
4 ��������������

��Âð7jk��Fortran 90 Ñquasi-Bayes9Gibbs sampleriM����i
Á-\

ÔÕ7îï>3O45 (I = 3)74Ðcd�V(J = 4)7�����TÂÃ

θ = ( 0.5 0.3 0.2 )

Λ =




0.6 0.2 0.1 0.1

0.1 0.7 0.1 0.1

0.1 0.2 0.5 0.2




��CÂÃ '��¯°Zr = (2 4 2 3 1 1 1)\

�ÕÌpqa,b��*xR3Ð��*

1. a,bØ�TÂÃ u��\

2. a,b*5Ø�TÂÃ u>�¸10%Á-\

3. a,b*5Ø�TÂÃ u>�¸50%Á-\

+Ð���*è

1. a+ = 3, 10, 50, 100, 1000\

2. bi+ = 3, 10, 50, 100, 1000 i = 1, 2, 3

�25Ðs�èÎ§\

+��*5i¯°ZOqn = 1 ∼ 7ABg_ Ñ\iM��¯°ZOq7 Ñ
�Ø����iÁ-

rel − θ̃i =
θ̃i − θ̂i

θ̂i

, i = 1, 2, . . . , I
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�ð θ̂i�����iθiÌË5q7ÖÀ��5�iÁ-

rel − ˜̄θ =

∑I
i=1 rel − θ̃i

I

U½ Ñ�Ä\

IM®¯°Zorder½ú7quasi-Bayes9Gibbs sampleriMpq»¨ZJ
®��7�CiM��¯°Z7jk�l>order��A/7À��5�i
Á-rel − ˜̄θ�5è½jk�Ë Ñ�Ä\

C75ÐqÄlÅÈÆÇÈ�É�ÊËð\

åi¯°Z order½ú�ÌÍ quasi-Bayes9Gibbs sampleripq»¨¤
¥7áËjk�*5�ëI = 27J = 3Ø I = 37J = 4NÐ��vèÎ§7x�
� order_È»¨ZMSE(

∑I
i=1

1
I

PK
k=1(θ̃

(k)
i −θ̂i)

2

K
7�ð θ̃

(k)
i ���� quasi-Bayes,

Gibbs sampleriÒkÐ23Îb (order)lU»¨Z)vU½jk Ñ�Ä\c
· ÑáË=ÿ7�CNÐ��R7��èÈvMSE�TÏbÏ7J�0.002x
R7��Ð�order½ú�ÌÍquasi-Bayes9Gibbs sampleripq»¨7G-
�TÌÍÖ�¸7½ë$ì Ñ7j��Ðs�RMSEè@ëÆÇÈ7G��Ð
s�lþÿÈvæç-.[�¸7�CÑÊ I = 27J = 37Ì1pqa7bØ�T
ÂÃ u>�¸10%�iÁ-��RlèÈvMSEÆÇÈMÊËð\
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Ò�)**a,bØ�TÂÃ uXÁ-«7�iÁ- Ñ\

prior a��½*
¶a+ = 3«7 a = (1.5 0.9 0.6)

¶a+ = 10«7 a = (5 3 2)

¶a+ = 50«7 a = (25 15 10)

¶a+ = 100«7 a = (50 30 20)

¶a+ = 1000«7 a = (500 300 200)

prior b��½*

¶ bi+ = 3«7 b =




1.8 0.6 0.3 0.3

0.3 2.1 0.3 0.3

0.3 0.6 1.5 0.6




¶ bi+ = 10«7 b =




6 2 1 1

1 7 1 1

1 2 5 2




¶ bi+ = 50«7 b =




30 10 5 5

5 35 5 5

5 10 25 10




¶ bi+ = 100«7 b =




60 20 10 10

10 70 10 10

10 20 50 20




¶ bi+ = 1000«7 b =




600 200 100 100

100 700 100 100

100 200 500 200
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Case 1*bi+ = 3

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.047317 0.026177 0.035236 0.021743 0.015642 0.012472 0.013098
3

quasi 0 0.012095 0.016707 0.031965 0.028345 0.02951 0.030446

Gibbs 0.024583 0.021615 0.021527 0.018334 0.01485 0.013097 0.011239
10

quasi 0 0.001337 0.000954 0.00486 0.008612 0.010398 0.010833

Gibbs 0.010278 0.009895 0.010327 0.00987 0.009215 0.008888 0.00847
50

quasi 0 0.000585 0.001074 0.001361 0.002755 0.003696 0.004204

Gibbs 0.007174 0.006933 0.007191 0.007105 0.006687 0.006545 0.006423
100

quasi 0 0.000335 0.000623 0.000803 0.001522 0.002054 0.002367

Gibbs 0.002176 0.002146 0.002181 0.002184 0.002151 0.002124 0.002094
1000

quasi 0 0.000038 0.000071 0.000094 0.000167 0.000227 0.000265

� 1:Á-0%, bi+ = 3

Case 2*bi+ = 10

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.041611 0.026325 0.026245 0.015052 0.014025 0.016452 0.0141
3

quasi 0 0.017058 0.033316 0.046016 0.040308 0.044418 0.050465

Gibbs 0.022234 0.023063 0.022109 0.0195 0.016399 0.015251 0.013495
10

quasi 0 0.002106 0.004156 0.007604 0.007213 0.007211 0.007465

Gibbs 0.009593 0.009853 0.009732 0.009841 0.008892 0.008517 0.008265
50

quasi 0 0.000149 0.000266 0.000467 0.001003 0.001453 0.001773

Gibbs 0.006891 0.006993 0.006946 0.006977 0.006569 0.006412 0.006193
100

quasi 0 0.000091 0.00023 0.000269 0.000544 0.000836 0.001076

Gibbs 0.002145 0.002168 0.002146 0.002143 0.002121 0.002106 0.002083
1000

quasi 0 0.000012 0.000032 0.000038 0.000064 0.000098 0.00013

� 2:Á-0%, bi+ = 10
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Case 3*bi+ = 50

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.034889 0.036948 0.029707 0.018403 0.016383 0.018584 0.015345
3

quasi 0 0.018929 0.043522 0.054519 0.046815 0.055494 0.074019

Gibbs 0.02077 0.021292 0.019575 0.018346 0.015761 0.014631 0.013365
10

quasi 0 0.002834 0.007103 0.010162 0.009196 0.010571 0.013802

Gibbs 0.009756 0.009775 0.009547 0.009656 0.008605 0.008566 0.008017
50

quasi 0 0.000111 0.000267 0.000501 0.000491 0.000482 0.00053

Gibbs 0.006863 0.006979 0.006811 0.00693 0.006465 0.006364 0.00612
100

quasi 0 0.000021 0.000031 0.000111 0.000148 0.000161 0.00015

Gibbs 0.002147 0.002161 0.002156 0.002153 0.002113 0.002111 0.002093
1000

quasi 0 0.000002 0.000007 0.000008 0.000014 0.000023 0.000033

� 3:Á-0%, bi+ = 50

Case 4*bi+ = 100

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.03391 0.033291 0.032741 0.017891 0.0176 0.017466 0.014873
3

quasi 0 0.01917 0.045081 0.055787 0.047846 0.057454 0.078803

Gibbs 0.020535 0.021284 0.020101 0.017904 0.014543 0.01459 0.012958
10

quasi 0 0.002928 0.007558 0.010598 0.009556 0.01126 0.015187

Gibbs 0.009363 0.009518 0.009485 0.009523 0.008387 0.008424 0.008018
50

quasi 0 0.000132 0.00035 0.000569 0.000532 0.000585 0.000757

Gibbs 0.006708 0.006873 0.006724 0.006685 0.006268 0.006213 0.005988
100

quasi 0 0.000029 0.000071 0.000135 0.000133 0.00013 0.000145

Gibbs 0.002151 0.002149 0.002142 0.002141 0.00211 0.002102 0.00209
1000

quasi 0 0.000001 0.000003 0.000003 0.000007 0.000011 0.000016

� 4:Á-0%, bi+ = 100
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Case 5*bi+ = 1000

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.031592 0.030821 0.034319 0.017349 0.01594 0.015913 0.01279
3

quasi 0 0.019388 0.046551 0.057027 0.048814 0.059389 0.083694

Gibbs 0.021108 0.020425 0.019239 0.017397 0.015636 0.014366 0.012895
10

quasi 0 0.003013 0.007988 0.011008 0.009918 0.01193 0.016589

Gibbs 0.009491 0.009498 0.009276 0.009173 0.008058 0.007861 0.007705
50

quasi 0 0.000151 0.000429 0.000641 0.000603 0.000729 0.001025

Gibbs 0.006826 0.006803 0.006775 0.006657 0.006209 0.006141 0.006031
100

quasi 0 0.000039 0.00011 0.000168 0.000158 0.00019 0.000268

Gibbs 0.002128 0.002125 0.002111 0.002107 0.002093 0.002093 0.002091
1000

quasi 0 0 0.000001 0.000001 0.000001 0.000001 0.000002

� 5:Á-0%, bi+ = 1000

�a9bØ�TÂÃ uXÁ-«7�a+ = 3ÕÌPQR7quasi-Bayesi�
���iÁ->µ±�Ò7¶n = 7«�iÁ-Ó��¸7�Gibbs sampleri
���iÁ-ä½úÑ�Ô7¸Õ�n = 3, 4«7quasi-BayesiM����
iÁ-¸MGibbs sampler\�¡s�Ð�quasi-Bayes�iÁ-ÊÖ>×�Ø�
Ò7GÙ¸)*quasi-Bayes�iÁ-- Gibbs samplervÏ7�¶a+Ú¸7
quasi-Bayes�iÁ-ÚÛÉ0\
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ÒW)**a,bØ�TÂÃ u�¸Á-10%«7�iÁ- Ñ\

prior a��½*
¶a+ = 3«7 a = (1.8 0.6 0.6)

¶a+ = 10«7 a = (6 2 2)

¶a+ = 50«7 a = (30 10 10)

¶a+ = 100«7 a = (60 20 20)

¶a+ = 1000«7 a = (600 200 200)

prior b��½*

¶ bi+ = 3«7 b =




1.5 0.6 0.45 0.45

0.3 1.8 0.6 0.3

0.6 0.9 1.2 0.3




¶ bi+ = 10«7 b =




5 2 1.5 1.5

1 6 2 1

2 3 4 1




¶ bi+ = 50«7 b =




25 10 7.5 7.5

5 30 10 5

10 15 20 5




¶ bi+ = 100«7 b =




50 20 15 15

10 60 20 10

20 30 40 10




¶ bi+ = 1000«7 b =




500 200 150 150

100 600 200 100

200 300 400 100
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Case 1*bi+ = 3

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.055204 0.046709 0.024587 0.019695 0.016482 0.015841 0.016347
3

quasi 0 0.007712 0.011528 0.029424 0.029205 0.03027 0.030954

Gibbs 0.029064 0.020929 0.022062 0.0183 0.015134 0.012793 0.010172
10

quasi 0 0.003463 0.001747 0.007885 0.014866 0.01784 0.018398

Gibbs 0.0102 0.009025 0.009686 0.008804 0.00779 0.007435 0.006842
50

quasi 0 0.000828 0.000915 0.001636 0.003763 0.004988 0.005475

Gibbs 0.006754 0.006262 0.006567 0.00604 0.005674 0.005483 0.005173
100

quasi 0 0.000442 0.00052 0.000883 0.001969 0.002638 0.002932

Gibbs 0.00191 0.001915 0.001914 0.001851 0.001822 0.001814 0.001797
1000

quasi 0 0.000047 0.000058 0.000095 0.000206 0.000279 0.000314

� 6:Á-10%, bi+ = 3

Case 2*bi+ = 10

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.032033 0.027937 0.035967 0.0156 0.01813 0.01907 0.017447
3

quasi 0 0.01189 0.023349 0.040436 0.033168 0.03495 0.038648

Gibbs 0.021869 0.017234 0.016365 0.017152 0.015254 0.015668 0.014505
10

quasi 0 0.001661 0.003343 0.007646 0.00831 0.00799 0.007127

Gibbs 0.008993 0.008398 0.008468 0.007835 0.007419 0.00746 0.006952
50

quasi 0 0.000317 0.000188 0.000597 0.001643 0.002314 0.002686

Gibbs 0.006031 0.006235 0.006111 0.005753 0.005438 0.005485 0.005251
100

quasi 0 0.000156 0.000155 0.000282 0.00082 0.001223 0.001488

Gibbs 0.001888 0.001852 0.001893 0.00185 0.001822 0.001817 0.001798
1000

quasi 0 0.000016 0.000022 0.000033 0.000085 0.000131 0.000164

� 7:Á-10%, bi+ = 10
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Case 3*bi+ = 50

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.042865 0.030012 0.031768 0.016662 0.01802 0.015894 0.014311
3

quasi 0 0.013622 0.031983 0.048963 0.037917 0.043091 0.058912

Gibbs 0.019907 0.017791 0.018836 0.016247 0.016192 0.015305 0.013154
10

quasi 0 0.002016 0.005552 0.009269 0.007704 0.008128 0.010362

Gibbs 0.008575 0.008541 0.008511 0.007877 0.007671 0.007667 0.007381
50

quasi 0 0.000095 0.000223 0.000505 0.000566 0.000527 0.000446

Gibbs 0.006008 0.006112 0.006159 0.005655 0.005573 0.005626 0.005444
100

quasi 0 0.000041 0.000031 0.000135 0.000235 0.000285 0.00029

Gibbs 0.001845 0.001866 0.001877 0.001845 0.001831 0.001836 0.001828
1000

quasi 0 0.000003 0.000006 0.000007 0.000019 0.000032 0.000043

� 8:Á-10%, bi+ = 50

Case 4*bi+ = 100

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.044339 0.03582 0.033447 0.014057 0.016045 0.014079 0.013572
3

quasi 0 0.013849 0.03337 0.050396 0.038627 0.044666 0.063629

Gibbs 0.02135 0.017055 0.019573 0.015846 0.01565 0.01492 0.013825
10

quasi 0 0.002113 0.005922 0.009573 0.007874 0.008677 0.011702

Gibbs 0.008473 0.008653 0.008794 0.007785 0.007546 0.007568 0.007216
50

quasi 0 0.00009 0.000284 0.000535 0.000487 0.000467 0.000534

Gibbs 0.005838 0.006085 0.005997 0.005707 0.005479 0.005536 0.005391
100

quasi 0 0.000025 0.00006 0.000135 0.000152 0.000141 0.000119

Gibbs 0.001845 0.001865 0.001889 0.001865 0.00184 0.001835 0.001823
1000

quasi 0 0.000002 0.000002 0.000003 0.00001 0.000017 0.000022

� 9:Á-10%, bi+ = 100
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Case 5*bi+ = 1000

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.043837 0.029611 0.030794 0.013452 0.01454 0.014014 0.0146
3

quasi 0 0.014055 0.034691 0.05178 0.039306 0.046242 0.068543

Gibbs 0.018743 0.016032 0.015979 0.014397 0.014825 0.015006 0.013303
10

quasi 0 0.0022 0.006278 0.00989 0.008077 0.009264 0.013144

Gibbs 0.00823 0.008294 0.008288 0.007677 0.007419 0.007527 0.007155
50

quasi 0 0.00011 0.000344 0.000569 0.000494 0.000564 0.000794

Gibbs 0.005864 0.006046 0.006071 0.005849 0.005659 0.005631 0.005433
100

quasi 0 0.000028 0.000089 0.000149 0.000131 0.000147 0.000204

Gibbs 0.001831 0.001844 0.001858 0.00184 0.001814 0.00181 0.001803
1000

quasi 0 0 0.000001 0.000001 0.000002 0.000002 0.000001

� 10:Á-10%, bi+ = 1000

� a9bØ�TÂÃ u>�¸Á- 10%«7�¯� a+ = 3��R7quasi-

Bayesi����iÁ->µ±�Ò7¶�n = 7«�iÁ-Ó��¸7�
Gibbs sampleri���iÁ-ä½úÑ�Ô7¸Õ�n = 3, 4«7quasi-Bayes

iM����iÁ-¸MGibbs sampler\�¡s��ØÒ�)*æç��7Ð
� quasi-Bayes�iÁ->�Ø�Ò7G¸)*quasi-Bayes�iÁ- Gibbs

samplerÏ7�¶a+Ú¸7quasi-Bayes�iÁ-ÚÛÉ0\

 ÑÒ�)*ØÒW)*7a9bØ�TÂÃ u>�¸Á- 10%��R7
quasi-BayesØGibbs sampleriM����iÁ-Ü¸MØ�TÂÃXÁ-�
�\
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Ò})**a,bØ�TÂÃ u�¸Á-50%«7�iÁ- Ñ\

prior a��½*
¶a+ = 3«7 a = (0.6 0.3 2.1)

¶a+ = 10«7 a = (2 1 7)

¶a+ = 50«7 a = (10 5 35)

¶a+ = 100«7 a = (20 10 70)

¶a+ = 1000«7 a = (200 100 700)

prior b��½*

¶ bi+ = 3«7 b =




0.3 0.3 0.6 1.8

1.8 0.6 0.3 0.3

1.5 0.3 0.3 0.9




¶ bi+ = 10«7 b =




1 1 2 6

6 2 1 1

5 1 1 3




¶ bi+ = 50«7 b =




5 5 10 30

30 10 5 5

25 5 5 15




¶ bi+ = 100«7 b =




10 10 20 60

60 20 10 10

50 10 10 30




¶ bi+ = 1000«7 b =




100 100 200 600

600 200 100 100

500 100 100 300
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Case 1*bi+ = 3

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.073372 0.056345 0.059437 0.036313 0.04232 0.037879 0.036867
3

quasi 0 0.014162 0.021697 0.034888 0.038457 0.049746 0.056846

Gibbs 0.034622 0.033608 0.037033 0.03391 0.033283 0.029982 0.028885
10

quasi 0 0.005176 0.01221 0.010326 0.016176 0.0236 0.026708

Gibbs 0.016222 0.01515 0.01587 0.015005 0.015734 0.016027 0.015787
50

quasi 0 0.001408 0.004381 0.002825 0.003549 0.005194 0.005972

Gibbs 0.011761 0.011198 0.011137 0.010763 0.011427 0.011517 0.011408
100

quasi 0 0.000736 0.002364 0.001539 0.00184 0.002666 0.003099

Gibbs 0.00375 0.003733 0.003698 0.003663 0.003731 0.003707 0.003668
1000

quasi 0 0.000077 0.000253 0.000168 0.000192 0.000275 0.000324

� 11:Á-50%, bi+ = 3

Case 2*bi+ = 10

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.050557 0.040838 0.050099 0.034305 0.033925 0.031012 0.034321
3

quasi 0 0.016895 0.024406 0.042343 0.030264 0.045887 0.06396

Gibbs 0.030023 0.029409 0.030074 0.025768 0.029781 0.027833 0.027367
10

quasi 0 0.002675 0.008174 0.007984 0.006881 0.011748 0.015292

Gibbs 0.015327 0.01489 0.0148 0.014037 0.014878 0.014608 0.014836
50

quasi 0 0.000495 0.002686 0.001617 0.001068 0.00201 0.002698

Gibbs 0.011541 0.011047 0.011025 0.01088 0.01114 0.010891 0.011014
100

quasi 0 0.000259 0.001441 0.000889 0.000592 0.00101 0.001346

Gibbs 0.003698 0.003691 0.003672 0.003666 0.003666 0.003664 0.003651
1000

quasi 0 0.000027 0.000154 0.000099 0.000068 0.000108 0.000144

� 12:Á-50%, bi+ = 10
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Case 3*bi+ = 50

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.046818 0.046879 0.032652 0.017043 0.025832 0.029227 0.03139
3

quasi 0 0.018271 0.025519 0.045711 0.036151 0.057026 0.083921

Gibbs 0.028754 0.032935 0.027407 0.026374 0.027413 0.025644 0.025365
10

quasi 0 0.002737 0.003882 0.007714 0.007124 0.011646 0.017652

Gibbs 0.015185 0.014939 0.015942 0.015758 0.015858 0.015302 0.015176
50

quasi 0 0.000146 0.000723 0.000544 0.000288 0.000628 0.000954

Gibbs 0.010711 0.011079 0.011513 0.011152 0.011178 0.010906 0.010846
100

quasi 0 0.000053 0.000413 0.000257 0.000101 0.000221 0.000341

Gibbs 0.003664 0.003643 0.003637 0.003617 0.003586 0.003554 0.00354
1000

quasi 0 0.000006 0.000046 0.000031 0.000017 0.000022 0.000032

� 13:Á-50%, bi+ = 50

Case 4*bi+ = 100

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.051728 0.049136 0.035582 0.02124 0.021916 0.026271 0.029012
3

quasi 0 0.018537 0.025771 0.046409 0.037547 0.059508 0.087807

Gibbs 0.028011 0.030302 0.02851 0.028506 0.026352 0.025634 0.02556
10

quasi 0 0.00275 0.003977 0.008111 0.007622 0.012262 0.018631

Gibbs 0.015512 0.015919 0.015457 0.015421 0.015297 0.014737 0.014895
50

quasi 0 0.000142 0.00035 0.000419 0.00037 0.000671 0.001055

Gibbs 0.011246 0.01135 0.011209 0.011031 0.011188 0.010977 0.010904
100

quasi 0 0.000038 0.000202 0.00015 0.000072 0.000161 0.000253

Gibbs 0.003648 0.00365 0.003637 0.0036 0.003572 0.003571 0.003556
1000

quasi 0 0.000003 0.000025 0.000016 0.000008 0.00001 0.000015

� 14:Á-50%, bi+ = 100
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Case 5*bi+ = 1000

n

a+ rel − ˜̄θ 1 2 3 4 5 6 7

Gibbs 0.050984 0.041295 0.040968 0.012797 0.019364 0.024783 0.026522
3

quasi 0 0.018778 0.026004 0.047239 0.038935 0.061987 0.091661

Gibbs 0.028463 0.02763 0.025745 0.026506 0.026365 0.025766 0.025123
10

quasi 0 0.002847 0.004352 0.008652 0.008173 0.012936 0.019637

Gibbs 0.015194 0.015604 0.015259 0.014306 0.014725 0.014456 0.014654
50

quasi 0 0.000141 0.000222 0.000478 0.000498 0.000795 0.001238

Gibbs 0.011029 0.011377 0.011394 0.011225 0.011065 0.010933 0.011173
100

quasi 0 0.000036 0.000054 0.000122 0.000129 0.000208 0.000326

Gibbs 0.003647 0.003685 0.003678 0.003648 0.00363 0.003637 0.003635
1000

quasi 0 0 0.000002 0.000002 0.000001 0.000002 0.000003

� 15:Á-50%, bi+ = 1000

C)*M1ÝNO)*þÿæç��7�a+ = 3«quasi-Bayes>Ñ���Ø
�Ò7�¸Õ�n = 3, 4« quasi-Bayes�iÁ-�¸MGibbs sampler\�¡s
��Ø1ÝN)*��\

�a,bØ�TÂÃ u>�¸Á- 50%��R7quasi-BayesØGibbs sampler

iM����iÁ-� Ø�TÂÃ u>�¸Á-10%��v¸\

 ÑC})*ÕÌPQ7cx=ÿ¶a+ÑÏ«7quasi-BayesØGibbs sampler

iM����iÁ-�¸Ma+Ñ¸«�iÁ-7lx¦|N@iM����
iÁ-JØa+>h\
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