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3.1

3.1.1
BPT
3.1 3.2
3.3 3.6
3.7 AIC 3.1.2
€y
@ ©)
BPT
BPT
BPT
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BPT BPT
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3.1

684 11 29
202.7
887 8 26
211.5
1099 2 22
262.4
1361 8 3
136.9
1498 7
106.6
1605 2
102.7
1707 10 28
147.2
1854 12 24
92.0
1946 12 21
157.8
[20] Tablel
1498 9 20 7 9
[30] 7
3.2
1793 2 17
42.4
1835 7 20
26.3
1861 10 21
35.3
1897 2 20
39.7
1936 11 3
41.6
1978 6 12
37.1
[31]
3.3
6,496+ 177 B.C. 8,477+ 271 B.C.
1,009.5
6,458+ 143 B.C. 6,496x 177 B.C. 2 246
4,178+ 160 B.C. 4,284+ 177 B.C. 2’092
1,947+ 140 B.C. 2,331+ 146 B.C. 1,982
68+ 96 A.D. 381+ 216 B.C. ’
1,742
1586 1 18
1814.3
[32]
[33,34]
35
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3.4

3,900 B.C.
1,320
2,580 B.C.
1,460
1,120 B.C.
1,172
53 A.D.
841 ( ) 788
1,089
1930 11 26
1165.8
[36] Table5(p.821) case(2)(
) GradeA [36] 37
53A.D. 965A.D. 860B.C.
0A.D 1B.C.
841 38,39
3.5
7,569+ 74 B.C. 8,486+ 113 B.C. 2 201
5,532+ 145 B.C. 5,941+ 144 B.C. 3’066
2,199+ 146 B.C. 3,142+ 137 B.C. 2’570
1,195+ 154 A.D. 1,395+ 344 B.C. ’
1,957.5
1858 4 9
2471.1
[40,41]
3.6
6,688+ 183 B.C. 7,150+ 229 B.C. L 019
5,112+ 120 B.C. 6,688+ 183 B.C. 1’581
3,526+ 240 B.C. 5,112+ 120B.C. ’818
3,476+ 310 B.C. 3,526+ 240B.C.
1,247.5
1,031+ 117 B.C. 3,426+ 310B.C.
1,385.5
705+ 272 B.C. 1,031+ 117 B.C. 623 5
617+ 77 A.D. 705+ 272 B.C. 779'
969+ 103 A.D. 502+ 79 A.D.
1,111.5
1847 5 8
1095.6
[42]
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3.7

AIC
BPT
=157.8 =4.996 =0.0499 a'=1.92x 107 | =9.88x 10| =157.8
3.1) | a=0.367 0 =0.358 y =7.88 B =2.99 =0.0152
90.1 90.2 90.5 1.1 92.5 99.
=37.1 =3.598 =0.933 o' =6.65x 10| =1.12x 10°| =371
=0.177 0 =0.176 y =34.6 B =8.88 =0.253
3.2) 36.8 36.8 36.5 34.9 34.3 48.
=1814.3 =7.467 =0.00764 | o'=1.98x 10%°| =3.71x 10°| -1814.3
3.3) | a=0.293 0 =0.287 y =13.9 B =5.68 =0.00340
80.4 80.4 79.8 78-2 77.3 87.
=1165.8 =7.040 =0.0205 o' =4.24x 10®| =6.15x 10°| =-11g5.8
3.4) | a=0.213 0 =0.211 y =24.0 B =6.25 =0.00531
73.0 73.0 72.8 2.1 72.1 82.
=2471.1 =7.799 00151 | o' =1.55x 10%| =2.62x 10°| =471 1
=0.165 0 =0.164 y =37.4 B =6.66 =0.00257
3.5) 63.3 63.3 63.3 63.6 63.9 72.
=1095.6 =6.968 =0.0150 o'=4.18x 10| =4.52x 10°| -1095.6
=0.250 G =0.247 y =16.4 B =4.34 =0.00355
3.6) 115.8 115.8 116.0 116.7 117.8 130.
AIC AIC AIC
AIC 2

22




3.1.2 BPT

BPT Brownian Passage Time

a
3.3-3.6
1
3.8 a =0.24
AIC
2 AIC 12.3 7.8 4.5
3.8
a =0.24
BPT
B B.1 B.3 B.1 B.2 BPT
a =0.24( ) 30 ,50 ,100
1 AIC[43,44] Akaike Information Criterion AlC=  2x +2
2 H o W
1.0
3 H o W
1.0
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3.8 BPT
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240
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3.2
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A.l

(method of maximum likelihood)
X11X21---1Xn f(X;{ej}Jnll)

{03} 115X %5 s %,) = If:Il LCHE RS

{xidt, {6, {x: i1 {6;}
(likelihood function) {6,}:)
{ej}jle{ej}jnll
0;(X1,Xy,...5%,) J=1,2,...,m

0; (X1, X505 X,) (maximum likelihood estimator)
I ({ej}j”ll;xl,xz,...,xn)zzm I £(x;;{6,}{1)
q8;}.) {8;}- I ({6;}.)
{8;}.
0Ih /06,=0, 0 In /006,=0,..., d Ih /06,=0 (A.D)
{8} {8}
A.2
(A.D) BPT(Brownian
Passage Time) (A.D)
[ ]

mo [hd, 0 [(h;-m)]
BPT

M [, a’=p [/ )]-1
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A.3
Al

{6} 0 Ao (El o)
t tt t, .. t n

fo e t10) {MAl Yee(f Al 08 (o)

0 5ttt Z (6] ) Al Dd (A-3)

(t;1=1,2,...,n)

AL O 9dt- )/ gdw- o, for ti
t
Ml ) (it t)/d) folt- t.),  for (A.4)
Do 0) - thedt- )+Y B(E- 6 el -t) (A-5)
" (A.5) AL
t,
(A.5) 2.1

Ogata, Y. (1978): The asympotic behavior of maximum likelihood estimators for
stationary point processes; Ann. Inst. Statist. Math. 30, 243-261.
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BPT

B.1 B.3 B.1 B.2 (2.22) BPT (Brownian Passage
Time) v
A
A o
( ,0) [ fO*f[ ft)d (B.1)
A 30 ,50 ,100 %
a a =0.24
a =0.24 30 B.1
v “ 1,000”
=1,200 p =1,000 “1.2
14%
B.2
a =0.24 100
B.2 1,000 10,000 1,000
1,000
3,000
3,000
3,000 12%
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B.1 30 BPT a =0.24 %
2
1000| 1200, 1500| 2000| 2500| 3000| 4000| 5000| 6000 7000| 8000 9000/10000{15000|20000{30000
0.4 | 002 | 0.010.008 | 0.005 | 0.004 | 0.003 | 0.002 | 0.002 | 0.001 | 0.001 | 0.001 |<0.001 |<0.001<0.001<0.001(<0.001
05| 026| 020 015| 011 | 0.08 | 0.07| 005| 004 | 0.03| 003| 002 | 002 | 0.02] 0.01 |0.009 |0.006
0.6 13 11| 082| 060 047 | 038 | 028 | 022| 019| 016 | 014 | 012 | 011 0.07| 0.05] 0.04
0.7 34 2.8 2.2 1.6 13 10| 078 062 052 | 044 | 039 | 034| 031 020| 015( 0.10
0.8 59 4.9 39 2.9 23 19 14 11] 096 | 082 071 | 064 | 057| 038 | 0.29] 0.19
0.9 8.5 7.1 5.7 4.2 34 2.8 2.1 17 14 1.2 11| 094 | 085| 056 | 042 0.28
1.0 11 9.0 72 54 4.4 3.6 2.7 2.2 18 1.6 14 12 11] 073 ] 055] 037
11 13 11 8.6 6.5 5.2 4.3 33 2.6 2.2 1.9 16 15 13| 088 | 066] 044
12 14 12 9.7 7.3 59 4.9 37 3.0 25 21 19 17 15 10| 075| 050
13 16 13 11 8.0 6.5 5.4 41 3.3 2.7 2.4 2.1 18 17 11| 083] 055
14 17 14 11 8.6 7.0 5.8 4.4 35 3.0 25 22 2.0 18 12| 089 0.60
15 17 15 12 9.1 7.3 6.2 4.7 3.7 31 2.7 24 2.1 1.9 13| 095] 063
16 18 15 12 9.5 77 6.4 4.9 3.9 33 2.8 25 2.2 20 13| 0.99] 0.66
17 19 16 13 9.9 8.0 6.7 5.0 4.1 34 2.9 2.6 2.3 2.0 14 10] 0.69
18 19 16 13 10 8.2 6.9 52 4.2 35 3.0 2.6 2.3 21 14 11] 071
19 20 17 14 10 8.4 7.0 53 43 3.6 3.1 2.7 2.4 2.2 14 11] 073
2.0 20 17 14 11 8.6 7.2 54 4.4 37 31 2.8 25 2.2 15 11] 074
25 21 18 15 11 9.1 7.7 5.8 4.7 3.9 3.4 3.0 2.6 24 1.6 12| 0.80
3.0 22 19 15 12 94 7.9 6.0 4.8 4.0 35 31 2.7 24 1.6 12| 082
0 23 20 16 12 9.9 8.3 6.3 5.1 4.3 3.7 3.2 2.9 2.6 1.7 13] 0.86
B.2 50 BPT a =0.24 %
2
1000| 1200, 1500) 2000| 2500| 3000| 4000| 5000| 6000 7000| 8000 9000/10000{15000|20000{30000
04| 004 | 0.03| 0.02| 0.01|0.008 | 0.006 | 0.004 | 0.003 | 0.003 | 0.002 | 0.002 | 0.002 | 0.001 |<0.001<0.001(<0.001
05| 054 | 041 030| 020| 015| 012 | 009 | 007 | 0.06| 005| 004 | 0.04| 0.03] 002| 002| 0.01
0.6 24 19 15 11| 082 | 067 049 | 038 | 032 | 027 | 023| 021| 019 012 | 009 0.06
0.7 5.9 4.8 3.8 2.8 2.2 18 13 10| 087 | 074 065| 057 | 052| 034 | 026 017
0.8 10 8.3 6.6 4.9 39 3.2 24 19 16 14 12 11] 096] 064 | 048] 032
0.9 14 12 94 7.1 5.7 4.7 35 2.8 24 2.0 18 1.6 14] 094 | 071] 047
1.0 18 15 12 9.0 72 6.0 45 3.6 3.0 2.6 2.3 2.0 18 12| 092] 061
11 20 17 14 11 8.6 7.2 54 43 3.6 3.1 2.7 2.4 2.2 15 11] 073
12 23 19 16 12 9.7 8.1 6.1 4.9 41 35 31 2.8 25 17 13| 084
13 25 21 17 13 11 8.9 6.7 5.4 4.5 3.9 34 3.0 2.7 18 141 092
14 26 22 18 14 11 9.5 72 58 4.9 4.2 37 33 30 2.0 15| 0.99
15 27 23 19 15 12 10 7.6 6.2 5.2 4.4 3.9 35 31 2.1 16 11
16 29 24 20 15 12 11 8.0 6.4 54 4.6 41 3.6 33 2.2 16 11
17 29 25 21 16 13 11 8.3 6.7 5.6 4.8 4.2 3.8 34 2.3 17 11
18 30 26 21 16 13 11 85 6.9 58 5.0 4.4 3.9 35 2.3 18 12
19 31 26 22 17 14 11 8.7 7.0 5.9 5.1 4.5 4.0 3.6 24 18 1.2
2.0 31 27 22 17 14 12 8.9 7.2 6.0 5.2 4.6 4.1 37 25 18 12
25 33 28 23 18 15 12 95 7.7 6.4 55 4.9 43 3.9 2.6 2.0 13
3.0 34 29 24 19 15 13 9.8 7.9 6.7 5.7 5.0 4.5 4.0 2.7 2.0 14
0 35 30 25 20 16 13 10 8.3 7.0 6.0 5.3 4.7 4.2 2.9 2.1 14
B.3 100 BPT a =0.24 %
2
1000| 1200, 1500| 2000| 2500| 3000| 4000| 5000| 6000 7000| 8000 9000/10000{15000|20000{30000
04| 021] 013 | 007 | 004 | 003 | 0.02 | 0.01|0.008 | 0.006 | 0.005 | 0.004 | 0.004 | 0.003 | 0.002 | 0.001 [<0.001
0.5 18 13| 086 054 039| 030| 020| 015| 012 ] 010 | 0.09 | 0.08 | 0.07| 0.04 | 0.03| 0.02
0.6 6.4 4.9 36 24 18 15 11| 082 | 067 | 056 | 049 | 043 | 038 025| 019] 0.12
0.7 13 11 8.3 5.9 4.6 3.8 2.8 2.2 18 15 13 1.2 10] 069 | 052] 034
0.8 21 17 14 10 8.0 6.6 4.9 3.9 32 2.8 24 21 19 13| 096 0.64
0.9 28 23 19 14 11 9.4 7.1 5.7 4.7 4.0 35 3.1 2.8 1.9 14] 094
1.0 33 28 23 18 14 12 9.0 7.2 6.0 5.2 45 4.0 3.6 24 18 12
11 38 32 27 20 17 14 11 8.6 7.2 6.2 54 4.8 4.3 2.9 2.2 15
12 41 35 29 23 19 16 12 9.7 8.1 7.0 6.1 55 4.9 33 25 17
13 44 38 32 25 20 17 13 11 8.9 7.7 6.7 6.0 54 3.6 2.7 18
14 46 40 33 26 22 18 14 11 9.5 8.2 72 6.5 58 3.9 30 2.0
15 48 42 35 27 23 19 15 12 10 8.7 7.6 6.8 6.2 4.1 31 2.1
16 49 43 36 29 24 20 15 12 11 9.1 8.0 7.1 6.4 4.3 33 2.2
17 50 44 37 29 24 21 16 13 11 9.4 8.3 74 6.7 45 34 2.3
18 51 45 38 30 25 21 16 13 11 9.7 85 7.6 6.9 4.6 35 2.3
19 52 46 39 31 25 22 17 14 11 9.9 8.7 7.8 7.0 4.8 3.6 24
2.0 53 47 39 31 26 22 17 14 12 10 8.9 8.0 72 4.9 37 25
25 55 49 41 33 27 23 18 15 12 11 95 8.5 7.7 5.2 3.9 2.6
3.0 56 50 42 34 28 24 19 15 13 11 9.8 8.8 79 54 4.0 2.7
0 58 52 44 35 29 25 20 16 13 12 10 9.2 8.3 5.6 4.2 2.9
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C.1

[ C1]
BPT (Brownian Passage Time)
2001 10 20 30
C.1
( 3.2
AIC ( 3.7
2001
10 20 30 14% 88% 100
20
C.1 10,20,30
10 20 30
( ) | ( )
M
( 31 (BPT ) =37.1 .15
2001 26% | 81% | 98%
a
=0.177 ...8.0
(
)
C.2
[C2]
[C3] [C4] [C5] C6
2001 30 50 100
BPT (Brownian Passage Time)
0=0.24
1.1
( )
C.2
C.3
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(3.1.2) 8
1,000
0=0.24 172 1/2)
3,000 8 (8+ 0.5)
1,500 1,900 2,100 1,000 8.0 (8.0 0.5)
6,000
7.5
3,000 ,000 1600 1000 0a=0.24 7.0 75
C.3 30,50,100
( 30 50 100
( i (BPT ) | 2001 14% 23% 41%
(BPT ) | 2001 3.6% 6.0% 12%
(BPT ) | 2001 0.20% 11% | 0.37% 18% | 0.94% 33%
( ( ) 0.50% 0.83% 1.7%
0%" 0%" 0%"
(BPT ) 2001 0.14% 0.24% 0.56%
C7
C.3
[C1] (2001): ;
2000 12 , 601-618.
[C2] (1997):
; 1995 7 1996 12 ,
501-510.
[C3] (1998):
1997 1 12 , 353-372.
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[C4]

[C5]

[Cé6]

[C7]

(1999):
1998 1 12
(2001):
2000 1 12  ,581-591.
(2001):

(1999):

41

, 537-568.
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