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o] =&oAE B T-° %Y (mean-shift model)S | A4HE Y3 NP o2 A}

88t A E Y (random effect model)|A 2] o] A4 HEL 93 o] 2 2}H(Bayes
factor)& MA@k 23U 7153 Al B} glojA B HAbA B 4 ¥ (noninformative
prior distribution)7} AL &Elojokrt &, 2P0 FHRALAE T = 524 5 ¥ (impro-
per distribution)e] 7] W el Hle]ZA A}l AR R EZ BE Y vz A5t £
sojth o] ZAE s Ask7] el o] =&l Berger 9 Pericchi (1996)7F A Al &
A 8] o] ZQ1 &} (the intrinsic Bayes factor; IBF)Z A}&-3tt}, w3k o] wo] 2Q1A}E A
AR ol E -2 el 257 el Verdinelli 9 Wasserman(1995)2] L ukal v c)y] 2 s
H & o] g3t FA8ta o] A E o] &35l o] A S AEsle WA ES AA P} A
22 ddHoz ol 3HE T gle HolHE U&‘é ANE o 74U S
s £ A A Holeel A AAG WH oz o] A4S solr i)

Fagol: Ao 27}, lEZ Ee) 2 EEESY, BLRY, o4, WFo| 52,
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A8 AZENS & 0 AR o[ 4ol EAGE AL AZD BAlo] o wojAl et
ARENE BT oA, e WOt BARAS L ol BPEO] BE BAS 7}
Aok WOl At ol A E FH L o AHE A% HYRY & Algaluvk ofiol o

2} 3A F MR E el

WE 23S ALE3A] B2 W O 2= Geisser (1985) 9 Pettit™} Smith (1985) 52} o
& X (predictive distribution)& ©]-§3F 2 28 3} Johnson?} Geisser (1983), Chaloner$}
Brant (1988) 18] 1 Guttman? Pena (1993) 52 A}$-3H& % ¥ (posterior distribution)Z
AHgste A&l itk

oM E A NEEF 22 & 7o) F 2 (mean-shift model)Z A F 2 F (vari-
ance - inflation model)o] F2 AT} 7o) polal BAlo] ¢20 HFERTo 2 HE]
28 y& FE3AT 34 ofdf, Bl FRE L o)A 47t N(u+m, o) BEELE 2t}

o Mg ste Aeolxn, TARTRY L o] FH ol N(u,bio?) X2 FE &=ty Azt
gt Aolth, ojuf, m; # 0 °]3 b; >> 1 o]t} Guttman (1973)L W FO|FERE S Ny T
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yij:lll'*'ei‘}'fijy 7:21,...,[, j:].,...,J, (11)

czme e A28 2old ahah A71A, uk y S BROIL esh oy 22 FEo) 00
1 B0 025} 07Q) SYRTFEERS o|th. o714 B BEA, y 7t RO BRT,

s = b+ m+ e+ egs, m#Q, (1.2)

oA G oAy ez ool drtm 7 skAL ol m & BFA] y, Y Tl FESF ©
oh ok m =0 o] ® HEA y,,E o)Al o 2, ey 2 m#o ol k= o34l |
o,

w)o] A ¢t A A & F2 o o] 22 A (Bayes factor)E AF&-3ch e BHALd X}
Agste] WolZAAE A4S o), ESAALA LI et e wA e ATt ALt
g o] = ztol Folsle EA A At o] FAHEE FEF7) Y, Berger 9 Pericchi
(1996) 7} A Al g+ Wl A ¥l ©] 291 =} (the intrinsic Bayes factor; IBF)E AH&-E Aol th. A <

tole] Y& A HAFHAXEE (the minimal training sample; MTS) Y (1)} v #] Y (1)
2 UE F Ut} o2l g MTSE L7HA7F EA gt ska). = f,(Y6;) s} 7)Y (6:) 8 242
744 Higtol A e 5349 Foi RAAADE IR stAt. old, AF7HE HeE A
%3l AF&IBF (the arithemetic IBF; AIBF) 2} 71 3HBF (geometric IBF; GIBF) & z+Z}
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L
%ZBO] B, —{HB* U)e (1.3)
2 FdA. o7]A,
o Je, Jo(Y (<1160, Y (1)) (B[ Y (1)) 6o
Ball) = 70 Y (Chler, Y @) ] @Y ())d6: (14)
olth.

A ol & o] Hlo] ZAAEL AAHA oA &2 A A &yt TfA o] =7l
A& o] AIBF¢ GIBFE v} -»] HzAe 1.19 Y93l Savage-Dickey Y EH| & o] 83}
ANES Za X o)A AAE S Y AA ) H_enzt ?5]-11]— chkey (1971, 1976)= T
744 Hy:m = mgS Hy - m # me9] A% Al Dickeyl 23, & 7T1 (€|m) = md'(€), ] =
99 Wol 2AAE Bu = (mo]Y)/nf(mo) 2 BBEBE BRI o[ AZF Savage-Dickey
olodla B3 374, ¢ Aol m4He o)t

Verdinelli®} Wasserman (1995)& ©] @ % H] 2 Dickey?] Zxio] ©&5 2| & &
Ne A48 5 Q52 o B2 119 Zo] dutst Az
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EEAE] 1.1 (Verdinelli®} Wasserman, 1995) 2HeF £of] thall A 0 < wl¥ (mo]Y), 7l (mo, £) <

0o, Hy : m =mgE A3l o] R A&
N N

By = m (m0|Y) . Eﬂ{V(£|m(),Y) Ty (6) 15

= ) ) o

.71, B EmeY) & g F )l (¢lmo, Y)ol thE 71t 3t & vl ghet.

avage-Dickey B =¥} 2} #atc}. 51 Dickeye Z7d0] THEEH 4 (1.5)0
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2. B0l HO[XICt H2
Y= {yi=1,..,0i=1..,J}% 2% (1L1) ¥ (1.2)& ¥& Y FZ2xgdo|g
a1} o BE3) g, 7t ol AT} obdVLE BekEy] A AFIME Hy: “Yolle o)
Mol ik of R A Hy ¢ Cy 7t o) 3ol 7 AR BT o] AR L Fol kst sl

Hy:m=0% H:m#0 (2.1)
£ vlwste A 2ok
He)Z s, B ¢ = Jo?/o?E Boetn RFHEE 0 = (4,02, ¢) 2 3T} Hydlol
Aol SR
Lol 6) o o149 ep(- g (LT gy oy

2 FoReh &, o= Yu/) 0= L/l ST = I - 5.)? 2B 8 =
Zi Z]-(yzg - 1.) O] E}-

0o, HistlAe $234E PR HistalM, A& Yol yg A yes —mE
de AR

{yij, (4, 3) # (k, ), ys —m} (2.3)

E olAHo] T3HA e ABE B F U G, Yok, S5 28I SE,E A7 Y Al
2(2.3)0) e A8E AXD 7., 7, ST 22 SiE 3R 28D G, = 7. —m/1J,
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Gk, = Ge.—m)J, 821 = 82— 2(Gs —F )m+FEm?, 283 §2y = S2—2(yks — Br. )M+ L7 m
2 ¥d9d a8 Hystal A9 TE%}T\_

_ 1 + 1 (Y. — ),
Lo, o d) o a1+ ) el b St L 1P ga

1 IJ-I+1 _I-1
o< Lo(u, 0%, ¢) - exp[— 2% 2{(1‘](1_:;5) IJ ym’

1—}8 1 f 5.~ g.))m}] (2.4)

-2( (yrs — ) +

2 &7 Ut

RE 5o i AFRA B A glcka g stalb olw, FE A AR L7 AR
A3 I 250 W3] AMEE o] A W, Tiao9t Tan (1966) 18] 1t Box$} Tiao (1973)¢]
FREA AHERL

™ (1,0%,¢) x a3 (1+¢)7! (2.5)

& AR/ UGN S HUEEZ AT 5 A0k F RO FLE m A2 0l o’
g% Solat 7P elm, Hystol 4ol AR RE

1 (n,m, 0%, ¢) o a1+ )7 (2.6)

24g 4 Ak
B2 yoot ol AW A7 OIS AR BTR SR YOI (I, ) E 22 1A
2

MTS9 239 27 34, | = 1,...,L o714 L 7H53 MTSe] Folth oju, 4
(1.3)°] Qe AT Ho % —s}‘— AIBFSﬂr GIBF: Z+7}
1 & L |
Byl (Y =7 ZB&N msk BEHY) = [[{BM (0} (2.7)
=1 =1

Z Axrdo. 71A,

Bg, (1) = By - Bio(1) (2.8)

BY = mo(Y)/mi(Y) 283 Bj(l) = mi(Y(1))/mo(Y (1)),
///WO [ )¢L0 u,a a¢7 )d,ud02d¢,

ml¥ (X) = / / / / 7 11y m, 0, 8) L (11, m, 0, s X) dudmdo®d, (2.9)

olth, i1=1,...,L.
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BARANARTE RE A7) wo)2AXd TEHHANE WA Y A5 5
A AAET a8 n AT Hestel Mo FREZES ml(X)e 78 F 9}0"}, I
A HSl S FREEGS m)(X)E mel A2 APA ] Brbs HEZ F5E A
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YA 41(2.8)& o] &3t 4 (3.2)&
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Eﬂ’l {lmn,Y) "N(g)
' (mo|Y) Emn
7N (molY (1)) Eﬁp'(amn,y(z)){ :g;"(lﬁ) )}

ZHA /=T F+ dt _ -

By(l) = Bg-By() =

2)(3.1)¢] AIBF Bg/ st GIBF BS!& ztzt MB|R|CI3| (Savage-Dickey) AIBFS: A|B|X|
C|2| (Savage-Dickey) GIBF2} ¥ 272 331 £+ SDAIBF¢} SDGIBF#} %737 &
o]—Z},

BURG me) FAUEGE wlm)s ZUFAEE ) (Ehm, V) =) (€l YO)
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AN Zin = W/ (W + 1+ ¢) 2t 3F2E 222,

m(m]Y) « (Sm2)—(p+q)W"—lp/0 221 — Z)9" 2,

W,

= (anz)*(p”)W,{pﬂp,q(m)
[

MFRYG AN MTSY 2718 (Iy, Ju) 2 dtab 3 py = (Iy — 1)/28} 3t g =
Ine(Jur = 1)/28 3}AL :Lﬂ_)_ S3(1)ysk 52( ), WhE 242 DA MTS= A2ek 52} 52,
Wet 2713517} o] 71 ES AHESte] o] HE S 913 SDAIBF 9} SDGIBF & tg3 &
2] 3.2014 §=H}.
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ZBOI BoGl[ (Y) = H{B&(l)}% (3.5)
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ojt}. Crle Bz el 3104 Fai A Zﬂol:ﬂ— Ci()"'2 Y} p, g tAalol] 1A MTS Y(I )J%
puy gy AHEEted EZEAe] 313 2L Wy og eiA Cll olt}. E3H ml(l)
Sma(D)?, Win(l) = 22 AA A2 thAlel 198 MTS Y(I) S AM&3sto] Aatd §2, o 53;12,
Wi ©Ith, 714 1 =1,...,L ]t}

. ]”Q-% AP EEIE G719 20 & TSR AR Y A MTS Y(1) & 2
AET mel AEFEBE GRS N AN B m(mlY)E B2AY 21004 7
A mmY()E 2L Uygez
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[ = 1, ,L; ‘9’}' %O] ;}1?‘5} —)l: 9&)]\‘:]' EIJ_-O_}; m = Oolt‘ﬂi’ Yks _m_\‘_.;___ yks-g]‘ %O}X|Ei S?n2 94_
Wi, Sma(1)?, Wn(l) € 22 S3 S W, S()%, W(i) o Zopaleh, 1 =1,... L agjnz
By(DE Astd F2 325 44 590

O

T8 %1 SDAIBF$} SDGIBFO| & 44 C19 Ci(),l=1,... ,LE 23 Aoz 73}
7€ E7Fssttt. 28y S 2 A A (importance sampling method) 3} 7+ 2
A2y (sampling based computation) & A} &3 X2 v o o] 58 23

g(m) _ ’BP'Q(WW+ 1)W p(S2 ) (p+q)
2 39, . -
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4.1. MMXIZ

ol AolAle HA & AM A|A S SDAIBF} SDGIBFE o] &3t o] 42l 7 & WY&
o] el X3 E AAHE AEE B H S FY ) Bl e AR E HFo] = 59]
3 Rate]l At 02 =63 o2 =80l [ =6,J = 55 AEste] FEALRY (1.1)2 B
Add Azt o] AR $F BEA] yeo= A9 B2 BAES JHAY HiFo] 4= 09
TERFEY (L1)Z F8 A58 2= 1 OIE}. F,om=-5% 2% (1.29)2 & YR HA
o A E AsE 4100 Uth BE #EZX 7} o] 3HAI} obd sl thsf 2t Fals) B
712 3o}

54, MTS8] 2717} 2% S ojof B} MTSE AR7H4 Hosh 7MY Hystol M o] %
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F 4.1: o)AHo] 23H MARE

[Batch | 1 2 3 4 5 6 |
obs. 1| 7.8025 -0.0030 10.1009 13.6895 0.5623 5.3777
obs. 2 | 12.6125 7.0934 5.0114 10.6080 -8.4583 10.1637
obs. 3| 4.3213 124114 7.9833 96363 07844  3.4680
obs. 4 | 131566 7.8590 111319 11.2744 5.6431 54790
obs. 5 | 12.8839 9.0184 6.7217 3.8906 5.1731 7.5221

¥ 4.2 A E ABA o] dH AZES 913 SDAIBF$} SDGIBF

(jk [ 2 3 4 5 6 |

AIBF || 1.0693 0.7329 0.9458 0.8759 0.9446 1.0567
GIBF | 1.0657 0.7305 0.9384 0.8712 0.9386 1.0459
2 | AIBF || 0.8952 1.0048 1.1211 09617 0.6034 0.9040
GIBF || 0.8889 0.9991 1.1159 0.9522 0.6021 0.9004
3 | AIBF || 0.8093 0.8487 1.0224 0.9818 0.9534 0.9151
GIBF |f 0.8051 0.8453 1.0128 0.9758 0.9447 0.9052
4 | AIBF || 0.8824 0.9909 0.9228 0.9489 0.8939 1.0511
GIBF || 0.8798 0.9830 0.9157 0.9421 0.8925 1.0425
5 | AIBF {| 0.8898 0.9639 1.0576 0.8048 0.9121 0.9956
GIBF || 0.8852 (.9560 1.0498 0.8016 0.9067 0.9890

W 1
mi(Y) « /ﬁp,q(Wm n 1)(522)1’*‘1W,ﬁdm

g vt 7H A2 Arleltt 4 43 4 (427t BF {4 S wF

7] Yl e Zhzte] 4o XEHA e EGAAGTF ﬁpq(WH)Q} Bpa(mzs) 7t TF
gatefof sict. 12{7] Y e p} g7F 02t Aok 3t} o] & W3t MTS/] ar=
Iy =28 Jy =20tk A5 19 Ci()e 38 dA AAe 5B H o2 Alakstdtt
Zr 2ol i3 AF-7HE, Hy : 01733 o) gith, & A &3t= SDAIBF$} SDGIBF9] 3t
Eol T4.20] YgsIsitt o] BE B9, BFX] yspo] het Hlo] = 1A} 5] 1 Bk A A
8t A &g gholth. 18| B2 A|A] 8 SDAIBF S} SDGIBFE] ¥ g ol wha} #Z=X] ¢ 8 |4}
Mol & &4 i

Iy BFEX] gy e SDAIBFSF SDGIBFE 1 Bt} &L gtg 7133 B 5 9l
o ole AR ALY I o] A FoE BEH T A = B2 629 e 7} FAH 0BT

(4.2)
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o[l AAl Ag ol AAE HH & AL EAL AA (FEE A
S 2N AR FF/He ikl ‘74 7] 59 BE S FE31 B
o2 Yetd Aot} o] AR E F4.3¢ Ut

¥ 4.3: Dyestuff At&

Batch | 1 2 3 4 5 6 |

obs. 1 | 1545 1540 1595 1445 1595 1520
obs. 2 | 1440 1555 1550 1440 1630 1455
obs. 3 | 1440 1490 1605 1595 1515 1450
obs. 4 | 1520 1560 1510 1465 1635 1480
obs. 5 | 1580 1495 1560 1545 1625 1445

E 4.4: Dyestuff A5 A <] 4H A Z& 93 SDAIBF ¢ SDGIBF

(s] & | 1 2 3 4 5 6 |
1 | AIBF ]| 0.9918 0.9967 0.9907 1.0152 0.9963 0.9921
GIBF | 0.9918 0.9966 0.9907 1.0150 0.9962 0.9921
2 [ AIBF || 1.0172 0.9938 1.0005 1.0149 0.9891 1.0078
GIBF | 1.0172 0.9937 1.0004 10148 0.9890 1.0077
3 | AIBF || 1.0170 1.0080 0.9898 0.9777 1.0170 1.0076
GIBF || 1.0170 1.0079 0.9898 0.9777 1.0170 1.0074
4 | AIBF [ 09971 09940 1.0106 1.0114 009896 1.0017
GIBF | 09970 0.9940 1.0106 1.0114 09894 1.0017
5| AIBF | 0.9835 10084 0.9995 0.9900 0.9892 1.0072
GIBF | 0.9834 1.0083 0.9995 0.9900 0.9891 1.0071

A8 Azst Q—"— MTSe] 27| A} &8ttt B8 213 ztzto] o] AgQlrlg ol
w7 98], AR/ & H358E SDAIBFS SDGIBFE Al Abated ®4.40] JeR) ).
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E 4.49 A2 29 SDAIBF¢} SDGIBF9] gtEco] 12t} &
o] gltt. 18 22 Dyestuff AAR & ©] Aol gl A58 & +
ZEo] 1B} ¥ LA v T2 ZhS o )8 B]JL A o Ae A
A GERYAR} e7t HE JAAEF] Z2F
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ol 88 Y& (1.1)9 282 weavty & o, #2A I {yks, -+ Vs )0 T
oldd A ow ohd7tE 4ol 1 @tk 971, et mEsla Qe TdFol 4 H T 27
]

o3 (ki 5)ES BF h2Uh o)7L 7}

Hym=0 % H :m#0 (6.1)
S APTOEN & 5 Atk 714, m= {mus,. .. ,mes )} O T 0L 029 Qe o}
23 AL Asl, AFFEH m = my 2 shak & i=1,... .
AR Hy el e BE mE0] 001 B2, $E84E 2 (3.2)9 Lo(u, 02, ¢) 7 2ok
WR7HE Hy stellM el S 2FE Tob7] fate] thEo AAAER TS A 2A}
Y’lrzn = {yij7 (27.7) ¢ {(klasl)a ce 7(ka7sa)}’ Ykps, — My, UV = 1,...a, } (52

BRAEE WM Hy stolM o] 8ol A gle A8t Btk 2 BR o] A8
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S35

25 YE me A Z4oln AR FYo| B2 AAAREGSE n(m) = 12 AL 5ol
YA sel M) AR EGSE TohE 4 (26)% 2 Bt
744 (5.1)& A4 371 91§ SDAIBF S} SDGIBF & Al4kat7] 9814 41 tie7h4l H, of
AN me FRAFEEGFE FAEA Fol A FHAALEGS} SEVE Li(n,m, 0%, ¢) 2
Agale] A 313 22 PHOE me] TR TIPS

ma(mlY) = Cufl( G2 (82) P OW,7 53
s o] 72 & Stk of714,
1/C, = / o / ﬁp,q(w%ﬁ)W;pSf,f;”_")dml <o dmyg, (5.4)
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Ci‘ﬁpq(wvﬁl )(53) bW e
C (1B () (S2(D)2) ~ =) W (1) 2

= L, 1/C (e AAAE Al A HA2FdFES AMESto 1/C,% 2
%%“?32 3451 #ele, 1=1,..., L.

2] (3.6)° A= FTFEH "}{17}1 2,1/C.% 1/C ()] AL T &
S AHgste 78 5 Sil"%- AN e =PI MEEGTE ST TE A

Bau(l) = (5.6)
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-8, ®4k 02 = 329} 0% = 428 AbE3te] AR
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H 6.1 5 M9 ol AAH S 71 A A8

| Batch | 1 2 3 4 5 6 |
obs. 1| 7.0598 -2.3653 19783 7.5280 6.3272 6.8342
obs. 2 | 7.8652 8.4604 11.2092 59631 7.2833 9.3246
obs. 3| 7.1009 7.3435 07544  9.9128 2.8004 9.3951
obs. 4 | 7.6271 5.0220 44633 87149 3.9802 9.5916
obs. 5 | 11.1953 6.7601 21682 10.7456 5.0674 9.0282
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o) wgel N wh2 o Fol2l ol Tl g AR AT 32 ol TN AL o
2 oA Tl A E BT FRS mE 3Rt 0] 2719 WE R sho] 2 e Y
MoE tF JNATE B 4 Ak

E 6.2 AATNA 7] 29 o] G T 2SS 9% SDAIBF} SDGIBF
| Observ.’s | SDAIBF | SDGIBF |
Y21, Y32 .b414 .5413
Y15, Y21 5797 R AR
Y12, Y21 6051 6017
Y14, Y21 6165 .6093
13, Y21 .6192 6180
Y11, Y21 .6208 6197
Y32, Y33 .6699 .6308
Y32, Y35 7102 7038
Observ.’s || SDAIBF | SDGIBF
Y32, Ys3 .7401 7162
Y32, Yst 8037 7919
Y13, Y32 .8086 7971
Yors Y22 .8688 .8536
Y15, Y35 .8697 .8585
Y32, Y65 8727 .8544
Y32, Ye2 i 8731 8607
Y24, Y32 8761 .8488
Y32, Ye3 .8795 .8655
Y32, Yss .8808 .8464
Y32, Ya1 .8903 .8473
Y14, Y32 .8927 .8826
Y12, Y32 .8938 .8892
Y32, Ye4 .8963 .8827
Y21, Y45 .8987 .8640
Y22, Y33 9139 8287
Y13, Y22 .9997 0754
Y125 Y3s 1.0002 9868
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¥ 6.3: Dyestuff AFF.0lA 37] 298] o] -+ H &S 91§ SDAIBF¢} SDGIBF
| Observ.’s | SDAIBF | SDGIBF |

Y13, Ys3 .8403 .8340
Y12, Ys3 .8403 .8340
Y12, Y13 .8403 8371
Y13, Y42 .8558 .8475
Y12, Y42 .8558 .8475
Y12, Ya1 .8581 .8485
Y13, Y41 .8581 .8485
Y42, Y13 .8664 .8581
Y42, Ys3 .8688 .8615
Ya1, Y13 .8834 .8665
Y41, Y12 .8834 .8665
Y41, Ys3 .8864 .8700

Observ.’s | SDAIBF | SDGIBF

Y12, Y44 .8826 8743

113, Yaa .8826 8743
Y13, Y34 .8846 8772
Y125 Y34 .8846 8772
Y53, Y44 .8869 .8829
Y41, Y42 .8975 .8834
Y13, Y62 9083 .8975
Y12, Y2 9083 8975
Y42, Yaa 9031 .8993
Y535 Y25 9067 9017
Y41, Yea 9991 9780
Ys3; Y14 .9863 9817
Y42, Y35 .9963 .9848
Ya1, Y32 1.0144 9871
Yad, Y25 .9982 .9881

Y44, Y63 1.0083 .9906
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A Bayesian Outlier Detection in Random Effects Model

Younshik Chung ! Sangjeen Lee 2

ABSTRACT

When no information is available and hence improper noninformative priors should be
used, Bayes factor for model selection includes the unspecified constants and can not be
calibrated. To solve this problems of Bayes factor, we use the intrinsic Bayes factor (IBF;
Berger and Pericchi, 1996) and modify it with the generalized Savage-Dickey density ratio
(Verdinelli and Wasserman, 1995) to reduce the computational burden. These modified
IBF’s are applied to detecting outlier in random effects model with a mean-shift structure.
We propose the detecting procedures for multiple outlier as well as the single outlier. Our
proposed methods are examplified by a simulation experiment with a hypothetical data

set including an outlier and also analysis of a real data set.

Keywords: Intrinsic Bayes factor; Mean-shift model; Metropolis algorithm; Outliers;
Random effects model.
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