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√
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√
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{

−τ (zi1 − µ0)
2

2

}

,

ß�Ýdçiê�ã�ãuÝ�ñ3'eàxãuí å�îdë�ß�ÛVãHìuë�Ü±Ý�å�ë
äuà�ß�â±ê�ÜÞå¹Ü±ê¹ï!â±ëAß�à�åoîeß,å�å�îdë�â±Ü5-�ë
âÞÜÞîdã6ã6çRîeß�ê�ÝÉã�å%ß ê�ÜÞíF!Éâ±ë
ë/.0!dàxë
êxê�Ü±ãuÝ>%@Ü5,�ï!ãuíS!eß�àxë
ç�å�ã�å�îdë�ï
ãuÝÉçdÜÞå�Ü±ãuÝdß�âNâÞÜ�-�ë
âÞÜÞîdã6ã�ç

L(y|z,x) =
∏

{yij=1}
ª [0,+∞)(zij)

∏
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àxÜ±ã6ç~ã�,
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ÜÞåoë!àoß�å�Ü±ã�Ýdê
ñ?1�îÉë
à�ë/,Zãuà�ë)%�ãuædà�ë
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ê
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ç
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à·á¹ê�í¶ß�âÞâuì�ß�âÞædë
ê!ñx1�îdÜÞê�Ü±ê�ß�æÉê�ë4,ZæÉâ6åoã6ãuâuåoãbçÉë!åoë!à�í(Ü±ÝÉë
åoîÉë¹ß�ï
ï!ædàoß�ï-á�ãuÝLë!êxå�Ü±í¶ß�åoÜÞãuÝÉê&%dß�ê�êxædäuäuë!êxå�ë
çrÛháiJ�ÜÞâ5-6ê�ë-å�ß�â?ñ�My[�]�]�n�Qvñ

'�Ü±à�ê·å�ã�,Àß�â±â�%�#2ë�ß�êxê�ædí(ë
ç
µ0 = 0

ß�Ýdç å�îdëz!dàxÜ±ãuàzM��Éñ¨n�Q*#�Ü®åoî
βm = 0

%
V = I

%
n0 = 4

%
S0 = 3/2

% ü��Cú&�
β ∼ MN (0, I) , τ ∼ gamma(3, 2), β ⊥ τ

M�wdñZ[�Q
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#�îdë!à�ë
I
Ü±ê$å�îdë(Ü±çdë!Ý�åoÜ®å¨á í¶ß�å�à�ÜZ.�ã�,2ê�Ü�8!ë

3
ñ} �ãuê·åoë
àxÜ±ãuà�í(ëAß�Ýdê¹ß�ÝÉçiê·å�ß�ÝÉçeß�à�ç~çdë-ì6ÜÐß�å�Ü±ãuÝÉê�ã�,

åoîÉëF!eß�à�ß�í(ë!åoë!à�ê
α, β0, β1

ß�Ýdç
τ
ß�à�ë(êxædí¶í¶ß�àxÜ�8
ë!çRÜ±Ýj1�ß�Ûdâ±ë}��Mgéeà�ê·å�à�ãW#�Q-ñ?1�îdëF!Vãuêxå�ë
àxÜ±ãuà

í(ëAß�Ýrã�,
α
%]ÜÞê
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æÉà�à�ë!Ýdï
ë�ã�,
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P
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Ýhåoê�ß�à�ë$Ü±Ýdï!â±ædçdë!çLîÉë
à�ëFM�1�ß�ÛdâÞëU[WQ-ñ
ÏLÐ�Ñ
Ò¥ÓyÔ4Ñ Õ�Ö4Ô4Ñ
×
ØOÙ

3 6 9 12 15 18 21 24 27 30 33 36

10 1 0 0 0 1 0 1 1 · · · ·
17 0 0 0 0 0 0 0 0 0 · · ·
24 0 0 0 0 0 0 0 1 1 1 · ·
34 1 0 0 0 0 0 0 0 0 0 0 0

60 0 1 0 1 0 1 0 0 0 · · ·
71 0 0 0 0 0 0 0 0 · · · ·
74 1 0 0 0 0 0 0 0 0 0 0 ·

1�ß�ÛÉâ±ëz[�� ÙxÐ�ÑoÐ�ÚeÖ/Û�Ü�Ö/Ý�Ó�Ï�Þ£Ð/ßyÓyà�ÖPÐfÔ�á2â=Û
Ó�ÐfÑ�Ý�ÓyÔ&Ñ�ã�Ð�Ñ
Ò¨Ó�Ô4ÑoÜ
'eã�àbë!ìuë
à·áX!eß�åoÜÞë
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P
îdß�ê�ßi+�ædÜ®åoë(îdÜÞäuî�!Éà�ãuÛeß�ÛdÜ±âÞÜ®å¨á�ã�,�à�ë!ï
æÉà�à�ë!Ýdï
ë

ß�å�åoîdë�Ýdëf.8å(M�]�;|å�î�Q�ï�îdë
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êxë
Ý�å�ë
ç",Zãuædà�à�ë
ï!ædà�àxë
Ýdï!ë
ê�çdædà�ÜÞÝdäråoîdë�ï
âÞÜ±ÝdÜÞïAß�â
åoàxÜÐß�â;ñF98æÉÛ0kxë!ï!åF[�^�ß�å�åoîdëi[Wv�;|åoî�ïvîÉë
ï�-�%�ß�ê�#2ë
âÞâTß�êR �ß�å�Ü±ë
ÝhåR��w ß�å�åoîdëi[���;|å�îRï�îdë
ï�-�%�êxîdãW#�ê
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ß�â±ê
ß}!dàxãuÛeß�ÛdÜÞâ±Ü�å�á�ã),�à�ë
ï!ædà�àxë
Ýdï!ë%ã�,Tß�à�ã�ædÝdç

0.45
%NÛVë
ï
ß�ædêxë%ã�,måoîdë�à�ë!ê6!VãuÝdêxë
ê$ã�,måoîdë�âÐß�ê·å�ì8ÜÞê�Ü®åoê
ñ

]



Ï�Û
Ó�á�Ò¥ßbÑ�Ò¥å/Ó�ã�Û
Ö/à)Ðfà�Ò¥Þ¨Ò¨Ñ�Ò¥Ó�ÜVÖfÚ�Û
Ó�ßyæ�Û
Û�ÓyÔ)ßbÓ
Y10,9 Y17,10 Y24,11 Y34,13 Y60,10 Y71,9 Y74,12

0.4439 0.0617 0.4562 0.0618 0.0666 0.0514 0.0502

1�ß�ÛdâÞë3u0�mç Ü�Ñ�Ò¥ÝPÐ�Ñ�Ó6Ü�ÖfÚ�Ñ
×�Ó2ã�Û
Ó�áWÒ£ßhÑ
Ò¨å/ÓBã�Û�Ö4à�Ðfà�Ò¥Þ¥Ò§Ñ
Ò¨Ó6Ü�Ò¥Ô?ÐRÔ�ÓyèHÝ�Ó6Ð/Ü�æ�Û�Ó�Ý�ÓyÔ4Ñ�ÚeÖ4ÛPÜ�æ�à�éOÓ6ßhÑ�ê6ë�ì¥ê¼íWì î�ï�ì ðfï
ñ ã�Þ¥Ð4ßbÓyà�Ö�ò>ÐfÔ�á2ó/ë�ìôí�ê4ìõí¼ï ñ Ñ
Û�Ó6Ð�Ñ
Ý�Ó�Ô4Ñhò ñ
1/à�ë
ß�åoë!ç`ÜÞÝdçdÜ®ì8ÜÞçdæeß�â®êSM

T
;|äuà�ãuæ�!�Q�ê�ë!ë
í åoãi!dà�ë!ê�ë
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ï�-�ê
ñ
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ï
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ß�Ý(ÛVë�ãuÛdêxë
à·ìuë
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ã�Ýdê�ÜÞçdë
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ë
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ï
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Ï�Û
Ó�áWÒ£ßhÑ
Ò¥å/Ó�ã�Û
Ö/à�Ð/à�Ò¥Þ¨Ò¨Ñ�Ò¥Ó�ÜVÖfÚ�Û
Ó�ßyæ�Û�Û
ÓyÔ)ßbÓ
1 2 3 4 5 6 7 8 9 10 11 12

0.3439 0.2875 0.1957 0.1507 0.1200 0.1081 0.1020 0.0914 0.0897 0.0863 0.0850 0.0844

0.4759 0.3856 0.3542 0.3212 0.2765 0.2501 0.2103 0.1987 0.1901 0.1898 0.1822 0.1801

1�ß�ÛdâÞëU���Bç ÜOÑ
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ñø÷ ÛoÜOÑ�Û
Ö�è�ò�ÐfÔ�á

Pñ Ü�Ó�ßyÖ/Ô�á�Û
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ÓyÝ�ÓyÔ&Ñ>Ñ
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ãuÛ8å�ß�ÜÞÝdÜ±ÝÉä�ì,ß�â±ædë!ê
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à
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Ü±êbê�ë!ë
Ý�å�ã)îeßAìuë�ß�â±í(ãuê·åbÝ6ædâÞâx!Vã�êxåoë!à�ÜÞãuà�ï!ãuàxà�ë
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τ
ñ

À*Áoü ýPÄ�þBÅ=ÿoÈ0ÿ��PÿoÈ�����þ���Ç��PÅ=ÿbÅ��
	��
β0, β1

��þ�

α

Y¨Ý~ãuàxçdë
à�å�ã ß�ê�êxë
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ÜÞê�Ü±ã�Ý`ã�,�åoîdë?!Éà�Ü±ã�à
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G�IP��9L9(GP��I*I�����C�1PYy��|
β0 β1 α τ

β0 1.0000 0.2261 0.2842 0.7365

β1 0.2261 1.0000 0.1769 0.4212

α 0.2842 0.1769 1.000 −0.0060

τ 0.7365 0.4212 −0.0060 1.0000

1�ß�Ûdâ±ë�wL��� Û
Ö4Ü
ÜVßbÖ/Û
Û
ÓyÞ£Ð�Ñ�Ò¥Ö/Ô*Ö/Ú0Ñ�×�Ó�ã�Ð/Û
Ð/Ý�ÓbÑ�Ó�Û
Ü�û
çdÜÞêxåoàxÜ±Ûdæ8åoÜ±ã�Ýdê�ã�,

α, β0

ß�Ýdç
β1

#�ÜÞåoîÉãuæÉå�í(ã6çdÜ5,gá6ÜÞÝdä�åoîdë�çdÜÞêxåoàxÜ±Ûdæ8åoÜ±ã�Ý)ã�,
τ.
7~ë¹ß�ê�ê�ædí(ë$éeà�ê·å

β ∼ MN(0, 4I), τ ∼ gamma(3, 2), β ⊥ τ
M�wdñ¥u�Q

ß�Ýdç

β ∼ MN(0, 25I), τ ∼ gamma(3, 2), β ⊥ τ.
M�wdñ¨��Q

 Lãuà�ë!ãIìuë!à&%eå�îdë$ì�ß�âÞædë
ê�ÜÞÝm1�ß�Ûdâ±ë�w2kxæÉêxåoÜZ,gá�åoîdë�ï�îdãuÜÞï
ë�ã),�å�îdë�!dà�ÜÞãuà@M��Éñ¨n�Q�#�ÜÞå�î

β ∼ MN(0,V), V =







1 0.5 0.5

0.5 1 0.5

0.5 0.5 1






, τ ∼ gamma(3, 2), β ⊥ τ.

M�wÉñ¨w~Q
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0.5102 0.3876 0.2983 0.2574 0.2375 0.2184 0.2093 0.2074 0.1955 0.1934 0.1879 0.1867

PRQ=S T;U 0.4537 0.2326 0.1873 0.1463 0.1182 0.1033 0.0945 0.0837 0.0816 0.0763 0.0701 0.0698

0.4672 0.3567 0.3636 0.3353 0.2863 0.2764 0.2852 0.2851 0.2277 0.2198 0.2076 0.1982

1�ß�ÛdâÞëU]��Bç ÜOÑ
Ò¨ÝPÐfÑ�Ó�Ü�ÖfÚ�Ñ�×�Ó�ã�Û�Ó6áWÒ¥ßbÑ�Ò¥å/Ó�ã�Û�Ö4à�Ðfà�Ò¥Þ¥Ò§Ñ
Ò¨Ó6Ü�ÚeÖ/ÛxÑ�è�ÖBÔ�Ó�èjÜ�æ�àWéOÓ�ßhÑoÜxÒ¥Ô@Ñ
×�Ó
T
ñø÷ ÛoÜOÑ�Û
Ö�è�ò�ÐfÔ�á

Pñ Ü�Ó�ßyÖ/Ô�á�Û
Ö¼è�ò�ù4Û�Ö4æ�ã�ÜVÐ�Ñ�Óyå/ÓyÛ
ú\Ý�Ó�Ð/Ü�æ�Û
ÓyÝ�ÓyÔ&Ñ>Ñ
Ò¥Ý�Ó6Üyû
ï
ã�ædÝ�å�êTã�,]à�ë!ï
ædàxà�ë
ÝhåTåoæÉí¶ãuàxê�ß�å�ëAß�ï�î�ì8ÜÞê�Ü®å�,Zãuà

82
!dß�åoÜÞë
Ýhåoê&%

36
ß�ê�êxÜ±äuÝÉë
ç�åoã$åoàxëAß�å�í¶ë!Ý�å�äuàxãuæL!

MZå�îdÜ±ã�åoë&!dß�Q/ß�Ýdç
46
ß�ê�êxÜ±äuÝdë!ç�åoãbå�îdë�!dâÐß�ï
ë!Û]ãbäuàxãuæL!�ñ�7~ë�îeßAìuë�Ýdã�,Zædàxå�îdë
à�ÜÞÝ�,Zãuà�í¶ß,åoÜ®ãuÝ�ß�ÛVã�æÉå

åoîÉë@!dß�åoÜÞë
Ýhåoê�ÜÞÝ)åoîdë�ï!â±ÜÞÝdÜ±ï
ß�âVåoà�Ü±ß�â;ñ
J$ë
ÝÉë
àoß�â±â®á�%�,Cß�ï!å�ãuà�ê%âÞÜ�-�ë�ä�ë
Ýdçdë!à&%2ß�äuë)ãuà�ã�åoîdë!à%ï
â±ÜÞÝdÜÞïAß�â�ì�ß�à�Ü±ß�ÛdâÞë
ê�åoîdß�å�ï
ß�ÝJÛVë�àxë
â±ß�åoë!ç

#�ÜÞå�î�åoîdë�ÜÞâ±â®Ýdë
êxê2ï
ãuÝÉêxåoÜ®åoæÉå�ëbìuë!àxá�ædê�ë/,Zædâ�ÜÞÝ�,Zãuàxí�ß,åoÜ®ãuÝ�ß�ÛVãuæÉå2åoîÉë�ë!ì�ß�â±æeß,åoÜ±ã�Ý�ã�,/ß�å�à�ëAß,åoí(ë
Ý�å
ë4T]ë
ï-åAñ?Y¨Ý~ãuædà�ïAß�ê�ë�%/åoîdë(ãuÝÉâÞá ï!ãIì�ß�à�ÜÐß,åoë

xi

#Àë¶ï
ß�Ý`ß�ê�ê�æÉí¶ë(Ü±Ý�å�îdë(í¶ã6çdë!âmà�ë&!Éà�ë
êxë
Ýhåoê¹åoîdë
åoàxëAß�å�í¶ë!Ý�å¶ä�à�ãuæL! ß�êxê�ÜÞäuÝdë
çJåoã�!eß�å�Ü±ë!Ý�å

i
ñË_bë!ê6!dÜ®åoëLåoîdëLâÐß�ï�-zã),$ÜÞÝ�,Zãuàxí�ß,åoÜ®ãuÝ>Ü±ÝJãuædà(ïAß�ê�ë

êxå�ædçÉá�%P#2ërïAß�Ý ï
ãuÝÉï
â±æÉçdë åoîdß�å¶åoîÉÜ±ã�å�ë&!eß�åoàxëAß�å�í¶ë!Ý�å�îdß�ê�ß~ê�ë!Ýdê�ÜÞÛdâ±ë ë/TNë!ï!å�ãuÝK!dà�ë-ìuë
ÝhåoÜ±ÝÉä
à�ë!ï
ædàxà�ë!Ýdï
ë�ã),�96åoß�äuë�Y�ÛdâÐß�çÉçdë
à/ïAß�Ýdï
ë!à
ñxY¨Ýp,Cß�ï!å�%,å�îdë�!Vãuêxå�ë
à�ÜÞãuà/í(ëAß�Ý¹ã�,

β1
Ü±ÝdçdÜÞïAß,åoë
ê�å�îeß�å/åoîdë

åoàxëAß�å�í¶ë!Ý�å�MgåoîdÜÞã�åoë4!eß�Q]ï
ãuÝhåoà�ÜÞÛdæÉå�ë
ê	å�ãpàxë
çdædï!ë�åoîdë�!dàxãuÛeß�ÛÉÜ±âÞÜ®å¨ábã�,Éß�à�ë
ï!ædà�àxë
Ýdï!ëÀÜ±Ý�åoîdë�Ý�ædí�ÛVë
à
ã�,�å�ædí¶ã�à�ê¹ã�,�åoîdë�ÛdâÐß�çdçdë!à�ïAß�Ýdï
ë!à%ê·åoædçÉá�ñj98Ü±ÝÉï
ë¶åoîdë�ë
êxå�Ü±í¶ß�åoë¶ã),

β1
ß�êxê�ædí(ë
ê%ßrÝdë!ähß�åoÜ®ìuë

ì�ß�â±ædë)%eå�î6ædê�âÐß�å�ë
Ý�å�ì�ß�à�Ü±ß�Ûdâ±ë!ê�,Zãuà�ÜÞÝdçdÜ®ì8ÜÞçdæeß�â®ê�ÛVë!â±ãuÝdä�Ü±Ýdä�åoã�å�îdë�å�à�ëAß,åoí(ë
Ýhåpäuà�ã�æL!m#�Ü±âÞâ�îeßAìuë
ß(â±ãW#2ë
à*!dàxãuÛeß�ÛÉÜ±â±Ü�å�á�ã�,mß�êxê�ædí(Ü±ÝdäS!Vãuê�Ü®åoÜÞìuë$ì�ß�âÞædë
êpå�îeß�Ýrâ±ß�åoë!Ý�å�ì�ß�àxÜÐß�ÛdâÞë
ê�ï
ãuàxà�ë!ê6!VãuÝdçÉÜ±Ýdä¶å�ã
Ü±ÝÉçdÜÞì6Ü±çÉæeß�âÞê�Ü±Ý)åoîdë�!dâÐß�ï
ë
ÛVã(ä�à�ãuæL!Nñ�1�îdÜ±êP,Cß�ï!å�â±ëAß�çdê�åoã¶ß�âÞã�#2ë!à\!dàxãuÛeß�ÛdÜÞâ±Ü®å¨á�ã),

Yij = 1
%eÜ?ñ ë�ñ

ß�êxí�ß�âÞâÞë
à�!dàxãuÛeß�ÛÉÜ±âÞÜ®å¨á�ã�,	ß�à�ë
ï!ædà�àxë
Ýdï!ëbÜ±Ý�åoîdëpÝ�ædí�ÛVë
àTã�,]åoædí(ãuà�ê�,Zãuà�Ü±ÝÉçdÜÞì6ÜÞçdæeß�âÞêmÛVë!â±ãuÝdä�Ü±Ýdä
åoã%åoîÉë�å�à�ë
ß�åoí(ë
Ýhå�äuà�ãuæ�!�ñ

'eæÉàxåoîÉë
à�í(ãuàxë�%�åoîdë? rß�à6-�ãHì8Ü±ß�Ý~êxåoàxædï!å�ædà�ëS#2ë¶Ü±Ýhåoà�ã6çÉædï
ë(Ü±Ý�åoîdë¶â±ß�åoë!Ý�å�ì�ß�àxÜÐß�ÛÉâ±ë!ê�êxë
ë
í(ê
åoã)Û]ë�ìuë
à·á ædê�ë/,Zædâ�åoã�í(ã6çdë
â�åoîdë%ï
ãuàxà�ë!âÐß�å�Ü±ãuÝ�ã�,Tå�îdë�âÞãuÝdä�ÜÞåoæÉçdÜÞÝeß�â�ì�ß�âÞædë
ê!ñz1�îdëU!eß�àoß�í¶ë-åoë
à
α
%]å�îeß�å�àxë&!dàxë
êxë
Ýhåoê�åoîdë�çdë&!Vë!Ýdçdë!Ýdï
ë�ã�,�åoîdë�âÐß,åoë
Ýhå�ì�ß�àxÜÐß�ÛÉâ±ë
ê�ã�Ýråoîdëp!dàxë!ì6Ü±ãuæÉê�ãuÝÉë�%NÜÞê�ìuë!àxá

à�ã�Ûdædêxå�ß�ê�#2ë�ï
ß�ÝRï
ã�Ýdï
âÞædçdëz,Zà�ã�í åoîÉë�ê�ë!Ýdê�Ü®åoÜÞì6Ü®å�á�ß�Ýeß�â®á6ê�ÜÞê�åoîdß�å�#2ë�îeßHìuë�ï!ãuÝdçdædï-åoë!ç�ñ}��Ý
åoîÉëLã�åoîdë!à(îeß�ÝdçV%2ëf.8å�àoßRë4T]ãuà·åoê¶ß�àxëLÝdë!ë
çÉë
ç å�ã~ê�!Vë
ï!Ü5,gázå�îdëi!dà�ÜÞãuà%çdÜÞêxåoàxÜ±ÛdæÉå�Ü±ã�Ýa,Zãuà

τ
%Tåoîdë

!dàxë
ï
ÜÞê�ÜÞãuÝ�ã�,�å�îdë�âÐß�å�ë
Ýhåbì�ß�àxÜÐß�ÛÉâ±ë!ê&%NÛhá åoîdë�ëf.8å�à�ë!í¶ë�ê�ë!Ýdê�Ü®åoÜÞì6Ü®å�áLã�,�å�îdëg!Vãuêxå�ë
à�ÜÞãuàbë!êxåoÜÞí�ß,åoë
ê
åoã�åoîÉëF!Éà�Ü±ã�à�ê�!Vë
ï
Ü®éeïAß,åoÜÞãuÝ�ñ}¡�ãW#2ë!ìuë!à&%�ÜÞå�ï
ã�ædâ±çRÛVë�ìuë
àxá�Ü±Ýhåoë
àxë
êxå�Ü±Ýdä)åoã ß�Ýeß�â®á08!ë�åoîÉë(êoß�í(ë

[Wn



ê�ë-å¹ã�,Àçeß�åoßE#�Ü®åoîRí(ãuàxë%ï
ãIì,ß�à�Ü±ß�åoë!ê�àxë&!dàxë
ê�ë!Ý�å�Ü±Ýdäi,Zã�à$Ü±Ýdê·å�ß�Ýdï!ë(ß�äuë(ß�ÝdçRã�åoîÉë
à�,Cß�ï-åoãuàxê$åoîeß,å
ï
ã�ædâ±ç~îdßHìuë�ß�Ý~Ü±ÝIVdædë
Ýdï!ë�ã�Ý~å�îdë¶àxë
ï
æÉà�à�ë!Ýdï
ë�Ü±ÝRÛdâÐß�çdçdë
à�ïAß�Ýdï!ë
à�åoædí(ãuàxê&%/ãuà�åoãrß)!L!dâÞá�åoîdë
êoß�í¶ë$í¶ã6çÉë
âNåoã(ß�ï
ß�ê�ë�êxåoæÉçÉáE#�Ü®åoî�í¶ãuàxë$ï
ãHì�ß�àxÜÐß�å�ë
ê!ñ

­ 1XW¶���ZY+"!���)� ' ���%�/�

CbâÞë
êxêoß�ÝdçÉàoßlJ�æÉäuâ±ÜÞë!âÞí(Ü�#�ß�êg!eß�à·åoÜÐß�â±â�ál,ZæÉÝdçdë
ç>Ûháa (YbABI�;hY|åoß�âÞá�%�äuàoß�Ý�åUu�v�v�n�ä0[W��w���u��6ñ$'eë!ày;
Ýeß�ÝÉçdãRr�ædÜ±Ýhå�ß�ÝeßB#�ß�ê�!eß�àxåoÜ±ß�âÞâ®á�,ZædÝdçÉë
ç(Ûhá�äuàoß�Ý�åoê�':��|�_2��G�[�1Î[�v�n�v�^�u)]�ß�ÝdçS��ß�ÛVã�àoß�å�ãuà�ÜÞã
çdë�CbÝL\�â±ÜÞê�ÜÞêP�mêxåoã6ïA\�êxå�Ü±ï!ãF Tð�G�1�;hC*G�1�[W�Éñ

­�]^]`_ba � �dc
Y¨ÝLåoîÉÜ±ê�ê�ë!ï!å�Ü±ãuÝi#Àë¹ÛÉà�Ü±ëeVdá)Ü±âÞâÞædêxå�àoß�å�ë�å�îdë�,Zædâ±â�ï!ãuÝdçdÜ®åoÜÞãuÝeß�âÞê�à�ë&+�ædÜÞà�ë!ç Ü±Ý�å�îdëpJ�ÜÞÛdÛdê�êoß�íS!dâ±ë!à
åoãl!Éà�ãIì6ÜÞçdë�åoîdëLð2ßHáuë!ê�ÜÐß�ÝJë
ê·åoÜÞí�ß�å�ë
ê%ã),

θ
ña1�îdë�ïAß�â±ï!ædâÐß�å�ÜÞãuÝdê�ß�à�ë)êxå�àoß�ÜÞäuî�å�,Zãuà�#2ß�à�ç�èÀí(ãuà�ë

çdë-å�ß�ÜÞâ±ê�ïAß�ÝLÛVë�,ZãuædÝÉçLÜ±Ý(J$ÜÐß�àxçdÜÞÝeßEM
u�v�v�c�Q-ñ�1�îdë�,ZæÉâ±âNï
ãuÝdçÉÜÞåoÜÞãuÝeß�âNã�,
τ
Ü±ê

τ |θ−τ ∼ gamma

(

n∗
0S

∗
0

2
,
n∗

0

2

)

#�îdë!à�ë
n∗

0S
∗
0

2
=

n0S0 +
∑m

i=1

∑ni

j=2 (zij − β′wij)
2 +

∑m

i=1 (zi1 − µ0)
2

2
,

n∗
0

2
=

n0 +
∑m

i=1 ni

2
,

Ü5,�åoîdë�!dàxÜ±ãuà�ÜÞêpß�ê�Ü±Ý�M��Éñ¥n�Qf%L#�îdÜÞâ±ë
n∗

0S
∗
0

2

=
n0S0 +

(

β2
0

v1
+

β2
1

v2
+ α2

v3

)

+
∑m

i=1 (zi1 − µ0)
2 +

∑m

i=1

∑ni

j=2 (zij − β0 − β1xi − αzij−1)
2

2
,

ß�Ýdç
n∗

0/2 = (n0 +
∑m

i=1 ni + 3) /2
ædÝdçdë!àSMOwdñ£��QvñR�B,�ï
ãuæÉà�ê�ë)%

θ−τ

Ü±ê�å�îdë�êxåoß�Ýdçeß�àxçX#�ßHá å�ã
çdë!Ýdã�åoë�ß�âÞâ�ï!ãuíS!VãuÝdë
Ýhåoê�ã�,

θ
ë/.8ï!ë&!Éå�,Zã�à

τ
ñ

ðÀë
ïAß�ædê�ë�ã),�åoîdë2 rß�à6-�ãHì6ÜÐß�Ý�ê·åoà�æÉï!åoæÉà�ëzMCê�ë!ëbë&+�æeß�å�Ü±ãuÝ$M��Éñ¥��Q�Q/%6å�îdë�,ZæÉâ±âZ;|ï!ãuÝdçdÜ®å�ÜÞã�Ýeß�âdçdÜ±ê·åoà�Üe;
ÛdæÉå�Ü±ãuÝRã�,

Zij

,Zãuà¹ß�âÞâ
j = 2, . . . , ni − 1

ß�Ýdçiß�Ý�á�ê�æÉÛ0kxë!ï!å
i = 1, . . . ,m,

Ü±ê�ßi,ZæÉÝdï!å�Ü±ãuÝRã�,
ÛVã�å�î�åoîdë�!dàxë!ì6Ü±ã�ædêpß�Ýdç�åoîÉë�Ýdë/.6å�â±ß�åoë!Ý�å�ì,ß�à�Ü±ß�Ûdâ±ë!ê

Zij−1
ß�Ýdç

Zij+1

Zij|θ−Zij
∼











N[0,+∞)

(

µZij
, τ−1

Zij

) ÜZ,
Yij = 1

N(−∞,0)

(

µZij
, τ−1

Zij

) ÜZ,
Yij = 0

,

[�^



#�îdë!à�ë
µZij

= ((1 − α) (β0 + β1xi) + α (zij+1 + zij−1)) /(1 + α2)
%
τ−1
Zij

= (τ(1 + α2))
−1

ß�Ýdç
N[0,+∞)

(

µZij
, τ−1

Zij

) çdë!Ýdã�åoë!êTåoîÉëpçdÜÞêxåoàxÜ±ÛdæÉå�Ü±ã�ÝU!Éà�ã�!Vãuà·åoÜÞãuÝeß�â8åoã�å�îdëpÝdãuàxí�ß�â�#�ÜÞåoî(í(ëAß�Ý
µZij

ß�Ýdç�ì�ß�àxÜÐß�Ýdï
ë
τ−1
Zij

à�ë!êxåoàxÜ±ï!å�ë
ç�åoã%åoîdë�ÜÞÝ�å�ë
àxì,ß�â
[0, +∞).C�Ýeß�âÞãuäuãuæÉê�âÞá�%

Zi1|θ−Zi1
∼











N[0,+∞)

(

µZi1
, τ−1

Zi1

) Ü5,
Yi1 = 1

N(−∞,0)

(

µZi1
, τ−1

Zi1

) Ü5,
Yi1 = 0

,

#�îdë!à�ë
µZi1

= (µ0 + α (zi2 − β0 − β1xi)) /(1 + α2)
%
τ−1
Zi1

= (τ (1 + α2))
−1 %@ß�ÝÉç

Zini
|θ−Zini

∼











N[0,+∞)

(

µZini
, τ−1

Zini

) Ü5,
Yini

= 1

N(−∞,0)

(

µZini
, τ−1

Zini

) Ü5,
Yini

= 0
,

µZini
= β0 + β1xi + αzini−1

ß�Ýdç
τ−1
Zini

= τ−1 ñ
��Ý�å�îdë�ã�åoîÉë
à�îeß�ÝdçV%L,ZàxãuíÊM��Éñ¥^�Q�#2ë�îeßAìuë

log (π (β|θ−β)) ∝ −1

2
(β − βm)′ V−1 (β − βm) − τ

2

m
∑

i=1

ni
∑

j=2

(zij − β′wij)
2
,

ê�ã å�îeß�å�åoîdë?,Zædâ±âe;|ï
ãuÝÉçdÜ®åoÜ®ãuÝeß�âÀçÉÜ±êxå�à�Ü±ÛÉæÉåoÜÞãuÝ`ã),
β
MCã),bß ï!ãuÝ�kxædäuß�åoë�å¨á=!VëWQ�ÜÞê%ß í�ædâ®åoÜ®ì�ß�àxÜ±ß,åoë

Ýdãuàxí�ß�â�çÉÜ±êxå�à�ÜÞÛdæÉåoÜÞãuÝ

β|θ−β ∼ MN (β∗
m,V∗)

#�îdë!à�ë

β∗
m = V∗

(

V−1βm + τ
m
∑

i=1

ni
∑

j=2

wijzij

)

ß�Ýdç
V∗ =

(

V−1 + τ
m
∑

i=1

ni
∑

j=2

wijw
′
ij

)−1

.

f ��*,��������12���

ðÀáhß�à&%:_�ñ� �ñZ%�ð2âÐß�ïf-Iß�à�çV%xGbñZ%�ß�ÝdçRåoîÉëSD�ë-åoë!àoß�ÝÉêpC�çdí(Ü±ÝÉÜ±êxå�àoß�å�ÜÞã�Ý�G2ã6ã�!Vë!àoß�å�ÜÞìuëFApà�ãuâÞãuäuÜÞïAß�â
I�ë
êxëAß�àxïvî?J�àxãuæL!(My[W]�^�^�Q�G2ãuíS!eß�àxÜ±êxãuÝdêmã�,>!dâ±ß�ï
ë!ÛVãL%~!há8àxÜ±çdã�.8Ü±Ýdë)%6ß�Ýdç�åoã�!dÜ±ï
ß�âÉåoîÉÜ±ã�å�ë&!eß
ÜÞÝm!dà�ë-ìuë
ÝhåoÜÞÝdä¶àxë
ï!ædà�àxë
Ýdï!ë¹ã�,�9�å�ß�ä�ë�YÀÛdâÐß�çÉçdë
à�ïAß�Ýdï
ë!à
ñhg ö¼	���	Mi�j %lknm�%�����n�;b��n�[uñ

G2ã�#�â±ë!ê&%L ~ño�%ñ8ß�ÝdçEG�ß�à�â±ÜÞÝV%�ðbñ¥ /ñ>My[W]�]�n�Q� rß�à6-�ãIì}G2îeß�ÜÞÝE ã�Ý�å�ë�G�ß�àxâ±ãpG2ãuÝ�ìuë!à�äuë!Ýdï!ë�_bÜ±ß�ä);
ÝÉãuêxåoÜÞï
ê4�:CÌG2ãuíS!eß�à�ß�åoÜ®ìuë�Ipë-ì6Ü±ë/#�ñ ��	,ÿ=ö/�V÷���	qp�øgùeúTòbû�ú/övü?ý�÷��(ô@ø?÷�ø;ü±þ-øCü?ý�÷��hòbþ�þW	Hý-üC÷�ø;ü
	����
r k�%�c�c���;b]�v�wdñ

[Wc



_�ßHì6Ü±ê4%�Gbñ¥9]ñ>Mb[W]�]�n�Q�|pãuÝ0;h!dß�àoß�í(ë-åoà�ÜÞï�í(ë!å�îdã6çdê�,Zã�àTï!ãuíS!eß�àxÜ±Ýdä�í�ædâ®åoÜ5!dâ®ë�åoàxëAß�å�í¶ë!Ý�åTäuàxãuæL!dê
å�ã¶ß%ï
ã�Ý�åoàxãuâ�äuà�ã�æL!V%dÛeß�êxë
ç ãuÝ�Ü±Ýdï!ãuíS!dâ±ë-åoë�Ýdã�Ý0;¨çdë!ï
àxëAß�êxÜ±Ýdä(àxë&!Vë
ß�åoë!ç í¶ë
ß�ê�ædàxë
í(ë
Ýhåoê!ñ
ô@ø?÷�ø;ü±þ-øCü?ý�þ�ü�� óRúMsuü?ý-ü��]ú %lkntV%�u���v�]�;yu���u0[�ñ

_�ßHì6Ü±ê4%�Gbñ>9VñVß�Ýdçi7~ë
Ü�%��mñvuÉñ:My[�]�c�c�Q�|�ã�ÝL!eß�à�ß�í¶ë-åoàxÜ±ï@ ë-åoîdã6çdê*,Zãuà\C�Ýeß�â®á08!Ü±ÝdäUY¨Ýdï
ã�íF!dâÞë!å�ë
|pãuÝdçdë!ï
àxëAß�êxÜ±ÝdäFIpë4!VëAß�å�ë
çX ë
ß�êxædà�ë!í¶ë!Ý�åoê!ñ ô@ø?÷�ø;ü±þ-øCü?ý�þ�ü�� óRúws�ü?ý-ü��Nú %Ixdx�%�[Wv�v���;�[�v�[WcÉñ

_bÜ±äuä�â±ë@ /ñ-uÉñZ%>¡pëAß�äuë!àxå¨á( :%���Ü±ß�Ýdäh�%ñR[�ñ5%]ß�ÝdçzyNë
ä�ë
à29]ñ¨�mñxM�u�v�v�u�Q|{ ùeú�÷��V÷��4jHþ-ü±þU	qp~}�	��ni�ügøCÿ��
s�ü��V÷����¹÷�ø|÷ ñ���.=,ZãuàxçV����.=,Zãuàxç(A�ÝdÜ®ìuë
àxê�ÜÞå¨áE �àxë
êxê
ñ

J�ë!â±í¶ß�ÝV%0C�ñ�M
u�v�v�n�Q� mà�ÜÞãuà�çdÜ±ê·åoà�ÜÞÛdæÉå�Ü±ã�Ýdê�,Zãuà2ì�ß�àxÜÐß�Ýdï!ë�!eß�àoß�í¶ë-åoë!à�ê�Ü±Ý�îÉÜ±ë
à�ß�à�ï�îdÜÞïAß�âNí(ã6çdë!â±ê
M�G2ãuí(í¶ë!Ý�å�ã�ÝiCbà·åoÜÞï
â±ë�Ûhá�ð2à�ãW#�Ýdë¹ß�Ýdç(_bàoß)!Vë
à�Qvñ � ÷�j�ú�þ-üC÷��)òB�@÷��-jIþ-ü±þ %d�V%��0[W��;y���)wdñ

J�Ü±ß�à�çdÜÞÝeß0%L'2ñ�M
u)v�v�c�QZ� ÷�jhú�þ-üC÷��(��ü�öoþ-ø���ö&s6ú/ö�ò�ÿ8øh	�öoú=i�ö�ú�þ�þ-ü;��ú~}�÷�ø¨ú/�eø��e÷�övüC÷��&�±ú$ój	As8ú/� þ���	�ö
órÿ=�yø;üv���±ú � ü��V÷�öDjbô�úM�
ÿeú/�Ný�ú�þ ñx X98ï�_bÜÞê�êxë
àxåoß�åoÜÞãuÝV%� �ãuâÞÜÞå�ë
ï
ÝÉÜ±ï
ãpçdÜ� ÜÞâÐß�ÝdãL%� ÜÞâÐß�Ý>%�Y|å�ß�â®áuñ

J�ÜÞâ�-�ê&%�7 ñ¨I�ñZ%�I�Ü±ï�îeß�àxçdê�ãuÝ>%�9Vñ5%�I�ãuÛVë!àxåoê4%�J�ñ¥��ñ�ß�ÝdçH90!dÜÞë
äuë!â±îeß�âÞåoë!à&%�_�ñ-uÉñ\My[W]�]�n�Q ó�÷�öw��	8�
��ùÉ÷�ü��Ló�	��eø¨úF��÷�öf��	�ü��3��öx÷6ý-ø;ü?ý�ú ñ�ðÀã6ïAßSIpß�åoã�ÝV��G2îeß�!Éí�ß�ÝLß�Ýdç(¡�ß�â±â;ñ

��æÉÝdÝV%)_�ñvuÉñ5%�1�îdãuí¶ß�ê&%�C�ñZ%�ðÀë
êxå&%�|�ñ5%,ß�ÝdçR90!dÜ±ë!äuë
âÞîeß�â®åoë!à&%�_�ñ~M
u�v�v�v�Q�7jÜÞÝeð�ABJR9*;]ß�ð�ßAáuë
êxÜÐß�Ý
í(ã6çdë!â±âÞÜÞÝdäB,Zàoß�í(ë4#Àãuà6-���ï
ãuÝÉï
ë&!8åoê&%6êxåoàxædï!å�ædà�ë)%Éß�Ýdç(ë/.6åoë!Ýdê�ÜÞÛdÜ±âÞÜÞå¨áuñ�96åoß�åoÜÞêxå�Ü±ï
êmß�Ýdç}G2ãuíz;
!ÉæÉåoÜÞÝdäL%lk�m�%���u���;b����^8ñ

r$æÉÜ±Ý�åoß�Ýeß�%�'2ñ�C�ñ]ß�Ýdç$ (tdâÞâ±ë!à&%� /ñxM
u�v�v�w~Q\�2!ÉåoÜÞí�ß�â�9Éß�íF!dâÞÜÞÝdäz,Zãuà�Ipë4!VëAß�å�ë
ç ð2ÜÞÝeß�à·á( ë
ß�;
êxædà�ë!í¶ë!Ý�å�ê
ñ ��÷��V÷�s�üC÷��(��	,ÿ=ö/�V÷��:	qp$ô@ø?÷�øCü±þ-ø;ü?ý�þ %d�d��%�^���;hc�wdñ

r$æÉÜ±Ý�åoß�Ýeß�%�'Àñ�C�ñhß�ÝdçS|�ë4#�å�ãuÝV%0 ~ñ�C�ñ�Mb[W]�]�c�Q:Cbêxê�ë
êxê�Ü±Ýdä�åoîdë�ãuàxçdë
àmã�,]çÉë&!Vë
ÝÉçdë
Ýdï
ë\,Zãuà�!dß�ày;
å�ÜÐß�âÞâ®á¹ë/.8ïvîdß�Ýdäuë
ß�ÛdâÞëpÛdÜ±Ýeß�àxá�çeß�åoßÉñ ��	,ÿ=öf�V÷��V	qp�øgù@ú2òbû�ú/övü?ý�÷���ô@ø?÷�øCü±þ-ø;ü?ý�÷��6ò�þ�þW	Hý-üC÷�øCü
	�� %
r �V%�[�]�w);yu)v�u8ñ

98Ü±â®ìuë
à�í¶ß�ÝV%Vðbñ�7 ñ�My[W]�c�n�Q ��ú/�Éþ-ügø6jh��þ-ø;ügû(÷�øCü
	���p�	�ö¹ô@ø|÷�øCü±þ-øCü?ý�þ�÷���s|��÷�ø|÷(òB�V÷��4jHþ-ü±þ ñ$ðÀã6ïAß
Ipß�å�ãuÝV��G2îeß)!dí�ß�Ý ß�Ýdç(¡�ß�â±â;ñ

[W]



Beta_0 posterior kernel density estimate

−2.0 −1.5 −1.0 −0.5 0.0

0
1

2
3

4

Beta_1 posterior kernel density estimate

−1.0 −0.5 0.0
0

1
2

3
4

Alpha posterior kernel density estimate

0.4 0.5 0.6 0.7 0.8 0.9

0
1

2
3

4
5

6

Tau posterior kernel density estimate

0 1 2 3 4 5 6

0.
0

0.
2

0.
4

0.
6

'�ÜÞäuædà�ëg[���� ¢H¯¨¦�²o­¨¥�¢A­��,²o­¨£�²o«V©h²o£�¯¨¥y¦;µ�¼h«�¢A¦�¯T¢
°N¦¨Ç�²�¼6ª
­·ª
¸�²o¦�²o­�¯T§h£�©h²o­�¼h­¨¥�¢A­bÊ���¾4�-Ëo¾

u�v



Beta_0 posterior kernel density estimate

−1.5 −1.0 −0.5 0.0

0
1

2
3

4

Beta_1 posterior kernel density estimate

−1.2 −0.8 −0.4 0.0 0.2
0

1
2

3
4

Alpha posterior kernel density estimate

0.3 0.4 0.5 0.6 0.7 0.8 0.9

0
1

2
3

4
5

6

Tau posterior kernel density estimate

0 1 2 3 4 5 6

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

'�ÜÞäuædà�ë�u0��� ¢H¯¨¦�²o­¨¥�¢A­��,²o­¨£�²o«V©h²o£�¯¨¥y¦;µ�¼h«�¢A¦�¯T¢
°N¦¨Ç�²�¼6ª
­·ª
¸�²o¦�²o­�¯T§h£�©h²o­�¼h­¨¥�¢A­bÊ���¾R�IËo¾

u0[



Beta_0 posterior kernel density estimate

−1.5 −1.0 −0.5 0.0

0
1

2
3

Beta_1 posterior kernel density estimate

−1.0 −0.8 −0.6 −0.4 −0.2 0.0 0.2
0

1
2

3
4

Alpha posterior kernel density estimate

0.3 0.4 0.5 0.6 0.7 0.8 0.9

0
1

2
3

4
5

6

Tau posterior kernel density estimate

0 1 2 3 4 5 6

0.
0

0.
2

0.
4

0.
6

'�ÜÞäuædà�ë������ ¢H¯¨¦�²o­¨¥�¢A­��,²o­¨£�²o«V©h²o£�¯¨¥y¦;µ�¼h«�¢A¦�¯T¢
°N¦¨Ç�²�¼6ª
­·ª
¸�²o¦�²o­�¯T§h£�©h²o­�¼h­¨¥�¢A­bÊ���¾R�IËo¾

u�u



Beta_0 posterior kernel density estimate

−1.5 −1.0 −0.5

0
1

2
3

4

Beta_1 posterior kernel density estimate

−1.0 −0.8 −0.6 −0.4 −0.2 0.0 0.2
0

1
2

3
4

Alpha posterior kernel density estimate

0.3 0.4 0.5 0.6 0.7 0.8 0.9

0
1

2
3

4
5

6

Tau posterior kernel density estimate

0 1 2 3 4 5 6

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

'�ÜÞäuædà�ë2wL��� ¢H¯¨¦�²o­¨¥�¢A­��,²o­¨£�²o«V©h²o£�¯¨¥y¦;µ�¼h«�¢A¦�¯T¢
°N¦¨Ç�²�¼6ª
­·ª
¸�²o¦�²o­�¯T§h£�©h²o­�¼h­¨¥�¢A­bÊ���¾ ��Ëo¾

u��


