chains |1_ to |-|_ peicentilas
Compare...
Correlations beg |1 end [1000000 i [1 0
. 25
Summary.. _— | " | — | oy | " |
Bk :
| ot | novin] o] srocolf

DIC...

BLILE D35 288 (ZZ Tl alpha0, beta.c, sigma) & %5 6% L CTH<. 9 Sample
Monitor Tool | D node | IZTmulE A T3 5. [set) RF L DMEZHIINT/2DHDT, 21
BV T h. THEEAPEZ, [set)RZ bl AR AIREIZ 5.

ﬁSanple Monitor Tool E|

node | =] chains [T to [|  pescenties
beg |1 end [1000000  ihin [0 0
| iz | JuEntle: | I ':-|| | l| gg

[sigma ] IZBIL Th, FIEEICAFIL T, Tnode ] DD VY &IV w7358, ATTNE
AR TX5. Tnode ] I T AZYAY %1% A J19%. Tclear] [trace] Thistory | R &L 73
fEHTEH891272%.

ﬁSample Monitor Tool r;l

ncn:ll:|~| lld]ajmh_m |.|_ percantilas
beg |1 end [1000000 i i i
25
cear | [ ] wece | oy | oo |
o | ] ] 2

eburn-in sampling

Sample Monitor Tool ] ® ltrace |7"% %2V, [Dynamic trace |V A2 R %%
REHED. ZZTiL burn-in LT 1000 E|DOYH 7V 7 %3450 C, [Update Tool |
®lupdates | 1Z£11000] 2L CTH<. [Update Tool D lupdate | RZ > Z 773 5&,
BTV TN I, [Dynamic trace ] IZZE DRI AT RSND. Fiz,
[Sample Monitor Tool | ® [density ] ['stats] [ coda | qualities] 'bgr diag] [ auto cor|
NP TEDEINT/D.
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| B pynamic trace
sl betac

1ann 675

1200 L _ CEI ) "

oo et i, Mea, WA B ety st L WY e

e Rt i e .."' W Ry fﬂ,[u Iy

200 . ) . 575 ) . .

a5 Q00 450 50 400 450
ferstion fReretion -
pr— undales [1000 refesh [100
fﬂﬁ update | thin [1 iteration |1000
‘gg - ~ I overelar I™ adapling
0o T T T
850 80 %50
Reration
ok =] crais[1 w0 [T

Results beg 1 ed [1000000 iy [
. 1000 update burn in followed by a further 10000 updates gave the parameter est| e | ] lrace ‘ hstoy | dersily | =
naode mean  sd MC error 2.5% median  97.5%  start | o I e I M\,WJ hg”hg| P gg
a0 106.6 365 00415 3943 1065 1138 1001
wtac €185 o102 0001234 S367 6185 5404 1001

mu
5.2 0.6

b
o
.
o
N

10850 10900 10950 10850 10900 10950
iteration iteration

Dynamic trace ] ¥R #L% 7. C, burn-in 23R+ THOSLA 2L, Vo7V 7 %5
HIBINT 5.
o RTA—HHETE

Update Tool @‘

updates |1DIJEIEI refresh | 100
update | thin |1 iteration |1|J|:||:|

[ over relax [ adapting

P TV 7 EE % 10,000 B3 572, Tupdates (2110000 & AT155.
lupdate | N2> Z 347V 73 4aFD, [Dynamic trace ] VA2 RUIZEE A FE
RSN,

burn-in ZBRV M2 1001~11000 [B] B OH > 7 )V EH LT RTA—SHEEE T D120,

Sample Monitor Tool | D beg|&lend (211001 &711000)% A J135.

¥# Sample Monitor Tool X
node | L| b |1— i |1— percarktiles
beg |1007 end |11000 hin 1 ?u

clear | | set

a0
stats | coda | quartilex| hgdiag| auto cor | |95
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0.5 5.2
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0.2 a46f
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iteration iteration

F7-density |TNZ L 2TV 7Dl NTA=BMED T —R)VEEFEHEE DT v —3
FoRSND.
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[stats | RA T, NTA=ZHEEEDFERE K HREDRFIRSND,

node mean sd MC error 2.5% median  97.5% start sample
mu 5.006 0.05142 5.486E-4 4.905 5.006 5.106 1001 9001
sigma 0.3622 0.03848 3.4E-4 0.2964 0.3591 0.4474 1001 9001
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BugsXLA

AT FTD F o0 = REXFRIOM /L LE Lo XoFTF —
B RNT T DIV, LEEREL, FRIDAREIZOWTIRETHIENTEIUR, D
HEIX~ /L a7Eg T T L aiE (MCMC) 2854 L 7= WinBUGS 235514 25 AA 7 5H 0D
P TV T I TEZEH LTINS,

[(QFE#GANTE T AP PV I XVGFTRDE T3, >OF DEFTZ &
DREFE, ROBNLES TANEIZIVEZROVICEDLERE THEREH
B35, ~QEESNLEBRK, FAioMEFIAL, EROMDONTA—F (E
¥), a8 L) BWET D, >@QFNERVIRZEIX, N"TA—F DI (Y, 58k
DIFERE) XK B DOER]  FOBIR BB E DBV ER DA T DD THE
T&3, («MCMC TP THON TNOENEA LR BAET D2 DE X H D) |

ZITIE=IBMCT RA L EL TAAN T BV B EIE D A ClEFT C&E D
BugsXLA Zfif FH L7-fi#HT I AAR 05, A NI 1, BERE, Faiofm7elizo
WTCHRE T DITIEHERTHIZR FIRRAS A BE T, R BB EIRE T WAZ DWW THID LB
M5, 2, BugsXLA DEEZHIDNERDHD, EVIHZETHD,

TRAV VI LT E D78 /LDIRER

R=% LPI - T4

O ENS

A B C D E F G H

79 108 111 003 D

50 1.25 1 0.25 B

31| 0935 101  -0075 E

52| 09 0.98 -008 E

23| 1485 1425 0.06 c

sa| 1925 1785 0.14 D

35| 0885 @ 0865 0.02 B

BE- - @

e/ Export to WinBUGS 7e775  Bayesian Model
Edit WinBUGS Script Post Plots
Run WinBUGS(Script) BugsXLA Options
Import from WinBUGS
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Bayesian Model Specification

K

Bayesian Model Zi%R 4% & Bayesian Model Specification D X723Eii15,

= IZIT.T7—H#., LERB% (Model) DR #F F M+ (linear predictor) |Z
B3 28 EE1T

Data Range &% ™
F P ref edit box

H T Bayesian Model Specification
Irfll d-h BA A-TL{PIR EE T (single column varisbjaers
el Rﬁ”5¢‘| Sheet1!$AS1:5D$95 _
Al 7 e FEV1_END Detais... J
 in coiumns| ¥ Nemes in first row Set Variable Types |
" inrons I Blank cells = MVs (Response only)
Response 1S mean, se [:df] — Model
L A B C D El | oistribution -l—w——_I_unL' i ! Identity -] ! g E
79 108 —+tt+——003 D ™ Response i WAl
20 1.25 1 0.25 B Log-Mormal
R
81| 093 = 101 | -0075 E R
d -
82| o9 098 | -008 E I Consored. | Fasser, ™~
Multinomial
83| 1.485 1.425 0.06 = Catagorical
84| 1925 | 1785 014 | D Drdnal | ot
85| 0.885 0.865 0.02 B -
86 0.85 113 -0.28 & Fixe
87| 1.115 0.92 0.195 A Randcml
a8 152 1.525 -0.005 (]
89| 1.115 1.2 -0.085 A = Facmrsl
90| 1.585 1.555 0.03 A
— Covariates
91 0.825 0.835 -0.01 A Indapendentl
92 11 0.925 0.175 & N
Random
93 224 2.035 0.205 & Coeffs
94| 1.175 1.315 -0.14 & Vs variabesl
95 0.89 1.215 -0.325 D
96 .08 1.355 _0.275 E MOMC & Predictions or Contrasts l'\\
a7 I Help'?  Output Options Clear Form gt | [ ok |
1) 7 —# (Data)

‘Data Range’ D A1 ref edit box EFEIEAL

- -

N N——

Set Variable Types

Distribution

Link (V> 7 E8%%)

Factors

Covariates

Predictions or

Contrasts

\Z=7 BV TCOT — X DA

BET D, 72720, 11T BIZIZEE DL Ri%E 27 & & Names in first row, =7&
VDT —ZIF 518 in colums 12T HIAA TEL,

Set Variable Types &27Vw 2794 %&, (M), TN TOELPUIENELIFEESN
TWHDT),
censored variates (2R E CT&D,

- >
——

S, ¥ % categorical data(factors), 7 HEI0FIEGETrT —X
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2) X EERE ¥ DiEIR (Model)
@ ‘Distribution’ ZE&RT 5L, HEIYIZ Link (V7B 238 INESILD,
Normal, t-Distribution, Log-Normal, Gamma, Weibull, Poisson, Binominal

(or Bernoulli), Multinominal, Categorical, Ordinal, Ordered Categorical

VIRt PYN
@ ‘Eliciting Priors Only’ — /1371 OREGR

(® Response is mean; se[:df] (% meta-analysis CfEfl—>E0bHZTF v /% A
AR,

@ ‘Response’ T EIATHHIANTET =206 | JSEEBALEHRET S
72720
Bmomlnal Distribution Tix / ZfEHL=7vL COEHETEELHI
Z 1% infected/total 72 & LR,
Bernoulli observations 35513 response (2 AliveDead/1 O,
Bl 21X, 2254 relief 73 N,Y TRLEISILTUVODEE, relief/1 LRCHL

3) ZABIIZHRTE T B+ (linear predictor) & ‘Factors’ ‘Covariates’ 7>585,
'Factors’|¥'Fixed'effect £7-(% 'Random’effect, L T
'Covariates’|¥'Independent’ %7-/¥’'Random Coefficients’|Z /7 FHEZ 1D,
‘Factors’ ‘Covariates’ C model statements %179,

‘Factors’ | Z B2 +8 €4 HF2IZ1E Set Variable Types THijt, > T categorical
data(factors)|IZfHEE L TRILERHD,

‘Factors’<°’Independent’ Covariates |ZEC# ¢ 2B W FHITLL T

+ B G)Z2MAD — KA &5

2 BN AR BAEH / A/B=A+A:B
* A*B=A+B+A:B @ A*B*C@2=A*B*C—A:B:C
() (A+B)*C=A+B+C+A:C+B:C A quadratic

polynominal models Tli%
(X1*X2*X3*X4) @2+ (X1+X2+X3+X4)"2 LT 5L 2 RETETXTEL,
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- ’Random Coefficients’ ™1 FHHlIZLL T
random coefficient model T& % 7 /L —7DZNEIND L~V ERE LT-
V& XX, ’Covariates’ @ ‘Random Coeffs’|Z factor/variate D TiC A
T 5,
Boyesian Mode\Sngl‘(annE s x

Data (single colur
3 M &

Data Range [ sheetaisastzscsist =]
o q E q © < @ incolumns| ¥ Names in first row SetVariable Types
weight day rat © inrows r
151 8 1 1C1
2 R Random Coefficients i 4l
5 [ ]| e -
246 22 1 . s, .
R B factor/variate M=
320 36 1
145 8 2 - >
e St 5] 21X rat/day
249 22 2] I Longitudinal Model
293 29 2 cactors
354 8 2 | /
147 8 3 R
214 15 3 /
263 22 3 VS Factrs|
312 29 3
aaaaaa
328 36 3 Independs t‘ /
155 8 4
Randc
200 15 4 pred ] 4
237 22 4 VS Variates ‘
272 29 4
29 36 n Predictions or Contrasts [
Frr od2She | cerm| e |

4) Predictions or Contrasts
F ol ANVTEBEHVI-WEAR (728212 HE TRT #®WER ABCDE) 245/
THEFERDFHEIND, T —H DY OIERER 272 E N R SIS,

ZZ T MCMC & Output Options ARZ> %9 & WinBUGS MCMC & Output Options
DEmENBTENDLD T, F=vy 7% AiLDdH, Save Change 1% Bayesian Model
Specification ® OK R4 %#f4 L Prior Distributions D23 BLi15,

|

|~ Data (single column variables, all same length)

| DataRange [ cheetiisasi:cDsos [

t Variable Types

WinBUGS MCMC & Output Options

MCMC Options Import Stats for ... Import Samples for ...

Burn-In[ 5000 ﬁ‘ ¥ Fixed Terms
53mp|es,—10000 : Iv Covariate Coeffs
o[ 1

[ Intercept

I~ Exch. Coeffe

Over Relax [~ Xen. Coe
chamslili‘ ¥ Variance Compts
= " yar % 5D

Auto Quit yag j‘ [~ Random Terms

v
[V Use Preset Values [~ Make R script

" Regular Model
" Novel Model

Restore
NG et Defaults

Exit (no save)

I”" Fixed Terms

I~ Covariate Coeffs
=
=

[~ Variance Compts
o (o]

I™ Random Terms

[~ Create BugFolio

[
)
| Coe

Vs Var\ates‘

{ MCMC &
I Help'? | Qutput Options

Clear Form

Predictions or Contrasts [

Exit o |

Burn-in, Samples, Chains 72&F =7
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Burn-in: 2 1Z&AID 1000~5000 fEDOMED IR DY 7 )V OAEIL, E & 534 IZIY
WHETOY LTIV OETHY | FIEEAED TR0 H TS, (burn-in samples)

Samples: > 7V 7 OE%L

Thin: ZOMME T, XA ABEEETT LA XL — 3 iteration NMRE{FSILD, iteration
X MCMC 7 /vAY XA TREICETINRAINTAEDRLEIE T, #il21X
iteration 7% 1000 C thin 7% 2 OFEIL, 1 DFX(1, 3, 5++) (T iteration 73R
&, EREIL 2000 (=1000%2) [F10 iteration 2374041, Ff&HIIZ 1000 {E D
T —E N ELND,

Chains: VW \<-2722D ¥ i CHEEELOHESH (F=—2) R E TE D,

6) Prior Distributions

Independent Factors page Independent Covariates page
1 | ] ] ] Prior Distributions X
Ind. Covariates ]
H nd. Factors rrors
Ind. Factors ] Errors ] ] IndI Facto ] E ]] ] {

31— Prior for Fixed Factors
Prior for Independent Covariates

1 1l
1 (Effecg:ncd:lfgzﬁ?rtofn?cc?;s?::nci lewvel) i Indgpe?glgnt TEEE c}o\ef‘ﬁcients
1 Elfectemis s (055} lZIoE]"'FDr:aE +Uf-ellj|;|;~l Eél:rl")s[sigﬂ k.?ﬂrown]
il Tem 5 (prior sd) Term Dist S(sdparm) M (mean)
f| LIS = L FEV1 BASE M)  39.8 0
i
1
4] |
Alter Prior Distribution
r Alter S (prior standard deviation) | Prior Distribution for Coeffident
| e | ] ' Normal " Half (+) " Half-N (-)

L FEV1_BASE M: | o 5] 39.8
i Load Default | Save Changes | | = | |
- Load Default Save Chanaes
1r— Constant Term ~ M(Mu, Sigma"2) F

Mu: | 0.0344 Sigma: 18.7
Load Default

| ™ Help”?  Model Checks | Exit | Run WinBUGS | :I [ Help!?  Model Checks | Exit | Run WinBUGS |

Independent Factors page Tl WA EELNE fixed effects (factors) DFRTSY
HINT 7 AV TEMES LTS3, BugsXLA Options 2HfRE, AR T 52 TX
Bo 774V TO S(prior sd)iE PS4 flat prior £1§57251 100 #1272
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> TW%, £/, link function Zf# /3 #11L, informative prior % link scale (272> T
WD,

Independent Covariates page T, \ oA [E E 2N H fixed effects(covariates) D
HIAA T 74V CIRESI TS 23, 7 7 4/L M Tld Normal Distribution &72-5
T\\%, Half Normal Distribution (HN+,HN-) Hf5E T&X+ 0 — ([TEVRWEE(IZ,
KOS MBI S TED, T 74V TO S(prior sd) L EAHA2F /434 flat prior &
57212 100 fFI272>TUND, 72721 HN+,HN-Z1# 941X S(sd parameter)(
% D sd TlE72<. Half Normal’s scale parameter T, link function % H 34
IL. informative prior & link scale (272> TV 5,

Error’ page

Prior Distributions =

Ind. Covariates ]
Ind. Factors
Prior for Lowest Lew

Response ~ M{Theta, sigma*Z2)

where Theta is the linear predictor
sigma(-2) ~ Gammalr, mu)

Prior Distributions @ 8 (2 1%

Independent Factor spage

Prior for sigma~(-2) Independent Covariates page

Distribution

® Gamma " scaled Chi-Square
r: 0.001
mu: [ 0,001

Load Default

Error page 3% 5,

Optional mixture prior for outliers

I™ Model outliers explicitly

Prior Prob. :‘ Var. factor :‘

[ Help’?  model Checks| Exit | RUN WinBUGS|

BugsXLA(WinBUGS) TO IE#LI3 i 0D /3T A—Z X H) L3 HUCIE7R<, B &8
WL THHIEE precision THHOT, N(w,0?) = dnorm(mu,tau)
precision(z, tau): =2 HIEESTHUED S OWEEL TEHRIINLD

0:1/\/? —>o’2=1/7_.—> '[:1/0_2
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/34 prior T the lowest level residual error D3

error distribution

error’s prior

Normal

sigma"?

T = sigma“"(-2

Gamma ( , mu)

t-distribution : t(Theta, sigma”?, df)

sigma”?, df

T = sigma“(-2)

Gamma ( r, mu)

df*¢D

Uniform (a, b)

Error page Tl
response ~ N(Theta, sigma”"?)
where Theta is the linear predictor

sigma”(-2) ~ Gamma( r, mu)

IR response S IERLARIZAEV Y N(Theta, sigma’2) TRINIZEE,
Theta (ZHRIE TR T-THY ., sigma* (D=1 (345> ~%34F Gamma( r, mu) (2D,

df*CD~ Uniform(a, b)2>FEV. HHEE df LLT df'CO (T8O e LESh

T 7 ANV TEAE D REN TS,
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BugsXLA (2L B5EHT 1)
IE#H 7 /L normal linear model (NLM, LM)
Parallel Groups Clinical Study (Analysis of Covariance)

~ ~ ~ ~
FEV1_END FEV1 BASE FEV1 CFB TRT

193 1925 0005 E 0.85 0825 | 0025 | E
192 ) 0.0 b 1.13 1.04 0.09 c
1.595 1.45 0145 D 1135 | 1.105 0.03 c
167 16 0.07 c 1.545 1.34 0.205 c
0495 0575  -008 A 1.32 1.22 0.1 E
0.56 0595  -0035  C 1.85 1.845 0.005 c
0.5 0.5 0 A 1.715 2.25 -0.535 D
1.47 1.64 -0.17 E 0.785 0.875 -0.09 A
1.25 1.125 0.125 B 0.69 0.65 0.04 B
1.22 1.24 -0.02 E 1.91 1.72 0.19 c
1.43 1685  -0.255  C 1.125 1.225 -0.1 D
0.975 0.88 0.095 B 0.665 0.685 -0.02 A
1.255 1.095 0.16 B 1.19 0.97 0.22 c
1.7 1.43 0.27 ¢ 1.15 0.89 0.26 c
157 1.41 0.16 C 1.335 1.52 -0.185 B
2.16 2.62 -0.46 B 0.795 0.86 -0.065 c
1.55 1.385 0.165 E 1.895 2.08 -0.185 D
2.045 2.245 -0.2 C 0.45 0.695 -0.245 A
1.04 1.035 0.005 D 1.21 0.975 0.235 E
1.07 1.05 0.02 E 117 1 017 D
1.005 1.05 -0.045 A 155 157 002 C
0.715 0.68 0.035 D 295 208 017 c
0.81 0.72 0.09 i 1.135 0.9 0235 B
119 1.31 012 | A 0.805 082  -0015 A
1.715 1.65 0.065 E 2155 209 0.065 c
167 1.44 0.23 A 1.465 1.16 0.305 B
1.02 1155  -0.135 B 176 L85 0,09 A
! 0.9 0.04 E 2.145 1.98 0.165 B
1515 1.48 0.035 A 165 125 0,08 5

2.02 171 0.31 ¢
76 Lo 05 c 1.08 1.11 -0.03 D
1.25 1 0.25 B

2.235 2.04 0.195 E
0745 083 s o 0.935 1.01 -0.075 E
279 21 038 c 0.9 0.98 -0.08 E
1.665 1.4 0.265 A 1.485 1425 0.06 c
2.255  1.965 0.29 B 1925 | 178 0.14 D
1645 1735 009 D 0885 | 0.865 0.02 8
0.845 085  -0005 C 0.85 113 -0.28 ¢
192 0.755 0.465 D 1.115 0.92 0.195 A
0.725 07 0.025 £ 1.52 1.525 -0.005 D
0.745 0.88 -0135 B 1.115 1.2 0085 A
1.52 1.27 0.25 C 1.585 1.555 0.03 A
0.945 1.36 -0.415 A 0.825 0.835 -0.01 A
0.875 0.79 0.085 D 11 0.925 0.175 c
1.34 1.34 0 C 2.24 2.035 0.205 c
1.28 1.01 0.27 c 1.175 1.315 -0.14 c
0.67 0.625 0.045 E 0.89 1.215 -0325 D
1.625 1.615 0.01 D 1.08 1.355 -0.275 E



k527 —#1%. Bayesian Analysis Made Simple An Excel GUI for WinBUGS | ® 3 &
NLM % fi#3 L7 Parallel Groups Clinical Study(Analysis of Covariance) T& 2,
COPD DEHEIA T, DB RAMDIDIZIGHIE TRT LLTF7RAR AL 1Tk
LT 4 2O 55 B,CD,E 7%V, FEV1_BASE, FEV1_END %#i-X, response &L C
FEV1_CFB %#l~<T\ %, FEV1_BASE 7:[ElJftR%k (AT #5 &L T, Intercept at 0,

WinBUGS TO4 R Clx alpha EEHEND) L) A8

=

£ covariate 725,

A-TLFo- B T4 BE E# Dayesian Model Specification X
I | Data (single column variables, &l same length) ——
c | b 3 || o | sesasiese E| Distribution—Normal
| | b | s . i
% in columns| ¥ Namesin first row Set Variable Types
E FEVI_CFB TRT : 3
- € nrons | [ Blark cels = Mis Response orly) Link—Identity
0.005 E TRT
— Model
-0.08 D A .
0145 D B ousuton | Mol 7| i | ey o] ZERe .
0.07 c c ™ Response is mean; se [;df]
008 A o Femzren | FEV1_CFB
-0.035 C E I censored
0 A I™ Non-Linear Model
-0.17 E
[~ Longitudinal Mode!
0.125 B
— Factors
-0.02 E leadl TRT
-0.255 C
Randoml
0.095 B
0.16 B vs Fa:torsl
0.27 C
0.16 c — Covariates
Independentl FEV1 BASE
-0.46 B =
0165 E el
-0.2 c vs Variahesl
0.003 D
0.02 E Predictions or Contrasts |V
rl_r‘M: A Help!?  Output Options Clear Form Exit | OK I F

R\NT, Set Variable Types %#27U>Z7L TRT % Factor (ZEE§ 5,

Sort Levels Z 3~ &F OVR 2 D3

— Data (single column varizbles, all same length)

Data Range | Sheetl!SAS1:SDS96 1=l
F Faffi.‘;‘m M N @ Set Variable Types
" in rows,
=

| cistrbuton | Nermal o] ok [rtenty ]| 8 Edit Factor Levels \
o FACTOR: TRT
eacrons VARIATES | Move p
FEVLEND c
2o | | i e ——

Edit Factor Levels I

Cancel

Delete Level

Generate Levels from Data | [{:

— Add New Level

— Covariates

IndaDendaﬂfl FEV1_BASE

I
Add Level

Random
Coeffs

<

=

{5 Variates|

TTF

Bz T&5,
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MCMC & Output Options 4> %9 & WinBUGS MCMC & Output Options ¢ [ fij

NELIND
X |
— Data (single column variables, all same length)

Data Range | Sheet11$A51:8D596 J

— Datais ...
11 #*in mlum% F¥ Names in first row Set Variable Types |

 inrows [ Blank cells = Mys (Response only I

[~ WinBUUGS MCMC & Qutput Opticns x

— MCMC Options — Import Stats for ... —— Import Samples for ... —

Eurn—InI 5000 i’ [v Fixed Terms v Fixed Terms

Samplesm . v Covariate Coeffs v Covariate Coeffs
Thin _lé |7 Intercept |7 Intercept
Overrelax [ | | Exch-Coefle | I Exch. Cocfs WinBUGS MCMC &
Chainsl—lﬂ | Variance Compts |¥ Variance Compts Output OptiOI‘lS
T yar 5D “var 5D

Auto QUitI Yes ﬂ [~ random Terms [~ random Terms

[~ Use Preset Values

[~ Make R script [~ Create BugFolio

— Restore
[ Help!? Defaults Save Changes
Random
Coeffs

BugsXLA T Predictions or Contrasts {6 F =y 7% AN TEEHVTWEE (TRT
ABCDE) 15 E T 2 &M RGHRIND,
4 )

FEV1_END‘ FEVl_BASE‘ FEVl_CFB‘ TRT Hoycx=r®eniz
1.93 1.925 0.005 E TRT TRT A B C D E
1.92 2 -0.08 D A ZHNH T HIAA TR E
1535 145 0.145 D B Predictions & Contrasts
1.67 1.6 0.07 C C ) i
0495 0575  -008 A D required THRIEY 2.
0.56 0.595 -0.035 C E

M /
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Predictions &

Contrasts required

|
Predictions & Contrasts *
V5 Factorsl
— Predictions & Contrasts required {column variables, all same length)
:raentgzﬁons Sheet11§F$2:8FS7 J — Covariates ——————
Ind d tI
¥ Names in first row MOSPENCENt) FEV1_BASE
Eitie Randoml
v Summary Stats [ Mean Response Coeffs
[~ Posterior Samples [ Individual Response VS '«'ariahesl
™ Helpt? Cancel Predictions | MCMC &
pi? ™ Help'?  Qutput Options

I LT T

EYN

ZZT Model Checking Options |2t B2 TF =7 % Aivd,

Moael Term S (prior sd)
Distri TRET 18.7 L
[ Res
Res| Model Checking Options Pt

— Model Comparison

v Deviance

[ Deviance (samples)

— Examination of Individual Observations

- Facto
|¥ Cheddng Functions (Res, Fit, Pr.Ext)

Clear Form |

[™ Helpt?

Lo I |

v A= Constant Term ~ N{Mu. Sioma~2) ———

Prior Distributions OFERNEID, BEIZ

WIRCTERE TS,

T 74U THUE

Model Checking Options

URSIVTND DB

Independent Factors page Independent Covariates page Error’ page

0e1 oecimcanan Prior Distributions x
H Prior Distributions x Ind. Covariates. -‘ 1

Ind. Covanates | = e ’
[ e ! "HPC::‘:E'\ = I‘ I I mt‘:r:::!wm I.;TEEE:;W< ‘ . . . .
I-priorforFxedFactors—————— [
| e o) Prior Distributions ® 3%
1 | (Effect: convast from constraned level) B cuvarisie coufTiders
e 0, 5% Coeffioent ~ MW, 5~2) sgnan(2) ~Gammalr, m)

s L Ll »;n.s ”m Coelf = 41 FIM(SAE (s owr]

- e Term Dst S (sdpam) M {nean) Prior for sgma”(2)
|l Distribution
i @ Gamma © scaled Chi-sauare
| L] 0.001

mu o001
d ] Load Default
Alter Prior Distribution 1

Alter S (prior standard deviaton) Prior Distribution for Coefent

| Fhoma O WefN(s) O e
g 87
| e O
Optional mixture prior for outhers.

o C ipvoriiod

Mi: [To034 Soma:[ 187 procbrop. [ < Ve focte [
{ LosdDefuit
|
)
'
| I Hebi?  Model chects | et | mnwesucs | | I Hebi?  model cheds et | Runwneues [ Hepl?  podel cheds Ext | Runwinsuss
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Run WinBUGS DA% %2773 5L Imprt Results 23813150 C Import R A2
LR R A =7 B LICEDIA TS,

| DataRange | chestilénéi-éneéan Lk

Import Results (Options) ot
Mode Statistics Node Samples (CODA) B
MName Type Dims Mame Type
IM Betal Sc - IN Betal Sc
IN alpha Sc IN V. Coeff A2
IN X.Eff A2 1:5 IN ¥.Eff A2
N V. Coeff AZ  1:1 IN alpha Sc
N sigma Sc IN deviance 5c
N deviance Sc j N sigma 5cC
Import ... Imprt Results
Import DIC [v Cancel importing of samples [
= 0> i
Response Mode Thin samples for importing ]
[+ st.Dev. ,Yi
Thin b = togive
[~ MC Error g 1 I‘ < 10000

v Lower Percentile
v Median
[v Upper Percentile

[ Start (1st sample)

[ Mo. Samples

ALL [
write to sheet ... write to sheet ...
| Sheetl out | Sheetl sams

I™ Clear sheet(s) first [ Keep IO Dir (BugF#)
[ Help!? I Delete Old Model Checks Cancel

MRS BT LL F ooy

Label Mean StDev.  25%  Median = 97.5% WinBUGS Name
CONSTANT  -0.0400  0.0454  -0.1310  -0.0399  0.0487 Betal
Interceptat 0 0.0449  0.0639  -0.0809  0.0441  0.1722 alpha
TRT A 0.0000  0.0000 X.Eff[1,1]
TRT B 0.0927  0.0646 -0.0334  0.0927  0.2205 X.Eff[1,2]
TRT C 0.1491  0.0577 00368 01487  0.2631 X.Eff[1,3]
TRT D 0.0225 00642 -0.1038  0.0227  0.1476 X.Eff[1,4]
TRT E 0.0554  0.0636 -0.0703  0.0551  0.1802 X.Eff[1,5]
FEVI_BASE  -0.0663 0.0422 -0.1501  -0.0665  0.0174 V.Coeff[1,1]
SD(residual) ~ 0.1835  0.0140  0.1590  0.1826  0.2130 sigma
Deviance -53.2700  3.9230 -58.8400 -53.9500 -43.8100 deviance

WinBUGS(BugsXLA) Difiti #13 95%(E A X (credible interval) TR &5, #HEE
FHRKDOE ZIZHES < 95%[F#E X H (confidence interval ) IZAH Y 9%, [Fkh MR
DHINOHEE L. R OEDOED 95% DR TEH ENH XM DEMK,
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Z ZTiE. CONSTANT (FEV1_CFB) ® Mean=-0.0400, SD=0.0454
median (T -0.0399. 95%f5 HIX[HIE -0.1310~0.0487 L5 Z L7225,

TRT D723, treatment C @ mean 0.1491, SD 0.0577, median 0.1487, 95%/E /i

X1 0.0368~0.2631 L XFINIZ 0 2 G ETHE > T 5,

Covariate ® FEV1_BASE D[ElJft2# Td % Intreceptat0 /%, Median T 0.0441 72

7N 95%15 FAIXEINIC 0 25 A B Tlxu,

Predictions or Contrasts D 5

Label

Model

Mean StDev. 2.5% Median

Predicted Mean Response
TRT(A) FEV1_BASE(mean)
-0.0403  0.0454 -0.1314 -0.0401

TRT(B) FEV1_BASE(mean)
0.0524  0.0465 -0.0372 0.0521

TRT(C) FEV1_BASE(mean)
0.1088  0.0348 0.0396 0.1092

TRT(D) FEV1_BASE(mean)
-0.0179 0.0446 -0.1062 -0.0174

TRT(E) FEV1_BASE(mean)
0.0150  0.0459 -0.0754 0.0152

[Sheetl!$A$1:$D$96]

Distribution Normal

Link

Identity

Response FEV1_CFB

Fixed

TRT

Covariates  FEV1_BASE

Priors

CONSTANT  N(mu=0.0344, sigma=18.7)

TRT

N(mu=0, sigma=18.7)

FEV1_BASE N(mu=0, sigma=39.8)
V(residual) Inv-Gamma(0.001, 0.001)

WinBUGS MCMC Settings

Burn-In: 5000 Samples: 10000 (Thin:1; Chains:1)
Run took 16 seconds

BugsXLA (Beta 5.0) 2011.Apr.17.(00.00)

97.5%

0.0484

0.1437

0.1766

0.0681

0.1048

WinBUGS Name

Pred.Ave[1]

Pred.Ave[2]

Pred.Ave[3]

Pred.Ave[4]

Pred.Ave[5]
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BugsXLA (ZX5f#4T 2)
&7 /V:generalized linear model (GLM)

AR7 Y VEJF Poisson regression

—RALARTE

31
22
61
49
48
44
45

TC O 0O 0o 0o 0o 0o 0o 0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o

7 —# X Bayesian Analysis Made Simple 7% BugsXLA % fii i L 7-f5# (Cntrol of

F'oo?m © »m O © O NN Mo~ S S — N N A 0O »m o N NN O o o — »m o o m A O
— = = N = N N —
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27 % 2 J R D% Cockchafer Larvae (3545 VK 2 ORIZ A& > B )72
A=k B2 5EFERTHD, ZORIIOTIHIZ 5 DO treatment, trt(1~5) %
TV, ZOREE <%, THi%E 8 D0 block(A~H) (2431}, ZNFhIZ 5
D trt & EIETEIM T 5, 4hH larvae 1345# age 125V 2 DD 7 L—7(a,b)
(253 AR B M9 %, Response (3 trt I E 724 & T 5D larvae O%% (5
DR T blockA,B TIL T X TOFA XL plot 28 x#& 2, 5% @ block TIii
A XI5 plot D 1/4 DEDDBEZKEZ TN D)
age, block, trt | X Factors, larvae |35 7> 7 —# & LT Poisson Z3ARIZHEV,
plotsize 7% offset &72%, 7z p55 Di@Y | age*trt=age+trt+age:trt TH Y |

age:trt [IZZAAEH ) ZE%T D,

Nijk = u+ a; +y; + (ay)ij + wi + log(plot. size)
[ = 1,2 ] = 1,2,"',5 k = 1,2,...,8

log(Aiji)= Miji Vijk~Pois(4;x)
y 1TIEZEEL larvae
a; I% Factorage (D% Distribution—Poisson
y; 1% Factor trt O%IR Link—Log

(ay)ij X age & otrt O)ﬁ—_E‘L'ﬁSJEH
wy X Factor block ®%h %

& in columng| ¥ Mames in firstrow

Bayesian Model Specification X I

Data {single column variables, all same length)

DataRange | sheet1lsagi:sEss1 =]
Data is ...

Set Variable Types | b

age*trt=age-+trt+age:trt

" in rows r

Model
it Poisson - - Log = Eliciting
ES | J 55 | J Priors Only o
Response | larvae
I Censored Offset| Plot.size

I Non-Linear Model

[ Longitudinal Model

Factors
Fixed | age*trt+block

Random |

VS Factors |

Covariates
Independent|

Random
Coeffs

V5 Variates |

Predictions or Contrasts [

I Help?? |ioutput Options |

Clear Form Exit Ok

— Model
| | Distribution | Poisson v| Lok | tom »| | Eicting
Create Factors
FACTORS VARIATES CEMNSORS
:
= larvae
<<
Maks
Undt

Edit Factor Levels

Cancel | OK. |

T<T

I
||

| Covariates
| Independent|
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Piosson Z57E 9 %&, link BA%XIZ Log 237 74 /L E CHESIL T,

Factors {2404 9% age, block, trt Z45E 75,

Response |3 larvae, Fctors(Fixed)(Z age*trt+block T HiATe,

Offset |L plot.size 725,
(4 [E1Z Predictions or Contrasts |37 %)
WinBUGS MCMC & Output Options Z#F = 7L

] | * inrows | I Blankc

ells = MVs (Response only]

— MCMC Options

Eurn—InI 5000 il

Samples 10000 =
Thin 1 (=

Over Relax [~
Chainsl 1 ﬂ
Auto Quitl Yes ﬂ

[¥ Use Preset Values

WinBUGS MCMC & Qutput Options

— Import Stats for ... —
¥ Fixed Terms

v Covariate Coeffs
|7 Intercept
™ Exch. Coeffs
v Variance Compts
Cvar #sD

I Random Terms

[V Fixed Terms

|¥ Covariate Coeffs
|_ Intercept
™ Exch. Coeffs

[V Variance Compts
Cvar @ sD

[ Random Terms

— Import Samples for .

x

[~ Make R script

" Create BugFolio

" Regular Model

 Novel Model

Restore -
I Helpt? Defaults xit {no save)

Save Changesl

Prior Distributions &7 7 4 /L ~iEb,

0 1¥IOQE] SDECITICATION
Prior Distributions *

— Prior for Fixed Factors

Independent factor effects
(Effect: contrast from constrained level)
Effect contrast ~ N{0, 52}

Term 5 {prior sd)
trt 113
block 113
age x frt 113

— Alter 5 {prior standard deviation)
I age I 113

Load Default | Save Chanclesl

— Constant Term ~ N{Mu, Sigma~2)

Mu : I 1,82 Sigma : I 113

Load Default |

LIV LT L g

Prior Distributions X

Ind. Factors
— Prior for Lowest Level Errors

Response ~ Poisson(Theta)
where log(Theta) is the linear predictor

— Optional mixture prior for outliers
[~ Model outliers explicitly

Prior Prab. I—i’ Var, factor l—il

" Help!?  Model Checks Exit Run WinBUGS

" Help!?  Model Chedks Exit Run WinBUGS
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Run WinBUGS DORF L ZHHL , T —X &2 72V IZHE AT e L RN F R END,

Label Mean  StDev. = 25%  Median = 97.5% WinBUGS Name
CONSTANT 1.2770 0.1443 0.9837 1.2810 1.5560 Betal
age a 0.0000 0.0000 X.Eff[1,1]
age b 0.9155 0.1542 0.6227 0.9124 1.2190 X.Eff[1,2]
trt 1 0.0000 0.0000 X.Eff[2,1]
trt " -0.0726 0.1895 -0.4425 -0.0753 0.3053 X.Eff[2,2]
trt 3 -0.1047 0.1913 -0.4760 -0.1070 0.2734 X.Eff[2,3]
trt ¢! -0.1625 0.1973 -0.5427 -0.1643 0.2299 X.Eff[2,4]
trt 5 -0.2495 0.2014 -0.6597 -0.2448 0.1409 X.Eff[2,5]
block A 0.0000 0.0000 X.Eff[3,1]
block B 0.4878 0.0869 0.3195 0.4862 0.6566 X.Eff[3,2]
block C -0.3912 0.1806 -0.7604 -0.3882 -0.0447 X.Eff[3,3]
block D 0.3620 0.1327 0.0943 0.3631 0.6212 X.Eff[3,4]
block E -0.9438 0.2317 -1.4170 -0.9377 -0.5140 X.Eff[3,5]
block F -0.2384 0.1696 -0.5772 -0.2343 0.0838 X.Eff[3,6]
block G -0.3402 0.1775 -0.6983 -0.3379  -2.358E-4 X.Eff[3,7]
block H 0.3212 0.1352 0.0563 0.3221 0.5829 X.Eff[3,8]
ﬁge xtrt a, 1 0.0000 0.0000 \ X.Eff[4,1]
agextrt b, 1 0.0000 0.0000 X.Eff[4,2]
agextrt a,?2 0.0000 0.0000 X.Eff[4,3]
agextrt b, 2 -0.3619 0.2308 -0.8229 -0.3609 0.0929 X.Eff[4,4]
agextrt a, 3 0.0000 0.0000 X.Eff[4,5]
agextrt b, 3 0.0283 0.2248 -0.4057 0.0274 0.4677 X.Eff[4,6]
agextrt a, 4 0.0000 0.0000 X.Eff[4,7]
agextrt b, 4 -0.0353 0.2322 -0.4912 -0.0351 0.4176 X.Eff[4,8]
agextrt a,b 0.0000 0.0000 X.Eff[4,9]
&ge xtrt b, 5 -0.1654 0.2419 -0.6298 -0.1693 0.3213 j X.Eff[4,10]
Deviance 393.3000 5.8030  384.0000 392.7000 = 406.3000 deviance
Model [Sheetl!$A$1:$E$81]
Distribution Poisson
Link Log
Response larvae
Offset plot.size
Fixed age*trt+block
Priors
CONSTANT N(mu=1.82, sigma=113)
age N(mu=0, sigma=113)
trt N(mu=0, sigma=113)
block N(mu=0, sigma=113)
age x trt N(mu=0, sigma=113)

WinBUGS MCMC Settings

Burn-In: 5000 Samples: 10000 (Thin:1; Chains:1)
Run took 33 seconds

BugsXLA (Beta 5.0) 2011.Apr.17.(00.00)

)
trt . age Xtrt TiX 95% credible intervals |2 0 &5 &H B A% A LD T2,



BugsXLA (ZX 54T 3)
— A LRRIZE T /L :generalized linear model (GLM)
77 v F¥¥E  Latin square design

EEBRFEEET T IR 12T

FEBRETEAIXR.A Fisher|Z LV

1. #E/E24 b (randomization) : #E R A & MHE T&5

2. M0 (replication) : FR 2= ORI A AT REIZ 5

3. Ja A& (local control) : fHSRFEFEA /NS L EBROFE E Dl L

Ve=1BARGAZE +HIAZE IR EZAE HENOMZES LELEE, ZOF T, K&

PNOLEREZIY B O BAR LN EE

A
oA

Bz X, HARFA (BHDHIEA]) 2 A1 (5ug/ml), A2 (10pg/ml), As (15pg/ml ) D37k

WP THEBIET DDT Y MI— HDH>H10a.m,1p.m,4p.m DO3[EDOULEEE3 H [i]

17789, A1 . Az . A3lZ7 v random allocationL72: L Ch
A1 A1 A1 A2 A2 A2 As As As
10 1 4 10 1 4 10 1 4
—HH —HH —~HH
ZOXOIRERTIT, B, FE A EREDRFTRRENITND,

SELEMEA{L completely randomized design (=7 1y 7K F-721)
A TR DAL BR DA R % BEAE 2L
A2 As A2 A1 A1 As A1 A2 As
10 1 4 10 1 4 10 1 4
—HH —HH —HH
= —JChLE S BT T %
ZOERTIE—H BICAD2[ELBRES N D708 H IR DB TR,

ELBEIE randomized block design (=7 w2 [K7-11#)
— BIZ3RIONIRE 7 vy 7 L UIEAE Z (b (SR T & BR)
A2 As A1 A1 As A2 A1 A2 As
10 1 4 10 1 4 10 1 4
—HH —HH —HH
= F., 7 uyr (HEESR) O2% R %Z ZJuhl &5y BT CHEIT 5
ZOIH72FEHRTH HNEBE N EA TE RN b dh D,
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TV 5L Latin square design (=7 =y 27K 1-21#)
AW CALEE S — A D172 D 8012975
A1 A2 As A2 As A1 As A1 A2
10 1 4 10 1 4 10 1 4
—HH g E = S E
= RN, BRIZE), HNEB)OIERZ = JeldE 77 i 0 B CHET

7 7 J7k& 14 Latin square design [ZZERE MG 2 D SRS 720 BIHE LTD3HE
BRIFEN RIS 2 D728 HAARR EOMHEHAN LT S g L <7
2 OT, PEROBEERRI IR AT VLRI 72 FNFs A LB

BugsXLA ODfi##iA< T % Bayesian Analysis Made Simple 7> BugsXLA % {i#
L 7-f3 /& (Latin Square Industrial Experiment) % #£/~x L C#4 5,

f5l#8) 4 > materials(A,B,C,D) C wear-testing machine |2 AfL, E XD loss
% 0.1mm B, CTHIE L7=, machine {213 4 D@ testing positions 3H 0 . F 4L
ZNTrun LTT A RT&E %, @EDOT—H TiX, position & run O 5 1Z%
W IRRAZEDFIET D, T 7 ¥ UL THENT T % H A T4 material T 4 [B#§ D
K EF, & 16 EIORIEDS 4 [B]D run TITHO47, materials OZNRIT fixed,
position & run M %RIE random TdH 5,

run position material wear
1 1C 235
1 2D 236
1 3B 218
1 4 A 268
2 1A 251
2 2B 241
2 3D 227
2 4C 229
3 1D 234
3 2C 273
3 3A 274
3 4B 226
4 1B 195
4 2 A 270
4 3C 230
4 4D 225

61



FIIE)
T i@ FE LT, SetVariable Types C Factors Z+8E 7 5,
MCMC & Output Options ClZ Simple Model & 3%,

Bayesian Model Specification
0 N ol — Data (single column variables, all same length)
/]
A B | c | D | Data Range | Sheet11$AS1:8D$17 él
un osition material wear Data s ... .
p = incolumns ¥ Names in first row Set Variable Typeﬂ
1 1C 235  inrows Blank cells = Mvs - |
1 2D 236 — Model
1 3B 218 ‘ Distribution | Mormal R | dentiy  ~| ‘ E,',?,E: %nlv I
1 4A 268 I~ Response is mean; se [df]
2 LA 231 I wear
R
) Jla 241 esponse
2 1D 227 [~ censored \
2 ic 229 [~ Mon-Linear Model
3 1D 234 ™ Longitudinal Model
3 2cC 273 — Factors
3 3A 274 FiXEdI material
3 4B 226 Ra"“"""”I run +position|
4 1B 195
4 2 A 270 Vs Fachorsl
4 3C 230
— Covariates
4 4D 225 Independentl
Random
Coeffs
Vs \c'ariahesl
Predictions or Contrasts [
MCMC &
Sheetl ® [~ Help!?  Output Options Clear Form | Exit | oK I

response: wear
Factors
Fixed: material
Random:

run-+position

Prior Distributions TI/Z FX D@ Y BEIZIEE SN TWAD TED F A,

Prior Distributions x Prior Distributions x
I B Ind. Factors | Errors
i Prior for Random Factors ———————————
Indepandent factor effects E;ed‘ﬁﬂgeab‘e factor effects
(Effect: contrast from constrained level) & C:B"' N[;rEtH}P(U, tau~2)
Effect contrast ~ N(0, 5°2) u = Distn{ Parm )
Term s (prior sd) Term Eff~  ta Parm
T
e == position Morm HalfM 111
d |2
— Alter Prior Distribution
 Alter 5 (prior standard deviation) rn
[ material [ 2000 Effect ~[Tom =] T |
Load Default Save Chi I
Ly e — it prior beliefs for tzu ...
— Constant Term ~ N(Mu, Sigma~2) ——— O directly ' via factor's effects
. l— . l— Spedfy maximum credible difference
Muz | 290 Sonsl 283 between the effects of 2 randomly 333
chosen factor levels
Load Default
" Help!?  Model Checks Exit Run WinBUGS ™ Help!?  Model Checks | Exit | AU WinBUGS |

Prior Distributions X
Exch. Factors
| Prior for Lowest Level Errors
Response ~ N(Theta, sigma”2)
where Theta is the linear predictor
sigma*(-2) ~ Gamma(r, mu)
— Prior for sigma~{-8) ——————————
Distribution
’7  Gamma " Scaled Chi-Square ‘
v | o001
mu: | 0,001
Load Default
— Optional mixture prior for outliers
I~ Model outiiers explicitly
Prior Prob. ﬂ Var. factor ﬂ
I” Helpl?  Model Checks Ext | RunwinBUGS
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e S ES NP

Label Mean

CONSTANT = 266.5000
material A 0.0000
material B -45.6000
material C -23.9900
material D -35.1800

SD(run) 15.5400

SD(position) =~ 18.2100
SD(residual) 9.4400

Model
Distribution
Link
Response
Fixed

Random

Priors
CONSTANT
material

run
position
V(residual)

[Sheetl!$A$1:$D$17]
Normal

|dentity

wear

material

run+position

N(mu=240, sigma=2000)

N(mu=0, sigma=2000)

St.Dev. ~

14.8700
0.0000
7.0980
7.2850
7.1650
14.8800
14.3800
3.4090

2.5%
237.4000

-59.8100

-39.0400

-49.6600
1.6620
2.9700
5.0840

Norm(0,tau”2); tau ~ Half-N(sigma=111)
Norm(0,tau”2); tau ~ Half-N(sigma=111)

Inv-Gamma(0.001, 0.001)

WinBUGS MCMC Settings

Burn-In: 5000 Samples: 10000 (Thin:1; Chains:1)

Run took 13 seconds
BugsXLA (Beta 5.0) 2011.Apr.17.(00.00)

Median
266.1000

-45.6000

-24.0400

-35.1800
11.4800
14.3600
8.6460

" 97.5%

298.5000

-30.7500
-9.4790

-20.8900
54.8900
55.6200
18.2500

WinBUGS Name
Betal

X.Eff[1,1]
X.Eff[1,2]
X.Eff[1,3]
X.Eff[1,4]
sigma.Z[1]
sigma.Z[2]

sigma

HESAAOFERING . 4 D0 materials DEEFESR wear rates (Z1XF D 95%
credible intervals I1X 0 Z & F2WZ b, BHOEMNRIEWVWERDH DL Z &0 bn
%, F72. run, position D5yEIL L HIC residual & Ebig U CEESN, /INE

72 FBR D 7= % hierarchical SD parameters T % SD(run), SD(position) |Z<>X>

IEREMEDME,
BEF TITWHAITIT., ZOBBIZRZHEH LR L ik L Mean [T R ©

Estimate & 1TV 23, St.Dev./X R @ Std.Error & b4 % & R DI R0/ NS 7

BL72>TWnb, £/, run & position (22 TiE R TiX 95% credible

intervals [3#2/R S TE 5T, SAS & H#d 5 & SAS(run 4.2-53, position 5.5-
54, residual 5.0-17) & Fb_XT, ERIZIFIERE U225, FERAEAS SAS DE D J5 A3
RRREREORETH D,
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BugsXLA (ZX 54T 4)
IEBBRIZIEA 7 /L normal linear mixed model (NLMM, LMM)
repeated measures design / normal hierarchical model

~/LF LUV AT multilevel analysis

PBEJ@#RIEE /L hierarchical linear models »HLM (Raudenbush & Bryk)
Sy HCEINE T /L covariance components models

IR £ )L variance components models

BRI~ A XE7 /)L Empirical Bayes models

% lifE7 /L growth curve models

IRANEET /L mixed-effect model 72 ELEDIFOL R3H D,

f51) WinBUGS Examples Volume 1 Rats: a normal hierarchical model

Weights Yij ofrati onday Xj
x;=8 15 22 29 36

Rat 1 151 199 246 283 320
Rat 2 145 199 249 293 354

Rat30 |153 200 244 286 324

MWD, T—H AT 7B L FRICEE L2 BT,

weight ‘day Trat h
151 8 1
199 15 1
246 22 1
283 29 1
320 36 1
145 8 2
199 15 2
249 22 2
293 29 2
354 36 2
147 8 3
214 15 3
263 22 3
312 29 3
328 36 3
155 8 4

DT —H 3RO E (WinBUGS 75 HDIA A BugsXLA O U Hh)
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Rat

Day

Al

Weight

21

154
205
253
298
334
139

11
11
11
11
11

160
208
261

151
199
246
283
320
145
199
249
293
354
147
214
263
312
328
155
200
237
272
297
135

21

15
22
29
36

15
22

15
22
29

21

21

29
36

313
352
143
188
220
273

21

36

22
22
22
22
22

12
12
12
12
12
13
13
13
13
13
14
14
14
14
14
15
15
15
15
15
16
16
16
16
16
17
17
17
17
17
18
18
18
18
18
19
19
19
19
19
20
20
20
20
20

15
22
29
36

190
225
267
302

15
22

15
22
29

29
36

314

36

23
23
23
23
23
24
24
24
24
24
25

146
191
229
272
302

154
200

15
22
29
36

15
22

15
22
29

244
289

29
36

325
171
221
270

36

157
211
250
285
323

15
22
29
36

15
22

15
22
29

29
36

326
358
163
216
242
281

36

132
185
237
286

25

15
22
29

15
22

15
22
29

188
230
280

25

25

29

25

36

331

36

312

36

323
159
210
252
298
331
141
189
231
275
305
159
201

26
26
26
26
26
27
27
27
27
27

160
207
257
303
345

160
207
248
288

15
22
29
36

15
22

15
22
29

29
36

324
142
187
234
280
316

36

169
216
261
295
333

15
22
29
36

15
22

15
22
29

29
36

36

28
28
28

157
205

156
203

15
22

15
22

15
22
29

248
289
316

243
283
317

248
297
338
177
236
285
350
376

28
28
29
29
29
29
29
30
30
30
30
30

29
36

29
36

36

137
180
219
258
291

157
212
259
307
336

15
22
29
36

15
22

15
22
29

29
36

36

153
200
244
286
324

152
203
246
286
321

10
10
10
10
10

134
182
220
260
296

15
22
29
36

15
22

15
22
29

29
36

36
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T — 2 IR 0 X LIE T YA o repeated measures design (ZJ& L .
ENTE T WX IERBERIZIES £ 7 /L normal linear mixed model, FEEMREET /L
hierarchical linear model, 7> % 2% %€ /L random coefficient models EM ik E:
Hi#RE7 /L growth curve model EH\ VL5,

BugsXLA % L&) 7 %<& Bayesian Model Specification 23EILHD T, —17 HIZIZL
J 4 i (PLFET) 25 C Data Range 25792,
F—H &k 5 L. 30 PED young rats DEEMABRTH Y . TOKREN 1 Z

WS HEBFARLN TN D, TREND rat (R4 OREETH DA, HEE
£5 )L C&® Y . normal linear mixed model TH 2, 2 EMEDET ML Z21T9 Z &
T, UARHEEX ICHOWTHITTE %

F10

W0 = || | M

Wl ~N o m| e W =]E

A

Weight

151
199
246
283
320
145
199
249
293
354
147
214
263
312
328
155
200
237
272
297

125

h Day

B

15
22
29
36

15
22
29
36

15
22
29
36

15

22
29

t1

Fe

Al

Rat

R O e I I T L P A TS TR F% TR R TR (T T S S P T

Sheetl ouf

Bayesian Model Specification

Data (single column variables, all same length)

Data Range | gheet11gA$1:5C5151

Datais ...
* in columns
" in rows B

[ Mames in first row

Model

]

Set Variable Types

Distribution | Normal j Link | Identity

[ Response is mean; se [;df]

- Eliciting
J Priors Only -

Response | Weight

[ Censored
[ Mon-linear Model

[ Longitudinal Mod

Factors
IEi><'fd| normal linear mixed model
F‘.andom| T3~ Random Coeffs iZ
factor/variate
VS Factors
| O THA
Covariates /
Independent| \\
Random \V
Cneffs' Rat/Day

Vs ".-'ariates|

MCMC &
[ Help!?  Output Options

Clear Form

Predictions or Contrasts [

Exit
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normal linear mixed model & HJIFr L 72FRIZ1%, BuggsXLA T,

Covariates OA#(Z4% % Random Coeffs (Z factor/variate DIEX TRE AT 5,

418, Rat IZ Factor, Day | variate T& Y . Rat/Day & it A9 %,
Response (Zi% Weight Z$8E 7 5,

Z ZC, MCMC & Output options

DORH L T-F. WinBUGS MCMC &

Output Options 73 < ™ T, 4 [F] Use Present Values 7% Simple Model % 57
9% & aburn-in of 5000 followed by 10,000 samples 23E&R X415,

Data (singie column variables, all same length)

| BataRange ["sheetiisasi:scsisy

Datais...
& in columns, ¥ Namesin first row

 inrows o

Model

Set Variable Types

| WinBUGS MCMC & Output Options

|| Distribution | Mermal  ~| |y [ dentty

I” Response is mean; se [;df]

+|| Eiating

Priors Ol _ ewae options ImportStats for ...

Burndn| sp0p j‘ [V Fixed Terms

Response | Visight
| T Censored
I Mon-Linear Model
[ Longitudinal Mode!

Factors

[V Intercept

somples o500 = ¥ Covariate Cosffs
L

OverRelax [~ e

Chens[ 1 i‘ ¥ Variance Compts

C Var 5D

| Auto Quit} Yes i‘ [~ Random Terms

Fixed| ‘

[~ Use Preset Values

Rar\dﬂm‘

I Make R script

Vs Facmrs‘

Covariates

Independent]

Restore
[ lrepes Defaults
[T

Import Samples for ...
¥ Fixed Terms

¥ Covariate Coeffs

¥ Variance Compts

™ Random Terms /

[ Create BugFolio

it osave)]  Save Changes

WinBUGS MCMC &
Output Options

Random|
AR

| v Varlabes‘

Predictions or Contrasts [~

H MCMC &
I Hep!? | Cutput Options Clear Form Exit o |

Bayesian Model Specification @ OK % 9~ & | Prior Distribution DFE»XHLIL S

(B¢ #1Z Ind.Factors ®XE H) T, Exch.Covariates DB HIZE z TH D &,

Data (single column variables, all same length) ——

DataRange | cheetilgAgi:sCsl51

Datais ...
@ in columns
" inrows r

[¥ Names in first row

Model

Distribution | Mormal v| Lk | Ident

[~ Response is mean; se [;df]

Respanse | Vieight

I™ Censored
I Non-Linear Model

I Longitudinal Model

Factors = |

Fixed
Random

V5 Factors.

Covariates = |

Independent|
Random ’—‘R
Coeffs at/Day

Prior Distributions X

| Exch, Covariates | | |
Errors | |

Constant Term ~ N(Mu, Sigma~2)

Sigma : 6000

Mu: | 243

Load Default

VS Variates

I Helpt? Mndelchecks| Exit | Run\nnnauss|

e ——

L e

| Prior Distributions x

Ind. Factors | Errors | |

Covariates | |

Prior for Exchangeable Covariates
(Intercepts, Slopes) ~MVN or MVt(4) { (0, mu), VCov)

mu ~ N(M, 5°2)
WCov: 5D ~ Distn{ Parm ), Corr ~Betala, b) [-1,+1]

Term M 5 Parm (int;slope) {a, b)

1.51.5

Alter Prior Distribution
Rat x Day

Mean slope (mu) M = 0 and 5= 638
(ntercepts, Slopes) ~[ ]

Elicit prior beliefs for 5D ...
' Intercept " directly

" Slope ¥ via factor's effects

Spedfy maximum credible

difference between intercepts of a5a
2randomly chosen factor levels

Corr: Beta(a,b) | Prior Distn for SD

,_1‘ 5 ’_1.5 {Int. &Slope) HalfM =
E0.00 SDOSO0 | Load Defauit

I™ Helpl?  Model Checks ‘

Exit ‘ Rur\W\r\EUGS|
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EFRAEDOERIZ, BEIZWANWAIRE SN TS, %X Term (X RatxDay,
(Intercepts, Slopes) & L C MVN, Z Ofth SD OFR/IAR 7L EDFREF T/ - T
WHDTZOEEMHAT L, EELARETH D,
Z Z C. normal linear mixed model D&, FRAIZ-DOUWT
y IX response variable T Weight, x [Z[FFHREB; % 7D covariate Day. «;i%
factor Rat O IR EIZBI L CTOEHRERT L Lz L &,
Yij = H+ap + Bixi; + €
a;, Bi ZEEERDMITHED R TIE#L T2,
(@i, Bi)~MVN(((0, Bu), X)
&j ~N(0,0%)
H1 011 Ok
%) LA BIER AT (MVN) Tl p= ( i ),2 = ( o )
Hi Ok1 " Okk

V) w= (U, pz e ) EEHWATYN T OLEEIERGAE Ne(B ) TET,

\\\}ﬁ;

Z ZC. Model Checks T#&IZHL Y iAF 7=\ Model Comparison 72 EIZF = v 7
% AU, Run WinBUGS % 9,

Label Mean StDev. MCError  25%  Median ~ 97.5% Start Sample WinBUGS Name

CONSTANT 2423000  2.7630  0.1906  237.2000 242.2000 248.0000 5001 10000 Betal

Intercept at 0 106.4000 24980  0.0982  101.5000 106.4000 111.3000 5001 10000 alpha
(Slope mean) Rat x Day 6.1780 0.1126  4.603E-3  5.9570  6.1770  6.4040 5001 10000 W.MuCoeff[1]
(Corr) Rat x Day 0.6047 0.1462  3.108E-3  0.2774 0.6207 0.8461 5001 10000 Cmvn.Beta[1]
(Intercept) SD(Rat x Day) 14.8600 2.1550 0.0724 11.2800 14.5500 19.8900 5001 10000 sigma.WZz[1]
(Slope) SD(Rat x Day) 0.5340 0.0958  3.550E-3  0.3721  0.5244  0.7473 5001 10000 sigma.Wcoeff[1]

SD(residual) 6.0750 0.4611 8382E-3 52610  6.0450  7.0520 5001 10000 sigma

Deviance 965.9000  14.3600  0.2929  940.3000 965.0000 995.9000 5001 10000 deviance

Note: CONSTANT & Factor effects are determined at the mean of the covariate(s).
Var-Cov(slope-intercept) terms are also for centred data.

WinBUGS(BugsXLA) D& 51% 95%15 HIX[# (credible interval) TR 415, S
FEDE 2 12FES< 95%(5H X M (confidence interval ) IZAH4 35, [ FHLHER
AN OHEE L. FEERIOE DN 95% DFER TH £ L XM DEE,

Z Z ClX. constant (Weight) @ median (% 242.2. 95%f5 H X
237.2~248.0 L\ 9D Z L7 D, 7=, interseptat0 (¥lJ, winbugs TP
alpha0) % 106.4, = ® 95%15 AIX#IE 101.5~111.3 TH Y . slope mean (fH
X DY) W_Mu Coeff., winbugs T® beta.c) L median % 6.177, & ® 95%(5
X1 5.957~6.404 T 5, slope ? SD(residual) (fH & DFEFD SD,
winbugs T® sigma) |% median6.045, % ® 95%f& X [HIX 5.261~7.052 & 7¢
2,

HEsnzREX . y=106.4+6.18x
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Model
Distribution
Link

Response
Random Coeffs

Y

Dbar 965.8910
Dhat 914.3350
pD 51.5560
DIC 1017.4500

[Sheet1!$A$1:C$151]

Normal

Identity

Weight

Rat/Day

Priors
CONSTANT N(mu=243, sigma=6000)
Rat x Day MVN((0,mu), V); mu ~ N(mean=0, sigma=639)
V: sd(int) ~ Half-N(sigma=318)
V: sd(slope) ~ Half-N(sigma=32)
V: Correlation ~ Beta(1.5,1.5) [-1,+1]
V(residual) Inv-Gamma(0.001, 0.001)
WinBUGS MCMC Settings

Burn-In: 5000 Samples: 10000 (Thin:1; Chains:1)
Run took 39 seconds
BugsXLA (Beta 5.0) 2011.Apr.17.(00.00)

T XX WinBUGS CEIZMEAT L 7= FIE OfE R 2 a$ L 7=,
Results

A 1000update burnin followedby a further10000updatesgave the parameterestimates:

node mean sd MC error | 2.5% median a97.5% start sample
alphal 106.8 3.825 0.03477 | 58.32 108.8 113.8 1001 10000
beta.c 8.185 0.1088 0.001354| 5878 g.184 §.388 1001 10000
sioma g.082 0.4714 0.007208] 5.248 §.052 7.093 1001 10000

F 72, BuggsXLA TIlX7 7 71EH TE LD TV DMERR L THTZ,

CONSTANT Intercept at 0
Prior: Normal(mu=243 sigma=6000) & Fosteriar

——osterior = Prioe

Relative Frequency
B R B

8
Relative Frequency

Rat x Day (mean slope)
Prior: Normal(mu=0 sigma=639)

SD(residual)
Prior: Gamma(shape=0.001, scale= 0.001) for Inv-V

—Fosterior ——Prior

- osterior em—Prior

02

016

o1

Ralative Fraquancy
°
2
Relative Frequency
e

RIAgeIRE o
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7" —4 1% Bayesian Analysis Made Simple 7> BugsXLA % i L 7= {51/

BugsXLA (ZX 54T 5)

GLM

Binominal data / meta-analysis

(Respiratory Tract Infectios),

study
1

O O 0 00 N N o o o g & B W W N N -

— o, e
R 2, O O

trt

o4 o4 o 4o 4o 4o 40404040440 4

infected
7
25
4
24
20
37
1
11
10
26
2
13
12
38
1
29

22
44
25
30

total
47
54
38
41
96
95
14
17
48
49
101
84
161
170
28
60
19
20
49
47
162
160

GLMM

12
12
13
13
14
14
15
15
16
16
17
17
18
18
19
19
20
20
21
21
22
22

o 4 o4 o0 4o 40 40 4o 40404040 4

31
40

10
22
40

31
60

12
31
42

26

17

14
23

200
185
39
41
193
185
45
46
131
140
75
75
220
225
55
57
91
92
25
23
65
68

22 fitig% T RCT @ meta-analysis OFENT, ICU (2331 DR FRIEGE IZBIL T, 18

(B CIBIRAICKRE L= 354 (trt: T, treatment, C, control) . A EI0EFTi~5,
2 DDIETHRNT 2,
1) Generalized Linear Model (GLM)
2) Generalized Linear Mixed Model (GLMM)
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1) Generalized Linear Model (GLM) Ci##TL 7=

Bayesian Model Specification

*

— Data (single column variables, all same length)

Data Range | Sheet1!$AS1:D$45

Datais ...
& in columns| ¥ MNames in first row
" inrows I Blank cells = MVs (Response only)

Set Variable Types

— Model

‘ Distrbution | Bnemial  ~| i | Logit

|

Eliciting
Priors Onl\-I

Response | nfected/total
[~ Censored
™ Mon-Linear Model

I_ Longitudinal Moade

— Factors

Fi"Edl study+rt

Randoml

Vs Fachorsl

— Covariates

Independentl

Random
Coeffs

Vs \c'ariatesl

Binominal T/ Response (Z
infected/total DX TRCA

GLM 72D T
Fixed Factors |Z study+trt 25 €

MCMC &

Exit |

Predictions or Contrasts [+

I~ Helpt? Qutput Options Clear Form
study b trt ) infected b total )
1 T 7 a7 it |
1 c 25 54 c(T.C) |
2 T 1 8 | |7
2 c 24 41
3 T 20 96
3 c 37 95
4 T 1 14
4 c 11 17
5 T 10 48
5 c 26 49
= T 2 10
Predictions & Contrasts K
Predictions & Contrasts required (column variables, all same length)
::fg‘?“"s [ sheetusesz:srsd El
|V Names in first row
Options
I Summary Stats ¥ Mean Response
’1_ Posterior Samples |_ Individual Response
I Help!? Cancel Predictions |

Create Factors

FACTORS VARIATES

1 =

cancel | |

CENSDRS

Make Censor

udc

Edit Factor Levels

/Predictions or Contrasts ﬁ:")c\

7% AL, HHPCH, =7
£ /UIZ contrast DFEER
trt
c(T,C)
THOLIAATERE,
Predictions & Contrasts @[]
S 7= BRI E T %, /

Model Distribution T Binominal % {579 %&. Link Function ClZ7 74/Lh T
Logit 2MEESNTVD, (LD Tl Probit 72L)
Response (T infected/total DIEATFEA(— P55)
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Set Variable Types C Factors 45 L. Fixed Factors (Z study+trt Z 53 5,

Predictions & Contrasts Zf5 &%

Prior Distributions Z#5& L T Run WinBUGS "R ¥ 2L =7 /)L 2B A TS,

Prior Distributions
Prior Distributions >

I |

Errors 1 1

Ind. Factors

x

| |

= |

Prior for Lowest Level Errors

Prior for Fixed Factors
Independent factor effects

Response ~ Binomial(Theta, M)
where link-fun(Theta) is the linear predictor
and M is the sample size

(Effect: contrast from constrained level)
Effect contrast ~ N{0, 52)

Term 5 {prior sd)
stud 100
trt 100

Alter 5 (prior standard deviation)
| study [ 100

Optional mixture prior for outliers

Load Default | Save Changes |
™ Model outiiers explicitly
Constant Term ~ M{Mu, Sigma*2) Prior Prob, :I
Mu : 0.E0 Sigma : 100
Load Default
I Help!?  model chedks Exit Run WinBUGS

LUT DFERDIREND,

Predictions & Contrasts M 5

r
Label Mean St.Dev. 2.5%
Predicted Odds
study(1) contr[trt T/ C]
0.3452 = 0.0309 0.2881
Model [Sheet1!$A$1:$D$45]
Distribution Binomial
Link Logit
Response infected/total
Fixed study+trt
Priors
CONSTANT N(mu=0, sigma=100)
study N(mu=0, sigma=100)
trt N(mu=0, sigma=100)

WinBUGS MCMC Settings

Burn-In: 5000 Samples: 10000 (Thin:1; Chains:1)
Run took 16 seconds

BugsXLA (Beta 5.0) 2011.Apr.17.(00.00)

Median ~97.5%

0.3440 0.4100

WinBUGS Name

Pred.Odds[1]

Y
271.2050
248.1680
23.0370
294.2420

Dbar
Dhat
pD
DIC



study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
study
trt

trt

Label Mean

CONSTANT = -0.3245
n 0.0000

" 0.1898

3 -0.0577
¢! 0.2950

5 0.2856

6 -1.6710
7 -0.9903
s -0.0479
9 -0.3208
10 1.7180

11 -0.8195
12 -0.7016
13 -0.4103
"4 -0.8611
15 -2.4820
6 0.1073

17 -1.4070
"8 -0.8794
19 -0.0948
"0 -1.3730
21 2.2010
22 -1.9520
C 0.0000
T -1.0670

trt DOFGRITIE D 21
95% credible interval 6i logit scale T/~ & 41
mean=-1.0670 SD=0.0894
median=-1.0670 95% credible interval |, -1.2450 ~-0.8916 & 725,

#iti &% binominal response T % (21X, Predictions & Contrasts D 2T,

odds ratio 73,
N5,

interval

St.Dev.

0.2097
0.0000
0.3202
0.2627
0.4355
0.3037
0.3438
0.2607
0.3136
0.4331
0.3085
0.2582
0.2452
0.3396
0.2501
0.5840
0.2466
0.3436
0.2463
0.2985
0.3184
0.4181
0.4150
0.0000
0.0894

IZHTE Y, T (treatment)

2.5%
-0.7381

-0.4457
-0.5744
-0.5690
-0.3061
-2.3620
-1.5060
-0.6735
-1.1950
1.1140

-1.3340
-1.1860
-1.0900
-1.3620
-3.7500
-0.3780
-2.0840
-1.3670
-0.6799
-2.0260
1.4040

-2.8030

-1.2450

Median
-0.3296

0.1921
-0.0557
0.3019

0.2879
-1.6660
-0.9866
-0.0447
-0.3123
1.7180
-0.8175
-0.6996
-0.4050
-0.8568
-2.4540
0.1068
-1.3980
-0.8763
-0.0905
-1.3630
2.1900

-1.9330

-1.0670

BugsXLA TiX, contr[trt T /C] T
Z OfFHTIETIX study1-22 F T odds ratio 1Z[F U & LT, 95% credible
0.34(0.29,0.41) L 72 %, T F % MII%
Peto VA TIHF LN RICE STV D &

" 97.5%

0.0930

0.8175
0.4509
1.1380
0.8750
-1.0190
-0.4852
0.5503
0.5067
2.3330
-0.3142
-0.2273
0.2571
-0.3747
-1.4490
0.5878
-0.7501
-0.3979
0.4786
-0.7778
3.0350
-1.1860

-0.8916

TR,

IZ DWW T,

WinBUGS Name

]
]
]
]
]
]
X.Eff[1, 16]
]
]
]
]
]
]

X.Eff
X.Eff
X.Eff

Z OfEi1X Mantel-Haenszel-

L Ay A QAYS

study(1) DOFEFRENR
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* Binominal data & BV AT w7 EGET LIZDOWNT

T IA%3Ai binominal distribution, bin(n,p). #lx (X, Y f20% n FEHR-S72FF 1 O
HiZxEIHAEE p(x) =, Cp*(1—p)"™* \u=np .o? =np(l—p)
L1 D, ZZ T, HHIEN I AR EpLT Dl BIDRWERIT(1 — p) &b,

1L T4 > X (odds) EFFIEAL, . A = logitp = loge(l%p) EVOLEHAEE 2 R

HYAT Ay I BURET NV EIRD,

logitp = loge(ﬁ) = a+ Xy + BoXy + o+ BuXy LEFRT UL, HURT 4y E]
J/HET VLD GLM O—FE ThD, HHEM (TRIKFDR) TEEDHE py_,
HOEM (TRINTOHD) TREEOMERp,,_, &T5&

( Pxi=y )/( Pi=o ) 134 X E7e 5,

1=Px;—4 1-Px;—

T ENOIFOND DS SERDHEESND IR TRETEDLE sy
H(overdispersion) &V WY, Binominal data <° Poisson data 72 & CRIEIZ 72 5, 8l
HENTWRWER (R, BEToZAERE) 28 L THEMIE L THRIF LT
BAICE Z D902, GLM — GLMM, 5% Y random coeffient model & L
THENT T D DRI D —D>DHIE L 12 D,

AElDT —4TH GLM Tl Study & — #8121 THEHTL TOVD R RTEIC 2D,
ZZC, 122 Jig T? RCT @ meta-analysis OfFAT, ICU 1235 1) B g B E 2
BIL T, ML TR ISR L7234 (trt: T, treatment, C, control) . AZh/nE 97
% GLMM THi~%, |

T548) ‘Factors’X°’Independent’ Covariates |ZEC# T 2B DI R FIZLL T

+ B () ZMAD — KA &5

D 2 AR HAEH / A/B=A+A:B

* A*B=A+B+A:B @ A*B*C@2=A*B*C—A:B:C
() (A+B)*C=A+B+C+A:C+B:C A quadratic
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2) Generalized Linear Mixed Model (GLMM) T L7-%54&

Bayesian Model Specification

— Data (single column variables, all same length)

Balabanoe | Sheetl!AS 1:SDS4S
Datais ...
& incolumns, ™ Names in first row
 inrows

I™ Blank cells

X
Set Variable Types

-
Binominal "C{& Response (Z infected/total

DIEATRRATHDIL GLM E[FIT
\\§

— Model

| Distribution. | Bromal | i | Logt

Eliciting
Priors Only

|

r

Response | Ifecteditotal

I Censared
[ Non-inear Model

— Factors
leadl rt

Randoml study +study:trt

Vs Factnrsl

— Covariates
Independentl

Random
Coeffs

Vs Var\atesl

Predictions or Contrasts (v
Exit | oK I

MCMC &
™ Help? Output Options

Clear Form

s
GLMM Ti%

Fixed Factors (Z trt
Random Factors |Z study+ study :trt Z45 &

N

Create Factors >
FACTORS VARIATES CENSORS
rt =2 | total
<< |
Make: Censor |
Undo Censar |
Edit Factor Levels | Cancel |

Predictions or Contrasts [H] ]

/Predictions or Contrasts L:?\

=7 AN, HEPCD, =7
/LT contrast DFFET

trt  study

nfected | total
I — ] ¢(T.C)
7 A7 :trt study !
1 S N s>
2 54 le(T, ©) : TIHBIAALTERE,
4 38 s
Predictions & Contrasts &
24 41
N _ Wk ) - e ==
20 9 2 72 BRICHE E 35,
37 95
1 14
11 17
10 48
WinBUGS MCMC & Output Options X
26 49 - MCMC Options Import Stats for ... Import Samples for ..
2 Predictions & Contrasts % Burndn[" 5pgg ﬂ ¥ Fixed Terms ¥ Fixed Terms
Samdesm .| |W Covariate Coeffs ¥ Covariate Coeffs
- Predictions & Contrasts required {column variables, all same length) mnl—lg ¥ Intercept [¥ Intercept
| predic = I Exch. Coeffs I~ Exch. Coeffs
redictions I Sheet1! §F$2:6GS3| J Over Relax [
3 Range = Chaif‘sl—lﬂ IV Variance Compts [V Variance Compts
¥ Names in first row = var 5D var 5D
1 Options Auto Quit] T yeg :’ I~ Random Terms I~ Random Terms
2 ¥ Summary Stats ¥ Mean Response I UsePresetValues | |~ ot [ Create Bugfolio
1 ™ Posterior Samples I individual R
9
2 Cancel Predictions oK T
R [~ Helpt? | _ Blitsr A it (no save) I Save Changes
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Prior Distributions

THOEY, 77NV THRESNLD TEDEEE M,

Prior Distributions x

Ind. Factors | Errors [ Euch,

Factors

Prior Distributions x

trd. Factors ™" Errors | Exch. Factors |
— Prior for Random Factors — Prior for Fixed Factors
Exchangeable factor effects Independent factor effects
Effect ~ Mor t{4) (0, tau~2) (Effect: contrast from constrained level)
tau ~ Dist'n( Parm ) Effect contrast ~ N0, 5°2)

Term Eff  taue Parm Term 5 (prior sd)
stud Morm Half-N 5 trt 100
study x trt Morm  HalfN 5

dl |

r— Alter Prior Distribution
I study

Effect "'I Narm vl

— Elidit prior beliefs for tau ...
 directly ¥ via factor's effects

tau ~| Half vl

Specify maximum credible difference
between the effects of 2 randomly I 15

chosen factor levels

GFIL I

Load Default |

Prior Distributions *

Exch. Factors |

Ind. Factors
— Prior for Lowest Level Errors

Response ~ Binomial(Theta, M)
where link-fun{Theta) is the linear predictor
and M is the sample size

[~ Model outliers explicitly

Prior Prab. I ﬂ

’7 Optional mixture prior for outliers

— Alter S (prior standard deviation)
[ ot | 100

Save Char‘lqesl

— Constant Term ~ N(Mu, Sigma®2)

Mu : I 0.E0 Sigma : I 100
Load Default |

Load Default |

22 @ study (TEIWFFEIZAHS LT
HAFFE CREE I Ei-iE r ARSI =T —
H\ 2o TS, DBV ILE D5y
i BMAL L C at random [ZHW H L7
W7 — 2 DR EE Z UL I, i
DH3ATD SD NZ DR OFAEIMEDFE
FEARE ST TS, £/~ random
effect |21 study:trt X AAEM) & F
Ao, 2N, GLM TR L7256 LD
W7D, A AT trt ORROFH
HEDERSYZ R LTS, B E SR F5)
Hi¥’population mean £ 1)
treatment effect TH 5,
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Run WinBUGS R %  Z 9~ & LU N OfifHTHE R0 RSN 5D,

Label Mean St.Dev. = 2.5%
CONSTANT -0.6269  0.2920  -1.2290

trt C 0.0000  0.0000

tt T -1.3970  0.2281  -1.8770
SD(study) 1.0660 = 0.2334  0.6724
SD(study x trt) ~ 0.5987 = 0.1556 = 0.3445

r
Label Mean St.Dev. 2.5%
Predicted Odds

contr[trt T / C] study(dist. mean)

0.2538 = 0.0572 0.1531
Model [Sheetl!$A$1:$D$45]
Distribution Binomial
Link Logit
Response infected/total
Fixed trt
Random study+study:trt
Priors
CONSTANT N(mu=0, sigma=100)

trt N(mu=0, sigma=100)
Norm(0,tau”2); tau ~ Half-N(sigma=5)
Norm(0,tau”2); tau ~ Half-N(sigma=5)

study
study x trt

WinBUGS MCMC Settings

Burn-In: 5000 Samples: 10000 (Thin:1; Chains:1)
Run took 18 seconds

BugsXLA (Beta 5.0) 2011.Apr.17.(00.00)

Median ~

-0.6273

-1.3850
1.0410
0.5798

Median ~97.5%

0.2504 0.3763

97.5% WinBUGS Name
-0.0507 Betal

X.Eff[1,1]
-0.9773 X.Eff[1,2]
1.5860 sigma.Z[1]
0.9589 sigma.Z[2]

WinBUGS Name

Pred.Odds[1]

Y
Dbar 217.8170
Dhat 181.1750
pD 36.6420
DIC 254.4590

study OfEH 1%, Predictions or Contrasts (Z#iFH % 5 E 3 D BRI,

trt study
c(T,C) *
c(T,C)

EHEET D &% T Forrest Plot &< Z £ N TX 5,
study1-22 ¥ TEIZHLD odds ratio 237~ S LD,
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Label Mean St.Dev. 2.5% Median 97.5%
Predicted Odds
Following all at: contr[trt T / C]

study(1) 0.2253 = 0.0992 0.0886 0.2085 0.4694
study(2) 0.1315 = 0.0660 0.0411 0.1198 0.2945
study(3) 0.3947 = 0.1246 0.2054 0.3762 0.6849
study(4) 0.1397 = 0.0957 0.0262 0.1171 0.3821
study(5) 0.2481  0.1043 0.1008 0.2285 0.5024
study(6) 0.1893 = 0.1012 0.0547 0.1689 0.4409
study(7) 0.2852 = 0.0951 0.1380 0.2711 0.5096
study(8) 0.1185 0.0686 0.0288 0.1047 0.2891
study(9) 0.1727 = 0.1136 0.0372 0.1470 0.4572
study(10) ~ 0.1142 = 0.0556 0.0370 0.1042 0.2461
study(11) ~ 0.7058 = 0.2082 0.3862 0.6745 1.1860
study(12) ~ 0.6172  0.1614 0.3637 0.5952  0.9931
study(13)  0.6791  0.3431 0.2439 0.6045 1.5490
study(14) ~ 0.4437  0.1259 0.2469 0.4269 0.7380
study(15) ~ 0.2457 = 0.1797 0.0465 0.2033 0.7080
study(16) ~ 0.3989 = 0.1043 0.2324 0.3861 0.6402
study(17)  0.3130  0.1543 0.1052 0.2851 0.6942
study(18) ~ 0.6599 = 0.1710 0.3860 0.6403 1.0530
study(19)  0.2014 = 0.0852 0.0789 0.1868  0.4055
study(20) ~ 0.2057 = 0.1000 0.0692 0.1875 0.4463
study(21) = 0.1437 = 0.0914 0.0306 0.1231 0.3693
study(22)  0.4309 0.2652 0.1215 0.3699 1.1110

contr[trt T / C] study(dist. mean)

0.2499 = 0.0523 0.1571 0.2461 0.3649 :ﬂ%f? 7{Kﬁ—h§‘i\ Forrest PlOt

FEEL L LTI 0dds Ratio THLD D737 1) 031,

GLM TiX

Label Mean StDev. 2.5% Median 97.5%
Predicted Odds
study(1) contr[trt T / C]
0.3452  0.0309 0.2881 0.3440 0.4100

GLMM TIiX

Label Mean StDev. 2.5% Median  97.5%
Predicted Odds
contr[trt T / C] study(dist. mean)
0.2538 0.0572 0.1531 0.2504 0.3763

WinBUGS Name

Pred.Odds[1]

WinBUGS Name

Pred.Odds[1]

Dbar
Dhat
pD
DIC

Y
271.2050
248.1680

23.0370
294.2420

Y
Dbar 217.8170
Dhat 181.1750
pD 36.6420
DIC 254.4590

*7-. GLMM O 5N GLM LV, DIC2OV/INESEEF LWEEZ LD,
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ESUAS E B N
Annette J. Dobson (2008): —f{bL#REET /v AFIEE 2 i
(RS - FIECE - (i - BEE 51 LR

Phil Woodward(2012) : Bayesian Analysis Made Simple CRC Press
IR R (2017): BIREBEREHFOSEME ST AR
PHERER(2011) : A U7 UACRHIRITOFERE HIAE

B ERR (2017): FEHEOIED 2 —ILRIEET VAN 7 L7 7 AR
{FH#E$\ MHEZE (2016): FITHO A Xty Sdiratimtt
A=y bLUE, AR (7 =791 FERR)
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