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Fisher and Kullback-Leibler informations contained in record data

B AR - BT (LA & (Taishi Yamamoto)
MK - #%¥  KRE BX (Masafumi Akahira)

1 [FLE&HIC

—f%iZ, HEREEBOBERAIH LB LN BEAERCESHMHELE L, FIaE
N3EOREICETIHRELEZDHZLIX, FOHHBORES 252 ETHECHRATHS. &
L xif, FASEH RITHSERLATH D LW BT RIT) Z L3 TE 5. Bk, MMIZF—D
EHEISHIRE ) REENOBONIDREHME L BDERFL TS TN IHREL AL Z L REA
bR TWA. ki zif, BERSHENL DK X & n DEEHERCESEINSHBREL n O
RIEICE TN AHHEOLEIITHI TV S (Ahmadi and Arghami [AhAr01], [AhAr03]). E7,
EHRMEDOTFRIBEIC ST LR E SN T35 ([ArnBN98], [AWR00], [HiAk02]).

AR T, B 3HITIVT, [ADAN01] 255 T, n BORTEED b Fisher HH & & ML RS
WHED n BEORREH DL D Fisher FBRBOLLBEITH. £ L TH 4 #HiBWT, Hofmann and
Nagaraja [HoN03] (ZfE - C, BRI 1 b & b - BEARARICE S LA (TAL) OR&E,
REEER, BK (B DESKIED b Fisher HHEIZOVWTR LS. 2D LT, H42MHITBNT,
[HoN03] Tit# U bh TR WA =97 G(a, 1/8) DIAIT, EBXC Fisher S E D% B4
BICRD B . 85 HITRB T, 2 DDA DE V% P T % 5 Kullback-Leibler 1 #& % AT,
EHENSTHBREICOVTHRUS ([YA03). &5I, B6HITKWT, RBRIBEKET—F I
ESWTRHFEDO L OWREICOVTHRITS.

2 BE

BELEK X O (W_—VRERET 5) REEEBK (pdf) % f(z,0) L T5. LELocOBL
L. 6% R OBXMETS. $it, F(z,0) % f(z,0) DR (cdf) &5, Z0Lx, X
Db (B33 B Fisher (F) fF#HEk%

2
Ix(6) :== Eq [{%logf(x’a)} ]

Lo TEETS. 2T, MYOEBT T, 1ML T 2 BRI TEER biE, Z 0 Fisher A
X Ix = Eg [-(8%/06%)log f(X,0)] (720, Bk, ZORMHIMLENDIBDLETD.
RiZ, 01,0, € ©1IT2WT, f(+,02) T3 f(-,0,) OBAIE T HIHIZ, Kullback-Leibler

(K-L) Wk
I(6,:0;) = . f(fc 6,) log ‘;E ’01;
EEZD.
WE, X, , Xn ZEBVBZIZOVTR S pdf. f(z,0), cdf. F(z,0) b O07IC5E S e
B LT 5. LA OREREZ (upper record time) Ty, LA DOFERAE (upper record value) R &

Ty:=1, Tp:=min{jlj > Tn-1,X; > Xr,.,} (m=2,--- y 1),



Ry = X1, (m=1,---,n)

LEETD. EBIT, TALO (lower) FEEREEH, TTHE b FIRIC,
Ty=1 Tp:= min{jvlj > T,,;_I,X,- < XT,.,.} (m=2,---,n),
Rypi=X7, (m=1,...,n)

LERINS.

3 EBHT—4 D Fisher (KR

AHTIL, 5 2 MOBED T T [HoN03) 24~ T, FEEMES (BT 5 Fisher 8B ERD 3. £
DIHDITROREEAND. '

(i) Ip(n): K& & n ORAEREADLBONLEEIE N, & L, LLOREER = (By, - |
Ry,) & HOEESRIT := (T, -, Tw,) A (R, T) D b 6 (B 5 Fisher {8 &

(ii) IR (n): K& & n OEEABENLBONE LI OREME R D b0 0 (28833 Fisher iH# A

(iii) Tiz(n): K& & n DEEAEAD LBONIHSE (FK) DREIE R, Db 60187 5 Fisher
E:S

e, TUORKEFICBL TY, FEORE Ik (n), I5(n), IL(n) #AV3.

ER 3.1 [HoNO3] ILBWTIHBER IR THARVE, X = (X1, , X,) Db 0128 5 F iR E
ZIx(0) L THLE, Ix—I5p(n) % (R, T) DEBRBHAKR LS. Thit, (R, T) BEER X &
LT, EhETERER D e~ GRRME) BEBXOND. M0 1S (n), I%(n), Ikp(n), IE(n), Iy (n)
EOWTHLEHETH 5. ,

3.1 Fisher (K4 #

T, X100, X BEDZVTHSIZWTR Y pdf. f(z,6), c.df. F(z,0) & boRHICHE ) BR
BRBLT D, 0L, BRAORGME Ry iEFHE &L AN, Ry = maxicicn Xi = X(p) &
RBME, 2O pdf. i,

fRm(2,0) = nF(z,8)" ' f(z,0)
2R3, T, '
log fr,.(2,8) = logn + log f(z,0) + (n — 1) log F(z, 6)

THE00, B2HOF FREOEREL Y, BRADREHE R, b F §HEIT,
2
1 (n) = Eo [—5‘?@- 10 fra (X,0)]

= /_ w{ 56z 108 f(@:.0) = (n— )5z logF(a: 0)}nF“"1(z,0) f(z,0)dz  (3.1)
L%, ﬁ/}\ﬂ)%ﬁﬁﬁﬂ)%’)Fﬁﬁijfl(n) IZ2VTIE, (3.1) IV F(z, 0) 1 F(a: 6)
FThiTkv.



RIZ, FBHME R, BFWA T @ jpdf i
frr(r,t,8) =] f(ri,0) [[ F%(ri,0) (3.2)
i=1 =1

EREINDB. EEL, m< < rpti=1<t <<ty <nym=1,--+ My 6 =tip1 — ti —
Litmpr=n+18F5. 20L&, EMOTERIEL BHEFLOM (R, T) Db 0BT 5 F B
23,

= a
1% (n) = ‘2} / { 5 log f(z,8) — i5g3 = log F(z, 0)}F‘(:c 0)f(z,0)dz (3.3)
&72% ([HoN03)). %7, FALOREERD b F {##&k [fr(n) (2T, (3.3) IKBWT F(z,0) &
1- F(z,0) B&»xhid kv,

X 3.2 (3.1),(3.3) &V
Han) = 30 115 3.4)
=1

%185, FTAOREEZEDLHF HRE2CELTY, (34) L FROBEABRY LD, ZhiD,
LA (Fh) DRGIE & TEBZI DD FIERELZ ROV L &1TIT, (3.3) PEHEHA LR TY
E<, #hEh, BK (B OESREDOAD F ERELZRTITE (34) hoROLNBENVS T
Lz s,

S R O IRRE R (m.p.d.L) i, (3.2) ICISV TR T (BT 5 BB A E X

BrlickVEBbNS. Thbb, SREHKMOMETHS §(m) & A(m) OFTEHITZ &iC
LV BLRBHDT,

=ﬁf(ri’9) > Im-[F‘s‘(re,H) o (39)

t=1 J(m)ed(m) =1
3. EEL, < <rpym = 1,-+ ,0,8(m) := (61, ,0m), A(m) = {61+ ,0m) |
S G=n—mb, -, 0m FFRAOER]} LT5. ZhdY, Lﬁ@%ﬂﬁzﬁRKaihé F f##
B I%(n) i
Nn 3F(R:f) N» (R n
14(n) = Eq [{ Zih gy Lstweata) 4112 P4 (Rir6) | $ 9 1og f(R.-,e)}

2

22 5(Nn)EA(N) [1% FAi(R;,6) = 90
(3.6)

LIRBR, I EOMBLIZE LY. £oT, SREME, RE, BROBECHTTELS L,
YIalb—va it ko THEHERTE S ((HoN03)).
W&, BEREK X O cdf. F RROBTRENIBARL, TLENOIHEOBEE 6 LT 5.

() F(z,0) = Fo(z —6) (#e R (NERY),
(ii) F(z,6) = Fo(6z) 6>0) (RE®¥),
. (iii) F(z,0) = Fo(z°) (0 € RY (FIRBEK).



IDLE, HIORFEROHDOIET S FERET

Tee 2
{me,--- ,YN.,)}} (37)

2725 ([HoN03 D). =7%L, Yi,---, Yy, liﬁ:ﬂﬁ 2o/ on-RgEe L,
A(y1,-* ,Ym) = coefficient of s"~™"! in (Z f—o(_ﬂfﬁol%fj—') (H Ty y.)s)

m
1
B(yy,---, = coefficient of s"™™ in —_—

&35, k%, C by, by M ERYE, RESE, BPREBEOETLThOFHEICHLT,

IE (n) = h1(6)Eq

() Clyrs-+- ym) = Z f°(y‘; hi(8) =1, hy(s) = —
1=1

(li') C(yll vt ay‘m = Z h (0) 02’ h2(y1) = Y,
=1

l

L fl (.

(i) Clyny- gm) = m+ 3 (1 + 50D 100, 11(6) = 5, ales) = wilog
= fo(%) 8

&%, 723, TALOREE R Db 20 (23 5 F l#& IE(n) iIC2V T, (3.7) KBWT F(z,0)

21-F(z,0) IT, A% —AlIZB&E AT L.

3.2 HUIBHDBEDIRERET—42 D Fisher 111

B31HITBNTHALNEERMESO FHFREOH & LT, [HoN03] IZBWTHEOMORER
BOBEBRRLELATVS. L L, ZORACIEREOHENRMEHTH IR, KERALZ1ED,
& Z20E, TAOR/NREORBETIL Zn ZBLT—BLARY, BERAOKEX ERWITLEDD
RV, T, ARICBWOT, BEAMERIREE L LTS A DBREIC, BHREZICS
EFNSRERKICET S FRERLHEATS. 7, Xy, -+, X, ZEABVENZWTRY pdf.

f(,8) = {%z"""” (=>0),

(z<0)

ZHLOH =% G(a, 1/B) ICWED BEREH LTS, 2L, a>0,>0L La3FmLt5.
ZITo=1¢THITHEIFRLRIZLIZER. 7, BRADREHE, B/ ORBED LD BIC
B35 FIEREET TR ENRDS. log f(z,8) 2 8 T2ERBES TS L,

32

Wlogf(%ﬁ) = —_ﬂ%
THY,log F(z,B), log(l - F(z,B)) D2 EHRIED 2R B 79I, F(z,B),1 - F(z, f) BT
5L,

F(z,B) = / o )t""1 e Pidt = I‘(a)/ s le7%ds = f(1_7 (e, Bz),



o ol *1 1 ooa_ —s
- F(z,8) = /F(tlﬁdt——f(—a—)-ﬁxs ds—F()( z)

LB, 2L, > 012N T y(eyt),T(eyt) I
t 00
7(a,t)=/ z*le~%dz, F(a,t):/ % le~%dg
0 t
T, ThENE 1 1, 2 BREEN L <BR LT TWS. £ T,

ik ik d ?
aﬂ2 10gF( ﬂ) ( 51‘) {7(‘1,/33’)5?7(0’/91:) - ($7(a,ﬁz)) }

0* 1 8? 8 ?
b"ﬁflog( (z /3)) F( Bz )2 { (awﬂz)gﬂ_zr(aaﬂz) - (%F(a’ﬂz)) }

LB, ZIZT,

aﬂ 7(a, Bz) = B> 1z 7P7, il‘(a Bz) = - 1z%eP=,
6(?627("’/39’) = > %% P (a - Bz - 1), aﬂzf(a, Bz) = —p* 2%~ (0 - Bz - 1),
ThdNb,
6782 log F(z,8) = ——=8""2z% Bz{ (o, Bz) (@ — Bz — 1) _Bazae—ﬂz},
7(e, /3 )?
75 1981 = F(0,8) = g5 (o i) - Bz = 1) 4 4727777

285, £-T, (3.1) &Y

B = [ [ - i e {vfa o) - pi - 1) - prae e}
(e, Bz) "B et —pe
() e
= 5—2- ;g’; O / B(Bz)**"te~?"y(a, fz) 3 {7(a Bz)(a — Bz — 1) — (Bz)%e ‘ﬁ“’} dz
a mn(n-1)

I}{'J(n) =/(; [;2 I‘(a ﬂx)zﬂa_2 o —fz {r a ﬂ:c)(a Bz — 1) + Bz -—B::}]

. (I‘(IC"!(,O/?)E)>"_ F(:) 221 6=P% gy

— 1 - T n— GeP?
a 24 /327;‘( )n/ B(Bz)?*~e~%=T(a, Bz) 3{ (a,Bz)(a — ,Ba:—l)+ (Bz)e P }da:
_ g n{r — 1)

/92 + ﬂ?l‘(a)n 0

tza‘le-“l‘(a, t)*~3 {T(e,t) (@ —t — 1) + %"} dt



L7223, Thbb,

B = o - S [T e ey e ) - 1) - e
BIig(n) = a + ”ﬁ’z;)nl) e D (0, ) Dy ) (@ -t — 1) + 1% )dt (3.8)

CR25. WIT, (3.4) &Y RCERIE L REFFZ O (R, T) IZOWWTH,

B* IZr(n) Z =Ty (i)

c—l

Z Z S, ) e 1) - e

= az-l.- - ﬁ‘%‘?/o t2“'16'2t{7(a, t)(a—t—1)—t"et}
i=1

: { Y- 1)7*(a,t)‘“3} it (3.9)

=1

L7223, EL, v (@,t) = (e, 1)/T(0) £F5. (3.9) DRTHED {--.} O, S5 b B
SIDMOME LTELLNADDT, S = {---} LB,

1=7(@t)S =7 (a,t) ' + 1+ 7" (a,t) + - + 'y“(oz,‘t)"_3 - (n - 1)7*(a,t)*?
_1—ny*(a,t)" 1+ (n — )y* (e, )"
7*(a,t)(1 = 7*(e,))

&%, ZZ T, IM™(ayt) :=T(ayt)/T(a) &FHIT,

* — 1 o a=-1_-—t —_1 _ 1 ¢ a—1 -t — *
P(a,t)-m[ 8 e 'ds=1 _F(a)_/()s e ds—1—7(a,t)
THHNbH,

1—ny*(a,t)" 1 + (n — 1)7* (e, t)"

§= 7* (e, t)™* (e, 2)?

25, Lo,

Pl =2y 1 - i [T A e (e - 1- ) 7

=1
1 - ny*(a, )" + (n — 1)7*(e, )"
7* (e, )T*(a, t)?

R85, FIOREE L REMKIOMO LS 6 1CHT 5 F iR 1L (n) bR,

n) Z = 0]

=1

dt  (3.10)

= QZ + E (e / tZa—le'Zir‘(a, t)i—3{]_"(a, tya—t—1)+ tae—t}dt

=1



—a) i+ p(i)s | T e D ) - - 1) + %)

. {zn:(z - 1) (e, t)‘-3} dt

i=1
=e) it e /ooo 2716y t) (o — t — 1) + 1%}

¢ 1
=1

1= nl*(e, )" + (n - 1)I* (o, t)"
(o (o

LizB. Biic, IY(n) 12 B BREBKTHEMS (37) KLV EX OB, EEL, Vi, o, Vi 1
Gla,1), Thbb, Fo(z) = v*(a,2) 2 b2k 5 RAFMLBONEEREL L,

’ m o= = 1
- ) = coefficient of &7~ in [ 3 ¢ _
A(y1,-++ ,ym) = coefficient of s n (M T(a)(1- 7*(01,3/:')3)) (H 1—7*(ey y.-)S) ’

=1

dt (3.11)

d 1
B(yy, .- = coefficient of s"~™ in —_—
Wiy o) ([[ =y w)s

15, &b, folz) = (1/T(a))z*"le  TH Y,

1
I'(e)

a—-2 _—z

z* Y Fla—-x—1)

fo(2) =

ERBEND,
m m
Cl - rym)=m+ Y (@—pi—1)=am—Y u
=1 =1

LThiEiv. ZThb kb,

BIR(n) = Eg

2
A(Y}"',Y%%) Nn :
{B(Yi,--- V) +°’N"‘.ZY'} } (3.12)

LY, ZIhbyial—va it AKEMEIC L ) HRROERELND. Tk, IE(n) I
DUVTH FIERIZ,

m . m
I e 1
A(y1,°* s Ym) = coeflicient of 5™ in (; T(a)(1- P*(a,yi)s)) (1__—_11 1-T*(a, y.-)S) ’

m
B(y1,- -+ ,Yym) = coefficient of s"™™ in (H ﬁ;%x—ﬁ)

i=1

¢LT,

N. )2
Ik = E [{—ﬁi’é’,liizi’»ﬁ:i“”n-z“}] -

=1



&0, vIal—varEAVTHEREBOELZES.

Hr=5a% G(oy1/8) 1, @ = co D& &, ERFMITIIRT S, Thabb, REH X 2
Gla,1/B) 18D L &, BAL LI {X - (o/B)}/ (Va/B) iHEHEESRSA N(0,1) ITHE 5 BeBEK
CHERIRIR T 5.

H 25375 Gla,1/B) »RLNI B OBRRDEREIZEE NS 8B 5 F H8& IY(n)
OfE, THOBR/NDOREGMEIZEEN S BIZMT5 FIRBREDME I (n) ZENEFhRD D (F1, 2
BR). WE, Vo4l a - oo DL &, MHLRERDMTIRT B0 5, I5(n) & If(n) D8
HENEL 2D (RIBR). ZWIHEBEXMA, T2Lba=1DFRLELLRRIRATHS.
*7, G(a,1/8) HRLNIRRE L BEFHMOM (R, T) BTN 5 B IBT 5 1FHE 1T, (n)
BIC I (n) oW THREOBERABRONS (R4-6BB). &5, Go,1/8) bBLIE
HALE S OTRLORREEIZE 5 B I2BIT 2K ME 1Y (n) 3 L TR IE(n) 24D R LIESK 200000
ElDYI 2 b=V a3 iZd>TRD, EOMAELELRT S (RT-9BH). Zhiko\ThH, vYIa
V=V a VORBREDTDEFTOIEIL 2 IH A BRROBEMARONDS. T, BEHEL T 07
O LR, T42b%, TIRIFEHHETHHIZ EBRHMONTVEMR, B4 LET, K5 LE
SELNRB L, UIalb—ra L DBREITH D HODIRME L BEFL DD F IFRBEDHED
FH, BREDOHADFIERBEOMELY BIFLALYDOFETREL ROTVWAR I LREALND. &
DZEIZHL, HHRER L2 bDE EUDFE, TAOHEIZONTENRENRT (£10,1128
). 10,11 £ v, BEREFRNZ2EDDILIZLBFHERB~OEEIT, ERAOKE & n BKEL
RBIFERERBZILENRDONS. £, K104, HIOBAIT o BRELTH L, THEER %
BOLRBPIREL RBBEABHBDIIKL, R 11 O TFMNOBE TIIFCEEN/ NS RoT
<BEMAEHBZ LBFTEA LN,

% 1: G(a,1/8) LB bR ERKDTEMISHT 5 B2IY (n) DI

1 2 3 4 5 10 20 30 40 50 75 100

1 100 | 2.00| 3.00| 400| 500 10.00 | 20.00 | 30.00 | 40.00 | 50.00 | 75.00 | 100.00
2 181} 348 | 5.11| 671 | 830 | 16.12 | 31.52 | 46.78 | 61.97 | 77.11 | 114.84 | 152.45
3 250 | 469 | 6.80 | 886 |10.89 | 2082 | 40.21 | 59.33 | 78.32 | 97.23 | 144.25 | 191.06
4] 3.11| 574 | 8.24 | 10.67 | 13.07 | 2471 | 47.32 | 69.56 | 91.60 | 113.53 | 168.00 | 222.18
51 3.66| 667 | 9.50 (1226|1496 | 2805 | 53.39 | 78.25 | 102.88 | 127.34 | 188.09 | 248.46
10 || 5.86 | 10.23 | 14.30 | 18.20 | 22.02 | 40.32 | 75.38 | 109.57 | 143.32 | 176.79 | 259.69 | 341.91
20 | 8.87 | 14.94 | 20.49 | 25.79 | 30.94 | 55.47 | 102.03 | 147.21 | 191.68 | 235.70 | 344.51 | 452.21
30 || 11.05 | 18.24 | 24.78 | 31.00 | 37.03 | 65.63 | 119.67 | 171.96 | 223.36 | 274.19 | 399.69 | 523.78
40 || 12.79 | 20.84 | 28.13 | 35.04 | 41.73 | 73.40 | 133.05 | 190.66 | 247.24 | 303.14 | 441.10 | 577.41
50 || 14.26 | 23.00 | 30.89 | 38.37 | 45.50 | 79.73 | 143.89 | 205.78 | 266.50 | 326.49 | 474.41 | 620.50
75 || 17.18 | 27.25 | 36.29 | 44.84 | 53.08 | 91.90 | 164.58 | 234.54 | 303.09 | 370.74 | 537.42 | 701.89
100 | 19.45 | 30.51 [ 40.41 | 49.75 | 58.75 | 101.03 | 180.00 | 255.89 | 330.18 | 403.47 | 583.91 | 761.85




% 2: G(a, 1/8) 6B LN B/ DB 5 f215 (n) DI

o
1 2 3 4 5 10 20 30 40 50 75 100
n 1100 {200]300| 400| 5.00 [ 10.00 | 20.00 | 30.00 | 40.00 | 50.00 | 75.00 | 100.00
21 1.00)228|361| 496 | 6.33 | 13.31 | 27.563 | 41.88 | 56.30 | 70.77 | 107.07 | 143.48
3] 1.00 244|399 | 558 | 7.20 | 15.54 | 32.69 | 50.10 | 67.65 | 8529 | 129.62 | 174.16
4100|256 |426| 6.03| 7.84|17.23 | 36.67 | 56.48 | 7649 | 96.62 | 147.28 | 198.23
51 1.00 | 2.65 | 4.48 | 6.39 | 8.36 | 18.59 | 39.92 | 61.72 | 83.77 | 105.97 | 161.89 | 218.19
10:]| 1.00 | 2.92 | 5.14 | 7.51 | 9.98 | 23.08 | 50.83 | 79.44 | 108.49 | 137.82 | 211.93 | 286.72
20 || 1.00 | 3.16 | 5.77 | 8.62 | 11.61 | 27.80 | 62.64 | 98.87 | 135.81 | 173.19 | 267.89 | 363.70
- 30| 1.00 | 3.28 | 6.11 | 9.23 | 12.54 | 30.59 | 69.82 | 110.78 | 152.65 | 195.08 | 302.72 | 411.77
40 | 1.00 | 3.36 | 6.33 | 9.65 | 13.18 | 32.56 | 74.97 | 119.40 | 164.87 | 211.00 | 328.15 | 446.94
50 || 1.00 | 3.41 | 6.50 | 9.96 | 13.66 | 34.08 | 78.98 | 126.14 | 174.46 | 223.52 | 348.21 | 474.72
75| 1.00 | 3.51 | 6.78 | 10.50 | 14.50 | 36.81 | 86.28 | 138.48 | 192.07 | 246.56 | 385.22 | 526.09
100 || 1.00 | 3.56 | 6.97 | 10.86 | 15.07 | 38.70 | 91.45 | 147.26 | 204.65 | 263.05 | 411.82 | 563.08
® 3: (17 (n) — Iz (n))/Ijy (n) DIE
[+
T ] 2 ] 3 | 4 ] 5 | 10 | 20 | 30 | 40 | 50 [ 75 | 100
n 1 0 0 0 0 0 0 0 0 0 0 0 0
2 | 448 | .346 | 294 | .260 | .237 | .174 | .127 | .105 | .091 | .082 | .068 | .059
3 || .600 | .479 | .414 | .370 | .339 | .254 | .187 | .156 | .136 | .123 | .101 | .088
4| .678 | .554 | .483 | .435 | .400 | .303 | .225 | .188 | .165 | .149 | .123 | .108
5 || .727 | .602 | .529 | .479 | .441 | 337 | .252 | .211 | .186 | .168 | .139 | .122
10 || .829 | .715 | .640 | .587 | .546 | .428 | .326 | .275 | .243 | .220 | .184 | .161
20 || .887 | .789 | .719 | .666 | .625 | 499 | .386 | .328 | .291 | 265 | .222 | .196
30 || .910 | .820 | .754 | .702 | .661 | .534 | .417 | .356 | .317 | .289 | .243 | .214
40 || 922 | .839 | 775 | .725 | .684 | .556 | .437 | .374 | .333 | .304 | .256 | .226
50 || .930 | .852 | .790 | .740 | .700 | .573 | .451 | .387 | .345 | .315 | .266 | .235
75 || 942 | .871 | .813 | .766 | .727 | .599 | .476 | .410 | .366 | .335 | .283 | .250
100 || .945 | .883 | .828 | .782 | .743 | .617 | .492 | .425 | .380 | .348 | .295 | .261
% 4: G(o,1/8) D b8 LN M & ERFFR OMICRT 5 257 (n) DE
a
1 2 3 4 5 10 20 30 40 50 75 100
1 1.00 | 2.00| 3.00| 4.00 5001 10.00 | 20.00 { 30.00 { 40.00 | 50.00 75.00 { 100.00
2 190 | 3.74 | 5556 7.35 9.15 | 18.06 | 35.76 | 53.39 | 70.98 | 88.55 | 132.42 | 176.23
3 274 | 5.30| 7.82|1031 | 12.78 | 25.00 | 49.16 | 73.17 | 97.09 | 120.96 | 180.50 | 239.91
4 352 | 674 | 9.88 | 12.98 | 16.05 | 31.18 | 60.99 | 90.56 | 119.99 | 149.34 | 222.50 | 295.46
5 425 | 8.07|11.78 | 1543 | 19.04 | 36.79 | 71.67 | 106.21 | 140.57 | 174.81 | 260.12 | 345.15
10 743 | 13.72 | 19.72 | 25.59 | 31.36 | 59.55 | 114.50 | 168.66 | 222.40 | 275.89 | 408.88 | 541.24
20 || 12.41 | 22.23 | 31.49 | 40.48 | 49.28 | 91.97 | 174.53 | 255.53 | 335.73 | 415.42 | 613.26 | 809.85
30 || 16.41 | 28.88 | 40.56 | 51.84 | 62.89 | 116.20 | 218.87 | 319.36 | 418.73 | 517.39 | 762.08 | 1005.00
40 || 19.81 | 34.45 | 48.10 | 61.26 | 74.11 | 136.01 | 254.88 | 371.02 | 485.77 | 599.63 | 881.83 | 1161.80
50 || 22.81 | 39.31 | 54.64 | 69.39 | 83.79 | 152.97 | 285.54 | 414.92 | 542.65 | 669.34 | 983.19 | 1294.50
75 || 29.14 | 49.44 | 68.18 | 86.16 | 103.67 | 187.55 | 347.70 | 503.64 | 657.42 | 809.83 | 1187.06 | 1560.91
100 || 34.39 | 57.71 | 79.16 | 99.71 | 119.69 | 215.19 | 397.05 | 573.88 | 748.12 | 920.71 | 1347.66 | 1770.55
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% 5: G(o, 1/8) BB LI TRIE & BRI DMITRT 5 21, (n) DIE

«
1 2 3 4 5 10 20 30 40 50 75 100
n 11{ 1.00 2.00 3.00 4.00 5.00 10.00 20.00 30.00 40.00 | 50.00 75.00 100.00
2 || 1.50 3.14 4.80 6.48 8.17 16.66 33.76 50.94 68.15 | 85.39 128.53 171.74
3183 395 6.13 | 8.34 ] 10.57 | 21.84 | 44.66 | 67.64 | 90.70 | 113.82 171.74 | 229.79
41 208| 459 720 9.85| 1253 | 26.14 | 53.83 | 81.76 | 109.82 | 137.97 | 208.56 | 279.35
b 228 | 5.12 8.09{11.13 | 14.20 | 29.86 61.81 94.10 | 126.58 | 159.16 | 240.94 | 322.99
10 || 2.93 6.94 | 11.25 | 15.69 | 20.23 43.61 91.80 | 140.79 | 190.19 | 239.85 364.71 490.22
20 || 3.60 899 | 14.92 | 21.13 | 27.51 60.78 | 130.13 | 201.04 | 272.74 | 344.95 526.88 710.06
30 || 3.99 | 10.27 | 17.29 | 24.69 | 32.33 72.43 | 156.58 | 242.91 | 330.36 | 418.52 640.89 865.01
40 || 4.28 | 11.21 | 19.05 | 27.37 | 35.99 | 81.42 | 177.18 | 275.67 | 375.55 | 476.32 | T730.68 | 987.24
50 || 4.50 | 11.96 | 20.47 | 29.54 | 38.96 88.79 | 194.21 | 302.83 | 413.09 | 524.40 | 805.53 | 1089.23
75 |l 4.90 { 13.35 | 23.15 | 33.66 | 44.63 | 103.07 | 227.50 | 356.14 | 486.93 | 619.10 | 953.28 | 1290.86
100 || 5.19 | 14.36 | 25.11 | 36.72 | 48.86 | 113.88 | 252.95 | 397.05 | 543.73 | 692.07 | 1067.42 | 1446.83
% 6: (I (n) - Iy (n)/ I (n) DK
(a4
1 2 3 4 5 10 20 30 40 50 75 100
n 1 0 0 0 0 0 0 0 0 0 0 0 0
2| .212 | .161 | .135 | .119 | .107 | .078 | .056 | .046 | .040 | .036 | .029 | .025
31 .330 | .255 | .216 | .191 | .173 | .127 | .092 | .076 | .066 | .059 | .049 | .042
4 (1 407 | .318 | .271 | .241 | 219 | .162 | .118 | .097 | .085 | .076 | .063 | .055
5| 462 | .365 | .313 | .279 | .254 | .188 | .138 | .114 | .100 { .090 | .074 | .064
10 || .606 | .494 | 430 { .387 | .355 | .268 | .198 | .165 | .145 | .131 | .108 | .094
20 if .710 | .596 | 526 | 478 | 442 | 339 | .254 | 213 | .188 | .170 | .141 | .123
30 || .756 | .644 | .574 | .524 | 486 | .377 | .285 | .239 | .211 | .191 | .159 | .139
40 || .784 | .675 | .604 | .553 | .514 | .401 | .305 | .257 | .227 | .206 | .171 | .150
50 || .803 | .696 | .625 | .574 | .535 | .420 | .320 | .270 | .239 | .217 | .181 | .159
75 || 832 | .730 | .660 | .609 | .570 | .450 | .346 | .293 | .259 | .236 | .197 | .173
100 || .849 | .750 | .683 | .632 | .592 | .471 | .363 | .308 | .273 | .248 | .208 | .183
B 7: Gle,1/8) H 5B b BREICHT 5 F21Y (n) O
[
1 2 3 4 5 10 20 30 40 50 75 100
n 1 1.00 2.00 3.01 4.01'] 5.03 10.00 20.13 30.10 39.85 49.84 74.88 100.04
2 1.91 3.75 5.62 7.33 9.18 18.02 35.88 | 53.46 71.22 | 88.57 | 132.26 176.15
3 2.72 5.29 7.76 | 10.29 | 12.65 24.60 4854 | 72.14 95.46 | 119.34 | 178.08 235.87
4 3.47 6.64 9.66 | 12.80 | 15.78 30.45 59.25 88.05 | 116.58 | 145.54 | 216.55 285.96
5 419 7.92 | 11.43 | 15.02 | 18.35 35.51 69.02 | 101.74 | 134.32 | 166.74 | 248.43 329.16
10 7.11 | 12.93 | 18.32 | 23.66 | 28.73 54.05 | 103.89 | 152.41 | 200.11 | 248.47 | 365.06 | 483.82
20 || 11.44 | 19.84 | 27.63 | 35.32 | 42.70 78.74 | 148.69 | 214.40 | 284.52 | 350.46 | 513.09 675.11
30 || 14.47 | 25.12 | 34.34 | 44.12 | 52.81 96.46 | 179.14 | 260.95 | 340.27 | 419.28 | 614.02 806.63
40 || 16.83 | 29.20 | 40.08 | 50.48 | 60.59 | 109.43 | 202.49 | 293.05 | 382.63 | 470.11 | 692.60 | 904.99
50 || 19.03 | 32.66 | 44.50 | 56.00 | 67.37 | 120.80 | 221.60 | 320.30 | 415.97 | 510.79 | 748.74 | 988.76
75 || 23.48 | 39.40 | 53.46 | 66.79 | 79.80 | 141.85 | 260.17 | 368.68 | 418.42 | 592.86 | 859.95 | 1129.96
100 || 27.19 | 44.67 | 59.87 | 75.27 | 88.67 | 156.57 | 283.53 | 408.65 | 533.58 | 647.82 | 940.33 | 1241.61




* 8: G(a,1/8) DB LNEKEICKT 5 B2IE(n) OE

1

o
1 2 3 4 5 10 20 30 40 50 75 100
1101 |1.99| 299 | 400 499 | 996 | 19.82 | 3006 | 39.72 | 50.16 | 75.57 | 99.80
21149 (312 480 | 650 8.18 | 16.67 | 33.73 | 51.06 | 67.66 | 85.13 | 128.60 | 172.81
311771382 592 | 8151028 | 21.34 | 43.62 | 6643 | 88.77 | 111.47 | 169.67 | 226.13
4111921436 | 684 | 9.29 | 1201 | 25.19| 51.88 | 7848 | 105.53 | 133.74 | 201.33 | 270.49
51206469 7491|1028 | 13.14 | 27.92| 57.70 | 88.70 | 119.85 | 150.10 | 228.24 | 304.72
101239579 9.40 | 13.23 | 17.11 | 37.59 | 79.08 | 123.21 | 166.15 | 209.28 | 320.37 | 429.12
20 || 2.58 | 6.69 | 11.33 | 16.30 | 21.30 | 48.24 | 104.28 | 161.53 | 221.89 | 277.65 | 430.96 | 580.55
301 2.66 | 7.19 | 12.33 | 17.94 | 23.78 | 54.35 | 119.47 | 186.43 | 255.38 | 323.62 | 499.32 | 675.08
40 || 2.70 | 7.47 | 13.00 | 19.07 | 25.26 | 58.53 | 130.24 | 204.42 | 278.53 | 356.96 | 550.09 | 737.26
50 || 2.71 | 7.69 | 13.42 | 19.83 | 26.50 | 62.05 | 139.59 | 216.53 | 301.74 | 379.97 | 587.16 | 798.92
75 || 2.74 | 7.96 | 14.33 | 21.20 | 28.37 | 68.13 | 153.65 | 242.54 | 335.20 | 426.00 | 658.51 | 897.08
100 || 2.80 | 8.21 | 14.80 | 22.01 | 29.92 | 72.75 | 164.38 | 262.23 | 357.72 | 459.25 | 710.77 | 969.54
£ 9: (I4(n) — I5(n))/I%(n) DfE
[43
1 2 3 4 5 10 | 20 | 30 | 40 50 75 | 100
n T | =007 | .010 | .005 | .004 | .006 | .004 | .015 | .001 | .003 | —.006 | —.009 | .006
21l 220 .168 | .144 | .113 | .109 | .074 | .060 | .045 | .050 | .039 | .028 | .019
3| .350 | .278 | .237 | .209 | .187 | .132 | .101 | .079 | .070 | .066 | .047 | .041
4| 445 | 343 | 293 | 275 | 239 | .173 | .124 | .109 | .095 | .081 | .070 | .054
5| .508 | .407 | 345 | 315 | 284 | 214 | .164 | .128 | .108 | .100 | .081 | .074
10 .665| .552 | 487 | .441 | 404 | 304 | .239 | .192 | .170 | .158 | .122 | .113
20 || .774 | 663 | .590 | .538 | .501 | .387 | .299 | .247 | .220 | .208 | .160 | .140
30 || .816 | .714 | .641 | .593 | 550 | .437 | .333 | .286 | .249 | .228 | .187 | .163
40 || .840 | 744 | 676 | .622 | 583 | .465 | .357 | .302 | .272 | .241 | .206 | .185
50 | .858 | 764 | .698 | .646 | 607 | .486 | .370 | 324 | 274 | 256 | .216 | .192
75 || .883 | 798 | 732 | .683 | .644 | .520 | 409 | .342 | .304 | .281 | .234 | .206
100 | .897 | 816 | .753 | .708 | .663 | .535 | .420 | .358 | .330 | .291 | .244 | .219
®10: (I%:(n) — I§(n))/I¥ (n) DIE
a
1 2 3 4 5 10 20 30 40 50 | 75 | 100
n 1| .000 | —.007 | —.002 | —.003 | —.005 | .000 | —.006 | —.003 | .004 [ .003 | .002 | —.004
2 | -.003 | -.003 [ -.011 | .004 { —.004 | .002 | -.003 | -.001 | -.003 | .000 { .001 | .000
3| .06 .002| .008| .002| .010|.016 | .013| .014 | .017 | .014 | .014 | 017
4| 012| .015| .022| .013] .017].024| .029 | .028 | .029 | .026 | .028 | .033
51 .013| .019| .031| .027 | .037|.036 | .038 | .044 | .046 | .049 | .047 | .049
10l .044| .060| .077| .081| .091].102| .102| .107 | .111|.110|.120 | .119
2 || .085 | .121| .140 | .146 | .154|.168 | .174 | .192 | .180 | .185 | .195 | .200
3ol .134| .150 | .181| .175 | .191 ] .205 | .222 | 224 | .231 | .234 | .241 | .246
4 || 177 | 180 | 200 .214| 223 | .243 | .259 | .266 | .270 | .276 | .273 | .284
50 || .199 | 204 | 228 | .239| .244 | 266 | .289 | .295 | .305 | .310 | .313 | .309
75l 241! 255 | 275 | 200 | 299 .322( .336 | .366 | .366 | .366 | .380 | .381
100 || 265 | 292 | 322 | .325 | .350 | .374 | .400 | .404 | .402 | 421 | .433 | .426
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& 11: (IEp(n) — IE(n))/I5(n) DOfE

1 2 3 4 5 10 20 30 40 50 75 100

1] -.007 {.003|.003 ] .001{ .001| .004 {.009 | -.002 {.007 | —.003 | -.008 | .002
2| .007 | .005 | .000 | -.002 | -.001 | -.001 | .001 | —.002 | .007 { .003 | .000 | -.006
3| .037(.035|.035 | .024 | .028 | .022 | .024 | .018 | .022 | .021 | .012 | .016
4| .084|(.053 |.083 | .060| .043 | .038 | .038 | .042 1 .041 | .032 | .036 | .033

5 .106 | .092 |.081 | .082 | .080| .070 | .071 | .061 | .056 | .060 | .056 | .060
10 227 | .198 | .197 | .186 | .182 | .160 | .161 | .143 | .145 | .146 | .138 | .142
20 ) 394 | 343 | 317 | 296 | .292 | .260 | .248 | .245 | .229 | .242 | 223 | .223
30 || .504 | 427 | 402 | 376 | .360 | .333 | .311 | .303 | .204 | .293 | .284 | .281
40 )| .585 | .501 | .466 | 436 | .425 | .391 | .360 | .349 | .348 | .334 | .328 | .339
50 || .663 | .555 | .525 | 489 | .470 | 431 | .391 | .399 | .369 | .380 | .372 | .363
75| .786 | .677 | .6156 | .588 | .573 | .513 | 481 | .468 | 453 | .453 | -.448 | .439
100 j| .854 | .,748 | 697 | 668 | .633 | .565 | .539 | .514 | .520 | .507 | .502 | .492

4 E8RT—4 0 Kullback-Leibler 151

Z OHITHE, RTEO F1§85E L FRIC LT, 830, 3 b o0 mics 5/ 0, 20 H 054
TRHIeOIT, FCRAEFIZBT 5 K-LFRE 17 (n;61,02), IY (n; 01, 0), I5(n; 81,62), I55(n; 61,65),
I5(n;61,02), I (n; 61,05) ZAVTERTS ([YA03).

4.1 Kullback—Leibler L

B ORI R, 1378 5 NI IEERER Xy, -, X, DRKITH ), WFHRHE X ) < - <
X(n) ZRAVWHhIT R, = X(n) 2%, Ttk £F0pdf. iX

fr,,(2) = nF"(z,0) f(z, 6)

ChBMD, B2 KL NAROERLD, R, 0bo KL HEEI,

Iﬂ(n;()l,()g) =‘/_: {l g:’;E ; ( - 1)1 g Z§} Fn- (:c 91)f($ 01) (4.1)

12723, TINOREREICOWTIIF .21 - FREZRITI V.
%7, (R, T) ®bo K-L &Iz

R,T.O
IgT(’n;el,og) = E91 [Iog %2%]
| f(R:, 1) S F(R;,8)
[Z“g TR, 92)] B |3 Adlog F(R,-,ez)}
= E1 + Eg (42)

=Y Ei(m)

m=1
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L, Em=1,---,niZON"T,

/ /':l< <rm 8(m )€A(m)

¥ DOk E, E(m) 2HET L,

r‘,9 m .
Fa(m) = / /,K <t {Zl 1)}Hf7'4a91) z HFJ (rx,01)dry - -drm

i=1 J=1 5(m)eA(m) k=1

{Zl yion } TL7es:00) [T Fo(rvsOr)drs - drm

i=1 k=1

LB . 2T, NSV S IZH LT,
m m 1
5 _ . n—m :
Z H F°(r, 8) = coefficient of s"~™ in g T Freds (

(4.3)
5(m)€d(m) k=1 F(ri,0)s

E2Bnh,

f(ru 01 f(T_,, 01
E, = coefficient of s"~™ log ceodry
(m) = coefcent o £ in [ - / {Z & Flri,02) Hl—F(rJ,el

=1

&%, EbIT, TORDHKEKDIEAIL,

[f, o At T L i
/ / {;1 f(:::z:;}n f rj;il(h)s Py drm
= [ (35 e ()
= (m-{l)! (—-i—log(l - 3)>m 1/ ( ;Ez 213) (ZF‘ (z 91)3) f(z,61)dz

LB, ko,

Ey(m)=Y (mil)! /: (10 fg”” zlg) Fi(s,8,)f(z, 8,)da

=0

. coefficient of s" "1 in (- log(l — s))™"!

LRBMD,
-3 Bt
_’i/ ( (z 21)) Fi(z,0:)f(z,01)dz

1
- coefficient of s»~*! in log(1 — s))™!
Z NCESY ——yy(—log(1 - 8))
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E72%. ZZTERIZBWT, ZOREERSIL,

n—1t
coefficient of s"~*~! in Z (—log(1 — s))™1
m=

(m-1)!
1
n—1—1 : -1
= coefficient of s in E 1)'( log( s)™

= coefficient of s"~*~! in exp( log(1 - 5))

= coefficient of s"~*~! in 1
1-s :
=1 (4.4)
ER3%. X0,
n-~1
_ i f(xaol)) 1
E = ;0 /_ _ (log HEXA) Fi(z,8,)f(z,0;)dz (4.5)

/5. ¥k, RRZLT,

=" Ey(m)

m=1
LRTL,
Ez(m)=/"‘/ > {Zél ’""01 }Hfr,,ﬂl HF*»(r,,,ol)drl---drm
r1<<rm §(m)ed(m)
=/ / {Zl F(r"al)}Hf( ris6) Y. J;HF""(rk,el)drl---drm
r<e<rm =1 §(m)€A(m) k=1
ERB.ZZT, +NEN S IZRLT,
i F(r;,0) 0
2 Pt = 3 f((r' 0)) ar; HFJ"("“
§(m)ed(m) k=1 §(m)ed(m) ' V¥ t
F(ry, ) n—m 1
= (r,, ) o [coeﬁiuent of s in Hm
_ H "= in F(r,,e)s
= coefficient of s N g o) H T F (Tk, (4.6)
THHEND,
= coefficient of s"~™ in

- F(r;,6;) F(ry,0:)s
./ ./r,< L { F(r,,H:)} 1—F(1‘ 10 Hf(r,,Ol)H 1 - F("k,01)s ceodrm,

723, EbiT, ZOTITDOHEIL,

F(ri,6) F(ri,6,)s
/"'/,1<...<,m {Zbg F(ri,Bg)} T=F(r:,01)s 1 Hf (5, 01) H . F(r,,,o,)s drm

t=1
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IR é’g;,”,)g)s T
-t [ (e Hl) ettt (/- tithse)”
T W () e

LY, ZoiIBETAMTI AL n-mETELNT T+ THE0D,

Bym)= 3 (m_il_)' /_ : (log ?Ezzg) Fi(z,00)f(z, 01)do

1=0

- coefficient of s"~*~! in (—log(l — s))™}

&%, Zh&y,
E; =) Ex(m)
m-—l
= X_j / ( ﬁg”” f,‘)) Fi(z,61) f(z,61)dz
. coefficient of s®~*~1 in Z ——-lT)-‘-(— log(1 — s))™!
m—l : _
n-1
- Zz/ ( F(z,6,) )Ff(m,ol)f(z,al)dx 47)
=0 - 02)
L2%0b, (4.5) & (4.7) &V,
-1 oo _
157 (n;60,,8;) = Z/ { + ilog %} F'(z,60y) f(z,6,)dz (4.8)
i=0 v > !
2R/5.
EW 4.3 (4.8) & IY(-;61,8,) BV
-1
1 01) F(z,01) } . i )
IRT n, 01,92 ; i+ 1 / { 02) + zlog —-——F(m’02) ('l + 1)F (m,ﬂl)f(a:,ﬂl)dz
-1
=3 G 150,00
=0
n 1 »
= <61, 60) (4.9)

=1

s,
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EHICRDLOKLIEHREEXEZE LD L, RO m.pdf. (3.5 AT,

[ R,4
Ig(n, 91,92) = E‘g1 log fE—R-é-:——}]

— B, |log Hr-l J(Ri,01) X 5n.)ean,) nF '(Re,91)}
: i f(Riy82) Tsnayeaovs) [T FAi (R, 6,)
f(Ru 6:) Ysva)ea.) e F4 ‘(R:‘,al)]
=g | o + Ey, |log . (4.10)
’ Z f (i, ) ’ Y svmea(Na) [limy P2 (R:, 62)

725, 2T T, (4.10) OREDITOELADE 1 HIX (4.2) £V By KELWVWOT (4.5) &> TR
Y, B2/ EWV s ITH LT (4.3) L AKICE s,

U
IZ(n;61,0;) = EV + Ej, [log BUEIIg] (4.11)

LRED. L,

=5 [ (g

) F'(z,0,)f(z,0,)dz,

1
U _ . n—m ; e aEre el
A" (r) = coefficient of s in E 1— F(r;,0,)s’

i 1
U _ . n—m 3
BY(r) = coefficient of s~ ™ in g 1= F(ry,02)s

£75. TALORKMEIZOWTIL, EF, AL(r),BL(r) L LT F %1~ F 2 BEMRELORHN
DLW, 2200, FREDEEZ Y Ia b — Vs VT XA BEHEIC L > TRDAZENTES.

4.2 BEHAHOHREOEHRT—5 0O K-Li#GE
WE, Xp, -0, X BEBWVIZHSZIZWTRY pdf.

. 0) — 6e=% (x> 0),

% b OB Exp(1/0) (RO ERERETH. KL, 0>08T5. ok i,

f(z,8) _, G1eh= 6
Og ( 02) - IOg 6, e—0az = lOg 6, (01 02)3:’
F(a: 01) -9”:
l g 1 — F( 02) log ...922; (01 - 02)

Ei2B0T, (4.1) LY BR/IORKED S - K-L {FHEIT,

Ifr(n; 01, 0;) = / {—log b2 —(61-63)c— (n—1)(61 - 92):6} ne~("=1012g, g=812
0
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= —log 0— — (61 - 02)/ n20,ze "% dzx
0

61
8, 1
—-1085'1'— (91—92)'51'
=: —log A — (1 - (4.12)

ERB.EEL, N i=0,/0, & T5B. Eiz, (4.9) 1V, TAOREKRME L BERZORITHT S K-L
i E-5 Ard

Z IMz,

=1
1
= (=logA— (1-A)) ;; (4.13)
B, Kiz, HDOBED K-L FREIZHOWTEET B L,
U | = 92 —e % —bizyn—1g b1z
Iyg(n; 61,0;) = / —1og = —(01—-63)z—(n—-1) logr—— n(l — e )" " 6" dz
0
== 105 == — (61 - 92)/ z-n(l- e~ B7y-1g, 6017 gy
_ (’n _ 1)/ (__ log(l — e—ew)) . n(l _ e—ﬂlx)n—lole-—&zdm
0
+ (n —_ 1)/ (_ log(l - e—ezz)) . n(l _ e—alx)n-lale—ﬁlxdz
0, i 1 1 1
log - (6y — 02)/ (—-o—log(l - t)) -nt"tdt — (n - 1)/ (—logt) - nt™"ldt
1 - 0
+(n-1) f (= log(1 — /%)) . n(1 — £)"dt
0

B, ZDE?2, 3, AHOEZITENERN,

1 1 1 n =1 ! +i1
—_—— - .t - — 5 = n+ti—
/0 ( B log(1 t)) nt™  dt ) E ; /0 t dt

=1

n 1 1 1
0113%{1(“1) 2(n +2)+”'+k(n+k)}

_1111++__1____1___1}
A E n k+1 k+2 ntk

n

1 1
25

1
[(—logt)-nt”‘ldt logt +/ t"ldt
0

:l.,_;r-—|
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1 00 1
/ (— log(l - t02/01)) . n(l - t)""ldt = Z %/ t(92/91)'c . n(l _ t)n-ldt
0 k=1 Y
b2 5 [*yar00k-1(1 _ pym
=5 )t (1-t)ndt
1 k=1
02 k02
=]

&%, 1L, B(-, ) B_—FB%LTH. ZhiY A=6,/6, L LT,

Ip(n; ) = —log A - (1-2X) 1) (4.14)
)= k=1
L%, SHIT(4.9) &b,
1 ,.
Ter(mid) = ) =1 (i)
i=1
n n 1 t 1 n oo
=—log)\z—.—(1—/\)Z: =
=1 i=1 j=1'7 =1 1~1 k=l
(4.15)

& LT AL OREEIE & RS LIOM (R, T) O b2 K-L HBRERE LI 5.
BiRic, RRME R 0b - K-LifGRIT

n-1
Ef = Z/ ( log— -~ (6y - 02)3:) —12g, e=017
=Y / ( 1og:—— - (6, - 02)3) 0% dg
—; Jo

n-1 .y |
EV =Y /0 ( log — (61 - 63)z )(1-—6'9")"016'91’:13:
1=0
= i/l (—log A — (1 — A)(~log(1 —2))) ttat

=1 1=1

log/\Z—— (1= Z Z- (4.16)

1=1 i=1 J—l
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Bz linb,

m
Ly _ . —m s 1
A”(r) = coefficient of s in H 1o firig’
=1

m
L _ . n—-m : ____1__—.
B*(r) = coefficient of s n 1—‘! 1— e-barig

1=

AY(r) = coefficient of s" ™ in

e 1
H — (1 - e—t1ri)s’
il (1 - etrri)s

BY(r) = coefficient of s"™™ in E - _1 e=0ri)s
LT, (1) by Ial—va i) ZORRBOEREBLND.

%% Exp(1/8) 225/ bhiz ELOBRKDOERMECEEND f(rm,01) DY f(rm,bs) I
B89 % K-L & I (n; \) D, FC FALOR/NORGMEIZE $h 5 K-L HREOH IT,(n; A)
EENBIRT (212, 138R). 1701, A:=0,/0, £ T5. ¥, Lk THEhEhORERIE
LREER OGS K-LFHEEE YD IE UEK 200000 HICL5¥I=2b—va VX OIRD
TiEERT (R 14, 15 8R). &bi2, L THZAThORRMED b K-LIRREDEEZTT
(3216, 17 3R). K-LFEBREOUE L LT, EAOKRE S n RKE 22 LEREIEMT S
0 =0, Tbbl=10LE K-LIERRIZ0 LB L, £, 0, L 6, ICBHALTHENKHTS
BILBENLEAEND. &BIT, & 14, 15 OEEIE L REFZ OO b K-L HHREDEI,
#16, 17 DRZEDO K-L FHE LV L ENERETFTREL RoTVB Z ERDND. R&ERZIT
ONFAITRE 0 ITIEFELARVZ LR o TVA N, CHREEL 2 EZR L - FMFTREOENRKE
KRBLWSREREBL. ZOZLIZOWNT, £ 14 LK 16 DEANEEZRDEZHLOER 18 ITRT.
RIS HOEBERER L EZETDZ LICLHHBE~OREIL, BRAOKE S n RREIARDIEEKR
&<, EHNDERLIGENE X, T2bbL 2 00 FBHERICEEL TS EEIZERERS
T iRbhB. ki, 15 LR 1T OEAEERR19ITFT. MO LE LELLEERIELN
BAS>IDEZFZRANDERZEZTLHE D EABRNEVIRRBB LN,

%12 Exp(1/6) 2B/ b B ROEBREICHT B I5(n; A) OE

A
0.01 0.02 0.05 0.1 0.2 05 | 1] 2 5 10 20 50 100

1 3.62 2.93 205 140 081 [019{0]031] 239 6.70 | 16.00 | 45.09 | 94.39
2 712 | 5.75 399 | 271 | 155}036]|0]053| 3.95]|10.72 | 25.01 | 69.09 | 143.40
3 10.54 8.50 586 | 3.96| 2241051 0|072| 510 | 13.54 | 31.27 | 85.25 | 176.23
41 13.92| 11.20 769 | 5.17| 290065 | 0| 087 | 6.00| 15.70 | 35.84 | 97.42 | 200.90
5 17.25 | 13.85 947 | 6.34| 353|078 {0 1.00| 6.74 | 17.45 | 39.59 | 107.17 | 220.65
10 || 33.47 | 26.70 | 18.02 | 11.86 | 6.43 | 133 | 0| 148 | 9.21 | 23.16 | 51.75 | 138.71 | 284.46
20 || 64.69 | 51.20 | 33.99 | 21.93 | 11.50 | 2.21 | 0 | 2.04 | 11.83 | 29.13 | 64.41 | 171.43 | 350.62
30 | 95.00 | 74.81 | 49.14 | 31.28 | 16.05 [ 2.92 | 0 | 2.39 | 13.40 | 32.69 | 71.94 | 190.88 | 389.93
40 || 124.73 | 97.87 | 63.78 | 40.20 | 20.28 | 3.55 | 0 | 2.66 | 14.53 | 35.23 | 77.32 | 204.76 | 418.00
50 || 154.04 | 120.52 | 78.05 | 48.80 | 24.29 | 4.11 | 0 | 2.86 | 15.41 | 37.21 | 81.51 | 215.57 | 439.84
75 || 226.04 | 175.90 | 112.59 | 69.33 | 33.63 | 5.33 | 0 | 3.25 | 17.01 | 40.82 | 89.14 | 235.27 | 479.64
100 || 296.74 | 230.01 | 145.99 | 88.89 | 42.30 | 6.39 | 0 | 3.52 | 18.15 | 43.39 | 94.57 | 249.28 | 507.96
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% 13: Exp(1/6) Do R LN 7= R/ DERMEIKT 5 I (n;\) DE

A
0.01 {0021006} 01 ] 02 (05 ]1 2 b 10 20 50 100
n 1362]293 (205|140 0.81{0.19|0]0.31(239]6.70 ] 16.00 [ 45.09 | 94.39
2362293205140 (081 (0.19{0]0.31]239]6.70 | 16.00 | 45.09 | 94.39
31362 (293 (205140081019 0)]0.31]239)6.70| 16.00 | 45.09 | 94.39
41362293 }205]140 081 (0.19)00.31]|239]6.70 | 16.00 | 45.09 | 94.39
513621293 |205|140 (081 0.19|0|0.31]239]|6.70 | 16.00 | 45.09 | 94.39
10 | 3.62 | 293 | 2.05 | 1.40 | 0.81 [ 0.19 | 0 | 0.31 { 2.39 | 6.70 | 16.00 | 45.09 | 94.39
20 || 3.62 1293 205140 | 0.81]0.19 |0 031239 6.70 | 16.00 | 45.09 | 94.39
30 || 3.62 1293 |2.05]140|0.81|0.19|0|0.31]239]6.70|16.00 | 45.09 | 94.39
40 || 3.62 [ 293 [ 2.05|1.40 | 0.81|0.19 |0 | 0.31 239 | 6.70 | 16.00 | 45.09 | 94.39
50 || 3.62 [ 293 | 2.05| 140 | 0.81 | 0.19 [ 0 | 0.31 ] 2.39 | 6.70 | 16.00 | 45.09 | 94.39
75 11 3.62 | 2.93 | 2.05 | 140 | 0.81 | 0.19 [ 0| 0.31 | 2.39 | 6.70 | 16.00 | 45.09 | 94.39
100 || 3.62 | 2.93 [ 2.05 | 1.40 | 0.81 | 0.19 | 0 | 0.31 | 2.39 | 6.70 | 16.00 | 45.09 | 94.39
& 14: Exp(1/0) o/ O - TR L BERRZI DT T 5 IS, (n; \) O
A
0.01 0.02 0.05 0.1 0.2 05 |1 2 5 10 50 100
n 1 3.62 2.93 2.06 140 081(019]|0] 031 239 6.70 | 16.00 | 45.09 94.39
2 717 5.81 4.04 276 | 158 0370|057 | 437 | 12.06 | 2851 | 79.63 | 166.09
3 10.69 8.64 5.99 4081 233|054 0| 081 | 6.07| 16.57 | 38.90 | 108.05 | 224.84
4 1417 | 11.44 7.92 537 ] 3.05 070 |0 1.03} 7.57 | 2049 | 47.86 | 132.41 | 275.06
5 1762 | 14.21 9.81 664 | 3.76 | 0.86 | 0| 1.23 | 891 | 23.98 | 55.78 | 153.84 | 319.19
10 3454 | 27.74 | 1898 | 12.72 | T7.08 [ 1.57 | 0 | 2.06 | 14.22 | 37.47 | 86.07 | 235.31 | 486.50
20 6733 | 53.78 | 36.38 | 24.04 | 13.10 | 2.76 | 0 |{ 3.25 | 21.35 | 55.16 | 125.35 | 340.15 | 701.16
30 99.28 | 79.00 | 53.02 | 3469 | 1862 | 3.79 | 0 | 4.14 | 26.39 | 67.51 | 152.59 | 412.50 | 849.04
40 || 130.67 | 103.66 | 69.15 | 44.90 | 23.81 | 4.71 | 0 | 4.86 | 30.37 | 77.17 | 173.83 | 468.80 | 963.98
50 || 161.64 | 127.92 | 84.90 | 54.78 | 28.76 | 5.56 | 0 | 5.47 | 33.68 | 85.19 | 191.40 | 515.29 | 1058.87
75 || 237.73 | 187.28 | 123.10 | 78.46 | 40.38 | 7.46 | 0 | 6.70 | 40.21 | 100.91 | 225.77 | 606.10 | 1244.08
100 || 312.44 | 245.29 | 160.07 | 101.09 | 51.24 | 9.14 | 0 | 7.67 | 45.25 | 112.96 | 252.08 | 675.48 | 1385.48
% 15: Exp(1/6) 268/ b - BERHE L BERFEADOMIZXT 5 Iirp(n;)) D
A
001 { 002 | 005 [ 01 [ 02 ] 05 [1 2 ] 10 20 50 100
n 1 362 293 ] 2.05[140 (081|019 [0[ 031 239 6.70 | 16.00 | 45.09 | 94.39
2 542 | 440 | 3.07|210|1.21{029|017]046 | 3.59)10.05 | 24.01 | 67.63 | 141.59
3 663 | 538 | 3.75| 257148 (0350 0.56| 4.38 | 12.28 | 29.34 | 82.66 | 173.06
4 753 | 611 4262921169 (0400 |0.64| 498 | 13.95] 33.34 | 93.93 | 196.66
5 825 | 6.69 | 467|320 | 185|044 0070 | 5.46 | 15.29 | 36.54 { 102.95 | 215.54
10 |} 1059 | 859 | 599411237 |057{0(090| 7.00 | 19.62 | 46.88 | 132.06 | 276.48
20 || 13.01 | 1055 | 7.36 | 505|291 | 0.69 | 0| 1.10 | 8.60 | 24.10 | 57.58 | 162.22 | 339.61
30 || 1444 | 11.71 | 8.17 | 5.60 | 3.23 | 0.77 | 0| 1.23 | 9.55 | 26.76 | 63.94 | 180.13 | 377.11
40 || 1547 { 1254 | 8.75 | 6.00 | 3.46 | 0.83 | 0 | 1.31 | 10.23 | 28.66 | 68.47 | 192.91 | 403.87
50 [ 16.27 { 13.19 | 9.20 | 6.31 | 3.64 [ 0.87 | 0 | 1.38 | 10.76 | 30.13 | 72.01 | 202.86 | 424.70
75 || 17.72 | 14.37 | 10.03 | 6.87 | 3.97 | 0.95 | 0 | 1.50 | 11.72 | 32.83 | 78.44 | 220.99 462.66
100 || 18.75 | 15.21 | 10.61 | 7.28 | 4.20 | 1.00 | 0 | 1.59 | 12.40 | 34.74 | 83.02 | 233.89 | 489.66




£ 16: Exp(1/6) » LB N TRz T 5 I (n;\) DIE
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001 [ 002 [ 005 [ 01 [ 02 J05 1] 2 5 10 50 100
n| 1 362 293 205| 140 | 0810190031 | 239 6.70| 16.00 | 45.09 | 9439
2 718 | 580 | 4.04| 2.76 | 1.58 (037 |0 | 057 | 437 | 12.05| 2851 | 79.63 | 166.09
3 1069 | 863| 598 | 407 | 232]|054|0|0.81| 6.05| 1654 | 38.86 | 108.00 | 224.79
4| 1414 | 1140 7.88| 534 | 3.03|0.70|0|1.02| 7.52| 2042 | 47.77 | 132.30 | 274.94
5| 1755 | 1414 | 9.75| 659 | 3.72 (085 |0 | 121 | 883 | 2386 | 55.62 | 153.66 | 319.00
10 | 3417 | 27.39 | 18.67 | 1244 | 6.89 | 1.50 [ 0 | 1.98 | 13.94 | 37.07 | 85.60 | 234.79 | 485.96
20 | 6599 | 5249 | 35.22 | 23.03 { 12.37 | 2.55 | 0 | 3.04 | 20.66 | 54.26 | 124.33 | 339.06 | 700.03
30 || 96.75| 76.53 | 50.75 | 32.75 | 17.22 | 3.39 | 0 | 3.80 | 25.38 | 66.20 | 151.12 | 410.94 | 847.44
40 || 126.83 | 99.94 | 65.73 | 41.95 | 21.68 [ 4.11 | 0 | 4.40 | 29.07 | 75.51 | 171.99 | 466.84 | 961.99
50 || 156.42 | 122.87 | 80.29 | 50.78 | 25.88 | 4.77 | 0 | 4.90 | 32.12 | 83.22 | 189.22 | 512.99 | 1056.53
75 || 229.04 | 178.78 | 115.27 | 71.82 | 35.63 | 6.16 | 0 | 5.89 | 38.11 | 98.31 | 222.93 | 603.10 | 1241.03
100 || 300.16 | 233.37 | 149.22 | 91.74 | 44.59 | 7.34 | 0 | 6.66 | 42.70 | 109.87 | 248.68 | 671.90 | 1381.84
& 17: Exp(1/0) » @ b= BEMEICHT S I5(n; A) DE
A

001 [002005[ 010205 1] 2 5 10 20 50 100

n| 1] 362| 293[205[1.40 (081 0190031239 6.70 | 16.00 | 45.09 | 94.39

2| 542 | 440 |3.07|210|1.22|0.29|0 | 0.46 |3.59 | 10.05 | 23.99 | 67.65 | 141.65

3| 658 | 533 [371253|145(0.34|0|0.54]|4.18|11.69 |27.94 | 78.78 | 164.91

41| 742 | 599 |4.16 283 | 162|038 |0 | 059|454 | 1270 | 30.30 | 85.63 | 179.35

5| 807 | 651|450 |3.06|1.74|0.41 |0 0.62 | 4.80 | 13.37 | 31.93 | 90.11 | 188.86

10 {| 10.06 | 8.07 | 5.52 | 3.71 | 2.08 | 0.47 | 0 | 0.71 | 5.38 | 14.97 | 35.73 | 100.85 | 211.76

20 || 11.90 | 9.48 | 6.40 | 4.24 | 2.35 | 0.53 | 0 | 0.76 | 5.76 | 15.96 | 38.00 | 107.53 | 226.17

30 | 12.88 | 10.22 | 6.84 | 4.51 | 2.48 | 0.55 | 0 | 0.78 | 5.88 | 16.28 | 38.86 | 109.73 | 231.19

40 || 13.53 | 10.69 | 7.13 | 4.66 | 2.55 | 0.56 | 0 | 0.79 | 5.92 | 16.44 | 39.24 | 110.99 | 233.44

50 || 14.00 | 11.03 | 7.31 | 4.78 | 2.59 | 0.57 | 0 | 0.80 | 6.00 | 16.56 | 39.48 | 111.65 | 235.40

75 || 14.79 | 11.59 | 7.63 | 4.94 | 2.67 | 0.58 | 0 | 0.81 | 6.06 | 16.77 | 39.88 | 113.07 | 237.94

100 || 15.29 | 11.94 | 7.81 | 5.04 | 2.73 | 0.59 | 0 | 0.82 | 6.08 | 16.80 | 40.18 | 113.79 | 239.19

% 18: Exp(1/6) » LB b7 HIORET — #IZ8T 24853 (18p(n;\) — I (n;0)) /14 (n; X) DI
A

n

0.01[002{005{ 01 {021]05 71 2 5 10 20 50 | 100

1] .000 | .000 | .000 | .000 | .000 | .000 | — [ .000 | .000 | .000 | .000 | .000 | .000
2 | .000 | .001 | .000 | .001 | .000 | .000 | — | .002 | .000 | .000 | .000 | .000 | .000
3 (| .000 | .002 | .001 | .003 { .003 | .006 | — | .004 | .003 | .002 | .001 { .000 | .000
4 | .002 | .003 | .005 | .006 | .007 | .008 | — | .009 | .006 | .004 | .002 | .001 | .000
5t .004 | .005 | .006 | .008 | .010 | .015 | — | .015 | .009 | .005 | .003 | .001 | .001
10 | .011 | .012 | .017 | .022 | .029 | .042 | — | .038 | .020 | .011 | .006 | .002 | .001
20 f} .020 | .025 | .033 | .044 | .059 | .084 | — | .069 | .033 | .017 | .008 } .003 | .002
30 § .026 | .032 | .045 | .059 | .081 | .118 { — | .089 | .040 | .020 | .010 | .004 | .002
40 |} .030 | .037 | .052 | .070 | .098 | .146 | — | .103 | .045 | .022 | .011 | .004 | .002
50 |t .033 | .041 | .057 | .079 | .111 | .166 | — | .115 | .049 | .024 | .011 | .004 | .002
75 || .037 | .048 | .068 | .093 | .133 | .212 | — | .137 | .055 | .026 | .013 | .005 | .002
100 || .041 | .051 | .072 | .102 | .149 | .245 | — | .152 | .060 | .028 | .014 | .005 | .003
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% 19: Exp(1/6) bR O TALOEET — 7 120+ BHAME (IEr(n;X) — I5(n; N)) /I (n; ) DIE
A
001002006 01 | 021 05
1} .000 | .000 | .000 | .000 | .000 | .000
2 || .000 | .001 | .000 | .000 | .001 | .000
3 | .007 | .009 | .012 | .011 | .021 | .028
4
5

2 5 10 20 50 100
.000 [ .000 | .000 | .000 [ .000 | .000
-003 | .000 | .000 {-.001 | .000 | .000
049 | .049 | .050 | .050 | .049 | .049
.084 | .097 | .098 100 | .097 | .096
Jd24 ) 138 | 144 | 145 | .143 | .141
272 301 | 311} .312| .309 | .306
448 | 493 | 510 | 515 | .509 | .502
570 | 623 | .644 | 645 | .642 | .631
653 | 727 | 743 | 745 | .738 | .730
727 | 793 | 819 | .824 | 817 | .804
860 | .934 | .957 | .967 { .955 | .944
952 | 1.038 | 1.068 | 1.066 | 1.055 | 1.047

.016 | .019 [ .025 | .032 | .042 | .057
023 | .028 | .037 | .047 | .061 | .085
10 | .053 | .064 | .085 | .108 | .139 | .192
20 || .093 | .112 | .150 | .190 | .239 | .318
30 || .121 | .146 | .195 | .243 | .306 | .410
40 || .143 | .173 | .228 | .287 | .358 | .467
50 | .162 | .196 | .259 | .319 | .402 | .517
75 || 198 | .240 | .314 | .391 | 484 | .623
100 || .227 | .274 | .359 | .444 | .540 | .687

I N A R N

I

5 WESHOBAORET 21T HK-LiNER

FBAEHICBNT, 2 2O OBREREMEIZA TS K-LERBELAVTERLER, borH
BIZT 270D, 2009 EHAESETELD. AHTIIEESH L ERDMOBS/A I
LSIEEIHAOWANE TR DICRRMEIZET 5 K-LEREIZHOVWTRNT 3.

T, 91 07 Exp(l) Dpdf. % fi &L, HBEBRDOEHK c £ 0 /NSO TIXExp(1)
T, cALDXMTIIERDF N(p,0%) 2D LI HASREDH D pdLf. & fr, Thbb,

e~® (0<z <),
AR = e @20,
0 (& DAth)

ZE2D. EIEL, u,0 i,

()
o o

@(c—u)=1—e_°
o

LV cOBBLLTEEDHLDLL, @, ¢ IXENERN(0,1) Dcdf., pdf. &T5. ZDOL&, #
BRcDEEZEX2RLRGT—F ICHT5 K-L HRBOEBERAS. 22T, c M pdf o &
bODMDPREIZRDHE, TR0, c=log2 DRFAIZ, f ITxT3 f DREF—F BT 5
K-LIEREZRDZ (K1, 20 8MH). £20 kY, LA ORGET— 71287 3 K-L {8 EiIEA
DRES n BPRELSBDZTONTHEML, TOMRBBREKITIEVWEICRLS. —F, BhOR
BAEICBET 5 K-L S EIZn BREL 23 L E LB TAEABHEL LN, 2D ki, n B4
MyET 2R ER/NDRBRIEIT fi(z) & falz) DEBRINL T~ RNB LN S FHEENREL,
ELLDSHNOLRLNIZOPBINNERC 2D LELONS. £, TNORGRIEL B
ZIOHIZ BT 5 K-L IR EIT, (4.9) £V, BN ORREORMOH TRIND LD, B +5 Lit
ROV, BNOTERMEICET 2 K- L FHERE LI BOLTVAED, n RAEXL 2o THREIZ
WML k3 EEBRONE. DI, TROREEIZET S K-L HEREL n RAEL 25120
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NTHHSLTHEY, 2R 19 TREL I, n BAEL LB LEGHL 2SO TK-L FRE
REBTOIRBRRELRDLVWIZERRNTWVWE LEZDLND.

1
0.8

0.6

0.4

0.2

'
i
c

0 0.5 1 1.5 2 2.5 3

1: fi(z)(RBR) & fo(z)(FER) (c =log2 = 0.693)

£ 20: f, ISR fL OR\ET—F BT HHEROME (c = log?2)
n || Ix I | Ik | IR Iy | I8y | IR
1 |[0.285 [[ 0.285 | 0.285 | 0.285 || 0.285 | 0.285 | 0.285
2 || 0.571 || 0.045 | 0.308 | 0.308 || 0.557 | 0.564 | 0.564
3 || 0.856 || 0.011 | 0.312 | 0.300 || 0.817 | 0.836 | 0.836
4

5

1.142 || 0.001 | 0.313 | 0.297 | 1.068 | 1.103 | 1.103
1.427 || 0.000 | 0.313 | 0.295 || 1.310 | 1.365 | 1.365
10 || 2.854 || 0.000 | 0.313 | 0.294 || 2.412 | 2.611 | 2.606
20 || 5.708 || 0.000 | 0.313 | 0.293 || 4.218 | 4.847 | 4.830
30 || 8.562 || 0.000 | 0.313 | 0.293 || 5.662 | 6.829 | 6.788

R, 2O cDERXELTRBROEERFTS. 7, fi & f; PHEHLSNBV c= 0.1 DFAI
DWTEHTF— Db O K-LIFRERRD S (M2, £218R). TOHAICH, £ 20 & RAHROK
BRHHNBEN, FHOHRESNEN LNLLEHICHEREDEIIRELS 2oTWS. T,
B/ANDRGEIZET 2 K-LIFREOH VDR Y — FH % 20 DBAITHTEL 2oTWA.

S
-
-
e, ———— .

0 0.5 1 1.5 2 25

B 2: fi(z)(BR) & folz)(ER) (c=0.1)

i
!
H
|
i
c
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R 21: fL KNT D fL DRET—F BT HHEREOME (c=0.1)

Ix | 1y | T | 15 | 15 [ 1% | 13

18.627 || 18.627 | 18.627 | 18.627 || 18.627 | 18.627 | 18.627
37.253 || 6.665 | 21.959 | 21.946 || 34.343 | 35.798 | 35.798
55.880 || 3.318 | 23.065 | 21.915 || 47.970 | 51.788 | 51.781
74.506 || 1.911 | 23.543 | 21.591 || 60.012 | 66.791 | 66.775
93.133 || 1.199 | 23.782 | 21.315 || 70.817 | 80.955 | 80.922
10 || 186.265 || 0.214 | 24.096 | 20.761 || 113.010 | 142.495 | 142.322
20 || 372.530 || 0.021 | 24.148 | 20.563 | 168.749 | 237.938 | 237.434
30 || 558.796 || 0.004 | 24.152 | 20.529 || 207.759 | 313.359 | 312.545

b |lwlol S

£, fi & f DERBEBRDR c = 1 DBEIC, AROEREITH (M3, X2288). =0
BEITIT, 2 oOSHDOFARBILBREID RN 2 SO HFOMANE L 2B L Nh, 2kn
CHEBEDOEI/NEL 22oTVB. ZLT, fi & f, OHER EALOWMT LIRNZ L0 d, b
DFEERE & EERBEZI O DB O K-L ERBIZH LT, BRAROTEED b K-L HREOHHRA
RITPELH>TVD. DI, B/AORKEICE T2 K-L HHEOBV DR E— Fi, £20 0
BRIHERTHEL R2oTWA Z Ebh3.

0.8

0.6

0.4

0.2

i
]
! -
05 ¢ 15 2 25 3

3: fi(e)(R#R) & fa(z) (M) (c=1)

®22: fLIRTD fL ORBRT—F BT I EREOM (c=1)
nll Ix | Iy | TR | IR | Ig | B | IE
0.104 || 0.104 | 0.104 | 0.104 || 0.104 | 0.104 | 0.104
0.208 || 0.012 | 0.110 | 0.110 || 0.204 | 0.206 | 0.206
0.312 || 0.002 | 0.110 | 0.107 | 0.302 | 0.307 | 0.307
0.415 || 0.000 | 0.111 | 0.106 || 0.397 | 0.406 | 0.406
0.519 || 0.000 | 0.111 | 0.106 {| 0.490 | 0.504 | 0.504
10 || 1.039 || 0.000 | 0.111 | 0.106 || 0.926 | 0.977 | 0.976
20 || 2.077 [ 0.000 | 0.111 | 0.106 || 1.692 | 1.857 | 1.852
30 || 3.116 || 0.000 | 0.111 | 0.106 | 2.349 | 2.668 | 2.656

Crl | O]
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& blz, TH X DB Exp(\) © pdf. % fi & L, HBEKc L /AEVEM T Exp()) T
¢ U EDEKMCIRERS N(u,0%) 2D &5 KA SEEIRO pdl ¥ fr £T5, Thbb

%e‘”’ 4 0<z <o)
1 z—p)?
fa(z) = \/2—”06' w2 (z2>¢),

0 (ZDtt)

ET5. ZDLE,0<a< 1220 T
[ Cl
a=/ fl(w)d:c=/ Xe‘”/’\d:c
_ 0 0

1Bl c=-Aog(l—a) IRV, ciINTEETS. £/, k> 01250 T

ko = /cm fa(z)dz = /cw %¢ (z = ") dz =9 (“°5(1 ;“) + “) (5.1)
L,
fi(-log(L - a)) = fo(~Alog(1 - @)
L, |
1;a _ %¢(Alog(1;a)+ﬂ) (5.2)

LB, 2T, (5.1), (5.2) AT LT, o DD L, IRLIZANCKETS. 2T, 0,k
DEZTFOHEDT, ADME, Tibb cDEZNANAMNLTARD L, fL ITHT S f; DRET —
Z 2B 3 K-L R EIIEENICE LN 2 B39»5. ZOZ LT, TOHFREREER cIT
Ko THEIENT f, OEEHLICERT 3 L E 2 bh, +OREARRD LIS,

6 A%

ZOETI, KRBT — 7 EAVTRBRICRET — 7 » OB LM 2 FREC OV THENICEEL
175. KFITAH—b—Y (http://www.jma.go.jp/) IC &L 5 BRIEKBT—F DL A ST AT
W, RAHERZ AV EESFOY TR LWL BRbh3 (K43 R).

0.14
0.12

0.1
0.08
0.06
0.04
0.02

0 20 40 60 80 100
4: HHOBKBT —FDE RN T A LBESHOYETIID



28

FIT, WERBART — ¥ BESCICIMICOTA S Exp(1/6) (285 LEEL, 2IhbBbh
DREERT —F DL OEREBOMT 21T 5. iz, 85 H Exp(1/8) KRS BEREK X, , X, D
FIXy 4o+ Xo A= 07 G(n, 1/60) IRED 2 & 2o, ARBKRIZY v <A ~D Y Tizs
RENEEZbRE. UEDOZ L EAHRY LT, AMBART — 5 HoBLNEREF—F OF 1§
HE, ASRART —5 1 bBLNBERT—F Db K-L HREICSOVTERT .

6.1 AMBKENS@OAIERT—2DLDOF IHERE

&KX, +Li (S), TR (T), BB (N) 0 3R EA T, TR OBRIBMETH S 1961 £D
52003 FETD6 ADAMBRKROT—F (BADKE & n =43, Bf: mm) TH3.

5={32.8, 55.8, 84.3, 158.6, 46.1, 96.3, 123.2, 38.0, 102.0, 95.5, 81.5, 87.0, 13.0, 101.5, 67.0,
78.5, 7.5, 91.5, 48.0, 125.5, 50.0, 52.5, 59.0, 38.0, 9.0, 23.5, 17.0, 79.5, 91.0, 37.5, 28.0, 25.5,
73.5, 5.5, 35.0, 2.0, 21.0, 83.0, 32.5, 50.5, 42.0, 64.5, 68.5},

T={305.5, 244.5, 248.2, 139.9, 219.5, 510.2, 109.3, 175.0, 187.5, 218.0, 91.5, 107.0, 121.5, 204.5,
106.5, 186.0, 202.5, 104.0, 63.0, 172.5, 103.0, 224.5, 198.0, 202.0, 381.0, 138.0, 120.5, 198.0,
205.0, 68.0, 142.0, 237.0, 260.0, 144.5, 185.5, 36.0, 170.5, 150.5, 192.5, 232.0, 144.5, 151.5,
85.0},

N={101.1, 239.0, 75.2, 439.3, 515.9, 355.0, 472.0, 256.5, 602.5, 211.5, 180.0, 340.5, 168.0, 240.0,
527.5, 188.0, 289.0, 250.0, 228.0, 20.0, 43.0, 269.0, 161.0, 97.5, 181.0, 120.5, 430.5, 162.5,
159.0, 310.0, 43.5, 292.0, 113.0, 139.0, 269.5, 103.0, 334.5, 379.5, 123.5, 186.5, 151.5, 200.5,

222.0}.
Ih o OBBNEN /OB EAL (TAL) ORRGMS L UER&RFRX
RY = {32.8,55.8,84.3,158.6}, TS = {1,2,3,4},
R% = {32.8,13.0,7.5,5.5}, - TE = {1,13,17,34},
RY = {305.5,510.2}, T¥ = {1,6},
R = {305.5,244.5,139.9,109.3,91.5,63.0,36.0}, T = {1,2,4,7,11,19, 36},
RY = {101.1,239.0,439.3, 515.9,602.5}, TY = {1,2,4,5,9},
R% = {101.1,75.2,20.0}, Tk = {1,3,20}

&%, L EMNLIRIE, EALOFLR, TAOR, OB, FALORIR, L oRE, Fio
BRBORTHRT—F TH Y, ERDEREE, FRNTEELOEERLTY 5.

T, TNHDEFRT—F DL OF WREDEEEB LV, WX, AMBAROT— 21, =
BB TR S H =07 Ga,1/8) KD bD L T5. BEBER X 2 G, 1/8) IKHS
L&,

BX)=3, V(X)=4
£9,
p=2X) o= pEx)

CV(X)’
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ERBOT, BaDENThOBERL LT,

5. EEL X=(1/m)5L, X, = (1/(n-1) T (X - X)2 &T5. ZZTCa,fOR
b0z, ThEN &, B E2AWT, BRBART—FDE R T A H = HHOETIIHEITD
(K 5 BH8).

0.0038

0.012

0.01
0.008
0.008
0.004
0.002

0

90

120 150 180

H5: AMBABROE A R TALH =R OY T (£: AR, PR: KR, A: )

0.005
0.004
0.003
0.002
0.001

0

0.0025

0.0015

0.0005

0.003

0.002

0.001

0

EbIZ, & #AVT, a BENOLEORERK B ICHTIRRET—F DL O F HHEEZRD 5.
G(a,1/8) IKBT BRET—F O H O F HERIT, (3.8), (3.10) ~ (3.13) L LV /O TV Db,
LI, R, BEE L PhoORET — 7 ICH L THEHEZITI LR 23 BP/LND.

& 23: LR, IR, WWOELFERT — ¥ O b OFREDIE (n = 43)

& | B [ B1x(B) | Blk(n) | B21kr(n) | B21E(n) || ALy (n) | B*IRz(n) | IR (n)
Al || 2.82 [ 0.05 | 121.37 5.82 18.03 1200 || 2111 | 47.68 40.38
BR[| 445 | 0.02 || 19118 || 11.33 31.99 21.89 | 39.18 | 69.80 57.01
B || 3.01 | 0.01 || 129.44 6.42 19.59 1323 | 29.08 | 5029 42.19

S5, FHADHERESE S 2AVT, HESICHBRT ISR 4 DO L3 IRY, Zhdb Hikk
VTR ORBEOHHRERE Ix(8) — IV (n), Ix(B) — I%(n) OELUERE Sh, EALOFHTH
LD L RBFEDOEREBERN DN EBDM5.

£ 24: LR, BN, BBFORARDOEET —F O L OBWHREOKMELR (n = 43)

a | A1 1x(B) || th(n) | r(n) | Ih(w) || Ty(n) | Ter(n) | I5(m)
fLim [ 2.82 ] 0.05 | 53539.5 | 2832.6 | 8643.3 | 5295.0 || 12827.7 | 22186.0 | 17812.3
B || 445 | 0.02 || 309007.0 || 10378.5 | 31668.8 | 35384.8 || 47000.3 | 812885 | 92150.5
3% || 3.01 | 0.01 || 816612.0 || 40510.9 | 123614.0 | 83461.5 || 183458.0 | 317296.0 | 266156.0

WE, ZEUCF HBEY RN, BRT— 5 ORBRBIIFRBRKEZRZTD, ZORSED
RER, RERSOFMIGENER~OHAIRELVEOCELDNS. Tk, RU P LIEER
F— & DFHEIALE, FK, BBOETAEX 2o TOBZERHHLNDHE, TOLIR2H#
ATOLBICET 2 HREITIK-LHREZAVSIEI NIV, 22T, ThbORART 4 ICH
75 K-L BB & BRATEAT .

6.2 BHIRKERHISBOLNIRBET—F20HOK-LINEE

®ic, ARBARDT —Z LB L TEDORET—F D b2 K-LIFREICOVWTERTS. 6.1
& I, ALIR (S), BR (T), 38 (V) D3 MR E BV, I TRHFIC6 A28 APH6 2580
3 BEOBKET — ¥ IZEH L, TOF—F O E1TH. 1961 455 2003 £ £ TORART —
¥ (BAOKE & n =43, Bf: mm) i%, 7,6 A 23 HITBLTH,
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Se/23={0.1, 0, 0.1, 0.5, 2.6, 0, 0, 0, 1.0, 0, 0, 0, 0.5, 0, 0, 15.0, 0, 0, 1.5, 0, 1.5, 0, 0, 0, 0, 0, O,
¢,0000,000,0,0,0,0,0,0, 4.0, 0},

Ts/23={9.8, 0.7, 0, 0, 0, 11.5, 2.0, 0, 4.5, 0, 0, 2.0, 8.5, 2.0, 2.5, 0, 3.5, 30.0, 0, 0, 7.5, 1.5, 0.5,
73.0, 0.5, 0, 0, 0, 41.5, 0, 11.5, 42.0, 37.0, 0, 11.5, 0, 1.0, 0, 0, 9.0, 0, 0.5, 0.5},

Ne/2={0.1, 6.2, 0, 0, 24.5, 0, 0, 1.5, 61.5, 0, 0, 0, 0, 39.0, 0, 0, 17.0, 0, 3.5, 0, 0, 1.0, 0, 0, 0, 0,
33.0, 0.5, 63.5, 0, 15.0, 0, 8.5, 0, 0, 0, 0, 1.5, 0, 0, 0, 0, 0}

ERY, ZIhLB/LNDERET—FIT,

RS, ,,, = {0.1,0.5,2.6,15.0}, T, ., = {1,4,5, 16},

RE, ., ={0.1,0}, TS . = {12},

RE, ,, = {9.8,11.5,30.0,73.0}, TR, ,, = {1,6,18,24},
R%, ., = {98,0.7,0}, T, ., = {1,2,3},
R, = {0.1,6.2,245,61.5,63.5}, T, .. ={1,2,5,9,29},
RE, ., = {0.1,0}, T, s = {1,3}

&72%. &T, 2?06 A 23 B L) BIRIEEDOHMIS OBRATOBETHS. LiL, 68 &0
AELMBRMSIIEROERERITAZ L L H B, —F Z ORI, dLEEFITERS VO T
HBEEN - A AL, 3 LCREMFIIBROE- RSP ThHD. £2C, il OKEH S
RONDERT —F 2B 27 OO L HHO K-L FRBEIZHOVTEET S, W, AN
BT — SR Exp(1/0) TR bOLRETS. 20 L%, BT —# O K-L IFREITROBEK O IZ
BELTLE DN, ZZ CREMEBRETVEVWED § ORLHERTHE 0= (1/n) 0, X; &
A, 20L& 20 K-LHREIT (4.12) ~ (4.15), LT, (4.16) 2HVE (411) ICX Y RHB 2
ENTELDOT, BEHAEZITAE, R 0L 512235,

% 25: 6523 HOBKRT—#IZLBRET—F DK-LIEHE (n =43)

Ix Q) [ 15 (m2) [ T (n2) [ TE(m ) [ 15 (mi %) | BBr(mi ) | 18(m;0)
LR — IR 61.49 1.43 6.22 4.80 43.78 48.98 45.79
HE — % 0.37 0.01 0.04 0.02 0.13 0.17 0.15

7ZIZL, FLIR — BB T, FLROBRKET — ¥ DR 0s ORAHER b5 L RBOBAKET —#
DR Oy ORAKEER Iy #AVT, A i=0y/0s &L L TEERMERIT-TWS. BX - BEb
FRETH. ZORMERER»DS, 64 23 HORBOBRKET—FhHB L3 B&TF— ¥ OS5
ROTHORRORKRT -7 »hbRONIBRT —FORMCHBEUL T B e RFEHR L NS,
Tabb, HBHSIL6 A 23 BICHETIIBRAIT L VALY, IFEFBROSEITEN D
Z B,

KICFHRICLT, 1 D6 B 24 BRBIF3RART — 4 5B 50 3REF— 7 O S RE
#2175, 6 A 24 ROBRKET—# (BAL: mm) i3,

.5'6/24-—{6602164201150000025000000085001000000
000000000010000050},
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Te/u={21.0, 21.3,0, 0,0, 0, 0, 0, 0, 0, 0, 0, 0, 17.5, 1.5, 29.5, 24.0, 9.0, 0, 4.5, 0, 23.0, 25.5, 0,
11.0, 0, 0, 16.5, 22.0, 0, 41.0, 52.0, 4.0, 0, 0, 4.0, 0, 0, 0.5, 38.0, 0, 0, 5.0},

Ne24={0.1, 0, 0.2, 8.6, 0.2, 0, 5.6, 21.5, 40.0, 0, 2.0, 0, 1.0, 4.0, 0, 0, 19.5, 0, 0, 0, 0, 6.0, 0, 0.5,
0, 0, 38.5, 2.0, 0, 0, 3.5, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1.5, 0, 0}

E2Y, ZIDLRONDEERT —F I,

R§,,,, = {6.6,8.5,10.0}, T§, ., = {1,20,39},
R§,,, = {6.6,0.2,0.1,0}, T§, .0 = {1,2,5,7},
R}, ,, = {21.0,21.3,29.5,41.0,52.0}, TTsm ={1,2,16,31,32},
RY, ,, = {21.0,0}, Tf ,, = {1,3},

RR,,, = {0.1,0.2,856,21.5,40.0}, TNG 2= {1,3:4,8,9},
RNsm {0.1,0}, Ne/u ={1,2}

LB, Zh&, T — 0L O K-LIEHBEIIR26 DL Z/OND.

$£26: 6 524 HOBRAERT—FILLBEHT— ¥ DO K-LIFHE (n = 43)

Ix(N) || IE(m;2) | IEp(n; A) | Ik(n; ) || Ig(ns ) | I2p(n; ) | IR (n; )
g - 3R\ 29.07 0.68 2.94 2.12 17.37 20.55 18.47
R - I8 22.48 0.52 2.27 1.37 4.21 8.15 7.46

ZDENL, 6823 Bhb 1 BEDLAEIT TRARBOSAIIKRE SELL, FROSMITENP2T
RBEODHBIBRODIAIESNTVE, P L0510 TH, ZOBBIOHOFHREIIK
ERRLRATWBZERELS. —F, 1969 EDORBEDOBRART —F EATHS L, it
OETBAITIZ6 H 29 B LBL, ¥ TERR ORI O rhE T O Bk &iT 300~500mm REEAIE
LALTHDEN, ZOEOHEHIFIZ 1122.5mm 2RBEL TV 5. Zhid, 6.1 B TR~ A MK
BF— #2505 1960 EORBORNBOZ ENKEALLNE. ZOZ Ehd, HoikE&T— 4128
LTIARDBES - EBIFE A ERVALIR & OFAIAR LT 20, HREEXTEOFHREINK
RT3,

XLIZFERRIZLT, #FD1 BHED 6 B 25 BT 3BART—F 1 b B LN 5E&T —F DOF
WEAFATEITD. 6 A 25 BOBRAKET—F (ML mm) i,

Se/5={3.8,0,0,0,0,5.2,0,0,0,0, 1.0, 0, 2.5, 0, 0, 0, 0, 0, 0, 0, 0, 4.0, 9.5, 0, 0, 0, 0, 0, 2.0,
5.5,0,0,1.0,0,0,0,0,0,05, 0, 0, 0, 0},

Te/25s={26.1, 35.0, 0, 2.8, 0, 0, 4.0, 11.5, 9.0, 8.5, 0, 0, 0, 0, 4.5, 48.5, 47.5, 3.0, 0, 0, 1.0, 0, 2.5,
6.0, 28.0, 6.0, 0, 23.5, 0, 0, 0, 0, 0, 3.5, 5.0, 5.5, 0, 0.5, 16.5, 5.0, 0, 6.5, 20.0},

Ne/2s={14, 86, 0,0,03,0,0, 0, 0,0, 0, 0, 3.0, 12.5, 0, 1.0, 16.0, 0, 0, 0, 0, 0.5, 0, 0, 0, 0,
20.5,0,0,0,0,0,0,0, 0, 2.0, 1.5, 0, 0, 0, 0, 0}
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ERY, ZINbBONDEFRT—F I,

R56/25 = {3.8,5.2,9.5}, Tglzs = {1,6,23},
RSW {3.8,0}, TSLW = {1,2},

RY . ={26.1,35.0,48.5}, T,_gm = {1,2, 16},
Bf, ,, = {26.1,0}, TF, . = {1,3},

RY, ., = {14,8.6,12.5,16.0,20.5}, TNs s = {1,2,14,17,28},
RNM25 {1.4,0}, Nam = {1,3}

B, INEY, BFET—FOL O K-LIFREIIER2TDL S5 IXBLNAS.

®27: 6 A 25 BORKRT—FICLBEHRT—F O K-LIHRE (n =43)
Ix(A) || I (m; N) | IEp(nsA) | TE(m; ) || Ip(n;A) | IRp(n;A) | I8 (n;A)
ik — &\ 7.48 0.17 0.76 0.50 3.22 4.43 3.85
R - B || 99.43 2.31 10.06 5.73 14.45 30.50 29.10

ZDERPLDONB LI, FRORET —F DL OMBFOEHT— 7 BT 5 K-LIFR&EIT/NE
729, BMIZHEROLOMBRICET AHFRENRKELS R2oTND. K25-2T215, 1 REDLB T
THEDORKERT —Z OFMOEBIREL, o7 2 BRI TROZW MK (HR) h LRI
Wits (ALIR) ORAE~EINTNA Z LR K-LEREZAVETIC L VAL .

&T, ZZETOHTIT, £4 DA HOFIR — 3R, FK - REOFREDOK/NBES, 28X
RoB/RLNLFHRE, HORGET—FhoBONIERE, THNORET—FNOBLNL5HEH
BOZTNENOEE CHEET 52 L3 hoted, F OSBRI S FERT. KIiX, 1961 EHh b
2002 EEE T (EEAOKEEn=42) D12 A 11 BIZBITIBAERBFT— 21 0B 5N 3R —
FThD. T, EHOBKET —F (BEAL: mm) I3,

Sy2/11={1.0, 10.0, 0.1, 0.9, 0, 11.3, 4.0, 0, 8.0, 0, 9.5, 0, 0, 0.5, 0, 6.0, 0.5, 4.5, 5.0, 0, 0, 11.5,
17.0, 0, 6.0, 3.0, 4.5, 11.0, 1.5, 26.5, 4.0, 9.0, 9.5, 0, 0, 0, 1.0, 7.5, 5.5, 0.5, 21.5, 0},

Ty2/11={0, 0, 0, 0, 7.0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 6.5, 0, 0, 0, 0, 0, 34.5, 0, 0, 0, 0, 0, 20.0,
0, 0, 6.5, 2.0, 0, 5.0, 0, 0, 0, 0, 0, 0},

Nyym={2.0,0,3.7, 1.1, 11.2, 0, 0.5, 7.0, 0, 3.0, 4.0, 0, 0.5, 17.5, 3.0, 0, 4.0, 0, 0, 0, 0, 40.0, 2.0,
0, 9., 0, 17.0, 0, 0, 0, 0, 0, 0, 0, 2.0, 0, 0, 0, 0, 0, 0, 0}

LRy, ZIhoBONIEHET—FIT,
R§,,, =1{1.0,100,113,11.5,17.0,265},  T¥, = ={1,2,6,22,23,30},

R§,,,,, = {1.0,0.1,0}, T, . =1{1,3,5},
R%, ., = {0,7.0,345}, TZ, ., = {1,5:24},
Rf,,., = {0}, TE, ., = {1},

RY,, m = {2:0,3.7,11.2,17.5,40.0}, Tﬁu = 11,3,5,14,22},
R, . = {20,0}, T, = (1,2}

ERB. &Y, BRT—FOLOK-LIERRIIRBDEIICBLNS.



%£28: 12 511 BFOBKET —FIC X B38HET— ¥ O K-LHRE (n = 42)

Ix(N) || Z(m;X) | Isp(n; ) | TE(nsX) || I5(m52) | TRp(ns ) | IR (n52)
IR — B8 || 4.98 0.12 0.51 0.31 1.25 2.08 1.85
Fi — IE || 3.70 0.09 0.38 0.25 1.46 2.08 1.80
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28 TIX, 2ERDO L ORFITH T 2 HRET, AROFBER LV EL, TNORET—FDY
SEREL KPERIIEDLRV. L L, HIORET—Z DL 2FREO—HTIX, KROK
DAIRE D KEL RoTWA., Zhi, 12 BiIdALBRITER RS O THRBRHRZE L TR KENRZ W
HTHHN, B, BF|IFLALRBZ LR, Z0Z iz, 2ERIZLZBHICHONT
1T, FLIR & BRBICHRER E BB O SR LS5, TADEET —F IOV THLRREBERIXEL
AMEDT—ZR0ThHBD, ZOHRBRBIT/PEV. L L, HBHFSIT12 A THLRRARS L
BHO, o R, HIoRGT— 7 1B AL L OBBIEREEC L, BEOF B IFREN L
BBZEBHIBEREBXDTENTES.

7T F¥EDH

ERTIE, BREF—FDOLHOFHEHE K-LEREIZOVWTEREL, ThERT <0, S
FZOVWTOBAFICOWTRAR, — RIS, L&RT— F ITRMBE 0 ([T 5 HostEt & TR
WOT, 2001257 5 FIEREIL, TOBIMEO 20 XT3 FHFREL Y BEDTS. 20
MG, FOEBBHEREEL S LR VICERIISHZ L LW, HER, RERF O
HHMHRBR~DO - O F FREOSAIIR LV LI CBbhs. —F, BRT—F7DOHDK-L1E
BEIT, RERK 6,0, b ORFANLENENELNIRGET —F ONAOBHERTIRBAEL
LTLHRAZLNTERDNT, FAKEH B LELLNS. EBICARTIL, BKEF—F2H
WTEOH BN EEID. 28, K-LIFREOERL LTF HFHERKE S0, K-LIFREL
ZBERTIFNLY B THS LBDRS. 58RI, FHENSHEERAVERET — 7 OREBRY
ZBETHIELEZLNG. £, AR TREHRMEOLOF FHE, K-LIHFRERX Y IaV—V 3
VRO RDED, BERHEY IKRVEICBLULNEZDT, INHIROVWTODRREEET
LEMNRHB L Bbhb.
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