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MCMC #olA g AHRE = d1uE|Zo g 1 E g Z 8| A-3)A 8 A (Metropolis-Hastings; MH)

&1 8]= (Metropolis 5, 1953; Hastings, 1970)3} 72 A& 3 (Gibbs sampling) ®}4 (Geman3} Ge-

darg] ol

dubA o g R A e AR E ZAH R AARZE HEER A FES T A= B
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( (k)IX H S1(xjlpr,up) X - X r[ S (xj|Pk+1,uk+1)- (2.3)

J=co+1 Jj=cr+1
Alo] At 222 Yl u; (i =1,...,k+ 1) AFAEZ( prior distribution)i Y E 3 (uniform distri-
bution) & AHESHILE. pri= ARECIEE pr = m— 1 5 py = - iy - 192k, @2, ARE p, o)

A AEAE 9% ¢ E o] 835 ;9 AHAFFTEEZ o] LHT_’ro —E—E(dlscrete uniform distribution)S A1 =
sto] A= piE 78 5 Atk
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o)1, 08 AABEYE Yot T3 2k
1 1
2)) —
7T(77 ) = b-ap X5 X Liapy(ur, uz, u3) X i34, n-31(C1, €2)- (2.5)

2 (249 (2.5)F ol83to] P AR 2E ot thaat 2k

n (7](2) |X) oc L (7](2) |X) X (17(2))
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= ﬂfl (xj|P1,u1)>< l—[ f (xj|172,u2 n 5 x,|p3,u3)
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Jj=c1+1 Jj=cr+1
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X boap X s X Liapy (1, 2, u3) X I3 4. n-31(c1, €2). (2.6)

B =Fo A= AFE E-E 3} Bayesian Information Criterion(BIC)E FA| o] 212 3te] &2 »y<

BIC = —2(log(H T S-E2D) + (log(RFE2] F)(RF] 5°).
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AubA o 7 AFE ¥ (joint distribution) oA AFEE FE3517] YA G AR EZE o] &3 7
2AEH S /\F% Stot. ShAI T & 2 AR EEE F317] o8 A7 5% Avk o] & sHEst
7] $13F shube] W o & Miiller (1991, 1992)7}F A9kt A& 712 & 312]Z(compromised Gibbs algo-
rithm), = U'I]EE—% 2 a8 E 2913 712 AE 7 (Metropolis-Hastings-Within-Gibbs sampling)
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(b) ¥|& r& AAlsith
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nv( ) ((z)| (t+1) )
A R R B R ) o Gi\G |21 5Ty 5T G g
r= X . 3.1

O [ +1) -+ (0 %) =+ O 0 0)
m( SR ’Z,+1’-~-’sz+1) qz( seesZi] 0 9Ty "sz+1)

(©) A= =-E min(1, ol o3 (@)= F8 AFEE x5 Ao FE At =, v min(l, r)of &
OH XHE"O] E] 111 Z(t+1) _ Z* o] 2, o]-l/]tr] Z(z+1) (t) o] T.q—

T Fol N HER B A G AT B Z7ke) MRl A 2.7 Bulvk AT W WERE
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B 2ojAdS 8 Al N ME b Zx2RE 47 20704 F 607 AFEE YA HTHH
S, X1, X0 ~T(py = 19,u1 = 4001, .., x40 ~ T(p1 = 19,u1 = T);x41,..., %60 ~ T(p1 = 19,u; =
2). 29 *pl?é% 23k B4 3| 7] A &= R-software(version 2.10.1) 2 A-&-3}g th

ZrZ- 10, 270, 37090 AUk 1Btk & 12 HEZEZ - AH

25 2% A AEY GaEEE o] 83t ME o 171, 270, 370 A%l thaf zH2 100000 2]

Algste] 2 A5 EE] 713 2 57 o HE 42 FAyolth & 12 F¥ 2709 "B A

A}T%Ol o2 W3 oA AESERT At o® In, T3t W o] 271 A9 FollA

B2 5Zhol| whet AFE g o] A=, B RS (uy, up, u3) 7} (3.9406,7.1919,2.1164) QD ol =7 A}

Tgkgg}% -105.63102.2 7} 331 BICZE 223.54502.2 7173 2] dol A} welbr] ALE g5}
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a8 1: 2o Uy AR 28z
HE1: 2949 2%
CP=1
NO change-patterns noncentral parameters Log-posterior BIC
1 (40) (5.3725,2.1198) —140.7706 289.7300
2 (40) (5.3605, 2.1096) —-140.7715 289.7318
3 (40) (5.3546,2.1184) —140.7723 289.7333
4 (40) (5.3626,2.1041) —140.7724 289.7335
5 (40) (5.3769, 2.1066) —-140.7730 289.7347
Cp=2
NO change-patterns noncentral parameters Log-posterior BIC
1 (20, 40) (3.9406, 7.1919, 2.1164) —-105.6310 223.5450
2 (20, 40) (3.9333, 7.1344, 2.0980) —-105.6450 223.5729
3 (20, 40) (3.9717,7.1591, 2.1402) —-105.6510 223.5850
4 (20, 40) (3.9024, 7.2333, 2.0868) —105.6522 223.5874
5 (20, 40) (3.9815,7.1633, 2.1164) —-105.6533 223.5896
CpP=3
NO change-patterns noncentral parameters Log-posterior BIC
1 (3, 20, 40) (3.0559, 4.0387, 7.2331, 2.0125) —-108.0118 232.4010
2 (3, 20, 40) (2.8027, 4.0387, 7.2331, 2.0125) —-108.0381 232.4536
3 (3, 20, 40) (3.1860, 4.0523, 7.0899, 2.2244) —108.0475 232.4723
4 (3, 20, 40) (2.8015, 4.0523, 7.0899, 2.2244) —-108.0621 232.5017
5 (3, 20, 40) (3.2764, 4.0523, 7.0899, 2.2244) —108.0656 232.5085
ME 9)Xe) ATE SlaETRoR Re) H R BYo] (20,40)UL & 5 9T, TH H A9
B30 A A7iel M= v o] A dHor BeEshi ue & ATHIH 2). webA Al
g oAt ZY o HERZT| A AR AT 24T A HEY LSS o]8sk A U
A A5 R XS Rob I 5 e X4 Aok
5. MzEA

A o} #-831A 20tk E9], A

b ol A A} 2 olt) 71AFEke] AAA WIle Fg A e A A
o} o] e EA S nigrez 7|44

8} Rl g o A WAL 9 YxE =
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% 3: 19512008 Eff & WA 9] A A E A5 2] T2

AHAA ek B R4 B4R S 7145 AR 195195 200897 F 589 AA
o4 T dofLh BfF WA 5ol B Amolth o] AEE o] 3ke] BFHel hR W AFL

BAsIA Sk B ATE Aol AR AL G 71 FHONA AT e 7 FAR AN 7
goltt.

2% 32 19519 E 2008974 F 58Uk gl thtel eiEe] S WASE A2kl whep
Sl ekl Aotk 38olA & 5 Sl AR dhEe] @l W S ARl S8l ek A4
3] Rk 9 Aol Btk 1 MBIz o] Bl 19694 (194133 19974 @741 0.2 24
W Re AL A E BY S ol §3te] MEFS FE3 Fod Ak

= — Eﬂ
I 2€ RN TRVIA 2 HERZR A AR AT 27 A AT LSS o835t
of Mol 170, 270, 3701 Z-7-<ll 242} 1000004 A 3sto] =21 ALg-2hgo] 71 2 57 3= 2ot
A

2ol g = W3y 99X} 21 A3 85 (log-posterior) E BICE 13+ 272 Hol&Erh &
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CP=1
NO change-patterns noncentral parameters Log-posterior BIC
1 (24) (26.1189, 24.8816) —-182.1526 372.4262
2 (24) (26.0884, 24.9193) —182.1530 372.4270
3 (24) (26.0795, 24.8924) —-182.1539 372.4287
4 (24) (26.2014, 24.9157) —-182.1551 3724311
5 (24) (26.0640, 24.9591) —-182.1592 372.4393
CP=2
NO change-patterns noncentral parameters Log-posterior BIC
1 (19, 47) (25.5302, 26.3424, 22.6523) —179.4510 371.0833
2 (19, 47) (26.0828, 26.3424, 22.6523) —179.4872 371.1557
3 (19, 47) (25.4457,26.7655, 22.1363) —179.4872 371.1558
4 (19, 47) (25.4910, 26.7655, 22.9298) —179.4930 371.1674
5 (19, 47) (26.0667, 26.7655, 22.1363) —-179.4972 371.1758
CpP=3
NO change-patterns noncentral parameters Log-posterior BIC
1 (13, 24, 47) (24.3419, 27.6084, 26.5967, 22.3339) —-180.4592 377.1602
2 (13, 24, 47) (24.3419, 28.6207, 26.5967, 22.3339) —-180.4629 377.1676
3 (13, 24, 47) (23.9560, 28.1323, 26.2934, 22.5597) —-180.4732 377.1882
4 (13, 24, 47) (24.6189, 27.6926, 26.2109, 23.2338) —180.4832 377.2082
5 (13, 24, 47) (24.8298, 27.8013, 26.8417, 22.9895) —-180.5980 377.4378

I AE 85 BICZRS 2@ wsbdo] 2700)m 8|24 (uy, ua, u3) 7} (25.5302, 26.3424,22.6523) Y ujl,
23 AZEZE0] —179.45100.2 713 A4 Qo] X1 BICZE 371.0833L2. 8 713 24 Qo] &
= ok webA AEE 91X (19,47)2 M 2719 ByPo] Ao Byoz MEE

3% 4(a)ollA HEE ] 2709 A A X AR J|AETWS Py, w3t 17
4b)oll A 22 AREEHE ] 71 231 BIC7E 71 25 wi ] H Ao 23l HRAEA] (19,47)F Ko
F11 ok

HEH o] 97} (19,47) A RS 27+ 196937} 1997 dolth. A5 Y (2010)2 AF7)7ke] A
7] 200d7H(1951d1-19701)2] A HF 3 wAdo] 27274 y|ste], 7] 201d7H19891-20081)
o A g YL 259702 1379 Z4AE BYS Btk B =FA Alket wo] At B S 9]
£3to] A WA A3 A= FES] FUA T FHA HEE X = ] Aol Btk o]& o}
UEE 1951356 2008'd AAAFEE ARS-3E Zlo] of AL R SR 747} 201 AFRRE ARS-EE 2
o2 gaE). Bk FARSE BT AR 18 40| A2} o] F HA HEd 91 X]+= 1989 d H T}
1997d o] t]& A3teiria Bt

ZAF 2tz o o3k Abte) AEe] FRlo wid Ho = 257 ol o] A EX| 7} AEte 2 W Ekal
Rz, @] Ay FHY Algbo A= 22 107 AFdbo] 100km G0 & SgE9lon, n)=te] of g
2 ALY AP A R o] 2} T2 R At A Aol dojutal QT 1969 o= AT}
A} Z71= o] Abetet Aol A Bef uigo g glojw el EX|] o] a1 6 -k Eofl 23tal ltt. ©]
Zro] A 213t 42 AR AZS A oH BjFe] AT 1970 dRE] A5 FAE B
o|a gtk ol AAE Eol7] Hl LABIUYAE A FANY] T do g “v|e
3ol B3 A EAA "7 1997 1290 AE= Tt o] F A 233}t AAfo] 2FH &3lE o HiF
A7 1998 A RE] 31733k SFAIE Kol k. o33t Ax= AEH /e 2 I AP &
B =wollA AASE ZFol| Aste] A2 Ao}l A vl A RAFA IS & 4 ATh

o

lo
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6. 22
2gAtRo B WEY 2L Wol A SA TN RIMHRA N F28 HES X
Shal gtk B =Ro A= o] x| ¢t H|E4l r B3 thE Wb 23S A okslgl 1, Miiller (1991,1992)
7} Aok HlE R Ze B A s T3 o ASY SuelES usd 240 Agstink 2o
AR HF DS AR ASEA o AL3 Ay 2 =l Akt B3 o] Mgk el 1)
Ag R Folrm YL Hol F1 Ak

dedos suptadl Be S A5 B A8E S8 B R4 AL wol A By
Agale Aol $& A0 Holn, B3 AFE LN ERE 2E5)7) o8l vol WERE )
~YaT EH A2 AEY S B0l A UL Adstuzt k.
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Bayesian Multiple Change-Point for Small Data

Sooyoung Cheon!“, Wenxing Yu?

“Department of Informational Statistics, Korea University
bDepartment of Economics and Statistics, Korea University

Abstract
Bayesian methods have been recently used to identify multiple change-points. However, the studies for
small data are limited. This paper suggests the Bayesian noncentral ¢ distribution change-point model for small
data, and applies the Metropolis-Hastings-within-Gibbs Sampling algorithm to the proposed model. Numerical
results of simulation and real data show the performance of the new model in terms of the quality of the resulting
estimation of the numbers and positions of change-points for small data.

Keywords: Small data, change-point, noncentral ¢ distribution, Metropolis-Hastings-within-Gibbs
sampling, Typhoon-frequency.
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