Bayesian Data Analysis
Chapter 2: Single-parameter models
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IRTTREDER
© RRAREME BT TIHBE, n AOREERX, (1= 1,2, ..., n) OFEF
T (BE) BBIS OV TIUTORMRAAL Y 31D,

PX1L, X2, s X0) = P(Xg(1)s Xer(2)s - - » Xar(m)) (1)

fefel, o B&E (1, 2, ... n) [T ZBHRTHS.
* n XFOBEH o ELETn BYEFET 5.
BEREH X, Xo, X; B0 Efeld 1 DEEIMBHE
p(0, 0, 0) = pooo
p(1. 0, 0) = p(0, 1, 0) = p(0, 0, 1) = p1oo
p(1, 1, 0) = p(1, 0, 1) = p0, 1, 1) = p11o
p(L. 1, 1) = pin
Pooo +3p100 + 3p1io + i =1

px1), p(x2), p(x;) DR TEARNHERRTERS THELWL
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de Finetti DEE' NIV X—1HITDIHE)
BREHX (=1,2,.. ) BZThZhoFEfid 1 DEERELTS. 2D

&, SRETREGIERRT (X1, Ko, o X o Koo KV EBWT,
#EOREERONE ¥ = 57, X ETBE,

1
Pr(Y =y) = f (t)e“(l—e)""‘p(e)de
o\,

T, OOBEI1T,

HRYIID.

EESE. NA XBEEAPI 1 0 pp.9s-100 1o & B
41162



de Finetti DEEDFEH 1 (NIVX— 1 HTDIFE)
o STRFTREGEEIRRT (X0, X0, Xi o X e X L X =
DS, p(xr, X2, -0 Xa) W plx1 + X2 + ...+ X)) ’i’%( F‘EE 5.7
mABDIIRFTRELHERERDOME R =3, X; EHL . nfB (n <m) TTD
RIEFRERERELRGE X, £LBL. X, wnﬁa&$t:

P&y = %)= ) Xy = X0 R=1)
A @
=D pXu=x, | R=Pp(R =1)

r=0

e BAORETREGHRRZHOM ¥ = 7., X; ORI,

{0, 1

pY=y)= (:)p(xn = Xo) = (;)p(xgm, Yo tow) ()
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de Finetti DEEDEHY 3 (NIVX—1HTDHE)
@RCDVT O =R/m EVWSIEMEEZS. 0=r/mEHBLE,
1 —
o GmM(1 - m)"=~
Py = x,) = HZ/“ —

OmX(1 - Oym)™=

P(R = 6m)

pory [P(R < 6m) = p(R < (6 = 1/m)m)]
o ®)
S TlEy/m bS5 1 £T1/m XYY THERDS. p(R < 0m) I$FEREHK
ROBHIEET, m X7 T ORBREHTH Y,
0 = iR <em = p(X <6) = p@ <0)

EEEMIBTENTED
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de Finetti DEEDEH 2 (N)V X —1 1T
@ =X, ) R&Y

DHE)

Xy = x,) = Z(f) pY =yIR=npR=r)

[

; “
& ) () P =y
=Z(‘) B p(R:r):; ——p(R=")
fefel,me = W = ]'[j’;ol (m—i) (T THEEER.

pY =y IR=nE TmEOREERDSS r @K 1 THoF &S 5
OFTmBORHS n BERSTERS y B 1 THoe) ELSHE
T, ThIZEBRANHORERHTHS.
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de Finetti DEBOE 4 (NIV X — 1 HITDIHS)
G)RUITBVT, m > 0o DEE,

S MM - em
lim —_—
mee O=y/m m=

1 1. n
- f 01— 0/ d0(e) = f [ [pci16)d06)
0 0 =1

m— oo IKBWTHAHEME 0 HEET B (WTEET BhIF TIEELY)
Jim 0,,(0) = Q(0)

{On(®) — Qu(6 — 1/m)}

Helly DZHEIR (Helly's theorem) IE &K W RTEHNTES (7 ETOIER).
TEEREZEOERE RSB oI, R2—) Y TORRERW
I

T(x) =~ 2 ex (—x), ]lm _—
P mﬂ’i exp(—x)

=1, n! =nl(n)
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de Finetti DEIE (NIV X —(HTDHS)

 BIRFEFN S D MRETER LS LIRS, TRATRENE T
TiE5E, iid ERELINS XFROMFE LTHLL
537BIE 0 HREERBIED, A FIRE IS EE S IFBAS HiIT

w0 =[]paio=]]oea-o
i=1 i=1
Y Ry

E|(~- )|~ 0.0= lim LN
" fim
RIVF V7 —IVERERES TR B 5 &

tim 0, = 0. tim (¥ <0) - 0

0 DA 01, V/n DIER (1 ) DHHETLHS
SBFRMART LTS 11,4, |55 BRI, BRTEE 10>
WRT, AHSNLLDD? — BEGIEHFICC LD, R U5
BB LV S BAEE:

p(x1, x2, ...,
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/@)
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U=« AFIVF z RFRG 010
XM I=[a bl Fa=x)<x <...<x,=bESPARE LI nBDNXR]
125313 % T & & 538 (partition), §’J\|:F§W)ﬁ7(1§ A= de(’(, —-xi) ED

BIODHE (mesh) &PEX. BIXRE 1 THREREIH £(x), «p(t) tLaL\Z E=2N
X [xior, ;] RICERICR G ZEEY,

8= 3 @) - elxin))

i=1

EEZXB. A0 - ) KBVT, FROEVER E OBMY AILE ST
IE—REDIBIR

n b
J = lim Zf(tf,)(tﬁ(xr) e} = f ) de(x) e R
i=1 a

DEETZEE, JE [DeIKBT B LEDY—T Y « AFIVF = TS
EER U=V« RFIVF 2 ABIDEFET B D& f(0 DB
EHT, s DEREH THBTLTHS.
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¢(v) DRSTIEEISE L FERBENDEE
o) DHRAFTRERIBE

{e(xi) = ¢(xi-1))

(x; = xi-1)

s = Zf(&)(go(x,)—w(x, D= Zf(f) (= xi1)

—>f FG)e (x) dx

o) = xZ5E ¢'(x) = 1 THY, V—I VFBI—B
« K ATy T OREBREBOBE

b n K
f JOde(x) = )" fE)6 = Y flanex
a i=1 k=1

ek (e(xim1) < plag) < o(x)

6i = @(xi) — @(xi1) =
ol =gty {0 (i) = 9lx)
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ZIET—ZICHY BHEEOWTE (p.33)
* Bayes (1763)) THbh iy Y FIVEHN BB L HE
* n BNV X — A FUTOREIER y1, y2, -, Vi o5 Ya 00 €40, 1D D
SHITOMBHERERDT/ING A —5 0 Z#ER
0 | EDFTORRIE 2B THS
© ThZhORTIRINITHS
© FEER 0 13RVIRLEBLTR—TH%
- RRATREM A H T 0 EOREICEVTE, n ERICHT LB y
EEOTT—2EENTES, BBRIAEN_ESH > _HETIV

p(y16) = Bin(y [ n, 6) = (:',)9‘(1 —oy

< nFEBRT YAV O—BWEEZSNB S, UBEEThTWLEHD
ELTEZSD
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Chapter 2: Single-parameter models

s NSIA=ZODBRDZ— (1 RT)

DEFIV

 ZIHEFIV, ERETIV, KTV VETIV, IBRETIV

- by | 6) BENENTIES T,

ERAT, ...

« NA XRT — B OREH &, BIEHEE

ZIHETIVONA ZHTE (p.34)

* p(6) DIRE: SENE—HESH p(6) = U, 1)

p@ly) =

p@Op(y 1 6)
()

pO|y) o (1 -6

c BECERZERLEVESIR

el - o
pO1y) = 0

T(n+2)

“To+ DMi—y+ 1)

_ea-om
T By+1Ln—-y+1)

L -orw

=+ 1)(:1_)6"(1 — gy
P

=Beta(y+1,n—-y+1)
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ZIHETIVONA ZHE (p.34)

 ITEWL DO DHBMEETIVE p@ | y) ERRR TETS
c BRE-FCOSVESHBICGHETES LS. (EED 01T
BFfi%ZERDB)
- BEISHHEROBE, BRE— FRBARERLELL
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Fifl (p.36)
< nEFRIFETO Ty ERMLE, EWSF—2HB5NLET
c EBITHS | ERITET oL EE (ZORRE § £B), BT B8
FEFHLEL
1
Pr3 =11y = f Pr(3 =116, y)p(0 | y)do
0
¢ NIVR—ABTE | BEMLERFEDT,

PrG=116,y) =Pr(3=116) =(:)9‘<1 -0’ =0

1 y+ 1
Pr(y=1 |,V)=f 917(9\)'Jd6'=5((7’\y)=7}
o n+2
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SBOHEHE (p.35)

1

(") f (1 -6y do = (”)B(y +ln—y+1)

v/ Jo y
_ [\ et L= n-y-1
0oL £33 [

_ n\(n-y) (" _ pgyimy-1
70+(}')(\'+1) 5 ¢ (1 -6y do

N _y
_ (n)(n —7}‘)! f 9 do = (n)(n Jv‘)! 1
y) 2 Jo v =2 n+1

_nn=1)---(+Dy---1 (n—y! 1
- yl(n—y)! an—1)-—@+Dn+1 n+1
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EEsER RN (p.36)

+ 17-18 HHTERER p(y | 0) ICBT ZHARH D
* 81T Bayes (1763) & Laplace (1774) BMRITIENA ZDEEER L

j,f]'z (1 - 6y do

PO €@, 0)]y) = (©6)

o ()ea -oyrdo o
- %BHE (6) RODTF, FREN— 2 BHOHEH S .. o
* Laplace (1786) T, /51 T 1745 1770 &£ DR © ©
ICEENFRIRA 241,945 A, BIRH 251,527 A o @|o
EWSF—aEEZ L LT KRIEENS
BEOD 0.5 KYEAECHEIREEERDHTLS ®

Pr(0> 0.5 ] y = 241945, n = 493472) = 115 x 1072 S——
o %% (p.340-) THTL B Laplace BB T T TRE
hre
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Hhi - BERSHOTIYICET B1HHE (p.36)
= p(6) & p(d|y) IEDVWTE X B —ARI7EEHS
E@0) =EE@|y) = f E@© ] y)p(y)dy @)

« BEDHDOTIEQ) &, FERDBOTIECG | y) D MYEZT—%
LTICHY %) BFFEHNFLL
© 0 DEFIDHEH U, 1), TED Bin(y | 6, n) DIHFE

y+1) 1 1
n+1 2

. .
E@) =5, BE@ I =) (2 )=

y=0

- BHRFHEOG | y) ICT—2DMESNBRER p(y) ZHDNFTHT
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FERIBOFIEFEEIBOSH (p.37)
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B - BERSHOIEET BHHE (p.36)
« p0) & p6|y) ITDVWTE R B—HRHEEIFR

Var(6) = E(Var(é | y)) + Var(E(6 | y)) ®)
© BERDBOIE Var@ | y) 1, FHIRITH TRIDHDFEL Var(0) &

YINEL
o BRTHODE Var(E@ | y)) DAESITKET S
« 0 DEFIHHH U, 1), BED Bin(y | 6, n) DIFE

L C Gy DD 11
Var(©) = 13- E(Var(gm)'g{ (n+2)%n +3) }n+l T 6m+2)
'7”)'+1 1217 n
VM(E(G"”';(Hz_z)n+1'12<n+2) 2
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T—2 LEFEROBEE L LTORESH (p.37)

s DR, Q) RSB ETHMHBEIELTERZT L
© ETIVERNE RELRHHH) LY TBERYILGEVEL
»%

U Ly ey 2e—g)
n+2 2 n

s YU TV A XMEZ BICLTeh > TRADHDORE, T2 0%
BITEANTIE LB THL
© FRERGEHADBD, T-RICLBETHHIERICKEL

* compromise: 17, HHEFY - HEE?
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BEREEDEN (p.37)
- BROHEAFERRE L ORI ELBENGAE
BZIE, ¥5 7 %#< (DR - SHRE - BHwE)
« N ZMT TO—F (Y Ial—YavickBEE) OBELFIEI,
BMEERET OB TLERBANEEN TEI RN

- EDNEH
+ FIME, PR{E, KIRE
c F5DOEDEHN
- IRERE, MO EEE
© TNENBRIRDRE S
c EFIVOREDTFT...
+ FIME: I\F A — 2 DOBRIHOMFHE
© RR(E: NFA—ZDOBERFHEDL>ELETYPTME
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BRITBOSIREXR (p.38)

* {ERXRE (central posterior interval)
+ BREOHIOVT, SHEOTRASRKEOTRE T, XD LR
D SRHDLRE TOREDE 100(a/2)%
© R BEBEMEE (highest posterior density region)
© BRAWD 100(1 - )% & &6, FBHNOBESEANDEE KL
YiphEL SN
- BROBHRETHHEDHESEARME—K

- ERRMOAHIEFEND

© BROBODMIREE> TERBRTE, HENTRIC—N—ZH
ZIT>THRET, 5tE8H S 7
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BREEDOER (p.38)

s EREMLTHELREREERSELE2HS
© 0 DBEDELUDEZ S BRI, SHEHORMIESESICERLE
Y, IXY%

6 DFEFGTHFHH U, 1), TED Bin(y | 6, n) DIFE
(BHRFH) =E0 |y = %
(BEHE— F) = argmax p(0 | y) = argmax log p(6 | y) = %
log p(6|y) = ylogf+ (n—y)log(l —6) —logB(y+1,n—y+1)

do o

o0, 0=2
1-6 n
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SRRSO E XM (p.38)

central posterior interval highest posterior density region

10001-a)%

- (EARMIEREROIERICEVED (BAP) 236

+ ZOFITIREMD 1 DITE>TLESEARMIZER L AW
© BROBHSREDODE > REHBHDHELSEEDHH

© BEOBOENTHINBOMBELREGES
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Z Dfta D

2 DOXMEDEIER (p.38)

ior density interval

ighest p

central p

- EREMHE

Pr0<6.|y)=a/2, Pr®=06y|y) =0/2, (10)

[0.22,0.88]

- REERTEXE
Pr(d, | y) = Pr(dl, | y), Pr(6), <0<, |y)=1-a, [024,090] (11)
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THRFFISH (p.39)

- BRINTRORIR
- BEFICED R
EHNHIE, BKDBH B85 X —4 ¢ DRERASTE BY1851HE)
© o TULBHEICED <ARIR
0|1CBAT BB DO PFEDE) &, 0 B S
DSV ELGERBERERELTRETS
« LRE2RBOOD, HRIHET BHBELE, ZOBRITBEVTR
BUSCIS 0 DEEAE RS ZDITHLL
- BRINTIE, 0DEE LTEOLE5 LIMEERTEGNELD, &
ABITEY LRI HEES THLRBIRT—2ICEENS 0 DR
MENMNCBEDEICEZDT, EEDFYICER L TVEHEIIHN

ZHEFIVTCEFHDTRE LT UO, 1) ZAVA
- —ISEHLTES

« Laplace DEHEF+2DFRE (principle of insufficient reason)
+ Section 2.9 DEIERBA S CE NS

highest posterior density region

central posterior interval

e xe |

* IENFRED RS,
Pr(6], | y) = Pr(6; | y)
ER/BICY (61, 0v) BRODSLEVRERIEREREEXMORS S
&>
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ZIEEFIVICRIDERI B ERE LT (p.40)
- BERESHHBFHICHRVB BB LI, BRFHERSL
- REH
pOy16) < @(1-6)""
LOT, BHAHLRALEORICT B L, EENHEALHICES
pO) "' (1 - 0!
o ISR, B IEKBUCET 285 X — 421, BHINHONS XA —2%
INAIN—INTA—ZEER

© BROMIE
pO1y) @1 =01 -0

o grrati(] - gyl
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EFHNHHBN—ZFHEORDZIHETIV (p.40)
n\gyta=1(] _ gyr-y+B-1 "\ g ., _
PO = fol () — do = () er.pn=

B(a, ) B(a, p)
(:\1)9\4«—1(1 _ 9)/,—”;{4 (Z)B(” +y,B+n-y)
p@1y) = /
B(a, p) B(a, p)

=Beta(@|a+y, +n—y)
1 gyta-101 _ gyn-y+B-1
% 1-6)"
E(Gly):f 6 ( ) de
o Bla+y,B+n-y)
_a+ty
Ta+B+n

_Bla+y+1,B+n-y)
T Bla+y,f+n—y)

. P T 2 (@+y+ D(a+y) _
Var(@ | y) = E(6° | y) - (E(@ | »)}* = @ifrns @B (
(@+y)B+n-y) _E@|I»{1 -E@|y)}

:((l+/3+n)2(17+,8+n+1)7 a+B+n+1

a+y
a+B+n
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HIEFFIH - IFRRFADE (p41)
HIGEFHT
© BEOEHBHNHELRILHFHRIRT 3
c XUy b
© NS A—Z ORI, BRL7 )LD XL, BUEM
c ToREEBMUBICET VEEEEST HITLL
© AREHDFEEOLEBBZ ECHNHEDHEIE BRAEEFDE
© RERBENS A—20BKE LTHB L, HRBHDHRICE
£ha
- (e -0 & o DBk E LTRABN—2HHICRT 3
FEREFIDT
© AETREVERENSHIIIEEEN ST
© ZOHRY OMHHS <, SHEIEMICE S
- ARBHENFEHT D, BEHEBHIHREAL THSOHED KL
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BHRHEHN— 2 FHOROZIAETIV (p.41)
cy,n-yBRD/KRENEE

y Iy Y
B0y = Va0 1y = 12 (1-2)

IGEDWTWLK BEHSDS (3L <13 Chapter 4 THRIOMBREE% ...
- ¥,
[e— E@1y)
VVar@71y)
H5, BEAHEERSHTELT 2T LHRTDNS
* 0 €0, 1] DT, logit Eif log(0/(1 - 0)} € (-0, o) &FTS LERS
HADEUHRL 55

v] — N(0, 1)
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BB L TR (p.42)
n BRI GREEER Y DINT A —42 0 R/ OBRESHIRS LTS
& RERUTOLSICESENTES

k
POi160) = f(y)g(6) exp {Z ¢,(0)h,<)',)} s WEE

=

k
FONE fb f(y,)eXP{Z ¢,(0>h,<y,>} dyi (12)

=1

n k n

PO16)= {ﬂ f(y,)l 2(6)" exp {Z 4,(0) [Z h,o',)]}

i=1 J=1 i=1
(0) EBRINT A—4 (kR5T) EKIEN, 1,(y) 1 ¢;(0) DTIEETRIC
%% .
TOEDWI!

i=1
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BB HE L HRBFDH (p.42)

0T, EHINHE

k
P(O) < g(8)" exp {Z ¢,<0>v,;
=1

EBIE, BERATIE

=1
k
Kw) = f 8O cxp{z 80 (v; + rm)} dé
] =

DESICEL T ENTERDT, BENMEBENHHEDNRE, BALRE
BRI FET B

k
PO1y) = Ko) ' g®)"™ cxp{Z 4i(0)(vj+ w))}, )
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Bl B BRI DL MR R OHEREDWE (p.43)
AIERAE &L DOREE AN

© FAYTITONIHAZRICE T, 980 A 437 ABZREWVSHERD
/onr

* 137 LT, sERABRORIERRBOHERRIL 0.485(—RODEFHDK
TR RO ERER) KiFEDHY

AIERAHET

c BRBIZEERFEOLBICHEINETH, LEICFEOTOAIM
BIZFREM (FEO) LPZDALICTER T EAHYVET. T
hzEmBREE VOV, BEIRLICFEOZI TV TLEEHDD5—
BRIZEVTWAREOETHY Y. ATEMEIIHK 200 EIOHEIC
1 EDRETET Y, EERP, FEFHELGEFEORENHBAIC
BIYRTWMEALSHYET.

T 92Z 270 (Web B &Y heepi/fmmb. banyu.co.jplmmhe2j/
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ZEEFIVOF (p.43)

KENZIESDT Bin(y | ) D& E, BIRINS X — 2 logit®) T, +o#st
23y

PO 16) = (;’_)u -0 oz}
oSt

BANHEN—Z D Beta@ |, p) £ET B &

0= 507 -0 T flog (1)@} ()
POIY = G 1exp{1og( )(y+a— 1)}
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BRIRHIC—RD R AT RRITRREES (p.43)
» REIE Bin(Y = 437 | 6, n = 980), BRISRIE—H 2 T Beta(l, 1)
p(0|y) = Beta(438, 544)
(n—y+Dy+1)
(n+2)%(n+3)
[0.415, 0.477]
ERRMIEEFRLML T TIEREETH o

E@1|y) =

Var(@|y) =

central 95% posterior interval =

1
YL o446, = 0016
n+2
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EHSRIC—ESHERAVIEIN 22— 3 (p.43)

- EHRDHE Beta(438, 544) £ LT, 1000 BELBERES EERE
EOTERIREENT S

set.seed(8769453) mean(theta)
theta <- rbeta(1000, 438, 544) [1] 6.4454034
quantile(theta, c(0.625, 0.5, sd(theta)
0.975)) [1] 0.01556588
2.5% mean(theta)+qnorm(0.025)*sd(theta
9.4159787 )
50% [1] 0.4148949
0.4452324 mean(theta)+qnorm(0.975)*sd(theta
97.5% )
9.4760559 [1] 0.475912

o FRARARICOE WEWERICE o e
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HRFFIHERAOIREIR (p.45)
© BN E BRI

p(6) =Beta(@ | @, ), p(@|y)=Beta(f|a+y S+n-y)

o posterior _central 95%

248 “*P ‘medan  posterior interval
0500 2 0466 (0415, 0.477]
0.485 2 0466 [0.415, 0.477]
0.485 5 0.466 [0.415, 0.477]
0.485 10 0466 [0.415, 0.477)
0.485 20 0447 [0.416, 0.478]
0485 100 0450 [0.420, 0.479]
0485 200 0453 [0.424, 0.481]

* 1B IFEFDROLFE
< 2FBIRBHDHEOERE; (13) X
- 0.485 Id—AREERI DL IR IR D ERER
- BHINHOFRED 100, 200 MBL THIERARMI 0485 EEE S
hofe
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EFSHIC—ENHRERVIEN E A TS L (p.44)

median & central 95% posterior interval Z3R& %
© ZOEED 0 TIE, 0.445 [0.415, 0.476]
* logit(0) TEHLIIBE, ERAELL THEEHRT D&
0.445 [0.415, 0.476] GTRD AT —IVTELD RV D TEDGHS
=LY
+ fEE(1-60)/0 TEBLT
ADHLEEI 1.06)

55, 1.25[1.10, 1.40] (—iRMGI—Ow /N
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RGBT E AV TARIT (p.45)
« X8 [0.385, 0.585] ICEE N LERS DRERERH 40%, HIFHED
0.493, IBERED 0.21 ILHE 2 & S HEHDH
p(6) = 0.5x U@ 0, 1) + 0.5 x Triangle(6 | 0.385, 0.585, 0.485)

* 0% (0.000, 0.001, ..., 1.000) £H < HEIL, ZHARE &L D%
o TEERDEEELT 5. B LTBRIHED S 1000 @Y T
VI, RRfEE 95%ISARM%ZRDTE, 0.448[0.419, 0.480]

prior density & likelihood posteriorsimulations

e

441162



FEHIGERI IR %E AV (p.45)
s a+f=5DN—ZBHITEVRE LTWBD TR L S GRERIC
s YIZal—YavRE?

cdf <- function(x) {
a < 0.385

i >
else if (0 <= x
*(x - a2/ (b -a)* (e

a) -
S b -4/ (- * (b - )

else if (b <= x & x <= 1) return(0.5 *
else if (1> x) return (1)

set.seed(11451355); y < NULL; b <- NULL; S <- seq(8, 1, 0.001)
for (i in $) {
y <- append(y, cdf(i) - cdf(i - 0.601))
b <- append(b, dbinom(437, 980, 1))
3
2 <- sample(s, 1009, replace = TRUE, prob = y*b/sum(y*b))

par (family="serif")
hist(

2, breaks = 25, col = "#EG4BGB", border - "white",
yaxt = "n", xlim = (.35, 0.55), ylab = NA,
xlab = expression(theta)

- "posterior simulations”,

)
quantile(z, c(0.5, 0.025, 0.975))
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BEGHKRH - BOHHBHMOERETIV (p.47)
(14) I2DWT,
Ly + Suo
0 = L l (15)

1
R W R R
EBFENO |, )
 BENTOBFY 1 &,y (F— %) & p ERHBOBFL) (THE
(STROH) TEHEMR S EHAETY

« REDHORE # & L (T2 ORE) & }% (BRISFOREE) O
. ﬁ»%ﬂ)ti‘m =y,$<<é0)2:i‘m =~ o

cy=pDEEE =y =po

471162

BEGHKH - BOBHBEHOERETIV (p.46)
FPRT—EDB—DDFEEEZR, y ~ N0, 0?) £F 3. 2L, o HBE
H,0IBRHMET 3.
1 32 e 0
ool o)
BHDTE NG| 10, 72)
6 1106
p(6) o« exp (——] exp (—)
275 T(Z)
BESEIE

' (11 Y Mo
p@|y) e cxp{—? [; + Té]} exp {9(; + ‘Té

POERER% > TEREUTE ABEIFRVPTV. ERAHOLUTIEYHRBVHE, ¢
NEPLHRBENHERES, 8D Chapter THEL...
46/162

(14)

BERTRSE (p.48)
T—5 5 ~N@, o) ZBIMLIBEDEEFUDE pG | y) 1,

P61 = f PG 10O 1) d6

=2 o0 2 =
¥ (1, 1 Jo.om
o exp {—20_2 } j:w exp {—7 [ﬁ + T?]} exp {6(? + Tf]} do
2

202
o

72— 25 —
F-2my-=

2 (0‘2 + ‘r%)

(16)

TNBERDHENG |, o? + tH ITLTDS
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BERFASM (p.48)

BRFANHEEHERDID, EG | 60) = 6, Var§ | ) = o> BEEHIGEDT,
FEERFANHOUHES, AT TRDHS L HEE

EG1y) =EEF|0,y) ) =E@|y) =m

Var(§ | y) = E(Var(3 | 6, y) | y) + Var(E(F | 6, y) | )
=E(0? | y) + Var(d | y)

>
=o?+1}

491162

T—2 b n {BDHE (p.49)
(17) RIT2WT,
5Vt 7%#0

1
= — 7 5= 5+
s+ T O

|=

(18)

L
Sl =

=2
o

EBHENG |, )
- 1{EDHE &IFIER CRRIC
« BEFI 1ETIBMLTWLSREES p@ | y) EDS W
cnEZEELTCrg o oo, 10 ZBEELTn > o DEE,
pO1y) =N@|5, 07 /n)

FHFHEHNECH TS BHWEEP, T—2BHBVEE, BF
REDH THERDVRES

51/162

F—32bn 10)1%3 (p~48)
s T nfBy =01y ..., yn) DBEIHIRT B
nEOFAES iid DFE
POy =pO [ [ p0i10

i=1

0 0\ 1" 0 ;
o exp| - |exp HLI exp(— ,) xp(%) (17)
275 T )i T
¢ (n 1 ny Mo
= - — ol = +2
exp{ 3 [(TZ + T%)}exp{ [u-l o
n oy
FereL,y = S
n
50/162

ZOMD 1-IN5A—=Z2ETIV (p.49)
* FRAFEDMES NEWLET IV, p(y) = [ p(y | 0)p(0) do DR HEEET:
DT, EENHRERTRIFZETIVEE> RADBRL
c ZIRETIV
« ERETIV (TR, ERETIV (GBERE)
- BAEREGRAEE 3) ORP, HEEMS LMTHRAZES5E
(ETHETBHE) T2 ITBERTES
s RPYVETIV,IBRETIV
- BRlen LTI T, —EDREBEERF DNV LD
- BUAIEI &R RER
c B LHMLVETIVIG, LOBRFHLEAHEEHFEDEAHICEY
WETZBEHZL
+ Section 18.4 TRIEMA#HE _BSH TRE LIZETIVERS
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BOEOAKRM - BFIHBHMOIERETIV (p.50)

- BOBREWERET 5T ERHFTYERVD, EREETIVEESIED
M ELTIRER

« B - BOBOWADRHMODBEF Section 3.2-3.4

* RENSGA—2DEEDFALLTHE L5 ERL

nBAOBBNE y1, y2, ..., ya D Lid DBEEEZS. I2IZL, yi ~ NG, o)
ToDBH, o2 I3KRHET S

2 1<
Pl e @ exp{—ﬁ D 0= 9)2}
i=1

=(cH)™? exp {—;71@)}

(19)

FREL i) = LS, (i - 0F SR TS S
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BHBOKRA - BFHBRAMOERETIV (p.50)
oy R&Y,
vou'g +nt(y)

vo+n

p(o? | y) = Scale-inv-x? | v + n,

PoUEYRESHO/ S A — 51
- BEEEAIES v+ 0
© RESS A — 2 BEE CERE M B R E Ty W
- PR LEMNHORBE DY LTS
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BREOKRH - BFIHRMOERETIV (p.50)
REH (19 XD EE, BFHHIE,
2
plo?) e (02 00D exp { —%}
INAIR=INT RA=B (v, o) ZF§D, scaled inverse-x? distribution” 2>
EEZSND
LEDS, BEDHIE
2
P2 1y) o (@) exp {—ﬁt(y)}(«rz)"v“/z*"exp {_%}
(20)

202

1
= (o) (Cotm/ 2 oy {_ﬁ (vocré + nt(y))}

T2 5395 (ESERE vo) IS BEEA X (DU, A Y = U8 BATRIE, ¥ ~ Scale-inv-i(0, 73)
THB. v GEEE o2 BIDNS A—5

541162
point spreads DFl; ERE T IV (p.50)
* Section 1.6 D7 v bR—)L®D point spread DT — R EE> T, kK
HMOERETIVTANS REEEITS
* NV TEOIER d; (outcome; — point spread,) IF3TIRATHET
di ~N@©, o) EEZTREZS
FRAR DB
» REUNMCEFTERL 2L HELODT,
EHNHIFEROEVIREICHLE TS

v = 0 O scaled inverse-y? distribution

Figure 12 (b)

- |||||!||m“

‘|’|||I|!|||||...:

p?) e (o)

© T pe?) do IERET BOTREIC
WS EBERBBICE > TWEW, B,
BENE LTEIHEAED L

—Section 2.9

-4
tspread
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point spreads DFl; EFRE T IV (p.50)
- BRI, Scale-inv-y>(n, 1(d))

1
202

P | d)oc(az)"”/“”exp{- nr(d)}, 1d) = %;aﬁ

 n=0672,1(d) = 13.85

posteior density

571162
KTV VETFIV (p.51)
« REDKRT YV 2946 Poisson(y | 6) DIBE (0 | FHIHRERE)
© BETIE A-BEY Y T I OBORERERANS
nBDERE 1, yo, ..., ya D iid DEE, TEI
nogvi
rolo=]] PO

i=1 7!

1
= [ﬂ ;]cxp (=n6)exp 1(y) log(6))

i=1 "

BRAINT A —& log(6) IS T B +FEEIE () = T, »i
BARBREFDHIE Gamma(e, f) T, B9 HIE Gamma(a + 1(y), S +n),

P(6) o exp (=p6) exp {(@ - 1) log(6)}
P01 y) o« exp (=(B + n)6) exp {(a + 1(y) — 1) log(6)}
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point spreads DFl; EFRE T IV (p.50)

+ o DISHEMRXM (X5 F 54 BH])
2nl(d) ) Zn/(d) —[13.1, 146]
Xx7(0.975)" \ x7(0.025)
coDVIal—v3av
median [2.5%5%, 97.5%5] = 13.8[13.2, 14.5] (21)

n < 672

td <- 13.8542

# 95% posterior interval of sigmas2
signif((n * td) / qchisq(0.975, n), 4)
signif((n * td) / qchisq(0.025, n), 4)

# 95% posterior interval of sigma
signif(sqrt((n * td) / qchisq(0.975, n)), 3)
signif(sqrt((n * td) / qchisq(0.625, n)), 3)
# posterior simulations of sigma

sigma <- sqrt((n * td) / rchisq(1000, n))
signif(quantile(sigma, c(0.5, 0.025, 0.975)), 3)

58/162

BDITIES (p.51)

+ HEEWSHEAV TV R8BS, BHIHEEERNHEHEL (LB T
EBBDOTVRDT, BHT BT L EHFUASHHIRDBSNS

| 6)p(6)
Py = LLLOPO (= [ poiow0 de)
@1y =

BAHED 1 DDBEDKRTY VETIVTIE
Poisson(y | /)Gamma(6 | a, B)

Gamma( | a +y, B+ 1)
_ 0 exp(=6) exp (—B6) 76" [exp (—(B + 1)B) (B + 1)* g1
o I(a) T(a+y)

_ Ta+yp” 7(0+y71)( B )”( 1 )’
T YT@@ + ety y B+1) \p+1

Zhid, BOZIERT Neg-bin(y | o, §) DRI

p(y) =

(22)
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BOTIES (p.52)
2 R&Y,
fm Poisson(y | #) Gamma(# | «, B) df = Neg-bin(y | @, B)
0
BDZIEREE, KTV Y AEORREEDHIE TS EHHAHY
R 53)

* Section 17.2 TRRT YV Y FHEICKDBONR bahEE LTERS
LEY

61/162
KTV T—2IcBEFBEDOHTE; €A T DF (p.53)

- AO20 BADEHT, 1 EBITEAZHRERTECT 2A0H%
ANTETA3ANTHO T
15A
10 BAE
s TNERTYVETIVCHRIALET

0%, 10 BAESHY) DEAZSRERDNT A —2ETDE, REIR
23) RleHlFBy=3, x=21cHBHL

HETE =

(=10 BAFESTY 1.5 A)

p(y | 6) = Poisson(3 | 2.00)
FFNTIOVT
- EFREORENGEAZ CRTEIE 0.6 [N/10 BAF] BE
- BaifEREETHEROR HRFEFAHHTRDT & Gamma(3.0, 5.0)
© BT 0.6 (FHTE— FIE0.4)
63/162

K7V VETIVE rate & exposure TINT A b 54 XY BIHE (p.53)
c BET,AN-BEY TV TDT 2 ERIRT HLE
+ x; ZRBHAR (exposure; AFEEE) ELTEET S L
O DVEER (rate) ITHES
p(i | 6) = Poisson(y; | xif) (23)
* yi Tl%EL, (¢, x); DT IR L T exchangeable
n{ADERE Y, y,, ..., y DEE, LEIF

n

P 16)  exp {—(Z xl)ﬁ} exp (1(y) log(®)}

i=1

t(y) = ¥, vi. BEISIX Gamma(e, B) KB B DT, BEDTHIE

p(@|y) = Gamma [9

a+iy), B+ Y )c,] (24)

i=1

62/162
K7V U F— 2181 BEOERE; BAZ < OF (p.53)
BESHIE (24) ROBRLD

Gamma(@ | 3 + 3.0, 2.0 +5.0)

« BRI 0.86 (FERE—FIZ071)
* BAZSRTED 1.0 [A/10 HAF] £BZ 28R, 0.3

slation posteror simlation

..|||““‘“““““hh.n.. B , |H|I.

64/162



BHRETIV (p.55)

KT YV TF—2IHBV 2EORE; EhZ L DFl (p.54)
- HORHESTEEL, BRSNS 0 FichokRELSa) RO Exponendaly | 0) DBE \
ERERE - BRETFIVIFSEEARATNIHE, REF 0 HEKONR
« SN 10 EGDTy=301052, AO20 FAZERELLED  BMEy 5 1 D08, KR
REE
p(y 1 6) = Poisson(30 | 20.00) Py | 6) =0exp(-y0) = Gamma(y | 1, 6)
* FEFIDFHIFEL py | 0) = Poisson(3 | 2.00) 0=1/E(|0) > 0 BRERERDT NS A—2ITHD
oI - IEBAHOEERSHIC ERER HS Y, UTFORSRIT ST
Gamma(6 | 30 + 3.0, 20.0 + 5.0) ETHB
Vs, 0, oo Pr(y sy , 0) =P [
- FETIE 152 (FHRE— FiE1.28) p1e@ e Pz irslyz s 0 =Pl> 110
« BAZCEER 1.0 [N10 FAE] ZBIBREEIL, 0.93 - EEREEIROETIVTAL SIS
78, 57 mECEEES D
65/162 66/162
BHRETIV (p.55) Bl: BAFECREE I T IEREF 57 & SERBIBE (p.55)
nBDBERNE Y, yo, ..., y, DEE, REIE * 1980 ££-1989 DRI BIHA THEE LEAADT * U HABHD
., NS = BRI
Py 10) = 0 exp{—1()0}. 1(y) = Zy, « Figure 2.7, Figure 2.8 |, FH#RFAEIETRD £ 10% , T 10% 2>
R BEMIED

i=1
S ) (E TE ” LR « BEAVTRECELNEHEC LD, NER, I/ L— 7L
BHES 0 BTEH Y IHHORE L TOBOT, SEHAATIS T T IS B & BB
Gamma(a, f), BESTIE
a+n, B+ t(y))

p(@|y) = Gamma (6’

c K7V VETIVOREDRZHV > ViR Ty

A TL & 5DV
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FETEHBL, EVEBLABERRICEPT SEH (p.56)

« BREDAICEBEEHNERITEVITC <, 10 FDBIFT 1 61
Ny B EVEBLHYES

« TL— b7 LA Y ZRDEAQBREANFERITEVIIE T, ADDDE
LERD'BLY

« TTRRTEMEV LICAOD DN, 1RV + 0 DBHS LY
PILARY bHDEL THMDME L YERTEAR RFEL 5N
IV

c BBEOY YTV A XDBNCE ST, B2 NE—VHRATW

69/162
n BNEVBIFESES

+nj=1000DEE, F—R y, MESNBHREZTTIHEL THELS
TRy, ﬁ*i%an%ﬁ&&ti, BHFARHICK VB TES. REHKT
VU5, ?Eﬁﬁﬁﬁiﬁ‘/Vﬁ?ﬁﬂ)&f@gﬁﬁ%mﬁ?ﬂi Section 2.7 H*5
Neg-bin(y; | @, 15 L) TH%.
an= Eﬁﬁ@i@$%§§+§ LTHRLY, Ty Ia
VLK VHERT B &K Y ELSS
© Gamma(20, 430000) IZHE S ELB%Z 500 BREEH 0, 2152

® 0; ZhZNUTH LT Poisson(10n,0)) ICRES ELEZE 1 BFORESH,
BHFRADHICRESEEE 500 BEFD

b (p.58)

L—>3a

theta <- 10 * 1000 * rgamma(500, 20, 430000)
negbin <- sapply(theta, function(theta) rpois(l, theta))
table (negbin)

Ry, =05 319, y; = 1 B 141 [, y; =25 33, y; =3 A5
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HAFECRONAL ZHE (p.57)
© TOESBERIBICHLT Bledblc, N1 AEEITSBICT S
o JIRBBERDTIRIL, y; & 1980 F-1989 FEORIDFETH, n; IFEBD

AL (10n; TERAAS), 0, PRCRERDI NG A—2ETBHE R
B

p(j | 6;) = Poisson(10n,6,)
* BRIDMITIERT Y VREICH L THREFIHICES LS
p(0) = Gamma(20, 430000) Z LMz
- BRSO & T OHAHE - SEUL,

(6,1 y;) = Gamma(20 + y;, 430000 + 10n;)

20 +y;

20 +y;
430000 + 10n;’

E@O: |y = 7
©;13) (430000 + 101,)?

Var(0; | y;) =

70/162
n; BINEWERIZ ES5 55D (p.58)

BEAEDRE, y; =0~ 3 ILHEZEHND DT, ZDEEDMETE
ERBRTHERDTHB L,

raw death

posterior
J rate (4;/10n)  mean
0 0 455x107°
1 1.00x107 477x107°
2 200x10% 5.00x107°
3 3.00x107 523x107

+y; =0 DEIIBERTHYNREBIC, y; > | ORIFEHRTHHNNEHD
Bl 3, prior ZEEHIGHER

721162



n BREVEBIRE 5 BB (p.59)
c =105 DEE, T8y, HESNBHE
theta <- 10 * 106 * rgamma (500, 20, 430000)

negbin <- sapply(theta, function(theta) rpois(l, theta))
quantile(negbin, ¢(0.25, 0.50, 0.75))

median & 473, 50% R [393, 545]. T DEFOIEFETREFHRTHIE,

i raw death posterior
Y rate (y/10m)) mean
393 3.93x10° 396x 10"
473 473x10° 473x 107
545 545x107°  542x107°

c HRCREFRTHIFEALRALT, 7 -2 XENGHER

731162

n; LEECEDEERSDT (p.59)

* Figure 2.10a IFBHRTEHIEQ; | y) ERLIEHDT, B Y EBHINE
{BE2TW3 @ERS)

« Figure 2.10b I&, BEDHD 25%, 50%, 75% SBETAY FLIHD
T, BANFEHRE BRELERMARL B TVR T EHFHS

WA TRAAFONS, MEITBRTIEITBRIBD 25%, 50%, 75%5R
751162

n; EFAFETE (p.59)

« K7V VETIV Poisson(y; | 10n;6,) DEE, raw death rate DHEIE n;
ICREEBIT B (Y TV 1 X EREERE)

o[ X\ _ om0
10n;)  (10n)%>  10n;

+ KB, Figure 2.9 KBV THZHRHRTES

HEHBALE & ZORE, BRI raw death race
741162

ERINHEORIREBE (p.60)
Gamma(20, 430000) & ED & 5 ICEEE Lfcob

» SERFEFHFADHICEIVTRE L. FHFAIFDE—A
&, 3071 EDT—ZDE—AY FH—BT BN A —2%HL<

20 = [ P03y 10)0) 00, = Neginta g1(10n,)
0

@

E(y)) = 10n;~

;) ’Uﬂ @5
@
B
c Ry &WB y;/(10n) BESTZABRBVL, ERARELTHN
ERD, NFA—RELT—2HSRETZAVET O—DELT
RLTW3
ZDHESEETEABERY B BEDT, Chapter 5 ¥ 16 DEBET IV
DFEEDBSICL YA ERET D

Var(y)) = 10n,% +(10m,)
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BRDHORIREBE (p.60)

« RIFITP > THIH, Gamma(20, 430000) (EBIF b ofe, TS5 7%

R3EB5D2ENNETES?

- ODWER y;/n; H5INS A—DBARERERS, ZThE 25 R

ERVTEL &, Gamma(5, 84000) BE5N Tz

0000

20000

20000

10000

P
ik
.

r T T T T T 1
00000 000005 00DI0  0OODIS 00020 00025 00N 000035

BAITH BRI & BRIERN (p.61)
« 254 K51, Fiy 0 ﬁ*g&inwmiﬁ%?;w:%
s&ﬁmuw&‘ :

FE A
d d
p@1y)=N@|5, 0/n)

BESTRENATORBEL SHEES
C = o DEEDEHATI

2
p(6) o exp [—H—z] exp [!‘ng) = const., © = {0 € (=00, )}
273 T
THY, TORHRTFARN THB

fp(ﬁ) df = +oc0
)

771162

. ]7] THOeh5, 13 =0 DEFE,

(26)

(27)
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EIRREFDH (p.61)

+ BEFAOBEFHERSE L TADRBE I > TOWEWMERICES T 5D
- BEIOBFRHAL BV T EERDTOHIC, BESTICRIDOR
ZLHERAGVEERIETEZEMIFEILE
* vague prior GRAAEFISH), diffuse prior LB RINTH),
noninformative prior EIERBAI D) FLEROFUADLHS

781162

ZATHEVEFSH & ZAEFIST (p.61)

 (27) ROBHDHIIHEDER Pr(©) = 1 ERLERL, TOES%
& ZRISF (improper distribution) & FEXR
© B3 —DEBREAIHEOFE LT, DRKRHOERETIVEERS
FEDHIE Scale-inv-y? (o2 | vo +n, %ﬁ:(ﬁ) THofeh5,v=0
DEE, BHNHEOHEELSIE<{ESD
p(rrz 1y = Scale-inv»)(2 (0'2 ' n, t(y)) (28)
vo = 0 DEFDFFIFHIE
2
P(02) o (02) 002D exp {7%} — (03], ©={02 e, o)
202

THY, ZONHLEADHTHS
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ZRIEFSHOEERSFIE (p.62)
+ 26) &, (28) RDFITIIBRDHISAEN T, Boh & LIRS
1£%:%
© BRIDHEHRRAITH > Th, KIEDHSIEFRIMAAMS. fcfZL
BEDAHHEUDBICESHRESITF v VBBTIToAHRL
© TAXENTRITOERE HRERERS
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Jeffreys DIV —)V; Jeffreys invariance principle (p.63)
* )R, 30) X&YW

P =

| ¢| « J(O)2

ERRTLET,

A@:AM

|1 ] < cons.
DERITEZES BERERA TV IRLHETES

* Fisher (ERITIIEBWVS T L CESERBDIBEICARBICIBRTES;
p@) < IO

* Jeffreys DIL—IVIE, EBFEIZIRB L O0) REICED CHERIEZD S,
NS A—STHRITE L THEM, p(o) IL—EAIHBERE LN TS
BE|ICBI L TR (invarian) TH3 7 5 BEEBHFE ?

83/162

Jeffreys DIU—)V; Jeffreys’ invariance principle (p.62)
* FSHO—H—EHR ¢ = h(0) BEIT21/NF A —2DHHED—1EHH
K2 &S LEREBRBNDHERET 254
© BEZHRERORRERES. p(p) Z—HRITT BTHITIF, pO) ZUT
DL BHENHS

do d
p(@) = p(H)iﬂ‘ o« const., p(f) o« ‘d—tg 29)

* p(0) e J(0)'/? £33 (Fisher IERBICLAIT 2) &S GBHSHEE
SHIUE KL — (Box & Tiao, 1979)

dl 0\’ a1 i
J(e):E[(iogé’y‘ )) [ e ‘ )‘ ]
21
I = [d °g”@J£ ﬂaﬁd ‘ (30)

82/162
ZIEETIVOA (p.63)
+ Jeffreys DIV —IVIT & B BETDFIE

log p(y | 0) = const. + ylog 6 + (n — y)log(1 - 6)

__p[dlogprio | ] _
J(O) = —E[T 9] =

-6
JO)'? 67121 - 0) 12 = Beta (3, 1)
* Bayes & Laplace BNV BRI (—#k576) I3 Beta(1, 1)
* natural parameter; logit(6) DRHEH—RDFITE S & S LHRFHHIE
Beta(0, 0) —Excercise 7
c 3DELBERNMICSZIZHBIBENET VY, BRGIBEEE
BRIHEENZFE > THRRIZIFLEALEEDLS L
« TOHT Beta(0, 0) EZERINHET, TOHEIEy =0, n HERAIE
N3 EBRPHBLERNDHICHEOTLES
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Pivotal quantities (p.64)

s ZIHETIVOFTRELSIC, EABNT A—RICRHLT—HET S
MEE 2T, p(O) BEDS. —hESVWSEBRHPRVDEESS ?
REBED, $3/55 A —2IcDVT, FEDHE LTV BHEICD
WTi, UTFDZ EHVZS
pure location parameter

© REBED po—0160) = fu| ) DEIIT, T—RENTA—LDE
u=y-0 DEEICERTES L E, y- 0% pivotal quantity, § & pure
location parameter & PR3
TDEEGBTHX =Y +alTDWVT, px— ¢ | ¢) = pu | 6),
¢=0+aBBRTES. ¥ L X MBNFA—2LIHRES TH
—0J HHITHES. TRTDalTDWT, p0) = p(0 +a) BT 18
1T, p(6) o« const. £ BRHENH B 10
LR, BRAWIL, p@1y-0) < poy—010)p©) = p(y | 0),
P@ 1 x—¢) o« plx—¢|¢)p(d) = plx|¢)

85/162
B&o& LIkfl
o1y =N |, %), p@) =o', v=y/o
o1 =—p/o))|dy] _ 1 w-plo)?
S e - S B
po | v) e p(v|o)p(o) e ‘é{r exp {*%} =N |y, p)

s p=logo EHLE, NFTA—Z o X
HET] LD,

) — 2
P 1) o exp {7(»;1/%«»»}

s —RBAMESZIRT—IVIERY &,
RBEDT— 2 LTFITHET 1%
FHRZD
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Pivotal quantities (p.64)

pure scale parameter

o RKEBED p(ry/016) = g(V) DESIC, T—REINSA—2 DL
v=y/0 DBSBICERTES L E, y/0 % pivotal quantity, 6 % pure
scale parameter &FEX (6 € (0, +0))

ITEL,Y O8I pr 10 = piv | 0[] = piv 0110, SRS
X =bY IZDWT, p(x/é | $) = pv| 0), ¢ = b0 BAERTES. ¥ &£ X
13, RENFA—ZZIIHRES R—0) BHFHICHS. TXTD
b(> 0) IZDWT, p() = p(bo) &I T TeHITIE, plog ) « const.;
pO) < 07 LT BRELB S 0

o WK BRI, p@1y/0) « p(y/0 | O)pd) = p(y | 6),

(@ | x/$) < p(x/¢ | §)p($) o p(x | $)

o Ko, WBERLRELEIR, T2 y OEITH LABOKZDEET

% ELERRERS
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Pivotal quantities (p.64)
AR
- ZFAIEFDHEAVTE, (FEALEDHR) BRIHHERIHICK
5%V, EWSRRERFLTHAVSENZLD, AR, BEESHUN
5 A — B OFBUC— N % AL TIZTE 5% 0N Section 5.4
« BEROHORBER > TRV EL
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data-translated likelihood (Box and Tiao 1979)!12!
* REBIE p(y | 6) = glh(6) - f()] DRERACERTEREE, ZD
FERAE% data-translated likelihood & PEA
* JE{BIEYIT location parameter DR RIREIFD,

© T g ERDOVIBTIC, SEAERE L6 | y) = log p(y | 6) ERA
#ER ) OEY T 2RET Taylor BET 2 & (1 ROIEK 0)

_ nf 1dL@gly) P
Lig|y) =L@y - { W dg 4):3‘}(0)—05)
TORERBE, (LI N BEETHIL, () KRS

WELIEIT (p - §) DBIEITTZ Y, g[h(9) - f(»)] DA ES NS
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EIFHSENIHEOMER (p.64)

0 FYHILT—2XENTHNE, HBRETF v MRS H THNUE
LV ATHELNATHLEEREFNIHEFE > TS L, RAZEHHRT
BEHENED BB

© HBINT A FA X% LENHD—HRIHETH, fIDNFA S X
Lo #HmidES.

o BALERBERBENSHER RS
RN —Section 6.7

TRETIVETICLT B

c BERIESHBICLTH, BEICAVNE (E7IVOZLME ZIRFET
hiE) BRTHS

+ BELTOMERIE, T—2BIFETIAD, BEORWMEREET
WWIEBYASL S £ BHELS

« FERRETIVEEY VD, ML 5 E CEFBREIRYADK
W, SEO# L <GB, ERRHAGHROAZTHEEDAHS. 2502
FODDNZVZERBESICTBELL
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data-translated likelihood (Box and Tiao 1979)12!
{-18sn] DT Btk EO L E, BB (Fisher 152 1)

ndg?

TELT BT ENTES

1LYy _ IS ELGIy)| .
g lemp n; e M

GO H&Y, :
1$) = 10 ‘:—Z‘ o const.
0=t
LRI BEREENELL. ¢ & 0 E—H—ZBID5,

d‘{" o« 1(0)'?

do
[l <10 [35
THICEDWTEBRENDHERDDBE Jeffreys DIV— IV EFEXR

90/162

RBRIE 1
c DA VDRDVEDHERE 0 L L, 0 DEFTHHD Beta( | 4, 4) THB
£T%. 10EDIA Y b R%E LTROHERS 3 BXRELZ o, &
WO TF—2%BEEDICETZEETHFERGTRRLTILE

0
2
_ 10V 1 _ pyi0-i _ ~ PREE
Py <310) = ZO( : )9(1 01", @ = Beuas 4.4 = 1=
FefEL, Bla, b) = [ ¢ (1 - 01 ar BR— 2 BE8.
BRI
Pr(@|y<3) :M
I Priy <310)p©)do
IR0 -0 + 101 -0 +456°1 - 0))
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HEME1DT57

posterior density

20
I

pOly<3)
15
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FBRRE 2
FOMBETIEDA VERF BE Z DHHEERSD B ($F1575)
plm =a(l—x"

paly=0= ) pEImperly=0)
7=0.4,0.6
2

p(z|m=0.6)

0.4
Pelm =00 o o

o
T 0.62+042
p(zly = 0) IFEERADTH
S 0.6 S 0.4
EGzly=0)= ;Zmp(l 10.4) + ; ml’(l 10.6)

0.6 1 0.4% 1
= =224
062+ 04204 1 0.621 04206

95/162

RBRIE 2

© G, G EVWSAIUBBY, REVEIREEZIhZH
Pr(heads | C1) = 0.6, Pr(heads | C2) = 0.4 £ T 5. EB5HDI(1 V%
SUALIGEAT, 2ERIFIET A 2EELEN LTS D
BREBRL LT, ROUZE TV ERITRIIZ LT HE, &Y
B2 ETICOT V&R 2 EHROMFEGL DD
FFRAMVEEESH SV ALISEY, 2 ERIFfL T 2EELED
Hlc & EDRRERERDD

Pr(y=0|n) = ((Z))no(l - = (1 -n?

0.5(1 - m)* B
0.5(1 - 0.4)2 +0.5(1 = 0.6)>

(1-n?
0.62 +0.42

prly=0)=

94/162

R OHRFE
BNZIESTH
* BE DNV X—ABTZT> T, : EIEDFTT r BINY BHEE

czeZ* rezZ%me(0,1)
-1\, 2
Pr(Z=z|r, 7():( l)n'(l—n)‘ 4

,
S, @DV e
EZ) = ;Z(r— o1 (zfr)!” (1 —7)

- Z @ 7 ”(1 _myeb=een Z
rliz-n! =« n
1

EZ-1)= @ ERDBBTELHS;r = | OB EQD) =

n

' BEASHTHIEAD AR HEORKERE
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FRERIRE 3
« [ERETEH A O0% 1000 B> fc & ¥, 6 DEH EEAVEEE v
£T%.

(a) y DAHEERAMLTTOY FLELELS
cOEN LR HEEZ 0 LTHE, ERETAI0THBH5,

P 9*1 =1
'( ‘6)‘
$12. 6 DES LITEBH, 6 LADES LI Hh 2 DDRR LHEEL
EW e,
MMw=Cmﬂwa 0y1900->

LihoT,

1000 1000-y
Po) = Zpow»@ ( )&)e) x1

971162

REME3DTS7

prior predictive distribution

p(y)
0000 0005 0010 0015 0020 0025 0030 0035

1000

T T T T T T T T
130 M0 150 160 170 180 190 200

y
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HHME 3
E(y) = n = @ = 166.6, Var(y) = nf(1 - 0) = 5020

ERAUEITS &,y ~ N(166.6, 11.82)

(b) y DRHEEFELE LTz EFD 5%, 25%, 50%, 75%,

HELELS
EEFRPEDE%EIL, —1.645, —0.674, 0, 0.674, 1.645
5% 166.7 - 1.645 x 11.8 = 147.3
25%35: 166.7 — 0.674 x 11.8 = 158.7
50%%: 166.7
75%58: 166.7 + 0.674 x 11.8 = 174.6
95%5: 166.7 + 1.645 x 11.8 = 186.1
FRBRIRE 4

11.8%

95% %R

98/162

s AHYIDRNHHZH 1 I0% 1000 EHR> =& &, 6 DEHS L%
BWEBZEy £T5. 6 DELN EZMCHEERE0LL, 0ITNTHE

BIRHEUTOLSITRET 5.

1 1 1
Pr(e = E) =0.25, Pr(e = E) =0.5, Pr(0 = Z) =025

@) p(v|6) ZEREBLT, p(y) ZRRLEL &S
Py | 0) ZIERGELT BT, BHEL NBERDB &,

E(y|9: li): 83.3, Var(v 0=

i) = 8742

s

9_3)_1667 Va.r( ’(J_E)_n.sZ

E(y|9: Z): 250, Var(y‘ez Z) = 1372
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BRI 4

Py IFREZEATICES
1000\ 1 Y11} 1000\/1Y/5)19%0~

o0V (1) oY) 2)
1000\/1 ¥ 3 1000-y

o)) )

ERAMETS &,

p(y) = 0.25N(83.3, 8.74%) + 0.5N(166.7, 11.8%) + 0.25N(250, 13.7%)

(b) p(y) ZEHELILIEEED 5%, 25%, 50%, 75%, 95%RERDF
&3

50%5R: 166.6, 75%5: 206.5

95%%: 261.5
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B S

c nEOM VERIST, ROUESE y L L, a1V ERIFRREEFICE
HMHZHEEE LTS,
(2) BRIDWO—HATHUO, HDEE, BHFASBERDEL LS
(18) BB
! ! n Y, 71—y _ 1
p@zﬁMﬂwwwzﬁtkawwwf;ﬁ

(b) BHIDTHED Beta(d | a, B) DEE, 0 DRETIIH, BICEMTY 5 &

BAMEOENER : OMICHZBEERBMITRLTILEY
N=ERHEOEELY o, >0, ZBRHORELY n>y,n>0,y>=0
T, [ < DBBEEERD,

« y

<=, a+y<
a+f n

a+y y

T a+f+n n

Ya+p)
n
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WEMBE4DTST
prior predictive distribution
7 I
[
I
[
N | i
£+ i
=° | i
e | |
4 | [
L
g
= T T T T T
50 w0 w0 om0
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RBRE 5
C Y [ ra<yra, 2 < 2EC
a+p n \a+p yra a+f a+f+n

a1g >y OBRERFERNHIET B THS. o

(o) BHINFHH—EIH UO, 1) DEE, 0 DBRIBHEIC 0 DFFITE
EWENEL BB LERLTLEEY

) X8|

_1 i (i—y+DO+1)
Var(®) = 35, V@ 1) = s v 3)

Var(@ | y) BRAExBME )" =n/2 TEEBRZD L

- 1
Var(@1y") = 12 +4n
n>0THBH 5, Var(§) > Var(@ | y*) B FTRRIIT 5. o
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RERIRE 5

(d) BRIDHHN—257 Beta(@ | o, ) DEE, 0 DBERDBHEFIHH
FVBARECHEBHEERLTTEL

(@+y)B+n-y)

_ B __ la+ypBrn-y)
Va0 = B gD O S G T i@ Brn D
BIZIE
a=1,6=10,n=20,y=10
Var(6) = 0.00689, Var(@ | y) = 0.00715 31
&
105/162
FBME 6

Var(E(y; 1 6)) = L (E(y; | 6)) = E(E(y; | 6))’ p(,) dd;
oo o\
:f (1071,6’,7 lOn,f) p(6;)de;
o B

2 2 B - )
= (10n)) f:"r@”/ lexp(fﬁﬁ/)dé?/f(lOnjE)

Var(y;) = 10"/% + (10n,)2/%

107/162

WEME 6

+ BRIDED Gamma(d; | @, B), BED Poisson(y; | 10n,6,) DEFE, (7)
=, 8) REBVTERTANFOMHEE HEERD T LEL

HHE

N N B
E(y)) = fo EQy, | 0)p(6))d6; = fo 10m0, 507" exp (~50;) a0

« (= B e .
= 10n,Eﬁ Tart 1)9‘] R ‘exp(f/iej) dg; = 10n,E
U
Var(yj) = E(Var(y; | 6;)) + Var(E(y; | 6,))

E(Var(y; | 6))) = f Var(y; | 6))p(6;)d6; = 10nj%
0

106/ 162
BRI 7
(a) ED Bin(y |n, ) DEE, pd) < 671(1 - 6)~! BEBEDHEDAR

N A=RTH LT—HERIDH CTHRIBEERLTLLEL
AT4 K38 &V, BRINT A—421 ¢ = logit(d) T Y, ¢ | LT—H7
BHNHERET S

p@)=c

29 KD &SI, REEROEHETZIE,

p(0) = p(¢) ‘%k = c% log (%)

g '(1-0)"
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RERIRE 7

(b) y=0&Ffcld n DEE, BRDBHEROTEENH CHEEETLE
T

p(0) « 071(1 - )" | Beta(0, 0) DT, FEHIE Beta(¥ | y, n —y)
y=0D&E

! 1
f p@ly= O)d(?o:f (1-6y"'9" do
0 o

] ' 32)

= [(1 — ! ]og(Q)JO —(n— 1)f (1-6)"log(6)do

0
IROBDDE 2 B,
1
f (1-0)"2log(6)d0 =[(1 - 6)" (-0 + Hlog((i))]:) -

! ! (33)

(n- Z)I (1-6)"3-6+ 0log(6)} do

0
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BRI 8
- HHBEEDLS n AOERES VALY Y TYV YL, hEERNE
Lic& T2, FMEIE 5 = 150 K RTHoTe. BEEICH VN THE
DIERDTE N | 6, 20%) I LTAL, 0 DEFTHFIT N | 180, 40%)
EEZZEICLET
() 6 ITHT BEEDTHERDTIEEL

RERERAET, BHLHLERDIHLD S, 17) H, 18) R& Y HES

& p(01y) =NO |, 77)
FIHEH 600101+ 3)

o= ——

_n 1 _4n+1
1600

1
4n+1 T 2 o 2
7t T 0

(b) EILBERALS | ADEREBINTS V4 LI T L5 HHE
EEnfe. BRFUDE pG | y) EROBTLREL

o hoo
p(,?ly)=f p(ﬁlyyﬁ)p(b'\y)“:f p(F 1 0)p@|y)de
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BRI 7
OERIVOERLY

o {log@)) 6
fiy s = iy SRS =
A5, 33) R
1 1
f (1-6)"2log(6)d =(0 — 0) — (n — 2)f (1-6)""3(=0 + 6log(6)} dg
0 0

log(0) % 0ISDWT Kk ERRTIIE, a, b EEBRET B
—ab* + b6 log(6) THY, (32) Rl

1
Jﬁpm\y:om9«k1—®w‘mg®ﬁ—0:+w
0
y=nDEER pO]y=n) =01 -0 THERHBRESERALNIE

y=0DEERLTHS
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fRBRIE 8
(16) &Y

Py = f NG | 6, 20N | ftn, T30 = N | pta, 20% +77)

(c) n=10 DB, 6D 95% EARME, 5 D 95% BERFAXMERDHTLS

L
(d) n =100 DEFEHRHTLFEEL
95% SRR 95% BRFAIXE
n=10: [1385, 163.0] [109.7, 191.8]
n=100: [146.2, 154.0] [110.7, 189.5]

ex8 < function(n)

1
mu <60 % (10*n+3) /(@ *n+ D)
*n4 1)

cat("\nn =", n
cat(“central  interval:", gnorm(c(0.625, 0.975), mu, sqrt(taw)), "\n")
cat("predictive interval:", qnorm(c(0.025, 0.975), mu, Sqrt(20%2 + taw)), "\m\n")
3
ex8( 10);  exs(100)
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RERIRE 9

WK, AYT74IVZ7 ADERIBIEICEM Y BHE 0 lcDLTLEN
BTblc, BHIHTR & L THAFHED' 0.6, IRERED 0.3 DRN—253%
EEXTELET

(@) 0ICHT BBHSTDINAIS—I55 A— 4 o, pERS, §'5 TEHL
TLREN
HASER 0.6, ERES 0.3 DR—FZHHEDD
(3

(@+p)2@+B+1)
ThE@CEa=1,8=2/3&Y, 5D Beta(l, 2/3) THB
(b) 1000 ADAY T IVZT ANESVELICY YTV G LIcET 3,

65% HFERIBIEICER TH . 0 ITHT 2FRDFTDORIFHE - 58
ER, 7 7EHNTLREEN

=0.3?
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FRERIRE 10
cHYTSUYRAINEBDT—TIVA—HBY, 1 55 N ETE
BTESMITSNTVET. HhEfld 203 BOTr—JIVh—%Rf:
BIT, BB N ICHATBHAEZEZTVEY

() N DEFISFICEWN) = 100 DE[ASFH
1 (99 \V!

705 (100)

EEZIEE NOBERPHEERDTLLEN

NEDT =T IWh—HBRAEThBRENELVERELTLES L A
B

p(N) = , forN=1,2,...

Pr(yzzosw):l—[
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BRI 9

ZIERICHRDS T—2 n = 1000 AR T, BEODABy = 650 ATH> T
DT, EEHIE Beta(1 + 650, 2/3 + 350) TH 3B

HSHEL S8
N (3 +y _
E@|y) = aTprn =0.65
Ay — (@+y)B+n—-y) _
Var(6 | y) = 7@ Py @ pint D) =0.00023
‘ﬂ
1
114/162
BRI 10
BT
99 N- l
vy - E =200 (i)
k=203 = P %08 %)
_ (&) a4 (%)
{10z100) - 522 (35)' /k} N
DR ISR ~ log(1 - r) = TI% 21 Il < | B>
(b) N DEEDHOPFELBEREERDTILEN
L

- & 79 99 1203
E(N) = 2 kx 2 “’") =21. 47 (%) =279.1
k=203 m)
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RBRME 10

B L UREREIG
)k
Var(N) = { >k ; (B
k=203
(L) 202
- { 100 ZZI 47k(100) ] (E(V)P = 6394.33

-Gy

SD =79.96

() N OBEYGEERENOHESZLED, N DEENH. EEIH
DEATHE - ZEREERDTIZEL

N ISHEE RS A — 2 TH Y, EMDHICHBRNE—RIH

PN =1 EEZBTLICTS
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FRERIRE 10
SHELUEERELRERT S

5 025

Var(N) = —{E(N)Y = +o0

k=203

e, MTERY REDH S

+oo 202 2
Z 2025 = lim 202.5( - 202) > {202.5 [5(1) - Z ;]}

k=203 k=1

ThiE, a=2025,b=202c= Y221 &<,

i=1 7

Jim {a(log(k) - O > {a 1) - of
Jim atk~ b) ~ {a(log(h) - O = +o0

HUEKYTIENTES o
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B 10
3L, FRNHIT

N » o\ 20
PIN|Y =203) = T R [5(2)7; 7] o
&1
2B £(s) = ="
k=1
HfHEERELT,
202 1
E(N) = =2025 [5(1) - Z ;] = +oo
k=203 =

TBARIIERT B, £(1) = 5% 1> limiee [T Ldr= 4o
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FRBRIRE 11

© Y2 s ys BREWEIITI—2 =59 p(yi | 0) « 1/(1 + (v - 0))
IELEB3EL, 0y, .oy ys) = (=2, -1, 0, 1.5, 2.5) BME5Nfc &
LEY. BT 21cdblc, BRIAHIE—HHH U0, ) EAVET

@ py|Op@O) EO=0,% 2 . 1 (mIC@RIKELGEE ED) ITHE
LGAEBIL (grid approach pp-45-46), ZThEIZELL T p(6 | y) DF
HEERLTLREEY

u < seq(& 1 l/m

for (i in w)
5 < opeadly. prod(dcauchy(d, i, 1)

S0, L5, 2.5)

par(bty="1", family="serif")
plot(
U (Rensy/smn. ope = 1
ylin = 23 xlab = expression(thetas, 1w = 6,
ylab = expnssxon(yasu(p (", theta, " | ", y, ")),
rmalized posterior density”

o1 - "#EGAB6B"

)
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FLRRE 11

() BEATEDD 1000 @Y TY Y IETT, R M IS LEHNT
CEED

set.seed (11451355);
2 < sample(u, m, replace = TRUE, prob = y/sum(y))
. col = "#E64B6B", border = "white"

= "posterior simulations”,
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RERIE 12

« RED p(y | 6) = Poisson(y | ) D& F, Jeffreys prior ZRDIFTLIEE

W E e @i a &S ERDITS L, Gamma(e, B) IEBEETRLT
{feEn

p(y160) = 225D 0 Fiher §HRE
__p(®logper 1O |\ _ o
J0) = E(T e) =0
I T7V—ADIV—IVERBWB L, p(O) <0712 THS

A5 B0 exp(-p6) IS THEBTUE, o = 1/2, 5 = 0 DEDFAIT
1%
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RERIRE 11

(o) BIRITH > T 5 L1z 1000 8D 6 ZFELS, ys 2B LIBDEERT
ARTHS 1000 EH > TUIL, ER NS LEHNTLEEN

set.seed (45687993) ;
v6 <- rcauchy(a, z, 1)

his
6., breaks = 50, col = "HEGABGR", border = "whit
yaxt = "n", ylab = NA, main =

o "posterior predictive simulations”,
Xlab = expression(y[6])

posteior preditive simultions
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B 13

* Table 2.2 I&, MMZHDEREICH LT 1 FRITET > LBRBNERD
HREFCEBDT —2THS. TFEROBANE 100 AR ILE
T3,

« REWRIC, 1986 EDT—2HH ), BEEROHED 22, FLEH
546 %, FELE 0.06 TH o Tz,

Table 2.2
Yer  Faal  Pasnger  Dah Var  FaWl  Tasenger  Daah
accidents  deaths rare accidents  deaths rate
1976 24 734 0.19 1981 21 362 0.06
1977 25 516 012 1982 26 764 013
1978 31 754 015 1983 20 809 013
1979 31 877 0.16 1984 16 223 0.03
1980 22 814 0.14 1985 22 1066 0.15
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RBME 13

(2) BEOHBWEROHFEILIRII T Poisson(y | 6) IS & LET. Fal
BB LUBESHIL 1976 FEH5 1985 EDT—2DIHEICE
LET @EERBNAFERAND). ZOETIVOE LT, 1986 FD
95% FRRMERD T LT

RBRE 12 DRERH S, BRIDHEE p0) < 072 THY, BRI,
_ ' exp(-nf) x 67112 _ 1
p@ly) = —fﬂm 70 explnt) x -1 = Gamma (6 l (y) + 7 n)
fefeUay) = 3L, vi, BRFRSHE,

pGFly) = f oc'l’oisson(y | 8) x Gamma (H } 1y) + % n) do
o
1 oaord T+ +1)

T (i) + 1) o Dy
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B 13

(b) BEDHBHERDOEHHL, v ERBLEAIMIVE LS
Poisson(y; | x/6) ICHES & LET. %iF & L AMRICERIERE %% A
WT,8x 10" AR IVHRE LI LARTE LTIBED 1986 FD 95%
FRIXZERDTL LT, A A IVIE Table 2.2 H 53R, HshikE
BERLTIEEW

(2) LERICEBERBANHERET 5L, BEDFIL,
p(0) = Gamma (e ’ 1) + % nx)

L £ = 31 x, BEFASHR,

oo
PGy = f Poisson(y | %) x Gamma (9 ‘ y) + %, n)'c) do
0
F (D)0 ]"(5' +1(y) + %)
T (1) + 1) (ne 4 pr0n
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REME 13

LT 2T, 1986 FOBEBHEHDMHHD 95% FRIKRIZ,
ppda <- function(yt, y, n) { * ppda(i, y, mAC-1)
a <y +1/2 )
exp( a*log(n) + lgamma(a+yt) - lgamma(a) - ¥
lgamma(yt+1) - (a+yt)*log(n+1) ) 1

3 3

pred_inta <- function(upper, bound, srange, 9 < GlEEtl o Slo Tl B Al T D
v m

tap <- 6

for(i in srange) {

twp <~ tmp + ppdaCi, y, n)

L« pr!d inta(-1, 0.025, sea(t, 10008, D,

if (tmp > bound) { U < prea intac 1, 0.025, seaCio000, 1, -1,
return( v, m
i+ upper + (bound - tmp + ppda(i, y, ) LU
)

95% predictive interval = [13.9, 35.1]

126/162
5
RERME 13
LTeht 2T, 1986 EDBMBBIFHDHED 95% FRIXEIL,
ppdb <~ fanction(yt, xt, y, 0 )
a<y+1/2 3
expC ytlog(xt) + a*log(x) + lgammaa+yt) )
- lgamna(a) - lgamma(ytel) - (asyt)
Tog (x+xt) ¥ smGeqi, 25, 3 2, 2 26 2,
3 2))
bd < c(m S16, 754, 877, 8id, 362, 764,
predinch <- functionCupper. bound, ssange, 9, 223, 1066)
¢ dr < CCB.19, 012, 0,15, 0.16. 0.14, 0.6,
wp < 0 0.13, 0.13, 0.3, 6.15)
for(i in srange) X < sum(pd * 10547 * draC-1))
wp < tap + Dvdbu xt,y, 0

Xt < BE+11
if (tnp > bound) L <- pred_intb(-1, 0.025, seq(l, 10060, 1)
return( L xt.y, x
i+ upper + (bound - tap + ppdb(i, xt, y | U< pred_inth( 1, 0.025, seq(10000, 1, -1)
xt.y, 0

* ppdbC, e, v, DACD LU
)

95% predictive interval =

[21.4, 47.4]
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LA 13
(©) (@ ERMUCHEE, FEHICOVWTIT>TLIEEW

y <- sum(c(734, 516, 754, 877, 814, 362, 764, 809, 223, 1066))
n < 10

L <- pred_inta(-1, 0.025, seq(1, 10000, 1), y, n)
U <- pred_inta( 1, 0.025, sea(10890, 1, -1), y, n)
L

95% predictive interval = [638.0, 748.9]

(d) (b) EELEZE, FEHITOWTITH>TLREEY

¥ <= sun(c(734, 516, 754, 877, 814, 362, 764, 809, 223, 1066))

pd <- €(734, 516, 754, 877, 814, 362, 764, 809, 223, 1066)

dr < c(8.19, 0.12, 0.15, 0.16, 0.14, 0.06, 0.13, 0.13, 6.03, 0.15)
x < sum(pd * 10EA7 + draC1)

L < pred_intb(-1, 0.025, seq(l, 10000, 1), xt, y, x)

U < predintb( 1, 0625, sea(16000, 1, -1, xt, y, x)

Ly

95% predictive interval = [903.4, 1035.3]
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« FHKMDERETIV pd) = N@ | o, 70), p(y 1 0) = N(y | 6, 72) I
BWT

(a) FRATENEO | 1, 1) ENO |, 1) EDVT, (i, 71), (i, 70) EBE
BT ZBRERLTIRED
RESHDBOTERLET: (15 X, (18) K

¢(n 1 oo FIEEm L,
POy cexpl-=| 25+ = |texplof 5 + 22 |1 p = S = DS G4
222 =" [
7

(b) 7—2% 1 DFDEBMLTREDHEEHL L GBEZTRL, n @
BO7F—2EBMLIEE, NO | g, ) IKEBEERLTLEEL

1 2EHDT—4 y B5X e L EDFRDTH

2 "
p01y wexpl-2 (L Lllexplof 2L 1+ 20
2\ 72 o2 1}
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(¢) Table 2.2 ICBRS T, =G T —ZITDVT, ()-(d) DI BEDET

IWHE > EHTULEBSHEBHELEICEZTLLEWN

© FEERITOVT
TS RITHREMTEI 28 (RAAY MR TR B
BEALEREBDODNZOT, R7 YV UHHRICRDEVEREEZ SN
5. P ELBRHBEVIR T v TV IBRCBVLIESSL,
BT (o), (d) DERER S LBAICHETNTWBEARENLDHS.

« x5 DERIONT
(b) TR|BELEAIMIVEZERLTVAY, RITEEHICHT SR
BLELTRPLALTWARES RITHERICHT 28BLS5IE, 7
MIVEIEERTNERWERS.

. iR

(2) B—FF LD, FRARMDIEISHREBLEL
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2DEDT—2 y, BB LT & EDREDH

p(@ly1, y2) o p(y2 | y1, )p(@ | y1)
6* v0 P11 Vi Ho
oc exp(—z—a_z)exp(P) X exp{fj = + E exp4d s + :0
(2 1 Yty | Ho
= exp {—7 (; + :é]} exp {9(7 + TT%

BHERYRL, nBEEEMT L, 34) RIT—BT BT EHDDB
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s UTFZRAWT
L. - (@I
a-lcq _ 1 - -
fo WA - wf N du = T@ip = B(a, p)

+ Z ~Beta(a, ) DEE, EZ"(1 - 2)");m, n € 20+ BRHBTLLEEW,
Efe, Z DEFELHBORHB T LT

ZIEN—2BHIRSDT,

p(”):z"’l(l—z)”’l[_ “a -z }

B, p) | Lt -2pdz
£0T,
" oo (o WA= Blatm B
HE -z )’fo ST T Bap
1337162

B 16

cy B nEEZBET, KHNSA—2 0 DZESFIC LA S &L
Y. e, 0 DEFIDH% Beta(®) | o, f) ELET

(a) BRFADT p() ZROTLIEEL.
RENZIBSHT, BHDHEHN—23HEEDT,

PO) =

() f o1t — gprtgg - (:) Bty Brn—y)
B(a, B) Jo B(a, B

ZOBBAFHIIN—2ZIBENHE LTHSN TV
(n) Bla+y, B+n—y)
Y B(a, p)

0 other
neZ*, a,Be(0, o)

Beta-bin(y | n, a, B) =
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G 15
HEEIE m=1,n=0DEEDT,

E@) = Ba+1,p _ «

B(a,p)  a+p
Ffe,m=2,n=0 0L
, B@+2.p @+ 1)
Ez)= Ba,f) ~ (@+Pla+B+1)
W T, DEUE
_ 2\ _ 2 a8
Var(Z) = E(Z*) - (E@2)}* = @ BB D
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RBRE 16
(b) N—=ZZIBRAHOBERHLTDy ILDWTELHZS L FE, BRinhb
Beta(0| 1, 1) I 2 ENHBBEERLTILEN
HYBEHEOMEAT+1) = @) &V,
Ba+yprn-y _ (I e+ )T@ (5" B+ )16 ra+p)
Bla, ) (Mzba+p+K)T@+p  T@r
BREH Y ORYBHEE n+ | BERHS, 2TD y [TOVWTHERHNE
LWeE UTFERRT
n! (Hf;; ”*i)(ny;i‘;i]ﬁ*j) _ 1
V-3 (e +p+k) B
TNEFBET (o, pIFASHIT (1, 1) DBERITTHS

n+1

ERBRR - [ x+i CBTEEHBEBVET
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+ Laplace ITBLY, 3 2 BHERBICH VT 2B ROMERR 0 DfEITE LTH
FL&S. L, BRI ICOVWT L WBARGIERERH > THY, B
ARt E LT—HDH T < Beta@ | 100, 100) E5Z & LET

() BEATBHBEOERD"0H 0.5 KWV AREFVDOHKEEDOHE S D
E2BDODTED, 0.4 ~ 0.6 THHEED 95% ULREREFELTL
%" ELTRIRTEREERLTLEEY

0.4, 0.6) I 05 EBEGL,

Beta(6 € (0.4, 0.6) | 100, 100) = 0.996

EBzBH5,0.4 ~ 0.6 THHHED 95% UERERELTVDEEZD
55
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FRRIRE 18

- BERFENUEETL, o EORUGANEEEEBLELET. AE
BOMHED S, IBEREIL 0.12 THRIEHDD > TVET. AEEIE
T4 0 BARHMDERSH N, 0.122) ITHS LIRETEZ L LET.
X1z, HBE 0 OBRINHICH L, BEBBNOHESZ W0 EE
ATVET. 9 EDREMBEDIRATIIN 17.653 THoTe& &, 10/8B
DAEEF DBEEHEFHNHD 99% EECEMERSTEEWN. T
DESBEBMDT E%& 99% FFBXM (tolerance interval) EWLWET .

FREL Y, REIE p(y | 0) =N | 6, 02 = 0.12%) THBH D, Jeftreys DIV—
WERWSE, .
J0) = —
o

o ISBEITHBDS5 p(o) « c (BH) 25X 59 B &, FRAHIE
pO1y) Ny 16, 0?) xc THRRHDDS
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wEME 17

(b) 1000 AES VALY TG LIETA,511 ABRBHTLE.
pO>05]y) ZRBTLEEN

REH B, BRIDHEHN—2 3 HEDOT, BESHIR
Beta(d |a+y, f+n—y),y =511, n—y =489 EH5,

Beta(d > 0.5 611, 589) = 0.737
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BRFADFIE,

p619= w10 mpeinw

) +o0 P2 oG
«exp(—;?)ﬁ exp(—?)exp{%} do

s
o (-+) - Xp( 7 - 2095 - ,(y)z)
exp (7 %(x‘;::ly))—’) 2(202%)

NG | 1(y). 20%) THEBEHBIDB. 2L, 1) =L 30 i
99% HFARME LTUTFICRIRMERD B &,

Pr(5 <) =a/2, PGy <¥) =a/2

[z, Jul = [17.2, 18.1]
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HLRRE 19
- ERRMLES T, BEEAEERMIEERICH LTRETEEWNT

EERLTLEEL.
TTT, 2 DBIELT v/ B2 LIRS ELET. e, BIE
| ER) FFHPEpo) <o, o> 0EAVBELET

() o? IR T BBRDTD p(0?) x 02 EHBTEERLTLIIEEN

Z=10) BRREREEZD L,

drl(z)

P =p('@)

i) = 02 DEE, BEHETOMANE, (D) = VZ, 452 = (2vZ) . L
FtoT
p((r]') = p(\@)( (rz)i1 = p()Q20) " « o2
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B 19

EBEELY, p(or | v, n) = ployr | v, n), p((riz |v,n)= p((réz | v, n) BSARY
jrie)

LB > T, o ORBFEREERMEZRLILLOD, o ORBBRELEE
REEFLLGRBIHITIR, UTOREIABRRHRY IIDBELH S

() en(-25)= (1) o)

(o) exp(-22) = (o) " exo -2 @

W% () BLT ORIk E
(o — (Tu)((Ti)i% exp [—%) =0

o =0y BMESN, ThREBEFETS. LD > T, o OREEREE
XEZEZFLELDE, o DREEEREERMEFLIGSEN o

1437162

REME 19

(b) o2 D 95% REBEBEXMED, o D 5% REBELBEEXME _FEL
fcbDERELRZTLERLTLREETL

nvjo? BDEBEEn DHA ZRAH v2 I LA SDT, BEIR

wl ) 212 (nv)"z'" ( nv)
pvio,n)=——|_—5 -
’ T \2)  P\Tas

o DREEHHIF

st () ool - ol
o DEERSI
5-1 , _n
p(@ 1) () exp(am)o = (¢?) F exp (o)
[ow, cuilion < oy B o DRBEEREERRM, [07,. 07,07, <o, B
P DEREREERMESEZASLRET S
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FRERIRE 20

c REPETNS X b5 4 XLISBED, HRBFNHERAVRT Y
VETIVOBRSHEOFHBREERLTILEN

nEOBREy B iid T WET2EEME x ZEZ & E, REIF

(6
Py 16, x)= l—l Ly ') exp (—x;6)
i=1 "

= (ﬁ %)CXP {— (Z": Xl] 9} exp {t(y) log(6)}

i=1 - i=1
Lfehd > THERiI9%IE Gamma(e, )
pO) = FL) exp {6} exp {(a — 1) log(6)}

(a

14471162



BRI 20
EROMIE

Py |6, x)p(6)

)
_ epf-(B+ZE ) oo
e (- (B+ 2y x) ) gt dg

e

a+t(y)-1
T(@+ 1) * ; X’] H} o
a+1y), B+ Z x;]
i=1

v=1
. 1 *© dz T
f exp(—w)eV"dH:(—) f exp(—z)zH—:Q
0 n Jo n n

p@ly, x)=

= Gamma [9

(36)
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FRERIRE 21
(b) (@ ITBVT, FHHFETER ¢ = 1/0 12DV TINT X S X LIS
12, HEBFDHDUA VI DHICEDZEL, TOLEEDERDHER
LTLEEL.
BAMED n BDRE, LE L ZOHBEFSFIE,
P 1) =¢"exp {f%} @)= %d)’(’”“ew (,/%)
BEIEIE,
g g2

_ B i) _BH1y)
= Ta+m ¢ P ?

= Inv-Gamma(a + n, 8+ 1(y))

Py =

1471162

YR 21

(2) REDFCR 0 DEBAFHICLIDS & &, 0 DRRBHFIHEH AV
RPHICHEDIEE, ZOLEDBESHERLTLKLEEWN. ZELy &
iid e LEY

FAES n BORS, LE £ ZOREEHHFIE,
PO 10) =0 exp =101 p(0) = 0 exp (-50)
)
FFEL ) = X0y,
Liehi> T, B HIE
1 exp [=(B + 10))0]
7 et exp (1B + 1(y)}e] do

BN
= Tatn 6" exp [-{B + 1())6]

= Gamma(a + n, B + 1(y))

p@1y) =
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FRERIRE 21

() BEBETRTESNZBROERD, RADOHER 0 %6 DEHS
MLIHSELET. BFINHLE LT CVO) = 0.5(= VVar(@)/E(®))
DHVIDHERELET. BEREY Y TU VT LERERN,
CV(|y) % 0.1 5T eI, AEADBRIBEICHESZTLES.

Gamma(6 | a, p) DEAFHEE DL,

[ ox Lt exp oy o= LT@D
E@) = j; 6% I“(n)g exp (—p6) do T@ g B

Var®) = B@) - (B@) = A 1@rD @«

Ta@+1) _a

TT@ g BB
£, UFEBVNE, BEL n DEERDZTENTES
CV@) =a™2 =05, CV@|y) =(@+n)"? =04
n=225
LI 2T, 3 A ESNIF L
1487162
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(d) @ IRBVWT, g IEDPVWTNF A PSAXLIIBE, BARES KRBT
L&Sh

Inv-Gamma(a, §) DHIFEL S8,

[ ox () e oD 8
w0 = [[ o oo w= 1 pT T an

,_ B T@-2) B B
Var(¢) = E(¢?) - (E()) = TR 1 oy T

EoT, UTFEAVNIE, BB n DBERDHBIEHTES

CV@O) = (@=2)""2 =05, CV@|y) =(@-2+n)""?=04
n=225
LIeh > T3 EUESNIEE S, ThiZ 0 DELTROIIZELFLL
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(b) @ IEBVT,y =100 ICEXIBEDBEERS, BIURRFEE H8%E
RHBTLIEEL.

v =100 DIFEDEELSIL,
p(@ ]y =100) cc Gamma(f | @, B) x #exp(—1006)
p(6 ]y =100) = Gamma(0 | @ + 1, B+ 100)

y = 100 DREDNEEDBORFEL 8IS,

a+1 a+1
Var(@ ]y = 100) = — 21
Faiop Var@1y=100)=mmoon

E@|y=100) =
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LR 22

(a) REDFETR 0 DIREAFHICLIDS &L, ZORID (B 2FHH
Gamma(6 | o, B) £F 5. BRAIED y > 100 TH B EWVSHERHESN
fe& & BEDH p(0 |y > 100) BIUBFHEE DBERD TLLEL.

y > 100 DIHEDEER DI,

oo
p(@y=100) o« Gamma(d | @, B) X f Gexp(—yd) dy
100

= Gamma(d | @, ) X {exp(—1000) — 0}
p@]y=100) = Gamma(f | @, 8 + 100)

y 2 100 DIFEDERIHORFHELS S8,

E@|y>100) = Var(d | y > 100) =

_a _*
B+100" (B+100)?

150/162

FRERIRE 22

(o) BRENMEZICEDDD ST, (b) DBEEDRDDED (2) ITLENT
AELHZEBREHALTLLEL. Fe, ThidBE ) R (p.37,
28R) EFBLEVDTL & SHY

= p@]y>100) 35N BT—RITHIRHKEZSNTVWBRETH Y,
pO1y) ZRDBIBELERER TV ITETIV) BEERS.
y > 100 EHIRT 2B EEDIL (v > 0 mSADILIC—B) ZL
TWBDELRLT, T— 2K ZEBNES ERIRERD Fe8b, FH
MNELBERRRFICED LLBEWEBDNS.

+ () RUTDWVTIE, y > 100 HEDRMEERIT S &, BUCADILITEL
EELTLEL>TWAS, BHIFASHRHFARSICE ST,
E(Var(d | y > 100)) Fi3R&H S hizL.
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* Section 2.7 DT v FR—IVDT—2EBWVT, o> DRFEFDH%E
AW E{T>THELELS

() T—RERBHDERIETO, o ITHT ZEFOHHICONT, o DI

FHELBEREZAVTRRL TRV 2L, FFaMmICIEH
HYIBHEBVTLRELN.

SERMOERETIVERET 5L, Baiofmld
(%) = % (@) exp(fg)

o DHIHES L UIRERES,

)Z
E(0) = 7] (37)
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(b) SEISBEFHOMHE LT, 0 D 95% H 3-20 DAICAS LRELET.
2.5-97.5 IN—t > 2 A |VBED K 3-20 ILBB & 31, BAHY A
DINFA—BERHTLEEL.

b < sea( 41, 42, .001)
X <- matrix(rep(0, length(a)*length(b)), nrow=length(a))
y <- matrix(rep(0, length(a)*length(b)), nrow=length(a))
for (i in 1:length(a)) {
for (j in 1:length(b)) {

(i3] < aigamma(0.025, alil, bL1*(1/2)

y[i,3) <- qigamma(0.975, a[i], b[i])*(1/2)
1

2 <- which(x>3-cl & x<3+cl & y>20-c2 & y<20+c2, arr.ind=TRUE)
alz[,111; blz[.2]]

x[>3-cl & x<3rcl & y>20-c2 & y<20+c2]

yIx>3-cl & x<3cl & y>20-c2 & y<20+c2]

# answer

qiganma(9.025, 1.485, 41.839)4(1/2)

giganna(0.975, 1.485, 41.839)4(1/2)

@ =1485, B =41.839

1557162

R 23
(37) ATl o, B EBLEHNTERD DT,
0n_ B 2 B s
B =027 SPen= {(a— 1)2(a—2)}
ZRAVBEHICLT.

FEARIFICRVOT, BT
E(c?) = 102, SD(¢?) = 5°

EENTHC L,
=18, 8=1700
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(c) S scaled inverse-x? 3 E LTNT A FSAXLT, (a), (b) EFEIE
DEETOTLEEL.

scaled inverse-y? DFIE, AV IBHICOWT a = 2,.8= %n’g EBL:
HDHEDT,

o /2% L \orzen vood
()= Toury 70 () P T2

oo s 12
e = 725 o = )

0
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@ b5, a=% =18 =20 =1700 B &
vo =36, of =944
(b) D5, 0= =1485, =20l = 41.839 R &
vo =297, o} =28.174

Library (geok)
S <- rinvchisq(10800, 2.97, 28.174)7(1/2)
signif(quantile(s, c(0.025, 0.975)), 3)

IEIF 320153
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o D 95% fERXREE

(a) [13.0, 14.4]
(b) [13.1, 14.6]
(noninfo.) [13.1, 14.6]

posteior density (a)
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(d) ZNZhOBHDHEOB/ICOVT, o’ DBEERSHEYE, F57&
o D 95% EARMERD T EEL.

BROMWIE, 55 &Y,

VgU’g + nt(d)

p(u‘2 |y) = Sca]e»inv-)(2 (VU +n,
vo+n

BLU, BHYIRRELTINGA—2EERLEEDTH S (ERIE—

BRI 50HE1TB)

Section 2.7 EFHRIT, n = 672, 1(d) = 13.85* ZAL D &,

signif(sqrt((nula * sla) / qchisq(6.025,
nula)), 3)

#.95% posterios dntervel of stgmal ()

* 1) / nula signif(sqrt((nulb * sib) / qchisq(0.975,
nuib))

s1b <~ (nub * s0b + n * td) / nuib

% posterior interval of sigma (a)

signif(sqrt(Cnulb * sib) / qchisq(0.025,
i), 3
SignifCsqrt((nata = s1a) / achisace 975,
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() M EDHERAMBIERFNOHEAVIBELENCOVESDHER
LTS

© BOTHEYICRE LELBNORERV L E, BRDHORPMUED
ZEbBEDD, 0 D I5% ERXMTRZEHEVELLTULEN
- EWAWROBAED v = 36 THOfHS, T—E2DY Y TILY
A X =672 ICNTNEC BB ZHD0, WIFREF DI
NNEEEDHKREVDTREVHEEZSNS
+ o M95% B 3-20 DRICAS K S LHRIMFHEALN L&, BRIIEF
EREEDSBVELSHS
- BEISHROBEED v =297 THY, T—2OY Y TIVH1 X
n =672 [T TINE W b, EIBMBNSMICH A UELER
BESNfEDEEZISND
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575 ZiEM
A55 B expih(b)) DLBHDHES
f exp{h(b)} db
bery

EEFAMICE Y RDBHE
BIEK 1(b) %, h(b) MRATEEENB(E D DAY T2 RET Taylor BT 3 &

h(b) = h(b) + I’ (b)(b — b) + %(b — b)Y’ (b)(b - b)

= h(b)

h(b) + %(b — b)Y (b)(b - b)

1 BRI DB 1’ (D) = 0
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575 REM
f exp{h(b)} db ~ f exp {h(ﬁ) + 1(b — by ()b - B)} db
beR? beRre 2
= explh(B)) x f exp{l(b — DY (B)(b — B)} db
beRrs 2
= explh(B)) x 2m)?? - " (b) ™"/
1 1 - N N
_— ~=(b-bY{=h"®)""}"'(b-b)} db
fl:ekv e TS exp{ = 50~ By (b)) b~ b))

BEOHAESEEERAE N (b, /(b)) OEEEHOL @ 5
LizbDfeh 5

f exp{h(b)} db = exp{h(b)} x 2m)¥?| — 1’ (b) /> x 1
'beR?

SEBIERNHOWES & E > TEREET BT, explh(h)) DRZIK:
RABISE BITNIEEELNELS LD
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S5 75 REM
© ZENEOSHSE 0 I L TR LEBA; [ (ea -0 do
-« ROEL LB EREHORIEEELRA LTV EI

V(N /ny (1 = y/ny=>
RTINS S OB . L ik i
n+1 3 [{y(n - y)}
E e
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