obooobooboububouooboognb
Joooooooood

00 OO0 (CooDo0o0o0o ooooooo)
00 00 (DO0ODO000 0oD0ooooog)

1 O0Oogo

Loh (1991)00,2000000000000000000000000000000O
0 0. Loh (1991) 0 Graybil-Deal 10000000000 Stein 0000000000
000,00000002000000 Stein0000000 GraybillDeal 000000
0000000000000, 00000,20000000000000000000
0000, Loh (1991)00000000000.

00,0000

Y, = 1N€, + €1, Y, = 1N€, + €2 (1)

000.000,Y, Y. &,e0 NxpOOOO,1y00000000 1000 Nx100O
00,¢0000px10000000.000,0000 € = (e, €, ..., en) (i=1,2)
00000000000000000000,0000000

yzi\*N/zh(e;jzgleij), i=1,2,j=1,...,N, (2)

000.000,A()0[0,00)000000,%,0000 pxp0 000000000,
000,000000 (1)00000000 00000

L(&€&) =NE-¢' (= +2)(€ - ¢)

OO000000000000,00000 Graybill-Deal DOOOO0OOOOO0OOOO
gobbogdot. gogobboo,gbdgbouoooobobobooobobobooboaa
g, bougdugguodbbooogbbuoob,oouooboobbo.bbog,bobo
0(2) 000000000000 00000oooooO,o0o0o00 (20
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0000000000000000.000,¢90 [0,00)000000000O.

2 OJOooooogoo

i=1,2000,0,0 01y =(vV/N,0,...,0/)0000 NxNOOOOOOO. OO, X;
0Z,00000,px10000,nxp0000, (X,;,2Z) =01,Y, 000 (n=N —1).



rnor,00ooooooo, 3)ooooooo:

SR Vg ([ {37 (X - 0)(Xs — 0) + 371 Z1Z3}]). (4)

i=1

000,0=v/N¢OODO.00000,(3)0£000000 (406000000000
0000000,e0000000000

~
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oo ogon.
DDDDDDDDDD,Graybill—DealDDDDDDD

" = (ST 4+ S, H7H(STIX L + 8,1 X))

D000000O00.000,8,=2/Z:(i=1,2)000. 0000000000000,
e“’0oooooooooo
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00000 FOOOOOOOOOOOOO.
000, Graybill-Deal OO OO OO0, 000000000 0O0OOOOOOO0O:
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3 0000 Steind 000

00,00 (X1,X.,Z,,Z,)00000,
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=1
ooo.
000000 Kubokawa and Srivastava (1999, 200)0 0 0000000000000
Stein-Haff identity 0 00 000000, 000(G)000000000000O000, O
D00O000DoDoood:



Theorem 1

R(6:6)
P —p—1 1—f; &,
— Eg jZI[B(Xl—XM?{%Qb?%—ZL 76 A fj)qus]af](f])
PREPRE Ll (U Lt Lot YRR SO e
—i—;@bg(@ ¢k)fj_fk+ -7 (1—¢y) +41—fj(1 o)

+4f;(1 = f;)(1 - ¢j)a(1 ? I (i — ?J) +) (1= )0 — Qbk:)f‘ Jjﬁfk }] :
j j vy j

000, [B(X,—-X,);0 B(X,-X,)00 ;0000000.

000 Theorem 10 Eg[-|]00000000. 000000000000 0OO,000

0¢,0000000000000,00000 Stein0000 0°" — B'&"BX, +
B Y(I,-®")BX,000:
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ST _ ST ST ST J —
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1.000 ¢t00:
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2.000 KotzO OO
Kol 3|~ 1/2{6 53 e”}“ 1eXp[ r{e; Ei_leij}s],

ogod,r>0,s>0,2u+p> 2,

Sr[p/Q]T.{qup/Zfl}/s
72T [{u+p/2 — 1}/s]

000 KotzO0OOODDOOOOOOODODO, Fang, Kotz, and Ng (1990) 000000 .
0000,¢é=000,%,%'00000000. 00 (N, p)=(8,5),(13,10)00, 0
00t0000000v=3,000Kotz0OOODOOOO (u,r,s) = (5,05,2)000.
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Oooooooooooogoooooo,ob0bob,2000000. SteinO000O
0000000, e 000 (6)0 “isotonic regression” 0 0000000000000

~ML ~GD

0 (Lin and Perlman (1985)000). 00O, “ML”, “GD?, “ST"00000 6 ,6

~S —~
OTDDDDD,“AV”D GhDOOOO STOOOOOOOOOOOoOOoO. DDD,OM

L

03,03 000000000000000:
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gbobobooobboouoobboodd:
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4.

»2'000000000000000 AVOOOOOOoooooag, (N, p) =
(13,10)0 00000 30%00000000.
00,%X'00000000000000000,AVO00000D. 00,000
000000000 000ooO0oo,AVOOOOOOO0OO0oOooo (p=5),00000
0 -1%00000.

»,2'000000000000 N-p00DOO0DOO00O0,p0000000 AV
goo,bodgoggn.

000 STO,0000 3)000000O000,000000000000O0O (20
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U L gddtggbboubbuoobbn

(DO0ODoOooooooon)

3,2 0000 | ML | GD [ ST | AV
| N=8, p=5

(1,1,1,1,1) 14.186 | 26.927 || 24.271 | 9.86 %
(0.504) | (1.272) || (1.423)

(10, 0.1, 0.1, 0.1, 0.1) 14.250 | 32.441 ] 28.716 | 11.48 %
(0.551) | (2.726) || (2.292)

(10, 10, 10, 0.1, 0.1) 14.140 | 29.514 [ 29.140 | 1.27 %
(0.389) | (1.060) || (1.062)

(10,1, 1, 1, 0.1) 13.800 | 26.304 [[ 24.916 | 5.28 %
(0.442) | (0.895) || (0.791)

(10, 10, 1, 0.1, 0.1) 14.687 | 29.810 [[ 29.729 | 0.27 %
(0.395) | (1.295) || (1.310)

(20, 5, 1, 0.5, 0.05) 15.162 | 28.074 [[ 27.495 | 2.06 %
(0.586) | (0.749) || (0.729)

(101°,5,1,0.5,10~19) 14.042 | 27.115 || 26.693 | 1.56 %
(0.380) | (0.771) || (0.730)

(5,2, 1, 0.5, 0.2) 15.789 | 30.963 || 30.059 | 2.92 %
(1.132) | (2.789) || (3.115)

(16, 8, 4, 2, 1) 14.072 | 32.762 | 28.319 [ 13.56 %
(0.475) | (1.664) || (1.450)

(10*°,1071°,1071°,10-1°,10-19) | 15.651 | 29.349 || 29.349 | 0.00 %
(1.094) | (2.148) || (2.148)

(10%,10%,1,10~%,107%) 14.912 | 29.434 [ 29.784 | —1.19 %
(0.542) | (0.992) || (1.017)

| N=13, p=10

(1,1,1,1,1,1,1,1,1,1) 30.478 | 62.767 || 50.855 | 18.98 %
(0.992) | (2.137) || (1.713)

(10,0.1,0.1,0.1, 0.1, 27.553 | 84.003 || 60.471 | 28.01 %

0.1,0.1,0.1,0.1,0.1) (0.970) | (2.670) || (1.803)

(10,10, 10,0.1,0.1, 28.492 | 67.595 || 60.339 | 10.73 %

0.1,0.1,0.1,0.1,0.1) (0.851) | (2.224) || (1.839)

(10, 10, 10, 10, 10, 29.685 | 64.710 || 62.234 | 3.83 %

0.1,0.1,0.1,0.1,0.1) (0.861) | (2.408) || (2.232)

(10, 10, 10, 10, 10, 31.737 | 82.026 || 69.922 | 14.76 %

10, 10, 10,0.1,0.1) (2.690) | (5.284) || (7.012)

(10,9/2,8/3,7/4,6/5, 28.709 | 60.807 || 54.396 | 10.54 %

5/6,4/7,3/8,2/9,1/10) (0.788) | (1.733) || (1.567)

(10,10,10,1,1, 30.111 | 61.654 [[ 57.437 | 6.84 %

1,1,0.1,0.1,0.1) (1.316) | (2.212) || (2.089)

(512,256,128, 64, 32, 28.641 | 98.799 || 67.775 | 31.40 %

16,8,4,2,1) (1.594) | (4.157) || (2.573)

(32,16,8,4,2, 27.964 | 58.601 || 54.855 | 6.39 %

1,1/2,1/4,1/8,1/16) (0.995) | (1.430) || (1.306)

(720, 360, 120, 30, 6, 29.767 | 65.894 || 65.812 [ 0.12 %

1,1/6,1/30,1/120,1/360) (0.949) | (2.429) || (2.423)

(101°,1071°,10710,10~ 10,1010, | 28.401 | 47.988 || 47.988 | 0.00 %

10710,10719,10710,10719,10719) | (0.863) | (1.340) || (1.340)

(10°,10%,10%, 102, 10, 28.307 | 63.451 || 63.348 | 0.16 %

1,1071,1072,1073,10~%) (0.907) | (2.292) || (2.267)




02 000KoetzODOODODOOODOOODO
(DO0ODoOooooooon)

[=Z,='0000 | ML | GD [ ST [ AV |
| N=8, p=5 |
(1, 1,1,1,1) 2465 | 3.755 [ 3.143 [ 1632 %
(0.012) | (0.021) || (0.017)

(10, 0.1,0.1, 0.1, 0.1) 2420 [ 3.970 [ 3572 [ 10.01 %
(0.010) | (0.027) || (0.023)

(10, 10, 10, 0.1, 0.1) 2452 | 3861 [ 3.775 | 222 %
(0.011) | (0.023) || (0.022)

(10,1, 1,1,0.1) 2462 | 3760 [ 3.552 | 554 %
(0.012) | (0.021) || (0.019)

(10, 10, 1, 0.1, 0.1) 2446 | 3804 [ 3.775 | 0.76 %
(0.011) | (0.022) || (0.022)

(20, 5, 1, 0.5, 0.05) 2464 | 3799 [ 3.735 | 1.70 %
(0.011) | (0.023) || (0.022)

(10™.5,1,0.5,10~ 1) 2453 | 3768 [ 3.720 | 127 %
(0.011) | (0.022) || (0.021)

(5,2,1,05,0.2) 2452 | 3748 [ 3473 | 735%
(0.012) | (0.021) || (0.019)

(16,8, 4,2, 1) 2.456 [ 4.055 [ 3.386 [ 16.51 %

(0.011) | (0.027) || (0.020)

(10°,1071°,1071°,1071°,10~10) | 2.452 3.509 3.509 0.00 %
(0.010) | (0.029) || (0.029)

(10%,10%, 1,10 %,10°9) 2.435 | 3.846 || 3.878 | —0.83 %
(0.011) | (0.024) || (0.024)

| N=13, p=10 |

(,L,1,1,1,1,1,1,1,1) 2.922 | 5.027 | 3.749 | 25.43 %
(0.010) | (0.022) || (0.015)

(10,0.1,0.1,0.1,0.1, 2.927 | 6.151 | 4.484 | 27.11 %

0.1,0.1,0.1,0.1,0.1) (0.009) | (0.038) || (0.024)

(10, 10,10,0.1,0.1, 2890 | 5313 | 4809 | 9.49 %

0.1,0.1,0.1,0.1,0.1) (0.010) | (0.027) || (0.023)

(10, 10, 10, 10, 10, 2.914 | 5008 | 4.859 | 4.69 %

0.1,0.1,0.1,0.1,0.1) (0.010) | (0.024) || (0.022)

(10, 10, 10, 10, 10, 2.925 | 5609 | 4.688 | 16.42 %

10,10, 10,0.1,0.1) (0.010) | (0.031) || (0.024)

(10,9/2,8/3,7/4,6/5, 2.905 | 5013 | 4.379 | 12.65 %

5/6,4/7,3/8,2/9,1/10) (0.010) | (0.022) || (0.018)

(10,10, 10, 1,1, 2911 | 5070 || 4679 | 7.2 %

1,1,0.1,0.1,0.1) (0.010) | (0.023) || (0.020)

(512, 256, 128, 64, 32, 2913 | 6449 | 4.409 | 31.63 %

16,8,4,2,1) (0.009) | (0.048) || (0.028)

(32,16,8,4, 2, 2.907 | 5.003 | 4.760 | 6.54 %

1,1/2,1/4,1/8,1/16) (0.010) | (0.024) || (0.021)

(720, 360, 120, 30, 6, 2.909 | 5.150 | 5.127 | 0.46 %

1,1/6,1/30,1/120,1/360) (0.010) | (0.025) || (0.025)

(10%°,101°,10-1°,10~10, 1010, 2.928 4.460 4.460 0.00 %
10710,10719,10710,10719,10719) | (0.008) | (0.064) || (0.064)
(10°,10%,10%, 102, 10, 2.900 5.107 5.107 | 0.00 %
1,1071,1072,1073,10~%) (0.010) | (0.024) || (0.024)
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