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Bayesian Method for Combining Results from Different
Poisson Experiments

Jang Sik Chol), Dal Ho Kim?)

Abstract
The problem of information related to [ poisson experiments, each having a distinct
failure rate 6;, i=1,2,---,1, is considered. Instead of using a standard exchangeable
prior for 8=(6,,6,,--,6;), we consider a partition of the experiments and take the
8;'s belonging to the same partition subgroup to be exchangeable and the 8,'s
belonging to distinct subgroups to be independent. And we perform Gibbs sampling

approach for Bayesian inference on & conditional on a partition. Numerical study
using real data is provided.
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3] BAAA HA AL FAG9A o FEE dgoly BSAT2YEH A3ES WA=
A ZF Aoy #EAFo] g AFAHUE FEE Y& A8 A7 2o ol g
g AP} BFATFERZYH AHBE “borrow strength’d 4 7] wlEolth 3IH 99
A #HE Aoz Ay AFEZRFY FTAA 2 (statistical summaries)S BAFAA &}
Moz gwter wWEF Ao gon, Hedges® Olkin(1985) 28l DuMouchel (1990)2 2+ 7+

frequentist9} wWlo] x| ¢t BH oA o vlel M S Atslut,

Aol FA g e Fdgk wolzt HIEE 7 A¥olu HFEAFY uIitE
(exchangeable) 23] ALHEXE AMEF o2 A AR A “borrow strength”E 7FgstAl & <
A2, DuMouchel(1990)2 <371 dis] dAE ALE3 Frl2d EoE &% 38 MalecHt
Sedransk(1992)F T 37t52g e 7hA4 et 7|23 wlolx¢t 2y e S AHedet. & AT
TAGY FFEo] sttt o] ol & £& 1 o9 R EF(subgroup)d FEE B e
A9-7F &3] QA Hed, o] A RE HEEo] F59 /T HE g2 FA(shrinkEE AL
BAAsH, wely & %4 H(shrinkage points)S 388t FAY £XHo] dasitte: AL A
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—?%Eﬂ%’:fﬁ(posterlor margmal d1str1but10n)a ﬁlo}l’, a1 FA
(model averaging)®] 47dolA WHFOIEH Tt weol= F
3t ol x|t 28 3 Malec®t Sedransk(1992) Z#2 Consonnig} Veronese(1995)9} 2ol
A JI2WH S AHREA @3, A2 FEAH(Gibbs sampler)E o] &3 Hlo]x|¢t FEE A%

ot.

B =fddMe dod dgd 22 7155 gF&shak
(X, Y], [XI|Y] [X]: 2%, 205 9 FHSEAEF5;
G: R F7
dg) - 2% gollM 23" REF ¢, 7 ¢g=1,2,,G
Si(g) + B8 gollA kA REZ, 7N k=1,2,,dg);
p(g) ¥ goll we} 4o 2y &
JEEC], BT 7t 59 | dFFH 2L Y sted BYS AgsA F g={ {1, 3}, {2,
4, 5}, go= { {1, 3}, {2}, {4, 5} }, g3={1, 2, 3, 4, 5} 18l g4={ {1}, {2}, {3}, {4}, (B} }¢} Z9]
A A 289E, 617 g PRIV TEYO|L, gv wB/MFEEY, g 5HE
gol En. o] A% ¥ FF G=47} HY dlg)=2: Si(g)={1,3}, Sx(g)=12,4,5},
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d(gy) =3: S1(gy) = (1,3}, Sy(gy) = {2}, Sa(gy) = {4,5}, d(g3) = 1:S,(g3) ={1,2,3,4,5} 1
d(g4)=5151(g4)= {1}, Sz(g4)= {2}, Sg(g4)= {3}, 54(8'4):{4} S5(g4)= {5}olt}.

g, B =F9 AN 74 2y Hate g E—%ELH/I Ao #AAEE 4L asirts
oz 7hg%. =%, ZF Ry M2 & REF £ile 43 dAHE RES5e 5oz
7Hg g, ojgt #& FHASt A FoAR BY gol A l‘ﬂ“‘ﬂ Xotd HEe nZE 0,59 AR
Ee 22 FE2add 3%E 6, i=1,2,,1 o WA FUdF AAREE a8 M2 g
FEEre 23E 00 daiiMe o AAHELE P4

upetA] oS3 & A& 3 o) Z(Hierarchical Bayes) X8 A zF3lu}.

(D [x; 1 6] ~ Poisson(8,t), i={1,2,,1}.
(D [6; ] ax(8), BL8)] ~ Gamma(a.(g),8(8)), k=1,2,",d(g).
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@ [6;] x, BLe), gl ~ Gamma(x,+ a,(2), B2 /(B t:+ 1), ieS/ae).
(i) [B:(8) | 2, 0,8] ~ IG d

ai(8) 1 S | +c, W) k=1,2,,d().

Gy plgl x,8, 8
a,(g) —(a(8) | S | +c+1) . _ ' _1_ . _1_ _
“:ﬁ“eg(g)@i B2) exp[ (0t )Bda| 7. g=1,2,,
7

, G
A7 5o i wol2 BT I FHF Y BELXNE AME) A NagRY
He Abgataat g

U2FEL2 Geman ¥ Geman(1984)o &iA MLz A7MEHA, Gelfand 3 Smith(1990,
1991)0) ojs) EARokelM da) AHLEAT. 7 F Gelman ¥ Rubin(1992)& F&A Age 9
8l hE FAL o8 WEH ABHoH PP At E =FME Gelman? Rubin®)
dueZo] wel FHUAFZREE 2450 Z5S0 g wolz AT 1 FAHY W ®
FoAE A

7 oj 4k ¥ (overdispersed) & 7bd Bxaid 4" z71 & UQ, U0, U8 Agat,
Ul(l) ~ [UI , UZ(O)y UZ§0),"', U;O)], Uz(l) ~ [U2 l Ul(l)y UéO)’”_’ U’EO)]’ e

UY ~ [0, | UL, UP, - UD 19} o) 21 2t B2S 23 2 29 B2 SAYZ A
JEn], & F7lel pAel Tiol AYH oA WS 2pa FIgA (U, U, -, U)
o] ®Ro| AAAt old A(chain)® ST mr| Pt Fqsd, F 2mnfe BE
o] AMEY FHAHS TRy g 7 AN He ALY )Y TR Hn vd, 4
02 mpAe B2 (UL, UP) (G=1,2,,m, =n+1,-,2n)0] Wolxt F2o| AL
arh wetd A% SEd s eT go) FAAG

- -1 (o
00 = Gu ' 33, 3101 U, 7).
ANEFWRE 4BS $2%7] NN E3) Rao-BlackwellHdl 23L& A BT (FZGelfand
7 Smith(1991)).
A2 BRE o188 7 ABAMe LRE 001 4T AFHELS T8 2ol Aw,

B{e)xi+ ax(g) |
Bl ti+1 -’g]

N - B " (x,+ ax(®)
= () llg 1=$+1[ ﬂkj(g)([)fz'+1 ]

=F

S, g0 dd AF BAe Tt gol Aua,
Varl 6,1 x,g] = E[ Var(8;| x, B8 .8) | x1+Vad E(8;| x,8.2), 2 | x]

—E Bi(8)* (x;+ a(g)) B &)(x;+ a(2) I ]
B [ (Be(@ti+1)? Bgti+1 «

| x|+ Va
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N - ' B2 " (xi+ a @)
=~ (mn) 1,21=$+1 ( B2 1,1+ 1)° ]
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"5 3 | Al
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& RyE2YY A%se 4¥e FHA oed @

o] Alxbe ot
0| 9= Frel D B0, 5.9
Var(6,| )= E Var(9,| x, Be))+ Varl (6] z.Ba)]
= 3 Va6, 2,908 ] D+ SEG,| x.0'(e] )
_<g21E(9"l x,80g] 1))2.
4714

Hel D) = pgl D) 2 pg] D

A5 S a0 0
= 9. A
mn =15 e=1 ieSae Y B8

cexpl—( 6;°+1/d)] B2 "]
o)W Ax Argoldh,

4. QA 2 HE

ol oAM= 1982y AHAFY(Electric power research institute)® iAo &%  pump
failure At& <& 1>& AFE3t 3HNAM AAIgE FEWZIM S5 Lol AolA Aisol W3t
of g AFA wolz FAHAFS ANz o A7NA xw A AP nFZFelT tE=
253k AIZH1000A D)ol o= BEE 1A E, F HSFEAE et p,=x/t0l 0

A7) Held ME ohE 10719 Eold HAgelA <X 2>9% 2 679 7t6d 2388 74
th aEln AFH el ¥ vpxu dhAo M JhEdt BE 2o i Bg)el ulgt A}
A BXE BEF e AN BXE #b3H(diffuse) A 71 7] AEAH c=d=0.000018 =3kt
aa alg), k=1,2,--,d(@9 & (005 059 #zte] oM oz M=stgt £
Gelman, Rubin(1992)2] &¢3ng]FadA m=103 22=20,0008 Ar&3t9o9, 100000702 Z =
EES Atgste]l 2 Agel nggd g wol=z FAHRN AT A5 AAstAr.

o

<E 2> 7 me] gat AFHES Yehin,
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<3 1> Pump Failure A&

Ay x; ¢ 0;
1 5 94.32 0.053
2 15.72 0.064
3 5 62.88 0.080
4 14 125.76 0.111
5 3 5.24 0.573
6 19 31.44 0.604
7 1 1.048 0.954
3 1 1.048 0.954
9 4 2.096 1.910

10 22 10.480 2.099

<E 2> Y ¥ndts RIS AL ERE

23 (g) 2 & A58 g
1 {{1}, {2},---,{10}} 0.000
2 {{1,2,-,10}} 0.005
3 {{1,2,3,4}, (5,6}, {7,8},{9,10}} 0.120
4 {{1,2,3,4}, {5,6+-,10}} 0.841
5 {{1,5}, {2,6}, {3, 7}, {4, 8}, {9,10}} 0.014
6 {{1,6}, {2,8), {3,10}, 4,5}, {7,9) 0.018
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IF&8E&8 A2 0d 7H7b¢d, WhgbA pump failure AEE
238 JlsAel A9 9SS € F Aut. adxn EHARINTE) U AFIE

000624 B FRIHY 7F5AE AY S ¢ 7 Ut 2y RERENFERY FA
2384({1,2,3,4},(5,6--,10}}oll Wig ALEEFEo] 084124 N =S ¢ F oy, AFRE

A

)

Wl A madel A7 AR BA UErEe 2 5 9

AL <FE I>olA HZ e 10719 Eokd AHolA, 4d (1.234)% 2¥ (5678910)0] 7
7} Aol Y= RRpow Big g0 B B2 & £ Ay =AY {12347 O
APSe wa 22Hoz FAES dehH, o)RL 4, (i=5,6,-,100] W Wol= FHA
7 8Y (1234)8 Aol A dFe BA S ¢+ A 2L WPew g, (=1,2,3,4)°

(2

gk Holz FAXE AY {56,100 Ao Fe dFgFg WA Hoh  uetA
6, =1,2,3,4)2] FAAE= A=A borrow strength &3} wiFol| k (k+), £=1,2,3,4)H5



Bayesian Method for Combining Results from Different Poisson Experiments 539

Aglel dolEldl ol o AdA JFE weoh agi
(I#i, i=5,6,,100H# A9 dlolgo & o A o
F 3>ol Yet A & <E > 7 AN nASe o
Bhule, <X 3>olA uEld wiel 2ol A4¥13 AFI0ANM 1
olu} ztegrel I A &A% A (shrinking) ¥2& & 5 Uth

g, (i=5,6
Eia=y ‘”"E‘:‘r 7]°ﬂ o st Qiﬂr{f <

d Wel= FAA% FFLAE Y
dEol g ol

Pz

<E 3> mAE AT W= FAN} BE e
A9 [Mol=xA4x| EFext
1 0.054 0.023
2 0.067 0.065
3 0.081 0.035
4 0.111 0.029
5 0.586 0.334
6 0.607 0.334
7 1.010 0.980
3 1.008 0.979
9 1.943 0.961
10 2.102 0.447

ol A AHE npe} o] B =Fode AZ o Eold AddA ARso W yd )
o)z FAFL AdsAT. Mz e A i s Wid Hd A A7 (MalecH
Sedransk(1992), Consonni$t Veronese(1995)ol M= A4 HIH S A& Ao Hls), &2 =&
qAE PWATE HIHS AMgste] wolz FHHE AAddd Ad onzt dvk. 2y AAHAEE
o Wet Meln FEAY 5 U2 FH A did AAse HPd dsjAe FEAAR
ATzt g
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