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| | b S = (%) | BabH =K (%) | EIROHHE (%) |

fEsa - fil1 0 0 49.3
fEBE - Hl 2 25 0 65.0
fE¥E - 3 50 0 78.0
&% - Hl4 0 50 70.4
E¥E - 5 0 100 85.5

HECA AR N 4%&77/\——7?%:1'&Eb7‘_1‘ IBE R EEL, IS OMEBHED EL 2H#EET 5, MK 2
TR UMK T 25D TH D, UFICZTORRERT 22,

* 3 KA BRI N REEH N — LR AGE U 7B E DRI, RO EL #EGHEDF]

|t | st =k (%) | Matn/s—% (%) | BkoReirE (%) | PD%) || EL%) |
EHE - B | 6 0 0 49.3 95.8 43.5
EwE -2 | 6 25 0 65.0 95.8 30.0
a3 | 4 50 0 78.0 4.79 0.887
fEwE -4 | 4 0 50 70.4 4.79 1.19
a5 | 3 0 100 85.5 1.52 0.185
HHE - e | 2 0 100 85.5 0.396 0.0489

EBEN 1 &2, EHEG 3 6 4 13 ARZNENFR U TH B0, HEIN—R (RIEH N —RPE
%, FNIES T, EINKOHEFHETZL T&<\EL®%ﬁm%ﬁﬁéog®pt#b\%%ﬁu VB R
FN—=F ARGEAN—ROPE L U T EL OHEAARETH 2 Z bbb, 7z, EEHEH5 246 I3
AN=R AEEEAIN—RIIFA—DETH B, BAPRRLZHTHY, BHIZE>TPD B ERS720, [FH-—
DR - BRI N—REFT HEBHICBVWTEEL S EL DEFHF I TVWE Z 2RI NS,

7 R, R TARAvvay

AERIZBEWTIE, EF—X2HWEZENRRET NV EFELELZ, TOBIZEE LML, UATORTH B,

CN—=Y VI OHERAEEEL, T 740N N E2REBMHETICE D EHL /2,

LT 7 AN MEDIEFEEMNANDOEREZREL 72,

T 7 ANV NERICIEEERT 5 Z & AT EAHE T U 72 EBE O RINR 2 #iGHE TV THERE L 72,
CEUEREFILTIE, EEORNAEMIC b2 5720, KT 585 A=K 2/F AL,

BRI AR AN R 2 BRSNS R — & RN =K I N—RD 3 D& R & LI T &
BHU7Z,

PEDESBBEICBEVTET Y V7 UFER, FINKORGHMEZE2 Z 212k D, TRTOKMNOEEE
R B ARG R (EL OHEEHED KD S iz, EEOEICROMESIZBE L Tk, HEDNN—K HIFEH N —
REHIZANRIZEDFEZ2E 726U, HEIN—LROKREIFIRHEIN—ROREILVERELFET S
ZeNbhh oz,

PRIZSBOBELZBRD, RIFFEIZEWTIE, HEPHEMEEZ AT 2 EEE ORI OREE LR — & 2k
UTRT A= RH#EG 21T o 7208, FERRIZ iﬁ@é%ﬁ%L%ﬁ?ék%i%ﬂéoy@ﬁé%ﬁbt%TU/
TINBETH D, 7. FINEOFHLEE U THRERIED A Z T > 720, FTATHTICE W TIIMERE D3

2L 1~5 DEFRF X, DK 4 1B T EFEEH L AROEBEEZKEL TV 5,
22Kt D PD OHEFHEIZE 5.2 fiTHONEEEZHAWT WS, £/, EL OHEFHEIZE 4 HioX 2 O HKkIzLORdDTWS,

O W N




FCEAT & OEGIIHI ORI 2 EWFHPHEBE LTEZAONDL L LTWVWL EDFRH D72, T 5 DIRGE
EATORBEND D, HEPHIEDNTEINRIZFLGE L TWEIEZSNIBALEEZMATZET ) VI 2T &
b5, BERIC. ARETIHEBE Z L O Z2 AW TEICEEZHEGH L 72203 BfERNBRAFIEICB W TR
FMZ e QEEZHEGTT D0 ENDH D, TOE, HACHRIEORIIZ L > THINRIZERDH L EZ o6ND
DT, TORBEE LN EOHIETNVPLETH L LEAOND,

S 3R

[1] Basel Committee on Banking Supervision (2004) International Convergence of Capital Measurement and

Capital Standards: A Revised Framework, Bank for International Settlements.

[2] Martin, D. (1979) Early warning of bank failure: A logit regression approach. Journal of Banking and
Finance, Nov. Vol.1 249-276.

(3] HEAEM, T (2008) EXCEL THIN—Y ) 2 L{EH Y A7 il Tk, Gt BHEEmEs.

[4] PEEETR. ILTFEE (2007) dUMESICH T 2 EEIR ORI, SRFGEIHEL Y X — - V¥ —F
L ¥ 2 — 2007, 189-218.

(5] toef plekfe, FHIEAE, FLFE (2001) 2 LYy b - VRS - BT A—FHEETIVOERLEI LYY b -
TUNT 4 TADIGH, SR BEHERERE2.

(6] HAMTDEHER (2005) PREIEATRIE IC D KERY A7 O EEMl, U XA 7 E8 & EL L itk
BEIZET A R—S—2 ) — X,

[7] FFHR—EL (2009) [FHY A2 €TV v 7-JlIE L G-, SIaHE.
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NIRRT S 5 BREOHIRY Z— 07 — X OO0

RN KT
20104F 10 A 21 H

1 FLC®I

AWFFEIE, R HIENMSATBAEN (GPIF) OYAAL 21 4R EEAREE F AFLFHAFSE [10]
THOLNTZEREO—HERLE LTRERTHHOTHD. AR THRRLNTWD AMEIT, GPIF OA
KSR L 2RI T, EEOMADOLOTHD Z L 2B LTHL.

AAENFEO AR, GPIF 23R L7c b o8& (EWNESR, EWHK, AEER, SERS, EH
HE (EEA)) ORER— N7+ VFOHBEBLY, OV Iab—arThsd, ZOLIR
V3ial—va AR CHEER L O LT R0, FEEO) X - ERTETLOHTUTEY
MESHROEELRD. BIESMBO LS RREHMOY I 2 b—va V2T H58100F, RNE
MeRET NN S ZIREEOFRIIEA TS V. ARETIIZOMENTEOK &ML 7254
HHED Y 7 — OFFEHRIRHE O, F6 K OMRIE R HEEHE T L OIRE DORERIT OV TREIZIR 5.
kB, KMAENIETIE, SROETAT 4y T 4 7 OfRE a2 T OENsME LTHML, &
BEOERBBGREEZE LZESMBEOT I 2L —var2ERAL TS, ZoataJ&2FH LY
Ralb—va VOFRRIZOVTIE 10 ITFHELL@R LN TN DD TERES L.

ARRO% 2 HiTl, FEEOARY ¥ —> OFE el &, A OMHBEORE, ERMEORE R
Eal L TN EZE 2R RD . 8 2 HiooHHERICE VWS ONEED ) # — i3 H CHEBER
REJ =N END Z LR yholeDT, TOMBERER, 5 3 HiCIIEMEED Y & — RS
DOFFHET U > 7 THEIZHWS LS H 2 BT (Auto Regressive, AR) &7 /L0— it H CIEIF S
PR & 53R ¥)— (Generalized Auto Regressive Conditional Hetero-skedasticity, GARCH) €7
WIREDT 49T A T aB IR TRERICONWTIERD . SHIZ, BHEEDY ¥ — o TIIER
HEROSRBORIC L DHEOEL, Wb 2EEHEENZ LN, KW AR T V&7 (v
T AT THI LK TIOIHEFHEBEOIMT L5 Z & 2RlBl. ZTOMRICHO VT I TR
~D.

2 5 BEDMETHRE

AREITIX 5 BEOHARY ¥ — 7 — 20 bROFLaRHEH&E, BLOESME, BCOMBEICET 2
FERTHUR R E DFERIZHON TR D . R 1 ITEARTY), EASE, BATE, BEARED 4H->D
FLibEEr R, H OAHBIRE T % Ljung-Box i (LB Test), IEHMEME TH 5 Shapiro-Wilk 15
7E (SW Test), Jarque-Bera fED 3 DDOME DR, AIC OMEAETER L2 A CBEIFET /L DOIR
4 (AR Order) 52 T\W5%. 723, Ljung-Box W& DIHERGIT 7 —ZICH MR,
Shapiro-Wilk &, Jarque-Bera f&E DIFHEMEIL (7 — XX EBDMH L TWD] ThHhD.

* AR [E PR AR S ER IS T 78R yokouchi@ics . hit-u.ac. jp
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# 1: e R X OB E DR 5R
EWNES  EAE ZAEMESR AERES ErEsE

FRA 0.00488  0.00490  0.00385  0.00480 0.00333
FEASYHL 0.00011  0.00275  0.00103  0.00277 0.00001
AT -0.16893  -0.44829  -0.59935  -1.1030 0.53368
PEAR R 3.530692  1.685472  2.545696 4.317683 -0.458689

LB test p value  0.00001 0.08930  0.20733  0.40926 0.00000

SW test p value  0.00000  0.00000  0.00000  0.00000 0.00000

JB test p value  0.00000  0.00000  0.00000  0.00000 0.00000
AR order 1 2 0 1 7

FEARSESNIENESE, EWNRR, SMEEED 3 S>MTIERKEDEEZRL, o7y LV b
mE. ARG A D L EMEEN R BIRV. [EHN, SMEREIIMOEREIC < BN TIEARSED 1
HIRE W, EARERE, WARAREEZHZDLNEY, EOREDY X — 2 HIERNMLTND L IEE W
<, Shapiro-Wilk /& & Jarque-Bera MREDFER THAHEAE S % T IEHSHLTND] L)
IHHERHAZEH L TND 2 enn, FOEEDY X — U ESMERRVWE NS T EEREL TN D.
Ljung-Box MREDFERTIX, 5 >O7 k> b 3o (HNES, ENKKX, BEIEE o7 —2Ii%

BKYE 10% CIRFEGGELAZFHL TV A, AIC IS < H ARYFET VORI TIL, SEERZBR
< ﬁ"/\f@'}"lz v R T 1L EORED AR EFANRITN TN D

3 BREEANDHEAETILOHTIED
3.1 ERES

2 BIDMAI 72D, ENEROARY) 4 —AZHCHBERS L 2 2EE LT, ARY X —
Ve, t=1,2,...,315 2 LCTHCREUFEET L (AR(p))

rip— M1 = Z¢1,p(h,tﬂ' — 1)+ €1y
i=1

EUCIEDE. 22T ey, OV, e &R T4 b A RET 5. iR
71, — 0.004888729 = 0.2387878(r,_1 — 0.004888729) + €1 4

L7eo7z. ACF, PACF THEZEOHBEZM 2, KREZMEEITR RN, S6IT, EEB X
OFEZED 2 FlZxt LT Ljun-Box BRE AT o 1258, TALEND p fEIL0.5122, 0.7552 L7eh [H
CHBEZR L1 &0 O IR 2 A B KHE 5 % CTIAITE Zedro7z. F£7z, Lagrange FEME [5] T
t TARCHZhR7Z2 L) & W O IR A BEAKUE 5 % CTEAITE T, HENAL B LTnD L
WIHREZEBL Z X, 7—2IC2<HORNEND Z Ny o7-. —Ji, Shapiro-Wilk @ IEH4
DORETIE TEHSA LTS EW ) IREEGERAAEAKRE 5 % CEAINZ. ZNOLOREND
FEERINIIEERATA M)A X THD EHEESND.

M 1I3EEDOE A NI T ATHD. ERSAMELSR, BENTHOTNILEIZEATHD LI ICA
2%, K2 0EH QQ Fay MaAhhUE, ZORMITIZ-EV LHERTED. ZORRMEEELE
AT B 7o ols, FEZEICKRE U CHFESU A [8], Skewed 1E#LSMA [2], Skewed t 434 [3][6] @ 3
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Frequency

Sample Quantiles

40 60 80 100

20

Histogram of gpifi.resid

—
[ T T T 1
-0.04 -0.02 0.00 0.02 0.04

gpifi.resid

1: BEOE A NS A

Normal Q-Q Plot

Theoretical Quantiles

2: EHOAIZES< QQ 7w b
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DR ENE L, REBEIZLDNRTA—FWEEZB ool I LICENMA~OHEAGE LD
»IZ Kolmogorov-Smirnov WHIRE 21T -7 (UREEHUL [ 2 DO5MmIFE L) . p EIZZENRE
U, 0.6918,0.4137,0.9907 & 720, Skewed t SAiAME S X < U THE TV, B 3 LR AT
i L7~ Skewed t ARICHESWTHER L7 QQ 7y FTH 5.

0.04

0.02

theoretical

(o]
T T T T T T

-0.06 -004 -002 000 002 004

-0.04 -002 000

data

3: Skewed t /7AHIZHS< QQ Y v b

3B, g(-|v) = t DAMOEEREEE 5 &, Skewed t 347 O % RIS

2ol + pélv),  y< -4
Fly) =4 .
Fg[(y+p)/£\l/], Yy > T

_ g2 1
SVE N TR
02=:(§+£§—D—u2

ThHY, BRAHEE LT/ T A—% [,6,0,€ OfEIL
(f1,6,0,€) = (0.00008,0.010383, 3.578743, 0.9328305)
Llrole. BREBICHRONZ ry DET VI,

r1+ — 0.004888729 = 0.2387878(r1 +—1 — 0.004888729) + €1 +
€1y ~ ST(0.00008,0.010383,3.578743,0.9328305)

Thb. 22T ST Iix Skewed t 0Ai &34
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3.2 EA¥I

2HICBVTH N R -T2 HOEYRMEIC S L ONWT, ERRAD Y 2= ryy, t=1,2,...,460
(2t LT, HORYHET VL AR(p)

p
Tot — M2 = Z ¢2,p(712,t7i — o) + €2 ¢
i=1

Mo fEESINT-TET VIR
ro — 0.004897324 = 0.11286704(T2’t,1 — 0.004897324) + 0.07207706(T2,t,2 — 0.004897324) + €24

Llgolz. Ljung-Box MEZFRAZD 2 FIIKF L TEHB IR o720, TACHREADH VY | & o I BT

BKHE 5% THHAITEX T, Lagrange BEMETH TARCH 2R L) &0 ) IR EEFUIFAIS L
o, Ko TRETIAY—SBLTWD EEbhs.

FRAEH €94 (TR —o3 A B L7 GARCH(1,1) E7 V&2 HTID, ZOREICH &5
TSI SARITHE 9 25~<7-. Shapiro-Wilk OIERMRMRE TIE TIERMERH S &) IR EGEUE

BKHE 1% CHH SN0 - 7203, Jarque-Bera O IERMME CIRREREDIF TGS A BKUE 5% T
FEHINTLEWY, EEMEEICERDME I E T 4y FLTWRNWZ Lotz

Z 2 TR ZE W DD EA T3 ZRE L T GARCH €7 V& & T, TNEhDkE
(2%t L C Kolmogorov-Smirnov Wil E %17 o7& Z 5, Skewed E#AZHE L7z GARCH(1,1)
ETNVOETIONR b - &b Lotz

Skewed [EMIA % E L7z GARCH (1,1) ET VOHEEFERIZLLTO LB TH 5.

€2t = —0.012104 + vioy
o7 = 0.011662 + 0.158111€5, , + 0.79564107
£ = 0.911853

ZIZT, 0P BRI T 4 UT 4 BRT R E S, v 13 Skewed EBUMICHE O BEMEL IS, € 1%
BENRTA—ZOHEEETH 5.

3.3 SEESENEKRR

2 i TR~ L 91T, SEES, SMERKDOAKRY & — AT H CEURER S BRI &0 D,
SMEMESRD U Z— g, t =1,2,...,460 ORF, SERKOHRY Z—ryy, t=1,2,...,460 %
EHGFRRDZ LlZ L. EhED Y Z—r 0 2 FlZxh LT Ljung-Box MEAFEMmL7=L 2 A, TH
CAHBZ L) &0 D IR (R LA BKYE 5 B CHEAITE o7, ARCH #hERA2F <% Lagrange
FEMRETH TARCH 2R 72 L) LW O IRBEGERZFEH TR0 olz. NP X ARY—4HT 58
FEIHE L OTT INERESR, HAEKRXOARY 4 —2F =222 DRV ER ot &5
W22 200V X — OBEEREE )T AN v ZICHEL TBREFRTZEZAEL L L AEIZE
ATRRNTh -T2, 20X ) oAk & Kolmogorov-Smirnov Miffl#REOfERE2EE L, FHx
X rg e, mae ORERSAE LT Skewed t 2T L7z, BB K 537 A —& OHEER RIZZEN
£h

(f1,6,0,€) = (0.004110356, 0.032455134, 4.900397270, 0.932651495)

(f1,6,0, é) = (0.005545863,0.051825211, 6.028012147, 0.825666298)
Lipoiz.
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3.4 WHEE

SHIERED H O A2 & 2 A, foBFEL 138 HOHBENIEFICMmLS, T 7N REL A
HICONHEFICTHEL TV, M4 01 2B07 T 7IXHEMEEDOHRY) 4 — DRI TH 5.

CASH

1975 1980 1985 1990 1995 2000 2005 2010
gpit m$Date

0.008

0.000

Trend

1975 1980 1985 1990 1995 2000 2005 2010
gpif.msDate

0.008

0.000

Residual

1975 1980 1985 1990 1995 2000 2005 2010
gpif m$Date

0.0006

-0.0004

X 4: BT ZERERIC L D2 EMERED Y Z — o D51

HONZEFEMEDORE TITHHTERWVERI P LY FAFEL TS, ARTIEZo MLy Fa
FpZ AR (locally weighted regression, LOESS) [12] [15] Z W CH Y tHiL7=. X4 @ 2 SH
D77 7% span=12 ® LOESS IC Lo TV HSnz b L R, 3OHIFZFDERETHD. KEE A
51994 T DL ENCEEP NS K 8o TWDDNGD . TV HAREITIC L 5BEE
FIBORIZ X D BePER e &R OB E TR E B L TWD. ZORTT 4 VT 4 ODE{LERT 12D
(2 3.2 i & FARRICER 220 LT GARCH £ 7 VDY TED AT o 7278, FEUE(LIREICRE A O
B2 > TLEW GARCH IZ L2 EDOHAIZREETH L5 Z L2 pinoTe.

O XD ICHEMEEIIBUNOSHBIRIC L 2B E2m<ZT 5 Lns, T—2HHTDY & —
UG B BAIZEE T L 1 D CRELT A Z LIRS M L, XM AR ET A EYTED S
Tl L7z 2FED, FEFRRINEZ/NPKMICK S L, ZRENOXBIZER AR 7 /L2 Y TEH
52 ETHEEFRRINZELUT 20T THD. ZOFEELE LTUIRITER AR €7/ [7] G4 T
H5. RPTER AR TT AT, BEOETNAOHTULTE Y 2T D720 DML EETH D
AIC Z W THEIRZRD TWD e, MEHHIRRED & 9 12Z OEAEIC K-> TR D24 E Tl
END BNV, T T, MAIFLELOT AT T 2#HNTRGOELEETHERT L7 LT Y X
L KM AR BTV U7 EBFE LT,

KOBIARETNVDT 4T 4 7T NI ALEHHT L. ARV Z—v % ri=1,2,...,n,
FONEE p EBL. x(=r—p) D AR (p) ETNVE

p
Ty = E QiTi_; + €
i=1

€ N(0702)
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LF5. (1, 0] MIEICHBWT, AR(pe) BME/ND AIC ZFERR LT & 5. AEOLERISIT

n Po
Um1, T2,y T D1y P2y v vy Py 02) = —g log 2m0? — % | Z (x; — Zqﬁkxj_k)
Jj=po+1 k=1
EMTFD. ZORBEERSEE BRI L THONTRAHEE RS © = (¢1, b2, ..., dpyy02) & L, TOK
THEEBEZER T DHEEE 1) = (21, 22, ..., 2,|®) EBL. —F, FEEE m TEH1[1,m], K
il 2 [m+1,n] IZXEIY, HXETHR/AND AIC Z#AT 5 AR ORI pr,pr #3HT 5. X 1,212
BITD ¢5,02 OREMEER & Oy, Oy &L, TNLEERT DEAES I = (21,29, ..., | 1),
lo =U(@mit, Tmao, -, Tn|P2) EBL. L(m) =1 + 1o BERKETRD m =mpe ZatHEL, LEL
Wat & lo/L(Momaz) ZRODH. Z LT, ZOFFHEOHRIMEEL T ANV Iab— a3y (i
DIELE 1 HE) CTEHL, ZoBEmOMAEHOCTRENREERSZ 2. 2B, AR TIAEK
W5 % CHERLIENERE LT mpee ZFALTHSD. K51, 1990 FELUEDO T — X122 DT IV
Y RLEHAL, /BN SORRTH L.
ALK (2008/9 225 2009/3 ) DFRZEC AR ET VO TLOFERITIU T OEY Th 5.

(€5, — 0.0006472902) = 0.4722268(¢5,,—1 — 0.0006472902) + &,

2D AR ETFNVOEERB LOEZED 2 T2 LT Ljiung-Box & 27255 %, p fEIE 0.8857,0.909 &
720, THCHMBEZR L) &0 O IR BEEIEA BKYE 5R CEAITE o fe. Ee, IEHMEICONTH
Shapiro-Wilk /&, Jarque-Bera & OF5H, p fHAY 0.3248, 0.6153 L7220 [EHMEH V) LD
IR A A REKIE 5 % CTHRAITE ehodtz. BLEEV, EED (EEXHEO) LOESS OE&EITIE
BARTA A X% b2 AR(1) E7 AV THOERESATWD. 2L, BEKEIET -2 DR I)
FH TRV END, ETFTAVOEHEENE < RV ARICITER Sz,

002 00000 0.000:
L1 T
—a

LI L L L S L Y L LA L e
1975 1980 1985 1990 1995 2000 2005 2010

gpif. m$Date

5: =D 5E

4 FLHESEDERE

. EHEEEOZEL 4 DOBFEIZONWTL, BATESHERWEZAY A~/ A4 X, AR, GARCH
BTSN EL N, L LARRD, EFADOHTIIDKEL VT 7 4 HIVICHND &, BE
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DDA DLEIZ L > TE, MA I8 TEDT- 1 ZEOEF AT TIEEATE 2 WHBENEET S
otz K6 1E, flx OBEEOIEN ZFE LIXE (0,1) ICE#ELEH L, 2 DORFEDIF

FBv.s. FE DB v.s. FE

1 0q0 @ ®®9 ° 5
2305 8,58 foid®6
e %%&O ® oF® @(%
9] 8 % 8
5(;@%@(8800 (%NEOO OO@
o B,
Sy o5 ¥ e
St
7(;@;% OG;%’%%%MO

@Oo@

gpif4.resid

00 02 04 06 08 1.0

00 02 04 06 08 1.0

I
00 02 04 06 08 1.0

gpif3.resid gpift.resid

6: FRADBATXAERE SR v.s SERRA, ERNEZR v.s. SHERK

B DNENZ 1 SO& & LTHARKIZ L7=b DO TH D, SNEES: & AMERRR O K TIENEA MR &
IAHERWEZAICENEESTND. DF VIIEEENFOREE] SRV~ L Tnd e Z
L7, VA=V BAAORETHEWVIHBERS D &) Z e 2EKRT 5. —J7, EWNESR L SMERE
XTI, FRIZENL» THARTFEIE A S 7.

FTxiZZoLH72) 2 —rRLEOERBEROFELZ KRBT 5FE LT, BIE vine copula [4] %
HAWEZEBETTAOY IO EBRF LTS, 20 4 DOEEDY X — 2 F —F 24T 5 vine
copula D7 4y T 4 ZIZONWTIE, [10] TH#EmISNTNLHDOTHEASZRI -V,

A N L RO X 5 72 E iR OME 2 R~ T EIEEIC OV T, KoM AR 7 L& v
L2 LI KV EER O ) Z — U AEEOERASE b, L LR D, E\mAR%TwTu%
TAOYY B2 EZTNT L5 ERRETHY, FEMEOY I 2L —ra VEICHWS 29
SHRDLUBENRMNENRD D L Bbhs.

SE R

[1] Aas,K., Czado, C., Frigessi A. and H. Bakken (2009), “Pair-Copula Constructions of Multiple

Dependence”, Insurance: Mathematics and Economics, 44, 182-198.

[2] Azzalini, A. and Capitanio, A. (1999), “Statistical Applications of the Multivariate Skew-
Normal Distribution”, Journal of the Royal Statistical Society, series B,61,579-602.

[3] Azzalini, A. and Capitanio, A. (2003), Distributions generated by perturbation of symmetry
with emphasis on a multivariate skew-t distribution, Journal of the Royal Statistical Soci-
ety,series B,65, 367-389.

[4] Bedford, T. and Cooke, R.M.(2002), “Vines-A New Graphical Model for Dependent Random
Variables”, Annals of Statistics, 30, 1031-1068.

[5] Engle, R. F. (1982),“Autoregressive Conditional Heteroskedasticity with Estimates of the
Variance of United Kingdom Inflation”, Econometrica, 50(4), 987-1007
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On the approximation for the distribution of multinomial
¢p—divergence goodness-of-fit statistic under nonlocal
alternatives

PAN EI HTWE (Kagoshima University)
NOBUHIRO TANEICHI (Kagoshima University)
YURI SEKIYA (Kushiro Campus, Hokkaido University of Education)

¢—divergence is a measure for dissimilarity between distributions proposed by Csiszar
(1967) and Ali and Silvey (1966). The ¢-divergence measure between discrete distribu-

tions p = (p1, ...,pk)/ and q = (q1, ..., qk)/ is defined by

k
Dy(p.q) =) Qj¢<&>7
=1 9
where ¢(t) is a real convex function for ¢ > 0 with regularity conditions.
Let X = (X4,..,X k)l be distributed according to a multinomial distribution Mult(n, 7),
where Z?ZlXj = n, Z?:NT]' =1,0<m<1,(j=1,..,k) and w = (7r1,...,7rk)/ is an
unknown probability vector. In order to test the null hypothesis

Hy:w=p

for some completely specified probability vector p = (py, ..., pk)l, Zografos et al. (1990)
introduced the ¢-divergence family of statistics

Co= g {Do(Sp) o), @0

Without loss of generality, we consider a twice continuously differentiable convex function
$(t) for t > 0, satisfying ¢(1) = ¢ (1) = 0 and ¢ (1) = 1 (Pardo et al. (1999)). So, the
¢-divergence family of statistics is defined by

X
C¢ = 2%D¢<—,p> .
n

When we choose the following convex function ¢ as ¢, ¢-divergence measure becomes
the power divergence measure

{a(a+ 1D}t —t+a(1—-t)} (a#0,-1)
or(t) =< thnt+1—t (a = 0)
—Int—1+¢ (a=-1).

Therefore, the ¢-divergence family of statistics Cy includes the power divergence family of
statistics proposed by Cressie and Read (Cressie and Read (1984) and Read and Cressie
(1988)) as Cyr. It is well known that the family of the statistics Cyr includes Pearson’s
X? statistic (a = 1), the loglikelihood ratio statistic (a = 0), the Freeman-Tukey statistic
(a = —1/2), the modified loglikelihood ratio statistic (a = —1), the Neyman modified
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X? statistic (a = —2), and the statistic recommended by Cressie and Read (a = 2/3).
The power divergence is used not only for a test statistic, but also for representation of
the degree of departure from symmetry for square contingency tables (Tomizawa et al.
(1998)). Rukhin (1994) considered the family of statistics given by the following convex
function ¢ as ¢ :

(t =17

) =5 iy “€0

Then the statistic based on ¢ is defined as

k (A__ 2

D — ;)
CR:TL§ —, a € 10,1], 1
T Hap + (1—-a)p 0.1 D

where p; = X;/n,(j = 1,...,k). The family of the statistics Cyr includes Pearson’s X?
statistic (e = 1) and the Neyman modified X? statistic (a = 0). Furthermore, Lin (1991)
considered the family of divergences given by the following convex function ¢ as ¢.

oL (t) = {a(1 — a)} {atlnt — (at + 1 — a)ln(at + 1 — a)}, a € [0,1].
Then the statistic based on ¢~ is defined as

2 k d :
Cyr = a(liﬁa){ - sjlns; + (1 —a) > _ pjlnp; +@Zﬁjlnﬁj}7 a€l0,1], (2)
=1

j=1 j=1

where s; = ap; + (1 —a)p;, (j = 1,...,k). The family of the statistics Cyz includes the
loglikelihood ratio statistic (a = 0) and the modified loglikelihood ratio statistic (a = 1)
by considering continuity in a. Under null hypothesis Hj statistic Cy are asymptotically
distributed according to central chi-square distribution with £ — 1 degrees of freedom.
Yarnold (1972) obtained an approximation based on asymptotic expansion for the null
distribution of Pearson’s X? statistic. In a similar fashion to X2, asymptotic expansions
for the null distributions of the loglikelihood ratio statistic and the Freeman-Tukey statis-
tic were obtained by Siotani and Fujikoshi (1984), that of the power divergence statistic
was obtained by Read (1984), and that of Cy was obtained by Menéndez et al. (1997).
Against Hy, consider local alternative hypothesis

G
Vn

where Z?Zl c¢; = 0. It is known that C, are asymptotically distributed according to
the noncentral chi-square distribution with £ — 1 degrees of freedom and noncentrality
parameter

Hy,:m=p;+ forall j7=1,.. k,

under H; ,. Taneichi et al. (2001) drived the local Edgeworth expansion under H;, and
obtained an expression of approximation for the distribution of Cj, under H;,. That
expression consists of a term of multivariate Edgeworth expansion for a continuous distri-
bution and a discontinuous term to account for the discontinuity in X. The discontinuous
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term is expressed in a very complicated form, and it is too complicated to use in prac-
tice. So, using only the term of the multivariate Edgeworth expansion for a continuous
distribution, Taneichi et al. (2001) proposed an approximation to the power of Cy. Based
on numerical investigation, it was concluded that an omission of the discontinuous term
does not lead to a serious error in approximating the power of the test based on Cj.

On the other hand, consider a nonlocal (fixed) alternative hypothesis

H :mw=gq,

where ¢ = (qi, .., qk)/ is a completely specified probability vector satisfying 0 < ¢; < 1,
(j=1,...,k), 22?:1 ¢; =1, q # p and q does not depend on n. It is known that each Cy
is asymptotically distributed according to a normal distribution under H;. We summarize
here the study of the limiting distribution of Cy under H;. Broffitt and Randles (1977)
showed that an appropriate normalized Pearson’s X? statistic is distributed according to
the standard normal distribution for fixed k and nonlocal alternatives. Read and Cressie
(1988) extended the asymptotic normality to the power divergence statistics C,r. For the
¢-divergence statistic Cy, it is shown as follows:

Cy —2nDy(q, p) LN (0,1)
2,/no3 7

as n — oo,

where

and —=5 denotes convergence in distribution.

Sekiya and Taneichi (2004) describe the local Edgeworth expansion under H; and derive
the multivariate Edgeworth expansion assuming a continuous distribution for the distri-
bution of power divergence statistics Cyp. In this presentation, we derive the expansion
for general ¢—divergence statistic Cy. Next, we describe the local Edgeworth expansion
under H; and derive the multivariate Edgeworth expansion assuming a continuous dis-
tribution for the distribution of Cj; under H;. And then, we apply the expansion to the
power approximation for Cy against H;. Performance of the power approximation with
other power approximations are numerically compared in the case of statistic Cyr given
by (1) and the statistic Cyz given by (2).
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Requirements for Registration of Pharmaceuticals for Human Use, H K EU [& 3 54 F #l 37 Fn
EHEESE) ICL D04 R4 THRRBRO - OfEHRAL TiE, & EOHHY
JRRBERIRT A COMSMER IEAZ T ANARTHDLZ AR L TNDLA, H 1
FEDMRADHIE S 5 FIETHNTREZRT A o THRTS, EEMEFILTZITA
ILVHBETH D &l L7,

B (T2 AL — g Uik TR IR ) OFITS T SN/ hd, EREE
Bk o F —~ ORI OEAE NS LB T I 505, JEBIER DB D X 5 72354 D
BB, BEEERDOBMBRREDF N —2 9 URARETHS.

B FATEDORHRI : FIFERI D A D 2 WIEAN 2 BHFE S AN BV LD L ) EIRT
AR ORINERT v FICEIT LN TED. £, BIOMTFLEEHEN DR b7
O, THIHET 2EM BRI ELZENTES.
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. EBRMFULEOTAETT4ITTHAY

31 EEMEhIEDAE

T 2T, BRARERER O HR RIEAT CHESRMEDHIE AT O T O ORI FIETH D, M=
B BREICER L, MEROITHO0 BETIEL, FHE L 7o/ TR E TRlBRos ke L
el XL, BEMNELIIRENRIBEDENBN SN oMEREHE L, BN EEIT
O, ZOMERNITLUVBRED OB, BERORMAT M E, BERIZASA XPREYE
FEGOLETRHBREINEEZRNT 5. 22T, WENERSMICES & L, HEEFHEK
ZATOIRN 2 LR (B THEBDIF LWGE) 2IET 5. £, BRMEOHEZIT I T
ST OEEIX 1 [\ & T 5.

311 FHMERBAICEDICEREFIEDAE

BB 2 ORELEKETAENY,, ¥, (i=L,,nn+l-N) & L,
Y, ~ Nu+68,0%), Y, ~Nluo?)eligds. =2ic, SRAOKME, o ZEofk
THBOEREFAEL T 5. £ LT, PHETROBSTEOHEZ n il L U, RAEMTER DS
DO E N plET 5.

TR, BERIZEOHEEM S, & Wit CHEOEERZAEOHEM S, M FON TN &
5. TIZTHE, PN E TICEB SN DBIED 2n 13 FoICRE <, EERAOHEE 2
BELARTIENTEDLDLET D, Thbbo=06, LIRETH. DL x, PN
ORI Z, =5, [N207 In B ERATICAES . Fin, KB TR, WRECIBOM
WRADHEM G, IOV Tho=6, LELEEE, RBKTHORER &
Zy =8, N267 I N HIRIEEHLO FOBEESAAICHED . Z 210, &, IRRBRE TREOR
MZEDHEM THDH. ZoLZ, THMT TCOMEMIRZ, NEADNTZEWVWIFHEDD
& T, BRI TREO XIS T A MRER T Z,, DEEEER AR O Tl 100(1-a) /S—F > F i
7, (@ ZRREEALE) L0 b REL RdfEE, Pr(Z, >z, ,12Z,)sELd2. —h
EEmfAEemH L E LS o E AR EEMEF L E T D FEMpIT
Pr(Z, >z, | Z,)<l-y LT 5. 22I0, y FESMORIETHY, —HRiC 08%%1@%
DIEICRESND. BlZIE, 7% 0.8 E%E LIz, ST E 08 20%A0 & 72 > 71
W2 52 LIk s.

Lan, Simon and Halperin (1982) |Z & - TR S 417 LSH £, B R RBREHERFICARE LT
BERIZE S, , AEUE L7- MR CEE OMEUENRE 0, 1C SV C, SIS IS T 5 Sk & fil
NEEHL, SR IEOYEEIT 5. LSHIEIC & 2 &M & Mt ik
o-P\/;Zn+5P(N—n)/\E—O'P\/Nzl_aJ (1)

opNN-—n

P(8)=Pr(Z, >z ,|Z,.5, )@[

THZBND. 22 O() IR B O BRI B a9,
LSH #:03, BRARARBREERICHRE LT A —2 2 VTR SR 2 E T 20
T, FETE ZPILEECRLRVBAND D, BlZIE, EORMES NEEICHE L
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TeHEMZE 0 LV /NSWGEAITIE, SIS E R RICHE S, PRRFCBI S
HERIZD/ NS WIS b b T HESPEDHE ST <72 5. £ T, Pepe and Anderson
(1992) K U*Betensky (1997) (3 H AT IRE O BER] 22 O HEEAE 2 O TSR S M /) & B HY
TLHEERE L. BEMIZIE, o=6, Db & T LSHIEIZRIT 5 B REER G ERE O HER]
30, %5, +cxSE(S,) THEMRZS. T i, TS IBEROTAR 2 RET B EEORM
Thb. ZOHRERE, Pepe and Anderson % (LT, PA {E) & TOF Betensky % (AT, Bik) 12X
DR E B

N-—-n
L%, PAVETI =1, BIETIZ 22326 RENENEGZ6ND. c DIENRKEWVBIEDH
DPAIEL Y LB frEsmti e 5252 L2k 5.

P - CD( JnZ, +(Z, + )N —n)/n—/Nz,, J )

312 FRABRHAIEISEDZEFIEDHZE

S S IETIE, FHEIRFIC ST TR SR TR E S AV, F 72X T THEE S
AUTRER 22 LAEERRGEIC S L O X, R &M 2R/ UERMAZHET 5. 2095 b,
HR AT R DO HETE I A VY D Pepe-Anderson-Betensky O 515 TlX, BEICEIH S 7-REf 2 &
T OEUERE TSRO ZELE THIT D2 L1220, [ $ROT —XIZBT 25 THFREMN
BEINTWRWRIZIERANSH S, 22T, XM XWMOFEEHNTH NS, HEEST
KOT =20 h 2 bivle b & TORENREOFZSAMITEED < A & i ) B W#f
E% KD, ZAUZ K0 HERMEDHE AT 5 TRIKH /175 (Predictive Power) (UL, PP %) 23
BEINTND., FHEMEHRENEVIBEROEZ Z ZERETHHT, A XPRICHERH
ZEDOFEBGAAEHNTND Z &0 D, PP KA X & BEE R OIRAE L XN TV 5.

PP {ETHW D TR )1

P = j 1(512,)ds

THZ2 LS. 22T, P(0) XGRS IBEE, £(51Z,) 1L RIEHTIR A E TITBLA
ENTT—=ENE 26020 & TORMZES OFEROMOMREERETHD. %0, =
DHEFEVEIIHER 225 OFZ A MIZOW T ORI E BN OMFHE L Rl T 5. v
TR & L5 FANCHE L BEMEORIEy 12 LT, Zo TR N 1-y X0

BN S FIURTERII IR ThH D L HE L, RBEhibshn5.
3.1 E B, BE1 LBE2 OISBERETRENY,, ¥, (=1, nn+1,-N) T

5. 21 Y, ~Nlw,0) ¥, ~ N, o ﬁaﬁﬁﬁé.égm,&4Xﬁm%ﬁ@$w@
p, i ENENOHFAE LT, iy~ Nl o) sy ~ N, 0?) e 2s. —orx
BHE n BlOBED R AL E T LR RO TR 771%, Dmitrienko and Wang (2004) X ¥

ol INZ,(+a,)+b, /0~ nz,, 3)
\/NA_’ " [(N - n)(l —C")+ n]
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Thb. EL,

N s @(N_nx,,;_ﬂ;{m@ ] {Hn[g }
ET5. ok, olFFHHEEOEEEEZ WD, £, o DERKICET DL &, T NE
DFEFIAITZEA] (improper) —#ROA & 720, FEDAAILFRIOMORELZITH 5.

QRIZBNWTo 5ol T5 &, TR X
R,:‘D(rz fz]aj 4)

VN —n

ERED. LK, ARRTlEum, mt N ENOFERIDMITEIMTHD EIEL, Tl
NGO LT b0ET 5.

3.2 EWHMFIEDEAEDHEETHE

3.1 Hi TR Lo s M IE D& k%, EERICEIKRBR 0BG CHEM T 55 m a5 E L
t&%,&®ﬁ%ﬂéf%ﬂk.#Oi,*#H%&ﬁﬁ%fiﬁﬁéﬂmﬁﬁ®h@“
HDH1-y DEE LT 10%, HDHWNIE 20%E % E L TWDim L i 547 (Robert (2007),
David (2009)). ZAUZXFL, THIBRHINETIEH]I-y 2 EOREIZHRET REDLNAHTH
Sl b ) O, B Ik T X T T 4 T TV A U EERT A G HEABE L&, [
F'Eﬁﬁ%?ﬁ# THENATH H5E Bl21X, 77 'Rk L TREEEDNEERNICE - Tz
e IERBEEN R ThH D LAl L, BRI LT REThHD) LI B
(Mwma%@MuT,%@%v%fz&&ﬁ&)#%@,_ni%ﬁﬁ%f%xikm&
NHWEETHLEEZ DL, 22T, ZOME~ A T AEOHBr RN KA &
HINESL TR E L EO & 5 RBIRICH 2 00 ERETT 2 0ERH D L EZ L.

IO OBBICK L, #HEORMR EMEREZ M T 5720, LFD 2 SOME 217272
if#ﬁ%ﬁ?ﬁﬁéhk%%%k%ﬁ%@%ﬁ@%%é%ﬂfL H R IRF D 350 72
WATH > G E A HFIETRIST 2B P IO RELRF Lz, RICKFIEIZONT,
F RIS & ij‘ﬂ}ipﬁ%ﬂ%ﬂ@Tf FR AT IRF I R M IR L E S ARIA B I

KIRITE CRIZ LABRENMRBEN2EEEZ Y IaL—ra o TRHMliL, Hik
ﬁ?@%@%ﬁoh

321 EMEOHTEMEL FERMETILIEEDORER
F7, ﬁ@#@%ﬁﬁ&%ﬂ§ﬁ¢¢%ﬁ®%%%ﬂﬁb IR AT IR D FEZH 72 D38 T
o LA E FIETHIGT 2 BWASER L EEEZ R L. B0 =04, EiEFE
-ﬂO%ﬁEL R A B AKHE 0.025, i) 80% O T CHEEFIERA N =100 Fl/Af & &
m%m&.@%%ﬁ%if_%ﬁéMK%%®%éﬂ TGO 30%, 50%, 70% &72%
30 OKERT 1 O 2 Bl 2562 8E Lz, 20L& &, TR O3S
EOREEN 5, 2RI, (1), (2), (@R TR S D& WStk d Ik FRE O 2 iz & - 72
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INEK3-1IRT. PR lEE E U, v IEFEN 5%, 20%% £ 3 /KRR L,
HNFEOHEEMEN 0 # R T HEERZTLHL TV D.

n=30, A=0.4

1.0 —= = 1.0

0.9
0.8

0.9
0.8
0.74
0.6

0.74
0.6
0.5

Power

0.5

Power

0.4
0.3
0.2

0.4
0.3
0.2

0.1 0.1

0.0

0.0

hat(delta)

oo LB

0.8
0.74

LSH
o PAG=1)
- B(c=2.326)

0.6
0.5

Power

0.4

0.3
0.2

o4 )y | = PP(prior:uniform)

0.0

= 1

0
hat(delta)

4 3-1  HEEDOHEENE & 45 B MET I FEAR O BIFR - T RIRAT IR AL 30%, 50%, 70%

4 3-1 128617 2 THIMENTIRE AL 50% CTORICAE H T 5 &, LSH IEORMAT DY 20%
Z FIEFUT P R S O FNZEDOHEEME N A DI & 72> Tz, £72 PPIEDO T /)
R 5%% TlElo o5, AT R O IR ZZOHEE MM ZTA L R HBMRICH D Z & AV
WTETZ, Thbb, EIEMEOHEHEAE]L -y OfE% LSHIETIE 20%, PPIETIES%ET5
ZEN, FhE AT ARG T A 2 ERRECE L. —F, B EOLRMTEREIIZ
30%58 & 72 o> THIO THEBEOHETEN 0 L 72> T e, T7bb, BIEOKMEM &S
1% 20% &L 0 b REVWEHFETRNE, S E~ A T AEIZITIRIS LW Z LR S Lz,
F72, PAIEOSFMA &N 20%TH 2D & &, PREMITIFOFNZOHEEMITA 0.1 &
o TEY, PA JETEREOHELLEL -y OEE 20%E L7z & S I3 EOHEEM D 0
L EEI D56 CTHERIEOHEN R SN D 2 &R S L.

HIETFRHTIRE A 30% D55 A 1E,  BERSME R 1R OHE HIEIC K o THRIBKE & 2 EOHEEED
BRI R E < Brp o T, S &M AIETIE, KA &SR OMED PA 15 TiX 20%
PAF, LSH LTI 50%LL T, B IETIEL 90%LL T CHAhEDOHEEMENA L o> T, £
PP {E TIX TR 1 OB 10%LL T THIUZIB 2 OREEMEN A & 72 5 BRI e
i, WRIMBHTRER 70%D% 61, 2 TOHFIETEERN 20%% TRl 754, HEhEOHE
EEITAICRD W) BRICH - 7=,

RICHINFES % 0.2,0.4,0.6 D 338 Y & L, AT O L7 OHEEAE & 45 HEAR M Ik
AR DBIRZ KR Lz, & 51Tk U TRASIRITIR SO 1 BEd 72 0 D MLBEGIEL N &2 R L7
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FEAE, 394 5, 100 51, 45 T o773, HEMHTIRESIEA T 50%ICEE Lz, 2 2 CIEHE

RAEZ10ELE LTSI b, A=0/0 TRAEINDINET A XELEDEITHELLI R D.
[ 3-2 [T R 2w, PRIITE OSEN 0 LR A EFTCE R T4 &, HHECBITS

FEOMEITDES A XADOEEBITF E A EHELZ T RN LR ENT.

o i 2 4T B 2:50%, A=0.4

1.0 1.0

o i 2 47 B 21:50%, A=0.2

0.94 0.94 / ,//

0.8 0.8 i .,/

0.7 0.7 !
. 06 . 06
% 0.54 % 0.54
© 04 © 04

0.3 i A A i

0.2 p ',",' 02 / ’

0.14 / / 0.1 ;

0. = 0. ==

-1 0 1 1 0 1
hat(delta) hat(delta)
o FE R AT B 22:50%, A=0.6

104 ——

0o oy JLA

04 / Iy

0.7 / IV
L 06 / / LSH
§ Ej_ / :": ."/ o PA(e=1)

0.3 / i o - B(c=2.326)

02 / e 4

o1 / e N B PP(prior:uniform)

0. AL

-1 0 1
hat(delta)

32 RANEOHEEM & AR VEP IR OB - 2RI A X A=(0.2,0.4, 0.6)

322 EHEMHLEDIIaL—TaY

LSH %, PAL, Bik, PPIL, KOS E~ A T AIEIZHONWT, JlEEFELIS O ZARGER
ZRENOL & T, PRI EISTE T IR & HE SN D EIA R L ORI £ TRl L
HERENBHENDEEE2L 32—y aryTiltiLz., FELEZYIalb—Yard
REFLLTOHEY TH 5.

IR B Ho: 6= 0, XA Hy: 5=0.4

EKHE 1 0.025, T : 80%

VEIEBIR : N = 100 Bl/EE Q2 BERIOHELZEZ 0.4, @R ERAEL 1.0 SUEL,
FROAEKYE, BREHICESEEMLR)

HEEATIRE AL - SRFE ST BB OFIG DY BEEERIEL D 30%, 50%, 70%& 725 3180
R AT IR < 1 [E]
EASMEDHIERENEL — y - LSH YL, PAE, BIETIX 20%, PPIETIE 5%

I ab—3 g UK 5,000 [
IHHDOED FT, RBRERETIZING,LOY), I EREETIZN(O.0,1.0°) 12485 EL
B g S, PRI & SR ARTR IS Student O ¢ FRE 2 FE0E L,  F IIARAT I I BB 4
PE IR LB SN DFER L ORKMEITE CEEZELABERENRE SN 2FEE2HH L

i
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7= FERAERI-VITRLE.
F3-1 BHECBTHEEMFIEOMETFMMOT I 2 L— 3 UiER

P AT OO A
30 % 50 % 70 %

JRME  LSH ik ML IR DFIS 9.90 % 48.40 % 79.30 %
e HIOBFMER  240% 232% .. 2.36 % _
PA I HERCHE T IR DEA 50.10 % 68.30 % 83.90 %
_________________________ HIFOWFBMER 216 %  222%  230%

B & LS P IR DFIA 18.10 % 43.20 % 72.00 %
_________________________ HIROEAMER  238%  236%  240%

PP i MRS L OB 38.70 % 59.90 % 78.20 %
_________________________ HIROBFMER  232%  230%  236%_
WahE~ A SRk B IEORS 50.40 % 51.20 % 51.40 %

51 FOEE MR 2.16 % 2.30 % 2.40 %

*fSr LSH ik MESPER DA 0.20 % 2.10 % 5.50 %
e A B 80.00 % ______ 79.80 % _____. 79.60 % _
PA % ML Ik F] 6.30 % 6.40 % 8.30 %
_________________________ Wty 77.60% ____78.30% ____78.90%_

B i e IR DE 0.80 % 1.70 % 3.40 %
_________________________ B 79:90% ___79.80% .. 79.90%_

PP i& S Ik D E 3.40 % 3.80 % 5.10 %
_________________________ B 7920% __ 79.40% ____79.60%
e~ A T A% LS L OB 6.50 % 2.50 % 1.20 %
i) 77.60 % 79.70 % 80.00 %

PA%@,mmﬁﬁkﬁﬁbfﬁﬁ%%ﬁ:ﬂﬁﬁﬁtféﬂAﬁﬁw@mﬁ&5ME
F72, PAIERIZHIT 25 | HOWEMRM &, ML, ok L bk U CTRMETNS

7. Lo, %@% IENTH T

RO T ORI, B KR 2R OBH THIET 5 2 L2 WL,
Z OEIEITHERE S N2 BE OBIG S BIEEFIE D 50% CHREIEIT 21T 1o aIcE B35 &,
BIETHRBIKS, T LSH ik, #ah~ A 7 X%, PP ik, PAIEDIRIZE < g5 Tz,
FENLARGEE T C O LR 1L DOFIA I DN T OK FIER TORDBERIL, IHEEH T ToX
MERERIC TH -T2

FIIFIEAGR O N COH | FEOMWMARMER &, LA T T ORI O 711, LSH
%, Bik, PPIE, HEhE~A T AETIREELL 2D I LRS-,

4. £&H
AHEOKMFIZLY, UTOEEZHETAZ LN TX-,
®  S0%HMF AL CHIIARAT & FEhE T 2 BRI T, MR PEOHIEHAEL — y Of %2 LSH 75 T 20%,
PP AT 5% & UL, BIRDAEG A~ A T AL L RFEOHEEZITAD.
® PP EITHMMNTREAICRE <IKfFET 2 2 &7 <, RGO T CMELR 2R 3540 4 1E L
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S MEZRMEP LT DHERNE L, —F TGO F Tl CTEZRMhIE L TLE
IMEREBELSMZ D Z LM TEDLHETHD.

3.1 fiCR 72 K 91T, LSH VEIC K 2 &M &M, FRIREUBREH R CARE L 723K
RN RELS W EEZ T D120, FNZEDREPEDERNZENDRE S RR->THWLGE
I EESPER B D IEREICAT R e VW E WO RN & 5. — K, PP IETIEGELNT —HIC
ESWTTHRM I ZENT 5. 2ok, FEFORDZEOEIETF L2V HIETH
HEEZ N UEORB LY, ISENERSMIINE D a0 stk Fik s LT,
FATZBIX PPIEZHELE L 720,

S I, W O LRI OV T O T, BEEGIELD 30%, 50%, 70%V T4
DNOB T 2 EiE T 258 %25 27205, PR 2 — 720 0 L TS TEEE

AT OB, T O X A X v 7 R BRI RICRET S L, EEIND T — 20
RN, FENEOHEEMORGEIME S, HERMEOHBIN T S v, — 5 THIRRIAET O
B AT ERBREENCERE L2 E, PRMATICEF L Co b RS OHER R H S
NDETOMIC, FEFDOBERZEDOLORKE T LTLE ARt H VL. Lo T,
RN I S0%FHECTITH 2 EBNHFENTHA D LEZ LRI,

ABIOWMFE T, JEE M ERGER CIER A %5EAC@D@ﬁ%ﬁotﬁ,éfmm
BWNEFREMECH D5 EICEEMEF IEOHEE ED X 5 IATAIXR WO 2D
WETZWEBZTWD., 7o, S%TETT 4 7T VA 2 EZEORIR ﬁ%_%mbfw
B, EICHEIS KM A MR 132 2 L2 EET 50, BEICASRIERZ ISR L
BN L EERT H00E, [MGEENEGMELEITLONE DM, EERARIGRIENFAE
ToOMEMNE Vo T, BEPERMREOHFEICL > TbAELAIND. £ 2 THEREMET
EDOBEHIZH Tz > TlE, EREREOHAICHERT HINENHDH I & REZIEITEE
72U,

S5 3

[1] Betensky, R.A. (1997). Early stopping to accept Hy based on conditional power: Approximations and comparisons. Biometrics
53, 794-806

[2] David R. Spriggs et al.(2009). Phase I1I randomized trial of intravenous Cisplatin plus a 24- or 96-hour infusion of Paclitaxel in
epithelial ovarian cancer: A Gynecologic Oncology Group Study. Journal of Clinical Oncology; 25: 4466-4471.
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Bpirgety s o R A TREFETF I L ARG O, WOND, F O |
HEE : SRk 22 4F 10 H 21 HOKR) ~10 H 23 A (1)
BT BT Y BHEE A

BIGKEEESE & 7 DO O B Ri#R
MRS 22— 2 BT EED
E7% % (kamitsuji@stagen.co.jp)

EMOBFHKTHL T 7 MMERDPBIEAHEE 00 | SE S EREMOSERMEL EMICHIIT 5 Z & 23va]
& 7odz, 7/ MMEROMNTICITBEHEFOBEMER MR R TH L3, HARICEIT D BB
DOEFAZIIA 20, AR Tl EEHEFRICOWTRA L, 7/ DEROBI - @7, S HICHAED
7 BIFFEDIS BN DN TR T 5, BAGHEFICHE A & OFMEHFEND L THA 5 2 & 2 Wify
T2,

1 BIGHEFE & BT
BAGHEREHF (statistical genetics, FFHEMRTFTEREIND T EHZV) FAEMOMA (heredity) & Zkk
M (variation) ZitHHT 2720 OFRTH D, HRAIT Genetics & V9 FHIE 1905 412 Bateson 23K
NI T FHO P T - 721555 TH Y | heredity & variation D& E @A L7-b D& LIz, HAGE
TITHIC EfE) ERTZENZVN, BHARANIZE o TEIEIL Theredity] OFEMEWNHRLS, LiIFLIE
BELEZ 5 25, BEMEHFICBWTREEIHAB TS S, BRI S RS EZE L THE S 5%t
S8 17 Lv (allele)] THY, REFME 1 DT ODT LIV EMEASIL, £DT LILOMABEHET
B 58 (genotype) (2L > TEBIA (phenotype) 2N& £ 5, & L CRKDKAN S FEA £ T,
{7k EH] (laws of inheritance) |2 & > TXAELI LD & B 2 5, BAEMAERNIA 7 00 31L& |
ZDHHD 1 DOMNEOIER| OIS T D8 DOIERIN G705, BASH RSO, ZhvE
THEZ OFEE HT-5 L, FRIC A U7 AVRERIRT & Wbl 5B s8 & O BIEMENIER ITIROIEE (trait,
HIZREICHET 5, IWEHOBREARHATH L) IO T, TDJRED 99%LL L& FFE L7z &
Db,
L LR HBIEHEH R BEE SN OITRIE TH D, 1T 1970 FARE THE & 72 5 BI58 O BLI
BRETH T2 bTE, TNETOBEBHGFIL T VANEET L THAD | LOTROTTERDL
NT&EZ, 20D, EF—=F%28L, ZOBHT — 20 bERICEBLET VA HERT 2 AW HIT
(Biometrics) DI BEETH -7, EWEHAITEIE Galton X° Pearson K % HULIZHFE S 4, £ OWFSE
IZRDEMITHIEIRET LN A 2 FRELER EILRFEIFOM L 2o Te, AWFHIFIET —2 05
FE}ERDETAEEP AN THY . —F, BERFFIIEEHRAIER & WO BT VWD T —F 21
T, MHFIFEYOBMETHY, LIFULIXING 2 DOFIRITRINL LT,
BUED T ) DS CTITEBHEF 2T TR <AWFHIIT L EER T 5, BFERKROH 2 EEIL, BIRHY
R 7ZT TRBENER G ZET 2000 Z, 2L 2 TAEEEIER R S8 EER 72T TR,
FRREIE R ENFEETHZLIEIHLNTH D, 207D, BRI THI S5 50 B EMAER
U TILD, FOMOBRBEERIIFHEETET NV EZEAL T, WEOZEBZHI T 5 Z L R3Z0,

2 ZRIT—ADEA
EEIFR LD 1 OT OB TF 2/ L, 22 O FYER e 1 ftOMEREEN NS5, 2 5121E 30
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BED A, T, G, C O (nucleotide) DT NF(ET D, ZDOH D 0.1% A DIENL (locus, FEHIE I loci,
IEREZRFLIR TIE W, EENFET 2T EE X THRY) T, HERICK > THEET L7 LA R
V. ZOZEMEZBENZA (polymorphism) & FEOY, $RIZ 1 DOMEENFAET DAL T, RN AET
% JEALZ SNP (single nucleotide polymorphism, A= 7 LIEEIND Z &AL \V) AL &S, BTE
TIT SNP AL AR & L2 /7 DHTEN % <ATHhI T %, FRZH) 1,000 FH{EO SNP O 5 BEIT/N 6
#7100 J5 SNP Jfiz 4 —EEICBIIT 2 2 L 23 ATREZ: DNA 7 » 723 BAF STk 0 | AR offF7EE 23 &
R 2B T E DBRENE S TN D,

S HICEAERTZIE 1 RS ) NS 2B+ 5 kit — /4 % (Next Generation Sequencer,
NGS, Massively Parallel Sequencer & M-I D Z &b dH %) BWEG LI, 1EAEHZY 10 THLLFT
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4.1 PGx %%
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RENETHLIPEWEN ZRIET 25603 H 5, FEARMNC X 2BWEHFIEIL, R OBRBEE TH 518
BRCIETRICTERWGEREL Y, ZIUIRERFIEORIGRIEF I hENnT & ERBRICH T 5814
ROV TN A XPNSN ENERBATH D, 2FV ., Dl o 7L CIRENER R IES 28l
T Dz enTERVNDLTHD, £io, REARECRKZ AT T —Z TTHTLZ & bE LY,
AT — X IREIGER T 5 b 0ONRE L, T—XOMFEMELE LTUIT 7 A7 —X1Z LR,
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(Pharmacogenetics) &IMEATE, ZiUH 2 DOWIEE G TILH Tk PGx W28 & M5, SEAIRHIZ
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REREBZT LM TH D, < OLEIIEMEE 750 (candidate gene approach) &9 GWAS &
PRI 72 FIETIT DD, AT, EFHNCEEEMED FOA E N DAL AR AT, Z 1L & R E O AL
WZOWTOHBENEZHERT 2D TH D, PGx WHFEIC L > TEAORIERBIEOMELZ THITL5 2 &
MNAEEE 20 | AEROBEBLRSTIC L > THRA DS 28N 54— % — A A REH (personalized
medicine) b EERIZITHLNL TS,
T2 UAeak Lz 3, IRBRICB W T v 7 oA XIFIERIT/N S, EENERZ3E L ER 2 I L
TH, FH AT WEE L Z V., ZODMIEOR IR E 25, s, PGx fFRICEIT 5
A EROBEICKR T 2 BEE DR ST RE W, BT AH A XO/NS SITRARETH 5, £
T 1 OOERBESEE LT, EBSRIFRREOY T AH A XTI ENEZ LN 5, BEI R
KEED, HHOREAEN LB L THEAERSA T — 2 2 ET a0 Y=V T AR EEN TN D
(EAPGx T —HH A= 2ary—v 7 A, JPDSC),

4.2 BEBM~DILHA

DNA F v FNIANTE T TR ERZ 2EIZ OV T BB SN TN D, 7o & 2 ITFEF ORI T 28 %E
BRCIE~ U ARREHND Z ENEL ., ZnoBREMmOLA T — %% DNA F v 72 HOTRIIL ., b
AT 5 BOSTEIC DWW T A ) MfGEEFT > T D,
F I NHHSICEE R SFEDHYIZOWTO DNA F v 7 H B STV 5, fEiREE E 7e o T S FEENY
BT DM E U CEMPBEN S D, 7oL 2ITMW#Y 7 —7 7 FIKIE, MR LT 5 &
EVELIDICEZVENTEL TS, £ CTHT 7/ —7 7 RIROZRIFEHRZBIIT 5 2 L1k - T,
Z DOBBHPELINEN D 77 v RHIBIORFZEN TN TN D,
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BASHE - OERE BLEt O MERs & 2 97 ~)
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Yamaguchi-Kabata Y. et al.
Am J Hum Genet. 2008
HapMapDB Oct;83(4):445-56.
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o NTORLTDEA
o FLLOBRITHABATELAHENME

_P==F{yal:

SOLID (ABIt#Y)

Whole Genome Sequencing

The $2 Million Genome
James Watson, codiscoverer of the structure of DNA, now has a
copy of his very own genome. Will you be next?

By Emily Singer

FRIDAY, JURE 01, 2007

5 G Ao » B pint O Favers

On Thursday, James Watson was handed 3 DVD containing his entire ganame, ssquenced in
the past few months by 454, a company based in Branford, CT, that's developing next-
generation technologies for efficiently reading the genome. At 2 cost of $2 millon, 454
Sequenced Watsor's genome for roughly an order of magnitude less than it would have cost
using traditional machines. While this is stll oo expensive for the average Jos, experts say
that the advance marks 2 majar milestone toward personal-gename sequencing--and mare-
personalized medicine=-for ail

HEHICIT105M

“We've heard people talking about personalized medicine
for the last year or twa, but this i the first concrete
incamation of that whole era," says Georgs Weinstock,
codirector of the Human Genome Sequencing Center at
Baylor College of Medicine, in Houston. Scientists at
Baylor callaborated on the genome project.

The $2 milln and twa months that it tock to sequence
Watsan's gename iz 3 far ery from the mare than ten
years and §3 billon required for the Human Gonorme
Project's referance genome, released in 2003. Scientists
ultimately hope to bring the cost down to less than

% 510,000, 3 target price that many believe will s the
turning peint in genoric medicine. At that price, many
people could affard ta have their genomes sequenced,
and dostars could then use that data to give their
patients mora-personalizad medical advica.

At a press canference at Baylor on Thursday announcing
the completion of the genome, 454's founder, Jonathan

DNA's daddy:

James watsan,
G 60 FEE D Rothbers, compared the compenys seauencing
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Whole Genome Sequencing
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SUMMARY
The receiver operating characteristic (ROC) curve has attracted wide attention for its utility in the medical
and biostatistical fields Given a set of multiple markers obtained from a clinical test or an examination,
the area under the ROC curve (AUC) is measured for its ability to discriminate between the controls
and cases. Recently, the partial area under the curve (pAUC) has been gaining in popularity, because the
pAUC is more suitable for clinical settings in which a high true positive rate is required with a very low
false positive rate. Moreover, the pAUC is more sensitive to the effects of markers in clinical evaluation,
compared with the AUC, which is often criticized for not properly reflectin these effects. In this context,
we have developed a new statistical method that focuses on the pAUC based on a boosting technique. The
markers are combined componentially in the boosting algorithm using natural cubic splines or decision
stumps (single-level decision trees), according to the types of markers used. We show that the resulting
score plots are useful for understanding how each marker is associated with the outcome variable (affected
or unaffected). We compare the performance of our boosting method with those of other existing methods,

and demonstrate its utility using a real data set.

Keywords: Boosting; Classification Partial area under the ROC curve; Smoothing.
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1. INTRODUCTION

The receiver operating characteristic (ROC) curve has been widely used in various scientifi fields in
situations where the evaluation of discrimination performance is of great concern for the researchers.
The area under the ROC curve (AUC) is the most popular metric because it has a simple probabilistic
interpretation (Bamber, 1975) and consists of two important rates used to asses classificatio performance:
the true positive rate (TPR) and the false positive rate (FPR). The former is a probability of a affected
subject being correctly judged as positive; the latter is that of a unaffected subject being improperly judged
as positive. Since the two probabilities characterize different aspects of classificatio performance, they
should be reported separately (Baker, 2003). Hence, the AUC has an advantage over a single measures of
performance such as the odds ratio or relative risk (Pepe and others, 2004). However, the AUC has been
severely criticized for inconsistencies arising between statistical significanc derived from the AUC and
the corresponding clinical significanc when the usefulness of a new marker is evaluated (Cook, 2007).
Recently, Pencina and others (2008) propose a criterion termed integrated discriminant improvement, and
show its advantage over the AUC in the assessment of a new marker. In this context, the partial AUC
(pAUC) has been gaining more popularity relative to the AUC in a number of field (Walter, 2005; Qi and
others, 2006).

Dodd and Pepe (2003) propose a regression modeling framework based on the pAUC, and apply this
framework to investigation of a relationship between multiple markers and the outcome variable. Cai and
Dodd (2008) make some modification to improve the efficien y of the estimation of parameters, and
provide graphical tools for the model checking. In regard to classificatio problems, Pepe and Thompson
(2000) propose a method for deriving a linear combination of two markers that optimizes the AUC as

well as the pAUC. However, as recognized by Pepe and others (2006), more general approaches are
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required when the number of markers is quite large; in these cases, marker selection procedure is also
indispensable.

In this paper, we propose a new statistical method designed to maximize the pAUC using a boosting
technique and the approximate pAUC. The approximation-based method makes it possible to nonlinearly
combine more than two markers, based on basis functions of natural cubic splines as well as decision
stumps. The resultant score plots for each marker enable us to observe how the markers are associated
with the outcome variable in a visually apparent way. Hence, our boosting method attaches importance
not only to the classificatio performance but also to the interpretation of the results, which is essential in
clinical and medical fields

This paper is organized as follows. In Section 2, we give a brief review of the AUC and pAUC, and
show a relationship between the pAUC and the approximate pAUC in Theorem 1. We present a new
boosting method, pAUCBoost, in Section 3, and compare it with other existing methods such as SDF
(Pepe and Thompson, 2000), AdaBoost (Freund and Schapire, 1997), LogitBoost (Friedman and others,
2000) and GAMBoost (Tutz and Binder, 2006) in Section 4. In the next section, we demonstrate the utility
of pAUCBoost using a breast cancer data set, in which we use both clinical and genomic data. In Section

6, we summarize and make concluding remarks.
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A_Y RFFHCBIT BT 7T AL, N RHEEE, A AT 7 7 B —, PRSI T 5 i Ui LR
Aunoisg. 777 RO EEZ#GRT D256, £ < DFEHE (Crowder 1998, Tierney, and Kadane 1986,
Miyata 2004) |3”well-behaved data sequences” &9 Blmib D+ 5ME%2 52 T\, ?well-behaved
data sequences” & 1%, Laplace iTELNZ Y42 FF 7= DI, FHRSANLWIELZ TN ETHZ LiIZoiT b
TS ThY, HEREEATEEEL o TND.

— 5T, Johnson and Ladalla (1979), Ladalla (1990), Kass, Tierney, and Kadane (Li# KTK & I, 1990)
LI, HEFET LV (BE) I L TCHREESTTI 7T AELEERT 2T 70 —FBb 5, FFIZKTKIZ
X VIR-E I NT-5MF1T Laplace regularity & FEIXIL TV D, ZEOEFICL D HE LT WHEETESRR X
NTWHZLEEZD L, MLEICIRO T, K VIEWY T ZAOHEE R4 OIS BT R L= 53 K s L
T, Loy UEBRICITRALHEERE (MLE), & L <IEFZEE— RE2P.OICHRT R T2 FECRE I T
WD ZENRLU.

ZDIZOAENTLL T OB Z21T 9 .

o /n —EMEFFOV T AOHEREEZ P OLICHNEEN L2580 7 77 ZEloE .

o IS 2 M R D72 D143 5/ % Kass, Tierney, and Kadane(1990) @ Laplace regularity % X553
LTHZS.

e O,(n1) OMHITFAZE % F£§-> Laplace IT{El DR HLE

2 #iE

O=0; % x0Oy CREENTA—H ML L, 0= (0,...00) €O T 5. 22T/ [FEHEFET.
(,A) ZrTZEf, P ={Py: 0 € O} 1T (Q, A) LRSI, {Y;:i=1,2,...} 1T (Q,A) L@k
T, Y13 (V,B) BT HEERD. 22 TYIZROENER, BIZY ICBITHRVVESE. Bxld, &T
Dz LT, Y = (Y1,....,Y,) OWRZMIT o AIRREIC SR I TEY, P O T TOY OFERMHE
Pa(y]0) ET 5. y© = (V1,¥2, 0 Y, -.) [ FEFIT, p,(y]|0) 1%, HAIO n HOBINE y = (y1,..., Yn) P
KFETHZ LICEREESNTD. g FEO/NNT A—F— Z LT "ae Pp,” IZLITLIE "ae. Py, b LIX
Ta.s) EHMET L. w(0) 120 DFERIGAMETD.

2.1 E#REYH
KHDRT A — 2 — G LB g(0) (25T D~ ZHEE R

_ Jo9@)pa(y0)r(0)d8
Blo@)Y| = o e o (1)

THEZBND. YVyew DTG DOEE, 9(0) = p(Ynewld,y) £ T 5.

LZ ORFFEIE 2009 4EFE TR IR R F K FRBIFFEBIR & D KB 221 T D
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2.2 Bayes factor
ZITHE (B) € B x URT A— 2 —2E Y ~pu(y|B.) L L, B FOREREYE 2 5.
Ho:p =10 vs Hy : ¥ # o

ZDFf, XA RBT Fa—F D—>& LT, Bayes factor 3H 5.

_ I Pn(y18,%0)m0(8)dB
Jpw P (y1B,9)7(B,%)dBdy

K (mg, )

ZZTmo(B) = [y m(B,%)de.

3 Laplace’s Method and Regularity Conditions

ZOk, ERRO (1), (2) DL S REEFEET 5 7-0I1E
I, = / A(@)exp{—nh™(0)}d0
©
DK T DI E B 2 26BN D 5. 22T ANO) 1T n ITEF LR, 2

DEFINITION 1 Z,, = Z,(14+ O0(n~?)), (a > 0) OlE, T, 1Zxk3 % 5 75 2L T, 13 O(n~*) O#fTEE%
FoLED.

Kadane and Vaidyanathan (1992) I% o > 1 ®FfIZ, Bayes factor ZFIH L7854, Ho: ¢ = ¢do ® FT Hy
IR D FRMERN IR T D2 2R L, £7- Hy 1 ¢ # o D F T Hy Z38IRT 2 FEMEEN 0 1T
WTHZEERLT.

FE LMLE 2 W=7 77 ZERIEAT 2 56, 8% OIERIZEEO FT O(n™t) OnNIRZE 4 Fio.

T et T 57 77 ARHOERIGEEEL 52 5. 2 O5MIT, ﬁ;ﬁ‘”well—behaved gata sequence” &
MR B RIS S 5. = - TREORKLO D % _ % e W = s
8y i h™(@) = hj, ., D2h"(B) = D%h, AB) = X etc &5 5. F72 ||v]| = (vV'v)V/2, e fifE% B.(60) =
{61116 —0o|| <€} £F 2.

(A1) for Vy € Y™, {h"(8)} 1% 6 BEBGASY FTHE, 70 A(8) 1 4 Fsigeti sy wTHE.

(A2) For all n, PJ(|Z,| < o0) =1

(A3) for V1 < ji1,....jm < d (m =1,2,...,6), 3¢ > 0 and M > 0 s.t., Po(limsup sup |9;
n—00 GEBg(é)

h(8)| <

1Jm

M)=1
A4) In>0s.t., Py [lim inf det(D?h(0)) > n} =1, 7 Py |for ¥x # 0, lim inf x' D>k (8)x > 0} =1
n—0o0

n—0o0

(
(A5) 3¢ > 0 and M > 0 s.t., for V6(0 < § <€), Bs(#) C Ap a.e. Py and

det(nD?h)'/2C;1  A(@)exp{—n(h™(8) — h"(6))}do
Ao—Bs(0)

Py |limsup n?

n—oo

< M} =1, (3)

Z2T0, = exp (%Dh(é)’[D%(@)]*th(@))
212770 y OFBREOEZBITITEFEL TS LW
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(A6) |0 —Opx|| — 0ae Py. ZZTlpx = argsupgee( ™(0)) i% —h"™(0) DIEME (exact) 72E— K.
(A7) 3M > 0 and a > 1/2 s.t., Py(lim,,—o n*|0; h@) < M)=1(j =1,..,d), Bt Dh(@) = O(n=)

a.e. P().

THEOREM 1 Ay CO &%, ZOW, IE (A1)-(A7) DT T
n 1A 1 N
A(0)exp{—nh"(0)}d0 = (27)¥?det(nD*h)~Y/2Cexp{—nh} [)\‘I’A + 7 <Z XD — Z h”k<1>”k>
1/1 A 1 A
- <— > X @+ Z(—ﬂhijkq - ghz’jk)\q)‘l’f}kq to > hijkhqrsq)g'qus>

3/2 LA 3/2
< § :A13k¢Z]k+ § :Cz]quéljqu_‘_ § :Cz]qust ijkqrst

Ao

B % ZhijkthShtuvéf;qustuv> + O(n_Q):| (4)
ZZTA={ulf+ Jue A}, b= —n[D*]'Dh = (b) = [,n(ub,[D?h] 1)du, &} =
N ~ . B 3/2 1 1
[y uin(ulb,[D>h]MYdu, &4 = [, wiu;n(ulb, [D?h] )du &F 5. cij/qu = —gghiikahr — Tghijidar -
A 3/2 1 A
thijquy Cij/qust = Ehijkhqrs)\t + m Zhijkhm’st-

PROOF 5. KTK (1990), Miyata(2004) & [k DR TRy 2 LN TE 5.
2 Ag = © D, T, I T 2 U TOEBEAZGE5.

/ AO)exp{—nh™(8)}d6 — (2m)%/2det(nDh)~/2Cycap{—nh}A
e

1 N)- 1 s
x{1+%<2<7>bi—§§hmwbk> zk: kbib;by

K2

O(n—2) O(nt=3)
T L R
ij ijkq ijk
1 _
+ > hijkhqrsﬂijqus} +0(n 2a)] (5)

T 2T fijhgs Mijhqrs VEZZEREHIANAT Ng(0,[D2h]) 1) 123610 % 4 k& 6 ROTULEET, 40F (A3) LV
O() THHZENbD. LoTn tOHED {---} DEIITO) 725,

4 Asymptotic mode-Laplace regular

Ltk SaHIZT 5720, Ag = 0, 1,(0) =logp(yl0) &3 5. LAFTIE, #iatE7 v P = {p(y|0)|0 € ©}
T o8& 5 2 5.

511 {1,,(8), A(8),0} 1%, LLFD4ff (C1)—~(C6) %i7=7F & %, Asymptotic mode-Laplace regular & 5 9.
(C1) for Yy € Y™, and for VO € O, p(y|@) > 0. for Vy € Y™, 1,,(0) 1% 6 BEHEFIU D FTEE, 72 A\(0) 1% 4 B
HATEIR Y FTHE
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(C2) for each g € ©, Je > 0 and M > 0 s.t., Bc(8p) € O, 73D for V1 < ji, .., < d (m =1,2,...,6),

Py(limsup sup n_1|8]1 Jmln(@)] < M) =1
n—00 @€ Bc(0o)

(C3) for each B € ©, I IEEELF 1T I(0g) s.t., Py [ lim <—1D21n(00)> = I(OO)] =1
n— o0 n
(C4) for each 8y and for V6 > 0,

Py |limsup sup {n"'(1,(8) — 1.(60))} < 0‘| =1 (6)
n—00 ©—DBs(0o)
(C5) 8 — ) a.s.
(C6) 1DI,(0) = O(n=) ae. Py (a>1/2)
EE 2:(C1)-(C4) 1TMFHE T MTHT B 50 L 7o TH Y, (C5),(C6) | ;t#mi IR BRI E o TND.
SEE 30 (06) 128 T L1D1,(8) = 0,(n~*) DEEL, B (4), 5) ICBIT BREEED O 75@ O, \ZEH
5 EWEHTFEEND. b U LI WHEERED R0 — 6,) = 0,(1) %{ﬁﬁfﬁe Xz
1
vn
LEBTTED. 22 TO X0 & 0y ORIOME. = O, AL 1 EIEHUUBIRE A B D Lo KD A depk

(FATF T, b LT LLd.) &, AL 2 X L D21, (0%) 235 DA —1(00) WU T 5 & 5 2 deft
EMZ S L, LD1,0) = 0,(n1/?) 2155,

DI, ) = =Dl 60) + (%Dm(o*))ﬁ(é —8y) (@)

THEOREM 2 41 {1,,(6), A(8), 8} 1% Asymptotic mode-Laplace regular. % OW§, {1 C (i), (ii), (iii) D3
UASY

(i) for V1 < ji,..,jm <d (m=1,2,...,6), Je >0 and M > 0 s.t.,

1
Py limsup sup —|9j,. j.ln ()|<M>
n—oo gcp @) ™

() 3In > 0s.t., Py [hmmfdet <——D21 (9)) > n] =1,7>F [for Vx # 0, lim inf x’ (—lDQZn(é)> x> 0} =
n— o0 n

n—oo
1
(iii) 3¢ > 0 and M > 0 s.t., for ¥6(0 < 6 < €), Bs(0) C © a.e. Py and
Py |limsup sup {n~'(1,(0) — ln(é))} < 01 =1 (8)
n—oo e— B(;(G)

SEE 4:(1) 1 (A3) 12, (i) 1% (Ad) IS LT 2. ()= (AB) UL F TREND. FEEMIC hn(0) =
1, (0) L3< L, (CL)-(C6)=> (A1),(A3)~(AT) BEZ 5.

PROPOSITION 3 A(0) = a(0)7(0).
Jo IN0)]d0 < 0o L%, ZDRE, XAt (iii)=(A5).

FE5:LL a@) =10, [gn(0)dd < oo THY, ZAUTFHII7 proper T D Z &2 FHKT 5.
SEE 6:7(0) 7 improper 7235413, KTK(1990) 7 7 —F Z AW S LERH 5. 7272 L KTK O FH{ET—
RO RH DT, Y, ..., Y BDEWITHNLORFLAMNIEE L2 T 7 6720,
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5 O(n ') MEhAiRE 2% D Laplace il DEEE

H o
AL MEERO L O ICHEEREAE IV HEE R 013, —IREICITHNE AR TRV, I 2 T F A RE
T5.
[E1] VA(@r — 80) = Op(1)
£2) V70— ) = 0,(1)
T, Oy —0 = 0,(n V2 BbhD. ZEY, 0 ZHNTT ST RERETF SR, Op(n~2) Ol
ERAENREND. L LU TORRB O TVD.
Robinson (1988): O3 % 0 7~ 5 k [ Newton-Raphson %0 KL= b D L5, Z Ok,

Orr —O0NE =0,(n"2""),  (k=1,2,3)

Miyata(2004,p1047 & H%f/)jﬂff) ONW % 0 7°5 k] Newton &V KL= D LT 5. ie., oNW =
0+ [-n"'D21,,(0) *n"1DI,(0). = DK,

O — )N =0, ), (k=1,2)
ZOZEEY, /n—BHEROWHERNLLDO LEROWT LD T AT v THEEREE AW TT 7T R

ET5 2 LT, WREEEE Oy(n~) 4B LRTX B,
6 fIl (Gaussian AR(p) Process)

Yi=¢1Yio1 +2Ye o+ 4+ Y p + €, (t=12,..,T) 9)

Z 2 Te ~idd. N(O, 02) &= (¢1,..,%p), Sp :{¢€RP|ZP_¢1'ZP71_"'¢IJ:0@/4%{@*&753‘%{14[%@?\1%5}'
ZOEE RTA—H A O = 5,x(0,00) & L, ZOEHEH (§,02) €O T 5. O, Y = (Y4, ..., Y7)
DRIRFHERE EREIIL TOR TE 2 b d.

T T
p(ylh) = <\/%) emp{—% ( S = it — -~ Sys)? +y;Mpyp> }det<Mp>1/2,

t=p+1

Z ZC Galbraith and Galbraith (1974) (2L Y M, = A, A, — H'H,

-1 o Gp Pp—1 0 1
¢ -1 ®p ¢2

AP = - 9 H = -
(bp—l e ¢1 -1 o ¢p

LIRDZENZIPOTND. p DD K E VR, B 72 MLE 2RO DTV IR LT LY X AR
LR, FHE FAMEIC 2D, —F THREIMLE CThiud, #EEENGICHIRTE, fHRFE TENT 5 2
ENTE D, Z 2 TRECEE X

T

P 1
logo? — 292 Z (Yt — orye—1 — - — ¢pyt—p)2

t=p+1

T— T —
Ir(6) = —— Plogom —

12(0)

P P 1 1
) log 27 — 3 logo? + 3 log det(M,,) — —thy;Mpyp
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L. 22T (&Q,aé) = argsupgeol®(0) B &, &Q — o as., 0 — 0p as. BHHNTWD. (filx
30, plls). £ (C3) 2 F =v 7 T 5.

LT 0
lim —iDQZT(oo) = UTO 0
T—o0 T 0 2%—
90

% ZZ2TYeq = (Yii, o Yip), To = Eo[Yi1 Y, ] 13355 BATHIT, fo(N) % AR(p) process O
ANy MVEEETHE, Ty O (s,t) BisriEo(s —t) = [Tl fg(N)dX ERHES.
FoTTy NIFEEHETHD Z EE2HNPOIIZI . 2L, EEDORZ bla#01Zx LT

a'Tya = Z asa;o(s —t)

s,t

= / D a.ae 0 fo(N)dA
T st

2
a .
_ / § :asezsA
- |

fo(A)dA
LU D 2 LN TE S, RIC (C4) LR 5. BPRUTEMT 5728, &2 EK M, > 0 WFELT,

limsup sup {Tl[lT(0) - lT(eo)]} < lim sup 5 sup {—(¢— ‘Z’Q),fT(¢ - &Q)} (10)
T—o00 ©—Bs(0o) T—o0 1 ©-B5(80)

T
~ 1 ~ ~ ~ ~
Lhh. 22Tl = = § Y, 1Y, C,I'r—>Toas. THDHZ XV, KERTICXHLT, I'r (TIEfE

T
t=p+1
51725, ko TAL, % Tr OR/NEEHEE TS L,

AT .
10) < limsup 22 sup  {—||¢ — do|*} <0 11
(10) < lmsp 382 swp (6~ ol (1)

Ko TREL.

7 GIBA
Theorem 2 % /R3 72 DITI1E, IRORBEP ARG /) 72 1%E % B7-9

LEMMA 4 % {a,} IZMRE a ZFFD. de., lim, o a, = a.
(a) for ¥é6 > 0,36 >0, N >0 s.t., n > N = Bgs/(a,) C Bs(a).
(b) for¥6 >0,36" >0, N >0 s.t., n > N = Bs.(a) C Bs(a,)

PROOF:MI%.
PROOF OF THEOREM 2 HAIIC (i) 27
(C2) LVFEEAN, CONBHFIELT, for VOy € © and Vy™® € Q — N7, Je > 0 and 30 < M < oo s.t.,

limsup sup —|9j,..j,.0n(0)] < M.
n—oo @cB.(6) T

(C5) &1 3N, C Q s.t., for VB € O and Vy™ € Q — (M, UN:), 8 — 6.

Lemma 4 £V 3¢’ > 0s.t.,,n > Ny = B (0) C B.(0o)
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limsup sup 7 19;, ;. 0n(0) <limsup sup n '0;,. ;.1.(0)]
n—% geB_(9) n—00 O€B.(6o)

<M

KoT () Ao, WIT (1) 277, IN; C Q sit., for VOp € © and Vy™ € Q — N3, Je > 0 s.t.,

limsup sup {—det(—n"'D?1,(0))} < 0.
n—oo @cB.(0o)

£-o7T
i {—d 127 (D . - o —1p2
im sup et(—m~"D?l,(0)) ¢ <limsup sup {—det(—n""D*1,(0))}
n—00 n—00 9635/(9)
<limsup sup {—det(—n"'D?,,(8))} <0
n—oo 0€B.(0y)
i FERIZ L TORES.
AT (i) 2T LR OHEE Cy 25 2 5. oMl {bD7=% © — Bs(e) = Bs(e)¢ &9 5.
Cy = {yoo € Qllimsup sup {n 1 (1,(8) —1.(60))} < O} (12)
n—00 @€Bs(00)°
bHHFEE Ny 2 {yoo € QlforVe > 0, and VM > 0,limsupn~"|9;l,(6)| > M} (13)
n— 00
BHHEEL N D {y™® € Q-0 L L,
Cy = {yoo € Qllimsup sup {n 1 (1,(0) — 1,(8))} < o} (14)
n—oo oeB's(é)C

L%, 22T Py(Cy) < Py(Cy) #775F. Lemma 4(b) £V for Vy™ € Cy — (N UN3),
sup {n"'(1n(0) —1.(0)} < sup  {n"'(ln(8) —1.(8))}

0cB;(0)° 0cBsi (00)°

= s (0 (0 (0) — 1(B0)} + (1 (8) — 1n(B)).
0B, (80)° n

ZIT(C2) kO DIE—EMEL Y limy, 0o (In(00) — 1, (8)) = n 1 DL, (8%) (8 — 0) < 0.
Lo T

limsup sup {nil(ln(a) - ln(é))} <limsup sup {nil(ln(o) —1,(60))} + limsup l[ln (00) — ln(é)]

N gcB;(0)° n—00 @c By (00)° n—oo N

<limsup sup {n"'(1n(6) — 1(60))}
n—00 @cBgi(00)°

<0 (15)

EoTy®ely. WZITP(Cy) =1. 0
PROOF OF PROPOSITION 3
(iii) £ 9 3N >0 and ¢; > 0 a.t., n > N = for 8 € Bs(0)° n~ ' (1,(0) — 1,(8)) < —cy.

/ A@)cap{—nh"(6)}d < e / M) exp{n - n (1, (8) — 1,(0))}d8
©—-B;(9) ©-B;5(9)

e erp{—ncy .
< e enp{—ner) [ 30)1d0

&Y (Ab) lTRshi-. O
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Gerber-Shiu functions and the statistical inference

THK 28k
KRB RZER G ILE T2 SR
FHE BRI (JST), CREST

E-mail: yasutaka@sigmath.es.osaka-u.ac.jp

1 [XC®HIC

1.1 HHMERER

RIS, FRICHERRECACBW T, RIER— N7 4 U A O RERRE % 5 PRI falREE
i (risk theory) & S, EIZFHCKOT 7 F 27 U —0fa 74 2 DI EA OFE R Z ZIT T
T2, ORI NN DI A T = —F DT 7 F 27 ) —Téh -7 Lundberg,
F.X°, AU AV =T Vv OBEFFHFHTT 7 F =27V —CThdH -7z Cramér, H. TH Y,
Wolx, HHRZI L ETODT L—2Ih (RREFER) ORBEHAZEE R T Y ke Cp 2 VW&
BLL, RSO SY—7 7 X (#FES)R, #LLTO L S ICET M b LTz,

Ny

IS, wiEWEY—T 7 X, BIMRBRERRE A RTIEOEH, N ILBE X ZFFOR 7 Y il
T L—LOBEICKIS L, U 13070 Fy \24€ 5 TID EfEMFRER T ZEHDO 7 L— L8
wRT. T2ZL, {U;} & NIIMSLE T 5. MEREE R = (R0 %, ARG TIZYRD
BV, (1.1) O U A 7L, UEOMBREGRIEEICE T 5 ERNRET L THY,
W) U A 7 5L & H Cramér-Lundberg €7V & Ebid.
fERERERIC I T 2 AR O — 21, PRI O EREA:

7(u) :=inf {¢t > O|R; < 0} (1.2)
BT 20 OFHMECTH v, B A ITRERER
Y(u) =P{r(u) < oo} =P {gg R, < 0} (1.3)

OFHIITHD. KEDOHEANZ XL, FEE 1 COWEZFRET 272012, H5 0 > 01Zxt
LTB=0+0E[C)] ETNE+HTHDZEBKELHIGND. ZidiEEH (net profit
condition) & F 0, ERHGRICE WV TR O EANREFHETH D, 0 1L (safety
loading) & 505, ¢ @l%iﬁ%fﬁ% 52 LT RICIIREETH Y, H A ERE R
HERIERIRAEOT T, UFO &) REERPFEEN RO L LTHOhTWD

o FE2BFA AN (defective renewal equation, DRE):
+ / Y(u—z)g(x) de. (1.4)
0

7L, H(u) =M1 [P (1 — Fy(x)) da; g(x) = A3~ (1 — Fiy(x)).
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e Pollaczek-Khinchin A=: L THE X 7% H, g IZ%x L C,

u) = (H * Zg*"> (u). (1.5)

7L, Ry = [0,00) EOBIHK f,h Tk LT,

r) = / " fe— y)h(y) dy

EL, B0 =6y (FLZBEE); b = hx (h*(D) LE® S, “Pollaczek-Khinchin” D4
X “REBATHIER” 725 OISR T, fElRPRER Tl Beekman A& § 412 (Beekman,
1969).

e Laplace ZMARK: {TED s > 01ZX LT,

1 8 — Ap

) = T BT L () (16)
7z, B FICH LT, BLToOREZHNTND:
LF(s):= /00 e TF(x)dx; Lp(s):= /00 e~ % F(dx).
0 0
e Lundberg A& HK: H5EL vy > 0 BHFEELT,
Plu) < e 7. (1.7)

AREXO LD % Lundberg BRA LV 9. WL DD U A7 EF /LTI FIROFHM E ATHE
Th%; #lz1E, Willmot and Lin (2001), Rolski et al. (1999) @ 5, 6 E/e & & Z M.

e Cramér-Lundberg ififll: v — co D& &, (1.7) DEE v 1T L C,

B — Am(0)
Am(—y) =B

72720, m(s) = —(Lr,) (s) ThD (1 EERT).

PY(u) ~Ce M, C=

FER (L), (L8) A8 AT=0I0iE, Fy loHT 5157 — AL MMEMRLETHS: Bl
FTaREZR s > 01X LT, L, (—s) <oo2bt4r. ZDOXH efiice— %/]\%%tiﬁ
WE D RO B WA D RUCEI L TIE, #21% Embrechts et al. (2003) %M1
720,

TEE v > 0 1TFAEERE (adjustment coefficient) &\ 41, Lundberg 5 fE=:

I(s) :=log Ele *(F1=w)] = 0 (1.9)

DIEDfETH S, B¥I(s) 1%, Ry —u @ Laplace Z4#I2%f 7 % #6544 (Laplace f5%%) OFIZ 72>
THY, AR —BEICREDLIZLIEEL TR I ). Mg, I 2Z7E7 L (1.1) D
BAEIIE, U(s) = —Bs — A1 — Lp,(—s)) THY, +o7eE— 7‘ > NG L MAR RO T T,
1(0) =0; I(0) < 0; I"(s) > 0; I(s) = 00 &V v>0DIFELE —EMNENIND. ZHDDGE
FERICOWTIIBEICZ < OpfcED H 573, Grandel (1991), Rolski et al. (1999), Asmussen
(2000), Mikosch (2004) 72 ENBEWHRIETH A H
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SEE 1. T > 0 2T (1.9) B0 Uit Ll Foo it

IX—f%1t Lundberg AR & 5, BHREGERICBWTAREMICERE L7225, Z0oFERT
—MRIZEI2 D 2 0D (RO L IEARE) 2 FFO Z ENFHEARHEN LMD, =00 X
DEIRIN —y THDHZ LIZFERELTHE I Y. —F, HA#M o> 01X Lundberg 158 (Lundberg
exponent) & F DI, BRI %D Gerber-Shiu BIEOMMTIZ W TABERIZR2EE 2 7. KR,
§=07250=0Tdh5s.

1.2 Gerber-Shiu Bk

T PERER 2 ok L 7o D — O REE D “TRZIFE” (severity) TH D, AL, 7(u): A
PERFZ] (the time of ruin) & |Rp (| PERHATERA (the deficit of ruin) OFRF/IAMIZIIT D
|Ry(uy| DIELAT (LAY A2) ThD. ZOB&IE, &) 227 7V OXRT Gerber,
Goovaerts, Kaas (1987) H{Z &> TEA S, & 5IZ Dufresne and Gerber (1988), Dickson
(1992) BIZEY Ry(yy—: BPEERTY—7"F R (the surplus prior to ruin) & 7(u) & O[FRIESY
KDY 27 b “RAE” DfsiE L LThIsE Sz, £D1%, H. U. Gerber & E. S. W.
Shiu |2 & 2 —1# D7 L Gerber and Shiu (1997,1998) (28T, (7(w), Rr(w)—, [Rr(w)]) @
FIREAIZ T D JEE Y A7 R L& L LCULTR O (1.10) D X 572 U A 7 B3 542
SNz, ZOBEIL, EE, EREGROSE TRERERZELDTEY, #EDLAFNITHRA
T Gerber-Shiu B# & LI TN TN D.

EE 1. UAZIEE R = (R)i>o (SR LT, UUTTEED U A7 ¢ 2 #5855 RIS %
(expected discounted penalty function) &> :

d(u) :=F [eiﬁT(u)w(RT(u)f, |R'r(u)|)1{'r(u)<oo}’R0 = U] : (1.10)

2T, T(u) X (1.2) THX LIVHRPEREZ], § > 013EE, 14 1TES AR D ERB,
w(z,y) 1T we :=w(0,0) >0 %729 R LOFREKTHD.

B w(z,y) 1%, BRPEERTOY—7 T R Ry () SCHPERFOHEELR |R, ()| ITHT DIRFED “
HHP LR S, TR SEEe W ko T, WERL (t = 7(u) 2B BAE (t = 0) ~
E|FHR § TEVFNTWD ERAREDL0H, ZOXITHEINTNDS., w OFRMEOIRE
FaEmm S ERI SO B D7D D b DT, < OFaSUTIRIE STV D BARER TITZR 0.
ZOEKIE, U AZIERE R ERC (11) KREET, o) 27 BRICHLTERSRS.
B, w=1,6=08c72L, ¢(u)=1p(u): BIEMSE (1.3) £725.

2 Gerber-Shiu B#DHE

ARG TIILLF O L 5 72IEBAEENE TV (V4 T — KT Y U ET)V) 25 %, %O Gerber-Shiu
BB OHEEIZ W T 5.

Ny
Rt:U—f—Bt—Ct—f—O'Wt; Ct:ZU'L
i=1
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S DIT, o HEOEET, NIXHE N EboRT Y VR, (U 1EN LINT, S Fy %
H 0 IID fEsRZEES), W IkD 4 F—ilfRThs. Zo U A7 iafRIZ%d % Gerber-Shiu B34
® Laplace Z£#4T, HHMAYET VO HRRILRICI VU T TEALND ZERHMBENTVD
(1 21X, Tsai and Willmot, 2002):

LK(s) — LK(0)+woD(g— s)
[6+ D(s+ 0)l(e — s) = AlLry (s) — L, (0)]
7272L, D:=0%/2, K(z):=\["w(z,y—2)Fy(dy), TbY, ol%Lundberg f%k, +72b
B, (s):=PBs— (1 —EFU( )+ Ds?2=68§ OfETHDH.

Lé(s) = (2.1)

2.1 LoITHT HRRETEE WHEBETILOER)

Hx 1L, RO [0,T) I23B1) 582 ZREREGANCBLIIICX 2 LIET 5. T72bb, 1T
BEOM St [0, T IZBT % Ry OEIFBEMTH Y, 7 L—2H%A X (Uy,Uy,...,Un,) bEE
HRETHDHETH. &b, UFEEETS:

o MiZEZeME: B> A, 72721, pi=E[Uy);

o HKRERp>0ICKHLT, [J7|ulP Fy(du) < oo

o HZHNTE>0ICHL, HOMMOER 0,8> 0 BEELT, o€ (2,0)-

CITHEET A& LR, Eo XS Bl o T T, SRR o O, T ORETHY
782 WEEFET D 2 L THREMICHEETIEE VWS 2L Th D!

m N1
z (Rijm — R(i_l)/m)2 — ZUZQ —o? as.  (m— o).

i=1
L7ehio> T, AR Tido> 03B meE LTHo.
ST, (21) BT DRMEN LK, L, ZLLTTHET 5.

N, 1 Xz U
SN . —sU; . A — —sx L
A= T FU : NT g e ; K(s): Tig_l/o e w(x,U; — x) dz.
Fz, o BUTTHETS.

0= axgmin|1(s) - 0],
F7EL, =02 Us) = Bs — M1 — Ly (s)) + Ds? T, HiZ, 6 =0DL=1E5=0
LED D,
FE 2. FOHERICK LT, KEOEAICE > TUTOZ A TE 5.
P

X=X as; sup|Lp(s)— Lp,(s)| = 0; sup|LK(s) — LK(s)| = 0. (2.2)
sel sel

5T, FUDVERBERICEY, T 500 DL X,
A=A+ 0,(T7V?);  Lpy(s) = Lry(s) + Op(T™Y?);  LE(s) = K(s) + 0,(T/?)

LD EH 0D, FEIL Shimizu (2009b), Theorems 3.2, 8.8 72 E xSRI iz,
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SEE 3. (2.2) 10k,

sup|€(s) — £(s)| > 0,
sel

ERDZEBNIMDHDT, MHEEDOERNRILGRHIC LY, 0= 0+ 0,(T V) BNEFHIIRES
% ; Grandel (1991), & %\ van der Vaart (1998), 5 Ex&ZHRDOZ &.

L DHEEREZHWT, Lo DHEERZ,

Fols) e — LK@ ~ ER()} + woD(s ~2)
(8+D(s+2)) (s~ 8) + MLr, (s) ~ Lr, (2}

DOEHITEDIIE, ZHIE Lo D—BHERITR->TWD. Thbb, s e IIZxLT,
Lo(s)

2.2 IEBI{k Laplace #EH#(Z Kk 5 ¢ DHETE

AT C Lo D—BHEE BAMML TE 1D T, & LIE Lo kT % Laplace Wiz L1 % i
i,

L7LH(s) T o(s)

EIRD BRSNS, L, BEIEE D HM TR,

—f%lZ, Laplace Z# £ X L? LOFFERE (L] = V7)) THY L2 b2 AH~DOH
HIZIF22>T0DH, B TERLS, LPEHFARTHLZERMENTND. ZOT &N,
L7 oG AR L. 370bb, g, — Lf RDBESNCK LT, L71g, — f 3T L
HEREI 2. ZHUSHEAR 22 FEIERE (ill-posed problem) & L THIG AL TV % ; Carroll
et al. (1991), Vapnik (2006) 72 &£. Z OREZ[ERET 57212, Chauveau et al. (1994) ThH
Z BTz “IERANE” Laplace Wik & 5.

EE 2. m>0%EHET D, Btge L2k LT, EHNUE Laplace i £}« L2 — L2
LT CEDD:

B 1 o  poo B o
Llg(t) = F/ / U, (y)y~Y2eg(v) dudy; ¢ > 0.
0 0

U, (y) = / cosh(nz) cos(zlogy) dz;  an, =7 cosh™!(7wm)
0

Ths.
Chauveau et al. (1994) IZ XX, & m > 0k LT LY <m|L|| = /7am TL?* D
HRERFE LD, ZNPEALOEKRTHS. EED fe L2IZH LT,
1L Lf = fIl =0 (m — o0)

L7y, “EAHEART A—=2"m &2+ REL L DHIET, WERNERIND.
T, EANEER LoVIT L2 EOGHBE L TERSNN, —KIC LB TRVWH Db
Pz % X 912, Mnatsakanov et al. (2008) D7 A F7 &#{E0, —HODF A ZAZAELTE

9.

75



B GIE Ry LT AREE L, B I >0 LT, kDL I ITHL.

Gy(u) == e "G(u); go(u):= %Gﬁ(u),

F72, LG O T £ TOBMICKESHERS LG Lx, LGy DHEEEEZLUTOL I
DD,
Zag(s) = 25(5 +v9) a.s. (2.3)

HBE, LGo(s) = LG(s+0) LB LMD, EOERITARTHSI. bLb, s - 0%
s o00oDEE, LG(s) = 0(s™!) THIUT (EBE, LI(s) REFZOHEATHD), (EED I > 0
IR LT LGy € L2 L72Y, LI NEATXDRIMERS. U EDOREZHNT,

ai(u) =etuLl (Z@g) (u), (2.4)

DIDIZEDDE, ZNIGCBEHD “BUVWHEERIZ/R> TWA Z ERMIFFIND. FEB, UL
TOMEESED.

##%8 1 (Shimizu, 2010a). B G : R, — RIT 1 BEERE g 255D, G, g 13~ ZEAY

KET D, E72, (2.8) THABND LGy 1%, 5FEHI vp — 00 (T — 00) I LT, LT
iz & T 5

LGy € L% (2.5)

Hﬂ%—ﬁ&wH:OAﬁﬂ. (2.6)

TOEE, (24) TEEESND GO FUT R AREOERS Kp L5 m(T)
O (yr(lognr)~/2) lexf LT

[ 168 (5) - G ds = 0, (457 Gogm) 2).
%, Gerber-Shiu BI# D H#EE &
O () 1= "Lty (£69) (w). (2.7)
TEDD. ZOLE, Ml ZEEENT 22 LICE > TUTOFEMERD.

FH# 1 (Shimizu, 2010a). Gerber-Shiu B ¢(u) OERS ¢’ &, FHIBIE w 23 LT D SfF
e LT HOEKRC > 01X LT,

¢ ()] +

I w(x,dw‘ <00+ |29,

EBIT, Y > 0% (B— ) >0 2T E9ICmBET5. L&, ¥¥ m(T) %
m(T)zO(«/T/logT) (T —00) LA EITE T, BUFD (i), (i) IR SLo:

(i) D K > 012k LT,

K o~
/0 132(w) — $w)[? du = 0, ((0gT)™Y) (T — oo).
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(i) 9 € (0,1/2) LIS 72512,
loglog T =R
/0 130.(u) — d(w)? du = O, ((log T)**"Y) (T — o0).

ZOEHIE, HEER G (u) B DFD L2 ) N ACHONTI - E A > TS T L AR L
TW5.

EE 4. EETIE (2.7) DX 0 > 010k A HEEROEANLEIT- TV B, X Lo € L
ThY, ZOEAURIIME 1D (2.5) DI2bD b O TIER. EOEBOGEHTIE, 9=00
L EEME (2.6) DWRNBEBETH Y, 9>0 LT 2ERHITRD. LER-T, 9>0 LD
ZEiE, BT LLARENTROL LR LICER L TEL.

EE 5. 0BT A4 (B—Aw)Y > 6 1%, A, p BRI TH 575 EBITHRTX 20, B
EIIE, (B9 >0 LD E91T, 91k GHREL BINDIRETHAS. +HRY
CIABDO T T, KEEOER & MSEIEC L > T EROLKMENBIE S NG, /-, &8 1 &
0, HER G (u) O (i) DERTONERITIICE LRV LICEETS L, 0 2KkE GRS
Z ol ETEIE R AR .

SEE 6. Chawveau et al. (1994), (3.6) 2 X5 L, dh(u) 1L, KD > ICHARISRHRTEL
CLATES:

eﬂu

0w =S5 [[ 8L +0) dody

ei?u e8]

- (L®7)(uz)Lo(x + V) da.

7'('2 0

T2

=77 L,

Br(y) = 7 sinh(mrr) cos(rr logy) + log y cosh(7rr) sin(rr logy)
e Vy{r? + (logy)?} ’

rp =7 ' cosh™" (mm(T))| = 7' log <7rm(T) +/m2m2(T) — 1) :

2.3 ZTOMOHEFEEIZCDINT

ARFETIE, FIZ N T AN oI RHEEEICOW TN, b BAANT AN v 77
T —FbLEZLND. VULHIEICRT A N v I BT NEE X, RTA—HICHTEME
RALTLE R, & EIIMENTHY72 Laplace W28 #L-0mH 7 — U 8 #a /e & 2 F)H U 7= Edim
Laplace #iZE#i% H\ 720, DRE @ X 9 728850 HRREAABENICHES 210k > T o &2k
HIENTED. LLAA 5, Gerber-Shiu BENE 7 L— A0 A DHEDFEINI K& KFL
TEY, ARV T VICESHETIE, TORKMEZBZD (7O #5y OFEE
RIZKHTHNRTAN) I BTN EEZ D Z EXEBIIEHELWETH L. 2, T L0
FARFE (misspecification) &V HEARRBE G H Y, 7 L—ARMICET VB 5220
NTARY v 7EORZBIIEERTII2WTHAS. L, /T A NIy - T a—
F IR E O Z [ERET 5 b 0 IZ, T — % ORI/ OV TR T “PRSFRY” 72
HELNPLZ2OOT, R, WEOT7 7 e—FIFx—FE—ERH5 L nbE 55250,
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—J7, Laplace ZHAAUTHAD SHEEVETZ 1T T2 <, Bening and Korolev (2002) & 23 PE
e A HEE L= X 512, Pollaczek-Khinchin AKX AFIA LI-HEL BN D. T2 b,
(1.5) DI A& Y472 My € N £ TOFRFICHEEIL,

Mt o
or(u)=H=Y_ g*(u)
k=0

ROWEREEZZ DT L THD. KT, Bening and Korolev (2002) (& X 2l R R HEE & D
I HRITRE AR 7 T-A— 2 — % R L TH Y, Jifio X 5 2 — 2 — X0 b3 500
BIF R HEEEPRE SN TVD ZEMD, et OER T, Laplace 24123 o
ELY BRI IR AR T A B ARV, L L, Mr — oo (T — o0) DFED L— h
OIS, BHARIZ L D ZERG OBUREHE, & 2 WIFHIERZTE & W o 7S5 5.
B OWTIRIFROBEETH 5.

2.4 Gerber-Shiu ¥ DHLERIZDULNT

Gerber-Shiu B (1.10) DT THID TELZSNIZDTH D)3, &I T, TOKxRY
M ~DIERDBRA LTV 5. %13, Biffis and Kyprianou (2010) X°, Biffis and Morales
(2010) FiZ L~ T, U RZiEFE R D32 KA Gerber-Shiu BI%:

p(u) :=E [e‘”(“)w (Rrw), |Rr (), nf Rt) 1{r(u><oo}’Ro = U} (2.8)

(72720, witR® LOFREE) RL U BRI L D2V AZET N (LT 4+ U A7) 12
L CHmanTRY, TODRE bEHENTND. LT 1+ U RZETMATKIT 2 Aty
Gerber-Shiu B3%k (1.10) OHEEIZ-DOUVTIE, Shimizu (2010b) 236 5.

F7o, AFRSUTHE, HERBEARA (infinite horizon) OREFERESR (1.3) OYLHE L LT Gerber-Shiu
B AARAT LTS, faBREERTO b 9 —DOEHER My 7 Th LA REESH (finite horizon)
DIEFEME (u, T) = P{r(u) < T} OILEL LT, HIRENE Gerber-Shiu B

nf B Rt> 1{T(U)ST}‘RO = ’U,:| (29)

EEZDHILHTED., ZHCHET IS E VRN, EFOMBIEY Morales and
Zuznetsov (2010) L DN B LRETH L. TO—RITMTORESICH L THASH. E
g5, AT VIS D (u, T) DA TH, DRE ICHEBIOSRITEL Y Lol b XA o
FA L2579 (e.g., Rolski et al., 1999, Theorem 5.6.2), AFn3LD &L 5 72k 2 EHHEH 5
5 Z LT L VY. Morales and Zuznetsov (2010) 61, W< D DRAIZRENRI & Fepll7e ) 2 -
R LT, 20X D REARBZ ST (2.9) OBEEBEZ 52 TWD.

Gerber-Shiu BSOS AEKFRGEIE L LTHIDO G HR~D L DR H 5. Cai et al. (2009) I,
AT MY L —BDY AT ET K LT, 7 L= L3NV EIDNDA S —T (-
AANETEDTEETLHMT, UTFOX D 22B%A A LT

7(u)
/ e O(R,) dt
0

Bl #2 £< DL, WUREFAIRIETCH = ¢ &5 2 80300 (Cai et al., 2009,
Proposition 3.1), (2.10) I& Gerber-Shiu BA%k (1.10) D —2DHLEIZ/ZR > TW 5. 72721, Z

Hi(u):=E

R() =Uuf . (210)
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DA TIL (28) ZFERWVWIZ LICEE L TEL. 61T, Feng and Shimizu (2010) Ti, L
7 VAZWBRICK LT, EFE H @ DRE 28\ Tk Y, Hp x4 2RI/ L OF
ENEOEEHEMRERTHA .

I FlrDFE#E & LT, Gerber-Shiu PA¥tD % A F I v 7 RALIR B FEEIC 2> T 5.
G VIHIHME A 5 2 7 T COIEMEM R E L THEX BTS2, Garrido (2010) 1%, Zh
EHERZ t CHRMHT 52 L1k Y, Gerber-Shiu i8f8

#i(u) :=E {6_67(“)”10 (Rir(uyvt)—» | Rruyvel) ‘]:t} (2.11)

BIRELT. 12720, Fri=0(Rs;s<t) Thd. bébLRREETIE, BEMRIIKLT,
VaR 72 EOEHH) 72 ) 2 7 F5kF L1382 5 R U 2 7 f51E & L CORH W REMED iR S
TEXIZEWVWHIRENRD D P, ZOPER L LT Gerber-Shiu 223 X 0 &iy7e U A 7 FBRIZIE
MATE 20TV EHIGFINTEY, SBROERFHFZNTND.
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