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Program

Saturday, 24, October

Reception 13:00-13:10

Opening 13:10-13:15 Junichi HIRUKAWA (Niigata University)

Afternoon Session I 13:15-15:15
Chair Junichi HIRUKAWA (Niigata University)
1. 13:15-13:55 X\ 2= (Atsunobu Oishi), A1 f# (Hiroshi Shiraishi)
P ER R T T 78R (Graduate School of Mathematical Sciences, Keio University)
B HEFR R TR L5 (Department of Mathematics, Keio University)
MidE Bl S R OFEFHIHEE | (Statistical Estimation for Optimal Dividend Barrier)
2. 13:55-14:35 %% Ml —ER (Tsuyojiro Hosono), Ji# Ml (Takeshi Kato)
R KRB B TR 3K - BE (Mathematics, Graduate School of Science and Tech-
nology, Sophia University)
B REE T AR S T2 F) (Department of Information and Communication Sciences, Fac-
ulty of Science and Technology, Sophia University)
EHHY OV =—7 Ly MEHATA LMY O ) 2 7 124 554
(A risk analysis for crude oil futures by nondecimated discrete wavelet transform)
3. 14:35-15:15 &#H# K (Kota Wakabayashi), i [l (Takeshi Kato)
KRR BB TR R SR 383K - B (Mathematics, Graduate School of Science and Tech-
nology, Sophia University)
ERERFE TSI T8 (Department of Information and Communication Sciences, Fac-
ulty of Science and Technology, Sophia University)
(U x—7 Ly My@EFMH LoV 27123 255
(A risk analysis for crude oil futures by wavelet variance)

labstracil
Coffee Break 15:15-15:30

Afternoon Session IT 15:30-17:30

Chair Takayuki Shiohama (Tokyo University of Science)

4. 15:30-16:10 £/ #&#& (Yuma Uehara)

JUN KRR B BB T (Graduate School of Mathematics, Kyushu University)
lmL = — Ry L BREVRLE R85 T FE oD B P HOHEIE |

(Stepwise estimation of ergodic Levy driven stochastic differential equation)

5. 16:10-16:50 fiAg E—ER (Eiichiro Funo)

BE BB K AR 3 8 (School of Economics, Kanto Gakuin University)



[Pooling incomplete samples % {1 9 22 &HE# /I (23651T % Kullback fF#EDE I EIZ SOV
|

(Decomposition of the Kullback information in discrete multivariate distributions by pooling

incomplete samples)

labstract]
6. 16:50-17:30 #H#t F— (SHUICHI SHINMURA)

BRI AR S5 (Faculty of Economics, Seikei University)
CHIBIBEE DRy B R & HIBIEREL D 95 YolEHHIX ] )
(The 95% confidence intervals of error rates and discriminant coeflicients)

labstract]



Sunday, 25, October

Morning Session 9:10-11:50
Chair Takeshi Kato (Sophia University)
7. 9:10-9:50 Simon Clinet
The uiversity of Tokyo, grad. school of Mathematical sciences
Statistical inferences for ergodic point processes and applications to Limit Order Book
labstract]
8. 9:50-10:30 POTTIRON Yoann
The University of Chicago, Statistics Department
Parametric time series analysis and forecasting while taking proper account of the possible non-
constancy of the underlying parameters of the model
labstract]
9. 10:30-11:10 Muneya Matsui
Nanzan University
The extremogram and the cross-extremogram for a bivariate GARCH (1,1) process
labstract]
10. 11:10-11:50 €)1l 1 (Shuya Kanagawa)
WORUER T K% B HEH (Department of Mathematics, Tokyo City University)
CRRA H RIS SR HTICI1T 2 ¥ v o THEBOBIEE T NV ORE L £ D ¥y v T E~ DI I
2T
(Estimation of Jump-Times of daily share prices of Nikkei 225 Stock Index using a jump diffusion

model)

[abstracil
Lunch 11:50-13:15

Afternoon Session I 13:00-15:40
Chair Yoshihiko MAESONO (Kyushu University)
11. 13:15-13:55 /MR #ififl (Takasumi KOBE), f&ifi {5# (Nobuhiro Taneichi), B%& #i5 (Yuri
Sekiya)
BEWR B RPER 7R BT %% (Graduate School of Science and Engineering KAGOSHIMA
UNIVERSITY)
BEVL R K7 - ¥ 1. (Department of Mathematics and Computer Science, Graduate School of Science
and Engineering, Kagoshima University)
ALWREZE KT - §l#% (Kushiro Campus, Hokkaido University of Education)

3 WILHFIRIZTIIT 5 1 BR%F 2 ER OMSZHERREIC K Do RAEHR G )
(Improved transformed statistics for the test of one factor independence from the other two in
an 3 ways contingency table)
labstractl
12. 13:55-14:35 F&IL #H5A (Takahiro Nishiyama), [LIH Kl (Yuki Yamada), Jt88 & (Masashi
Hyodo)

HAERE 5 7H (Department of Business Administration, Senshu University)



FOR BB R PR PR B 50F (Graduate School of Science, Tokyo University of Science)

KBIFFSI RS 1278 (Department of Mathematical Sciences, Osaka Prefecture University)
MER TSI 36 1T 2 I U E 2B D EIC DV T

(On a test for covariance structure in high-dimensional settings)

labstract]

13. 14:35-15:15 48 X (Masaru Ushijima)
(BBF) DAMGEE S 7 2k % — (Genome Center, Japanese Foundation for Cancer Research)
Dirichlet Process Z W2 BB FRBT =2 D7 T 22 7|

(Clustering of gene expression data using Dirichlet process model)
Coffee Break 15:15-15:30

Afternoon Session IT 15:30-17:30

Chair Hiroshi Shiraishi (Keio University)

14. 15:30-16:10 BT#S #254 (Abe Toshihiro), /NJ7 158 (Ogata Hiroaki), 1&/& #Z (Takayuki
Shiohama), &% 5.7 (Taniai Hiroyuki)

FA LR « BT (Department of Mathematical Science, Nanzan University)

HHERRE: - # %R (Department of Business Administration, Tokyo Metropolitan University)
HRERB KT « 1. (Department of Management Science, Tokyo University of Science)

TG R - [EER## (School of International Liberal Studies, Waseda University)

M2 B CARBE 2 R o1 E Eo~ v 2 7 i@k |
(Modeling Circular Markov Processes with Time Varying Autocorrelation)
labstract]

15. 16:10-16:50 5% f—&F (Kenichiro Shimatani)
HeEH BB SERT (The Institute of Statistical Mathematics)

PEERZEM 2 T 22— IBRICH T 237 A—2H7E « @B - B0 Palm BEEDILE)
(Statistical inference for nonstationary cluster point processes: an extension of Tanaka-Ogata’s
Palm likelihood method)
labstraci]

16. 16:50-17:30 3k JTZR (Yuan-Tsung Chang)
H AR5 (Mejiro University)

MEFFHIRIZ 8 2 2 DO IEREREE OHEE — 50 o BB 056
(Estimation of Two Ordered Normal Means with Known Covariance Matrix)

Conference Dinner 18:30-20:30
WU 7T bt A% TR
(PALAIS BLANK KOSHIKAIKAN Shunsai Chitose)
5,000 yen
(TEL: 076 —441—22505)
http://www.koshikaikan.com/information/2015/09/post-67.html

map


http://www.koshikaikan.com/information/2015/09/post-67.html
http://www.sapporobeer.jp/gourmet/0000012231/map/index.html

Monday, 26, October

Morning Session 9:10-11:50
Chair Nobuaki Hoshino (Kanazawa University)
17. 9:10-9:50 FIU £ (Taku MORIYAMA), fil" EZ (Yoshihiko MAESONO)
TUNRZER BB 2 (Graduate School of Mathematics, Kyushu University)
TN KR ZFZR B BEREF7ERE (Faculty of Mathematics, Kyushu University)
T 70— VRHE E B O WM E ISV T
(Asymptotic properties of kernel estimators of ratios)
labstraci]
18. 9:50-10:30 & H & (Aki Ishii)
B R E B A5 R (Graduate School of Pure and Applied Sciences, University of
Tsukuba)
First principal component and its applications to tests of means and covariance matrices for
high-dimensional data
labstract]
19. 10:30-11:10 B8%& #E (Yuri Sekiya), flirfi {4 (Nobuhiro Taneichi)
ALREZE K - 1 (Kushiro Campus, Hokkaido University of Education)
BEIR RS « BT (Department of Mathematics and Computer Science, Graduate School of Sci-
ence and Engineering, Kagoshima University)
TIT R B O ARt & R U 7 BiE S — b Ly RVZEHHEE R O IOV T
(On the properties of discrete Bartlett-type transformed statistics using a discontinuous term of
asymptotic expansion)
labstract]
20. 11:10-11:50 &1 {§% (Nobuhiro Taneichi), B3# #i % (Yuri Sekiya), L % (Jun Toyama)
VK% - PR T (Department of Mathematics and Computer Science, Graduate School of Sci-
ence and Engineering, Kagoshima University)
AEEEBE R - 913 (Kushiro Campus, Hokkaido University of Education)
BOFFIRWFERT (The Institute for the Practical Application of Mathematics)
CIHROSIC BT 2 — AL ET LD U 7 B DIEHR |
(On an extension of link functions for binomial generalized linear models)

labstract]

Closing 11:50-11:55 Makoto Aoshima (University of Tsukuba)



FOE A S B R O iEHHERE
(Statistical Estimation for Optimal Dividend Barrier)

B E R IR AP T AR R RO 1%E (Atsunobu Oishi)
BEIE TR AP T4 A 1 (Hiroshi Shiraishi)

1 Introduction

Rt OMEE Y A 7 12B8 9 % MG (risk theory, ruin theory) DR & LT, 2tLORFIEA (surplus) 3% % Eift (barrier)
Z klRlo7z & ZiC, 2 DO RIIEET 2 EY (dividend) DRIREAY® % [De Finetti, 1957]. AW TlE, T Dl z 57
(optimal dividend barrier) OH#EEREZE 2 5.

LY DMEOE A, K H(> 0) ICB U 2RBRADY — 77 2 U(t) DPRD & H 2RI N T3 & T 2 [Cramér, 1930].

()
Uty =u+ct—S(t), St => X (1)

ZIT, u LB — 77 A% LKL, FAOEHETZ (DFD, u>0). 7, c LIFHMRFEYSZ ) ORBREEZLL, IE
DEBRET 2. S(t) L&, WAt 1282 BEERSELEL, HROLIBEAET Y VBRI 55, X515, N)
Rt ICB U 2RSSR O BRRIHE A2 L L, BEATX—F NG 0) DR 7Y VBRIHE) £ L, X;6 e N) 35 FHIC
ARINRRBEER L, H2IEMEE & 2HERERICHE) LIRET 5. ATk, g, { X} & Lid (B2 —2 16 he
9) O GHfERD) MERABIIE L, ZOWEREERE f(v) 3RMTH 2 LIRET 3.

RIZ, FRMDOETNVICHL, MMOFELZEZEL - bDIBEIET 5. BAENICE, D280 b(>u) Z2REL, —7 7 AN
bIZEE L 72856, ROMRRESDFHERIEZ 5 £ TORBEHNAZERY & L TCEIF IR T 2 LI IBIETS. Z0k)%RE
FNTIE, Dy(t) ZRZI ¢ IS8 2 BRECUSEE T2 &, BUNERIICE T 2 Dy(t) DZMLERIRD LI IR T I LN TE S,

00 ={ o o<y ®

ZIT, Upt) & FERYBER b 2BE L EGAORA t 2B 29 =75 ATHH, RDLIITET I LBTES.

Remark 1. {A;T,i € N} % i.i.d HERZEHIITRE N > 0 DRI ST B EL, Tr= S0 AT, Ty =0 £ 5L,
CDLE, £i=1,2,...1C20T, Kilt e [T;_1,T;) KBTI 29 =77 2 Uy(t) 13

U (t) . Ub(Ti,ﬂ +ect T, <t< min{TFl + (b - Ub(Tl;l))/C, Tz}
YT b if min{T;_; + (b—Up(Ti_1))/c, T} <t <T;

THD, 22T, Up(Ti-), Up(Ti) KDY TH 3.

U ifi=0

Up(T;—) = min {Up(Ti—1) + AT, b}, Up(T;) = { Uy(Ti—) — X ifi=1,2,...

Bol 2 BUSBERE E L ¢, XA TERI NS “REECYSIAEME O WIRHE" (V(u, b)) ZRKICT % X9 7% b % Bollit Y
55 (optimal dividend barrier) &3 5. 7
/ e—&dD,,(t)] (3)
0

22T, Ty =inf{t|Us(t) < 0} EIFMEERZIZEL, §(>0) IFEIGHEZLL T3,
Ty
:@%%ﬁ%%ﬁEM@AM:/ e=IADY (1) RKD & 3 1cEF C ENTE S,

0

V(u,b) =F

Remark 2. {X;} % (1) CTE&HL 7 iid MERERLEHIIE L, {AT} % Remark 1 TEEL 7 iid MEELEII LT3, 7,
{X;} E{AT RECICHYZTHZ LTS, ZoLE, BERYSITEAMGE A, 13

N(Ty)
Z 676Ti (eéAin _ 1)
=1

ERTIENTESL, 22T, A, Ty ZRDEN TH .

b—Uy(Ti—1)
C

Ay =

IS

A;7, = max 3 AT — 7O} , Ty =inf {t|Uy(t) < 0}

S, RERCYEIRE b =0 (u) ERT. Wb, HEEH u >0 ZEEL L LT, b EXATERI NS,
Definition 1.

b* := arg max V(u,b) (4)

1



2 HERMRE

Remark 2 TH 7z iid. #EREEI {(X;,AT) i € N} O35 ELTY, = {(X;,AT):i=1,...,n, ne N} HEH
ENTVBLETE. COT—VHEAEY, 5, HrBRDEH I, HOBHGIEZERT S L0 TE S,

Y = {(Xf”,AiT(j)) vi=1,..., N, (X9, A,T9) € Y, }
TG L 2 BE Y 2R L S MAEERT 5 2 LB D.
D6 N e

ZOE IS LTER L BIIA YY) = (X9 ATO)} % 1OFEL, HBEEL b ISHIEL 9 — 77 2 EEO B
{UD (1)} #RD %5 ICE#T 5

min Ulf’jo) + ct,b} fo<t< Tl(j)
min [0 + ¢ {t =71} 1) it TV <t <1V
U (t) =

2

rmnﬁéﬁlic{t—Iﬁﬁ}w} ﬁTﬁ{gt<7ﬁ’

min Uy +e{e—T¢ b i T <e<Td)

: , : if i =0 :
—NOALTO G _ )" ! @M= _ ()
z_: I Usi U - xP ifi=1,2,...,N Uvi ﬁlﬁﬁ)U ®)

5l (BN 72) Beeme 7)) X (19, 79 © U9 (1) = b £ o> T 2 A | X [0, TY)) oS 2 AR A
% N(TY) 2 DI FCE#T 5.
. . . . b= UY
7O = O At (U9 () < 0}, Aﬂ§>=rmn{AJﬂ”——cf“lﬂ}v
_ N £ ) _ )
NI =3 o) N G)
min{¢|U,”(T,”’) < 0} if T, = inf{t|U,” (t) < 0}

DX BHED LT, Viub) DHEREZRD L) ITERT 5.
Definition 2.

N(T(J))

‘A/n(u,b): ]\142_; AW . MZ Z _5T<J> JONEE )

i

Z D& E, Definition 1 TEL7Z b* DHEERZRD EB D EHET 5.
Definition 3. R R
by = argmaxV,,(u,b)
b>u

ZOLE b T 2 EIEDR D IO 2 E B L 7.

Theorem 1. %> 7UVH A An3KREL %52 LRI, VY TV ITH A RXAN=Nn) BLOY () BEAEM=Mn) b
FRFICREC A2 LT3, %D,

N(n) = 00, M(n)— o0 as n — oo
BIROIDETEH, ZDEZRDIKD IO, R
by 5 b*

SE W

[De Finetti, 1957] De Finetti, B. (1957). Su un fimpostazione alternativa della teoria collettiva del rischio. In Transactions
of the XVth international congress of Actuaries, volume 2, pages 433—443.

[Cramér, 1930] Cramér, Harald. (1930) On the mathematical theory of risk.

[Van der Vaart, 2000] Van der Vaart, A. W. (2000) Asymptotic statistics (Vol. 3). Cambridge university press.



EEHYVDVI—T Ly NEBRERMALLRBEYDOY RV ICET BER

1 7x—7Lv NE#H
1.1 EFoz—T Ly N E#
D=7y NEMIZ HESZMGERI-TV T
Ly b & XX 3 B8 W, Bkx B8 o
T LIRS BT, BBOREEFTRS Z L9
TE5. Rz, BBORAMNZREEZFHRS 2 LI
B EFRET S, EFERICHYONTEAZT7—V T
B iR T 5 L, KRHIT — X2 RIZUZHE,
7 — ) TAWHSEH R R A O RS R 2 T 5
BETHLIDIZHNL, "z—T Ly NI, R
SO R P REF B O EIZHN 6N 5.
B z—7Ly bofle LTiE, <=1
t—7Lwv %

1 T € [0,%),
-1 z€e[3,1),

0 otherwise,

P(z) =

CLBDRSERINEZN=LT =T Ly D
HbB. N=Loz—TLy bIREEELEYT -7
Ly N THBD, TOMRIIZLIFROESG T L,
fliZThH > THEED D BHHEHE % E  HHI AL ER
HINTWBH I eno, FEOMITTCIIHWLN
L. RFEIZBEWTH, "=l Uz—TL v hEF
H$ 5.

1.2 B¥MOI—TLyv N E#
BT — Ry = (y1,...,yn) THTEN—I T = —
Ty NEHEEZD. ZOLE B —T Ly
NEBOWEDOHE L, nlZ2DREF]L L, n =27
3%, F LT, 2 MEOBRE,

{ dik = (¢je12k — Cir1.26-1)/V2

¢k = (Cj+1,26 + Cj+1.,2k71)/\/§

KRz, j=J De &,

dyk = (Yor — Yyor—1)/V2
cok = (Yo + you—1)/V2

YEHTS. 2FL, L EIREREN, 0< < J,
1<k<2 2RETERTHS. {c;n) & {djn}
 (N=VUz—TLybZ&B) Yz—TLv b

EERZRZHH TR AR - e W W — BB

EEARFH T AR TR ke W

FRELEIPR. HELDG A L FAKIZ, & 5,k I2BT5
T x—7 Ly MEEOMED S, RRHDZEAL R
PG E AP DOHEEZITD TN TED.

1.3 EEHYDOBRII—T Ly NE#H]
B = — 7Ly PEBORMEA L LTI, jAVNE
WeE, DD ENRKE VL EITBEROBA D
B0, T—ROE{LZRELOSWI L TH
L. ZOREEMOEONEED O DR = — 7
Ly NEMTH D, 2 FEOREE T T h,

dik = (Cja1k — Cy1p—1)/V2
ik = (Carh + Cir1e-1)/V2

KRz, j=J D& &I,

drr = (yr — yp-1)/V2
cak = Yk + yr-1)/V2

TEH#TDH. 12770, kiFENEFh,0<5 < J,
1<k<nZATEHTHS.

2 [RmEHmgD o

SRR S O DRI T — X 2 EHEH D DRy
=Ty b EBETLZZLI2LY, iR KEL
BET HBORRERZ DN I N TELDTIE
W eEZ L FIZREREY & BRI U EE,
HUHRELRTRDAIRIIR & ] 5 > OBUEFEEED
BTeoZ22ZeNTENE, ROFERPEER
&, EMEGEIZFUENLED, BENBDOMEAE
ZAEIT-o7-0 LT, EEEEEELZIIFDIELZ
EWAREIC R B

AWFFETIE, FORRE S AT DMK S ey o
EMERB DT — X% 15 MRT — RIZHE L, EED
D DOHEERY = —T Ly NEEE TN L.

2.1 2014 FORBEDEEDRE
112201448 H 8 HA 5 10 H 31 HE TOH
P SIS A D SR e i Ag (ROEAEES) DB E 2%
THEDT, T— X OfEEUE 4096(= 2'2) HTH 5. 1
i 2600 13T OMERRIL 10 H 1 H 2045 2 TH Y,
ZTDHPOMEERELS TIFHBOTWS.
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—HFEHVL AL 11 OFRBOEFEEZ, TNEND
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TEBLLZDNH 2 TH 5. 1500 H7-0 156
20000 (KOHFDHEKE) Z2BATWD I Wbhrs.

250000

TRED B | Ty
150000

L Wl M.ﬂl‘WP

A e AR HHE

T
0 1000 2000 3000 4000

0 50000

Index

X2 L)L 11 OFRED 2 TOVY

2.2 Y—<rviay /ROt LE
M1 EiRADET3REmEIZOWTHRE L7z,

80000
I

¥
60000
I

40000
I

20000

T T T
0 2000 4000 6000 8000

Index

3 2007 £ 5 2008 FO S WiliRE

X 31 2007 4E 9 A 18 H 14 Kf 45 25 5 2008 4
12 A 30 H & TOH G I A O R e kg T
7 — X OfEFIL 8192(= 21%) fHTH 5.

FEHRIE 2008 4 3 H 31 H (Kl 3000) T, £
DOMIEAKE L ERo>TWS. H7z, skt 2008
7 A 14 B (Kl 5000) T, ZOHM S KE LM%
TIFTWw5.

IOF—=RDUz—7 Ly MRBZEFHET S &, fl
ERDFHEIZ -2 (K4 OFERRE fAFROR) T
HFRREM EO LV XV THRED T IR TWS Z A
Lotz FUT, ERBDIZEEUE (K4 DR
ML) TIE, ULV TRED BICIEh T W3
ZEHHHEAL .

M2 EEUAETYz—T Ly MEEEFERILL
72H5DHX 4 TH5.
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M4 LAV 120Y7 z—TF Ly MRED 2 FDFEY

EERDENPSIEI—BLTREREEE->TWS,
7=, Al _EAY D ETD HEH 2800 1T, FHLAETL D
RER[ER L >TWVWS,

2.3 FEo

B2 &4 TRUE DT, MitgARE <H AN,
FWA ORI RE SIRND Z e bh o7z, Jl
DRZNZ B 1T % BC29E DI T IS MG 2 H,
HELBHVEAOY = — 7Ly MREDIK E {HkN
LSRN ND 25 1E, ThZFIkERD 12L& L
THHTEHREMENPHTL 5. ZO5E, H
i & 72 o TR AR T E 32 & 51
ZASTHDNEBEZLREED 5.

S Xk

[1] G.P. Nason, Wavelet Methods in Statistics with
R. Springer. (2008).

[2] G.P. Nason, R. Sachs, and G. Kroisandt,
Wavelet processes and adaptive estimation of

the evolutionary wavelet spectrum. J. R. Stat.
Soc. Ser. B, 62, 271-292 (2000).

3] 7 — & et HUARE S| A



Jx—7 Ly NaBEFIALEEREMD) RVICEAT2ER

1 HROEREEM

AHEE EN O N THIE R Ol o fiike LT
1980 ERHIDIZE LI N = — T L v MEWIZ,
T8 % rhM SRR R R & % 1, 1990 FERE&D
D EIZ ISR R BRI A B IFIFSER U 7. &
D%, R Z2EHEUEFET —KXBIFHAY 7 b 27 ~D
FRH A, BIETIE, T¥ELHFE2FZ, 7=V
TRt & FARIC Z B OBERIZIR > T W05,

AW, V=T Ly MEIOFRTE Y2 —7

Ly b B EHEN D&% TERA L, B E|
ft (TOCOM) (28 1) 2 FMEYHiii& iz DWT, K
SRTHEY LAOHIRHRZRZA DI L 2HNE L
HDTHD. HEIIZIX, TEX LR O Eh
PERIMHTE 2HUERE 2 ED Z L 2 HEIZL
TWa5.

WG TIE, PESMEE DA ko THIZE 2 1S
e EEEHKLIIEEHS. oI, HERE
U7z & SIS 20k 2854, TOREHIZL -
TIREFILE: & WS H - BHEPET B, Rk
DEEDOFIRBL ZONLZ eNTENE, KOFE
BRPLERIE, B LEHVWEANEZ D, Ed
ZMOSRETIIBE LD, SO OERE
PERFEHI U CERHIGDOFYZ2 L0 T5722 LT,
BEIPFETHRMIZDSPUONUTE S, £/
EY7R ) A7 a5 Z L1k, mGOEN L
ZEEMNS. TOCOM BLY WD) % WRiz3 5
L&, MG RBICET L - BROHEE A 2009 4 5 A
AEIEHIBREIE D SV —F v N 7L —h— AL
HXNEIEHo-T, BHMEMTEZE oY A
2 A B B e 1L A 2.

JEA S 1%, Z ORI TH S WTL (West
Texas Intermediate) (22T, 2014 FED¥ED 100
ROV 6 REZEKET, SHED 9 HRRFRTIX 45 R
HIRIZZE THEBAATWS. 2014 4 11 HD OPEC
RATRESREIZERL - & &%, TOCOM THiH
RSN REL, Y—Fv N TV —h =R
N7z, & D NERE A BOLEFE L TT — X BED
PTWVEWSHEENIZ KD, AREFZETIREREEY % X
HIZU T,

BRI RZPRZZGH TR - e MR

EEARFH T AR TR ke W

2 wI—TJLv NpE

vx—7 Ly M EI, HRIOSEE SRS
% Z L THRERINIK T 2080 &2 WHEIC T 26D
Thb. BHRIIICBWTHRBILEL HVSNTY
DM DOFEREIL, AT NUETTHB. 7—
) IEHZE L DL ARY MIVEES, ZhIZEE
N5, 7z—7L v M KB 08T, %<
D RIZEWTARY MVEREIZ X 2 58050 i & HE
LTWa., 2220, ERIZHEHTLIEDILE”S
B2 EMHICITETERENDIYH L.

AT NMVEEX, EERS 7 — ) D RO S
BONRETH 5. DRIZE>TEHESNDE X DD
I, FEE DR EUE RO EL IR I KRS E OFE
BELUTWAhr2NMIZ2EDTHSE. TD—T,
v —7 Ly MYRIE, AT — IV DEERES DR
525, 2T, REpBREVWEETE, 27—
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Stepwise estimation of ergodic Lévy driven stochastic
differential equation (L/LJ— REYLévy SRENRIHERG D
AERICE T B ERFEETE)
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Pooling incomplete samples =¥ X S8 D
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L6, HatIHER] % 17 5 DA Pooling incomplete samples T %, FFZ Asano(1965)
&, ZHDAIZEWT pooling incomplete samples O KT, #% OHBELA R AR %2 U 72,

i, TEREERONLIG O T — X it 2 BT 5 L. % < DBEIZ Kullback &
DEMDEIRANLT B, FZ, BEROED 2 FEAREIZE WT, Between information &
Within information M #1175 Total information IZE L %25 Z &% Ashd, ZDZ

i, BESRITIZBWTH, SO E U MBTATE, ARTHDLEF A5,
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T, DL Z S A D 2 EAREIZE U T, Between information & Within in-
formation MF1AY Total information 1258 L < 7255 ? AWiEik, ZOMEEZ, ADLIHE
347, Poisson B DEDGEIZHANTZHDTH 5,

Kullback [F3REDEM DM 2 uintio 2 AT (xf? o Xy ~ Multi—
nomial( N :p[li],---,pgc}), i=1,2, H .pjl] ;épj , H pg} = g] —p]’ (j=1,---,k)
2HZ2 5, 2O, Kullback I8 I(p* : p) = le Z log( ]/Nl[i]pj) =
between 1(p : p) = Yk, (el + 2l log (& + [2])/(Nm +N[2])pj) ¥ within 1(p*
) =Y, ok, o) log((N1 +N[2) [’]/Nﬂ( [” —i—xm)) CERAMETE S, (Kullback,
1968)
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1) RS EEUR/ME (Minimum Number of Misclassifications, MNM) FE¥EIC L % Gl lnIB9% (B IP-OLDF) LISt oxfil3i
BA%UE, HBETHE LD —2ZIELHBITERNDT, IEELWRROEEDRE SRV,

2) N Fv—YURKR(L SV (H-SWM) & FE TP-OLDF LIS OHIBIBIEIE, MIEBERTREZR 7 — % (MNM=0) ZFBikC&R\ 2 &
WL, T LTARE L TWDFEIENFIET Fisher OFIZHIBIBEEL (Fisher o LDF) 1%, #IBABERTRER 18 O HTHER T, oM
R OFPHN[0.17,0. 23] TH B Z LW moTz. Thebbh, BEOEZEDKISE O 2 B HEMEN 23 TH > Th, EBEIIHESY
HEFTREZ2 ATREMEAS & 0 iR E D BRI 2 W2 7e 4 RIE T LERH 5.

3)  EBMEREMEE & DG, Fisher d LDF & 2 YCHIBIBIEL (QDF) 13 WIS BATAIDFH TE RO THNNE I b D%
BB HeEHY 7 MRZW. A BAEATH A FHVIUZ ZCKHGE TE 5208, —HORICET 2 E8IEN —E % & 55512 QF &
ERIMERIB AT CHRAN R R A e =3 2 L 3o ino Tz,

4)  CEIBIHT & EEYF AT & R CHERIFE A TR L BiE - TEZ TV D ANRZ . LnL, BEEYRSH O X 5 IHBIRESR S
He R 0> 95%(EHEX 23722 <, HEURHTO K 5 Pl S vio e 7 /LB IRIER 2.

ABETIE, VMERD 2D O k-HASEMGEE ] 2 VT, R0 BER &HIBRE D 95%(EHH X 2 Mt L7z, Mt L7 A,
BE TP-OLDF % Fisher @ LDF, B AT ¢ v 7 [ElFE, H-SWM (MNM=0 OF—Z D) , V7 h=—I R SW (S-SW) , 2iE
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#3113, FEKEOL DV IZFEEITA & REEEA ORI MR ORI 2777,

Table 3. The ranges of error rates.

T1,T2, T3, T4 T1, T2, T4 | T2,T3, T4 T2, T4

MIN MAX | MIN MAX |MIN MAX|MIN MAX

RIP™ 0 0 0 0 0 0 0
0 484 0 323 0 484 0 484

SVM1 0 0 0 242 0 081 0 3.23
0 484|081 323 0 484 0 484

LP 0 0 0 0 0 0 0 0
0 484 0 323 0 484 0 323

LDF 403 16.13| 4.03 16.94 | 4.03 16.13| 4.03 17.74
6.40 12.82| 8.01 12.82| 8.00 13.60 | 8.00 13.60

Upper: training sample, Lower: validation sample.

*2: RIP, HSVM, SVM4, IPLP, and Logistic are the same.

513, HHIRED 5% EHXHETH 5,

Table 5. The 95% C.I. of six LDFs.

RIP T1 T2 T3 T4 c
97.5 0.384 1.413 1.396 0.438 -6.253




Median 0.149 0.654 0.405 0314  -13.142
2.5 -0.108 0.242 -0.018 0.171  -18.378
HSVM T1 T2 T3 T4 c
97.5 0.483 1.170 0.761 0.655 -6.581
Median 0.256 0.623 0.443 0.369  -13.994
2.5 -0.031 0.218 -0.025 0.193  -22.351
SVM4 T1 T2 T3 T4 c
97.5 0.483 1.170 0.761 0.655 -6.582
Median 0.256 0.623 0.443 0.369  -13.989
25 -0.028 0.219 -0.025 0.193  -22.351
SVM1 T1 T2 T3 T4 c
97.5 0.483 1.170 0.761 0.655 -6.582
Median 0.256 0.623 0.443 0.370  -13.994
25 -0.031 0.218 -0.025 0.193  -22.351
IPLP T1 T2 T3 T4 c
97.5 0.579 1.366 1.462 0.655 -6.029
Median 0.171 0.651 0.418 0.341  -13.252
25 -0.123 0.058 -0.048 0.179  -22.689
LP T1 T2 T3 T4 c
97.5 0.412 1.677 1.428 0.451 -6.047
Median 0.149 0.705 0.405 0.330  -13.060
2.5 -0.158 0.177 -0.036 0.172  -18.773
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Most financial transactions take place nowadays in electronic markets. Participating to continuous-time
double auctions, agents can freely send buying or selling orders at different prices that are automatically matched
according precise rules. As this matching process is rather complex and the orders sent by market participants
are asynchronous, they are centralized in an Electronic Limit Order Book (also denoted LOB), waiting to be
executed according to their price and time priority. A LOB is thus a multidimensional queuing system, each
dimension representing a price level, and each queue containing the waiting orders that have not been executed
yet, sorted by their arrival time. Agents can then interact with this dynamical system via three elementary
mechanisms. They may submit a buying (resp. selling) limit order that will increase the size of one queue on the
bid (resp. ask ) side of the LOB. They also may send a buying (resp. selling) market order that will immediately
consume the corresponding liquidity at the best available price. Finally they can submit cancellations orders to
remove one of their latent limit order in the LOB.

Since a LOB is mechanically driven by the orders that are submitted through time, many authors choose
to see a LOB through the stochastic structure of the interarrival times between two events. In other words, a
Limit Order Book is often described as a high-dimensional point process, whose components are integer measures
counting the waiting times between two orders of the same type, and at the same price level. In a parametric
context, estimating the parameter 8* based on the observations is thus a very crucial issue that may take place
in two distinct asymptotics. As, at least for liquid stocks, a tremendously large number of events happen during
short periods of times, the heavy traffic limit seems to be a good way to construct consistent estimators. In
[5], a sequence of multivariate point processes is thus assumed to be observable on a finite time window. Under
suitable assumptions on the sequence of stochastic intensities itself, it is shown that even in this non-ergodic
context it is possible to conduct the quasi likelihood analysis procedure (QLA for short).

On the other hand, in this work, we are interested in the long run characteristics of the LOB seen as a
point process. as the time parameter T' tends to infinity, assuming that the LOB satisfies suitable ergodicity
assumptions, we aim at taking advantage of this regularity in order to derive the asymptotic properties of the
QMLE and the QBE. This problematic is of course not new since the consistency and the asymptotic normality

*This work was in part supported by CREST Japan Science and Technology Agency; Japan Society for the Promotion of Science
Grants-in-Aid for Scientific Research No. 24340015 (Scientific Research), No. 26540011 (Challenging Exploratory Research); NS
Solutions Corporation; and by a Cooperative Research Program of the Institute of Statistical Mathematics.



of the maximum likelihood estimator for ergodic stationary point processes was shown a few decades ago in
[4] and [6]. Furthermore, maximum likelihood estimations have also been empirically conducted for the above-
mentioned models, but the fact that the point process is ergodic is sometimes unclear. In this article we thus give
general ergodicity and regularity assumptions for point processes under which all the results from the general
QLA can be derived. In particular, we do not necessarily require the stationarity of the point process.

More precisely, for a given a multivariate point process N; = (N®)aer, I = {1,..d}, and some finite di-
mensional compact space © C R™, we consider the family of increasing processes A¢(6) = fot A(s,0)ds, and we
assume that there exists 8* € © such that A(t,0*) is the Fi-intensity of N;. Under the key assumption,

[AS/] Ergodicity. There exists a mapping 7 : C+(R*,R) x © — R and there exists 0 < 7 < % such that for any
(¢,0) € C4+(R%,R) x O the following convergence holds :

sup T
0cO

1 /7
T/o P(N(5,0%),\(5,0),09\(5,0), 05 \(s,0))ds — w(1p,0)|| — 0 (1)

p

for a precise class of functions C;(R%,R),

we show that under [A3'] and some other regularity assumptions, we have the following result :

Theorem 0.1. Under [A1']-[A4'], the following result holds:
If 01 is the QMLE and 01 the QBE, there exists I' such that we have :

E [/(VT(0r - 0%))] — ELF(T73A)

E | F(VT(Br - 6%))| = ELF(T73A)

for any continuous f with polynomial growth.

We then check that some classical models from the literarure satisfy this ergodicity condition. More precisely,
we show that V-geometric ergodic LOB [1, 3], Cox point processes depending on an ergodic Markov process [7],
and finally exponential Hawkes-driven LOB [2], are all in the class of models for which the QLA applies.
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The locally parametric model: a new class of models in high
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Abstract

This paper proposes mixed parametric and nonparametric statistical techniques for
the analysis of high frequency data. It gives a general model, which can be discrete or
continuous in time depending on the point-of-view. This model can be seen as a parametric
model which allows its multidimensional parameter to follow a local martingale. As such,
we call it the locally parametric model (LPM). The quantity of interest is defined as the
uniformly weighted value over time (UWV) of the (discrete or continuous) parameter
process. We provide estimators of UWV and conditions under which we can show the
consistency and the corresponding central limit theorem. Those estimators are based on
estimators of the parametric model when parameters are fixed. Since the estimator is
obtained by chopping the data into small blocks, estimating the parameter on each block
pretending it is constant locally and taking a weighted mean of the estimates on each block,
we call it the locally parametric quasi-estimator (LPQE). We show that under conditions,
some discrete standard time series models of the literature (for instance ARMA or GARCH
models with MLE estimator) as well as continuous semiparametric models (for example
a semimartingale asset price model with IID noise component in the observations) of the
high-frequency financial econometrics literature belongs to the LPM class of models. This
paper thus builds a bridge between various perspectives, parametric, semiparametric and
nonparametric as well as discrete and continuous in time models. In addition, statistics to
test whether the parameter’s constancy hypothesis is true are provided. We also discuss
model selection and provide statistics to test for nested models: as an example, this allows
us to test if there is noise in observations. Based respectively on the estimate of UWYV,
we give a new input to use in the prediction model. Finally, an empirical study on S & P
500 daily returns, using ARMA and models is carried out. It shows that the parameters
are not constant over time for both models and that we obtain better statistical inference

using the new prediction’s input of the model.



Modeling dynamics is very important in various fields, such as finance, economics, physics,
environmental engineering, geology or even sociology. Parametric time dependent models are
tools meant to deal with one type of dynamics, the temporal evolution of systems. There
has been an explosion of research in the area in the last decades. We can identify two main
reasons why parametric models are very attractive and popular, both for researchers and
practitioners. First, by estimating an underlying (possibly multidimensional) parameter, they
provide crucial information on the mechanisms of the system of interest. As an example, the
fitted parameter of autoregressive moving average (ARMA) models (Whittle (1951)) give us
insight on the correlation structure of the observations. Also, parametric models usually allow
for inference such as prediction of future observations together with confidence intervals, as a
function of the data. In particular, if we choose an adequate model, we can predict tomorrow’s

temperature.

By definition, parametric approaches come with the strong assumption that there exists
an underlying parameter, who drives the structure of the observations, and which is fixed over
time. In practice, the parametric model user usually tries different types of models, or has
a specific class of models in mind, and she fits the models to the data. It means that she
estimates the parameter of the model with the observations. Nonetheless, as time goes by, the
structure driving the observations is most likely evolving as well. Thus, questions about the
constancy of the parameter, that would stay the same through thick and thin, are to be raised.
To corroborate this natural skepticism, it can even be the case that empirical work strongly
suggests that the assumption of constancy is too restrictive. To acknowledge the issue, one
has to build an extended model, that can be either parametric but typically with some more

parameters, semiparametric or nonparametric.



The extremogram and the cross-extremogram for a bivariate
GARCH(1,1) process

Muneya Matsui OO0 00O

Firstly we define a measure for exteremal serial dependence in a bivariate series. Our
main tool is the extremogram and cross-extremogram of a bivariate sequence (X;) =
(X1¢, Xo¢)' in standardized form such that they assume values in [0, 1]:

p11(h)  p1a(h) -
<P21(h) paz(h) > ; h=0,1,2,...,

where
pll(h) P(leh crA ‘ Xl,() S xA)
paa(h) | _ .. P(Xsp € 2B | X2 € 2 B)
(0‘1) plg(h) o gch—>r20 P(ngh cxB | Xl’() S .%'A)
p21(h) P(Xl,h cxA | XQ’() S ZCB)

Here A, B are sets bounded away from zero and we assume that these limits exist. Typi-
cally, we choose intervals (1,00), (—oo, —1) for A, B and we also suppress the dependence
on A, B in the p;;-notation. The limits p;j(h) in (0.1) do not automatically exist. A
convenient theoretical assumption for their existence is the condition of reqular variation
of the time series (X¢) (intuitively, power law behavior).

Next, we focus on a bivariate GARCH(1, 1) model which is common proxy to analyze
financial data, and clarify the component-wise tail behavior of the process, i.e. we show
that the component of a bivariate GARCH(1,1) process may exhibit regular variation
(power law behavior). With the result we will analyze the extremogram and the cross-
extremogram for the bivariate GARCH(1, 1) process. Recall that (X;) has the following
structure:

(02) Xy =32y, teZ,
where (Z;) = (Z1+, Z2,)" constitutes an iid bivariate noise sequence and
Y= diag(al,t, 0'2’75) , te Z,

where o; ; is the (non-negative) volatility of X; ;. The model has the following specification
by the stochastic recurrence equating (SRE) by (O‘%t, O‘%’t), :

ot _ [ an 4 on an XPi4 4 P P 0% 41
03, Qo2 Qg1 Qoo X311 P21 P22 051
(o) anZi,y + B aZs, g + P 071
Qo2 a1 Zt, + B anZi, 4+ P 05,1 )"

Writing W, = (ait , Uit)/ , we obtain the stochastic recurrence equation
(0.3) W, =A; W;_; + By, teZ.
Therefore, we can invoke theoretical results of SRE, which yields the following proposition.
Proposition 0.1. Consider the bivariate GARCH(1,1) model and assume the following
conditions:
(1) v = lim, 0o n tlog||Ay--- Ayl < 0.

(2) Zo has Lebesque density in R2.
(3) There exists p > 0 such that

2
(0.4)  E[|Zo|*log™ |Zo|] < o0 and E| 111}112 (Z(aijzjo + ,Bij))P] > 9r/2
=12
1



2

(4) All entries of Ag are positive a.s., ag; > 0, 1 = 1,2, and not all values o, 1 < 1,5 <2,
vanish. Then there exists a unique o € (0,2 p] such that

(0.5) 0= lim n~ ' logE[[|A1--- A, [*?],
n—oo

there exists a strictly stationary causal non-zero solution (X;) to (0.2) with specification
(0.3) and (X) is regularly varying with index «. In particular, for every n > 1, there

exists a non-null Radon measure p, on Kh\{O}, R = {—00,00} UR, such that

2Pz 1 (Xq, ..., Xp) €)= pnle), T — 0.
Here 5 denotes vague convergence and the limit measures have the property pn(t) =
t_a/J’n(')z t>0.

Now, with this proposition we analyze the asymptotics of extremogram and the cross-
extremogram for the GARCH(1,1) process. Since the tail behavior of (X;) and that of
W; = (Jit , J%,t)/ are proportional, we restrict ourselves to the o-sequences. By induction
W; = II; Wy + Ry, where TT; = A;--- A, Ry = ST 1 Ay Ay i1 By + By for t > 1,
and all vectors are interpreted as column vectors. With this interpretation we write

(06) (W1>7Wt):(H177Ht)W0+(R177Rt)a t21,

where (IIy,...,II;), (Rq,...,R;) have moment of order a/2 with respect to the corre-
sponding matrix norms and are independent of W,. We assume the conditions of Propo-
sition 0.1; in this case both components Uz'Q,tv i = 1,2, of the vector Wy in (0.3) have the
same tail index. Using relation (0.6), we see that

P(O’ih > x, 020 > )

ii(h) = lim P(o?, > 20> x) = li
pij(h) Jm P(oj, > | ojo > x) = lim P(o?y > =)
< lim ]P’(‘Wh‘ >z, ’W0| > a:) y P(|Wo‘ > .CC) .
T—00 P(’Wo’ >1‘) ]P’(UZO>.%')

The limit of the latter ratio converges to a constant by virtue of regular variation. Thus
the extremograms p;; are bounded by the extremogram pjw of (|W;|) times this constant.
However, (0.6) and the independence of Wy and Ry, imply that for p < a/2 and h > 1

_ P(|Whp| >z, |Wo| > )

h) = 1
pwih) = Wl > )

. P(|[ I, || [Wo| > 2/2,|Wo| > )
<1
= P([Wo| > )
— const E[min(1, [T, [|*/2)] < const Emin(1, |[TT,||?)] < const E[[[TT,[|"].

The right-hand side converges to zero at an exponential rate in view of E[||II,||P] < 1 for
a sufficiently large ho. As a result, pjw|(h) is shown to converge to zero exponentially fast.

We apply the theory to 5-minute return data of stock prices and foreign exchange
rates, i.e. we judge the fit of a bivariate GARCH(1, 1) model by considering the sample
extremogram and cross-extremogram of the residuals. The results are in agreement with
the iid hypothesis of the two-dimensional innovations sequence. The cross-extremograms
at lag zero have a value significantly distinct from zero. This fact points at some strong
extremal dependence of the components of the innovations.

+ li_>m P(|Rp| > x/2)
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H & 225 PR O HRIPGE RIS LT 7 7 v 7 « v a— VW AETIVEEERT Y
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DO b LY R2 pye F7974V 74 %0, 55,

S(t) =5 (t’:utﬁa-t) = g (tvﬂt75t> + S (taﬂta&t) ) 0<t< T. (1)

UL S(t i, 50) E R LY R iy, K554 U T4 — 6, T 2IEHSHGE 2 HEREEL, S (¢, fit, &)
Y e v MR E T 5. S (¢) I3ERM T

dS (t) = dS (e, 00,t) = S () dX () + S (H)dZ (t), 0<t<T 2)

Ziiile§ LARET 5. 772 L, X (¢) (HEGHEREM, Z (¢) BEAERT Y ViETH . AT
WS ET5. £7-B() 27 I VEEIE$ 5, X () 1S L THERRM R
dX (t) = fudt + 6,dB (t), 0<t<T (3)
DO VDL E, S(H)dX () \F#fER 77y 7« > a—VAETAERL, $5(1) 3EAE
R7Y Vil EY > v 7o LT 59 v v TIEURETH 5
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1. XL ®HIC

1990 FERWIEE, PERBLERMOISHIZE D Y1 787 LA DRI N TLOR, EREARD S BT KR
SHREFEY O FBUEHRZ TG T 5 Z LA AREL 22 0, MR R T FEBURNT I & B MBI R OMEIRIZ K Z
R SNz, XA a7 LA T —XEFOEREICIE, (1) HizeREBEODFRHA, (i) 3
FIEZ M7 & O REIH & B 28 FOMit, (i) BETFRBE T — XL 2RO FHIE TV
EWdbiFonsd. mxHERIHbhizsr a7 AT —20% IZRAAI N, KE NCBI ® GEO (Gene
Expression Omnibus) XM EBI @ ArrayExpress &\ o 72 AT — X RX—=Z WD 65N TWT, #TH
MATZZENTES. TDED, EMINZT—REAVEZAZRT TV Y AREDHELEAIITON
TW5.

2. BEFHRRT—YDIZRIIV VY

XA 20T LA 2HWTESN S HHENEE T HRBERIZE DS DBADHS T LV TOSHENREL 725
7z. Sorlie et al.[3] 127 7 A X —fRITIZ L D, AAA%Z 5-6 DY T X1 T/, T o DERKRNIREE
WZHEMERODETHEI I 2R LUE. ZOXEIIZYTXA TIZHET I L THRAKSZEXPERED T
BICEET 2 EWHBE S AL, FALERAL DRITF TV Z N TE S,

BRI SRS Y VY

BEFRET - RXOBEIZLEHL U TR ILKITONIONITAR) VI THE. WEr 72
VN, B UFBIZE B HEOBRDBEMThr OIS HWSNE HETH Y, HIRMIZEE DEL ] 12H
YU TNEIN—ErTTHILIZLDEFING, YV | 2E8HET A1 Euclid #7
HEDFIRAR A2 VWS DD —IRTH S, BEIZ AR VTR S ARBO )V — 723 OER &
BUEEZRTT Y NI L (BEK) BMESNZDBRETH D, ¥~ 787 LA TR & EzE T
MCHEZ AR VI 2o BBETORBEREZATRRLIZ— by TRELMER I N 5.

FEBRISRSY VYT

—, EBBERLR S T AR VT FEIZIE K-means B ED3H D, FHANZIEE L2 7 A XL,
(i) 7 Z AZDELDOHEEZ 5 X 5, (i) #EAKEZREEWS 7 AXIZEID YT, (i) H0 4 Ton{H
Hho I ARDELEHHET S, (ii)-(iii) Z#RT 2 ETHROVET T IARY VI D Tbh5.

—MRIZEFNIEZON/Z I T ARXDOBMPIELWE E1F, K-meansEIZBE S I A X ) V7 &0 L WiER
EE7-56F280% 0. M, BRI ITARDOBPDLPSRVWESE, BEI XX VIR ELTY
bWz 5. £z, K-means EORMBEERE LT, 77 AKX VI FERPELOWIHEIZIKET 25035 5.
ZHIZHLTIE, VYTV T2 LT o2 IAR) VIR DNPAT I CRENGERE2Ea 2y
YR7F52AR) V7 [2] LS AED KL fibh3.

IR —HDHE

75 AR) T AMED DL LT, 77 AXR—OWENDZ. BEIM S 52K v T DIGEIT
FZORRNPST VRO I L2 R THEEELZOHMMNTE, /2 GapHiaslRE Vo2 DEREIN
TW5 [?]. K-means 7 7 AZ ) V7 TREIZ K D% 52 BTNUENT2VA, IV PRI TAR
VY7 TlE, K OEEZBIETHT 2TV, TNETNO Gini (REBOME? S iR 7 7 AXBERET 5
ZeMWTES. 72, 4207 VAT —RIZEMEAET VEE LU THEE 21T\, BICIZ & > Tl
YT AR EPRET B HEEREINTWS ().



3. Dirichlet Process E 72X %) >4

Dirichlet Process (DP) Z X THERKT &

G ~ DP(-|Go, a) (1)
DESIZET, a BRAT VUV INRITA=L, Gy lIR—AD/HTHS. GITMRIRICT, DP IFMBRR
DT A VI VRMHEFEZDZENTES.

Dirichlet process DG & U THRD &< H5DIE, EEET IV (mixture model) ZHW/=T —X D7 F
ARV VI THS. BN (ns, ..., 2) BBLEST A=K (B1,...,0,) BHCTEF LT B L 25 R 3.
flil % @ 0; H3iid T Dirichlet process G M6/ 6NT2HD L U, £z ;1 0; 28T A—R T 5504 p(-|0;)
RS &35,

z;0; ~ p(-0;)
01G ~ G
G ~ DP({Go, ) @)
DEIIRTIENTES. GURETHLZ s, HED 0, BHEULMEEZ L 256050, Lo T
(2) RBBATEFTNVEEABZEMNTE, F1RAL 0, CHT 5 0 BALZFAZ— BT 2L EAB
MTE S,

Dirichlet Process Z i\ 722 7 AR ) v T ODmAKDREIL, HETH LRI IAR K BPikEd
ZeTHD. BIRFRET 2D AR Y ZIEH U LR XIEW O HE I NTWS A 4, 5], HH
LYY TN ot D3, BETHENPZDIES SRV E PC TS5 Z 23 TERp o7,

4. FEHESHEDEE

BxOHMET 2L 251, BEPSBTOY Y TVICH LTI I AR YT RTD, Bonzd TR
1 TR B A TR R T 2 2 TH B, ST T AX—EEEHETRDO D Z &M TE 2 Dirichlet
Process 12L& B 275 ARV V7 %R LED, HETNIT) XL EDTRKET—XIZWIET 5 TRANBKET
HBZEDHONII R 572, 5% Lasso IZ X B EETENEMAANS Z L 2METL, AT C
EBHEIBEL.

S 3R

[1] Fraley, C. and Raftery, A. E. (2002). Model-based clustering, discriminant analysis, and density
estimation. J. Amer. Statist. Assoc., 97, 611-31.

[2] Monti, S., Tamayo, P., Mesirov, J., and Golub, T. (2003). Consensus clustering: a resampling-based
method for class discovery and visualization of gene expression microarray data. Machine Learning.
52, 91-118.

[3] Sorlie, T., Perou, C. M. Tibshirani, R. et al. (2001). Gene expression patterns of breast carcinomas
distinguish tumor subclasses with clinical implications. Proc. Natl. Acad. Sci. USA, 98, 10869-74.

[4] Vavoulis, D. V., Francesctto, M., Heutink, P. and Gough, J. (2015). DGEclust: differential expression

analysis of clustered count data. Genome Biol., 16:39.

[5] Wang, L. and Wang, X. (2013). Hierarchical Dirichlet process model for gene expression clustering.
EURASIP J. Bioinform. System Biol., 2013:5.



Modeling Circular Markov Processes
with Time Varying Autocorrelation

Toshihiro Abe (Nanzan University)
Hiroaki Ogata (Tokyo Metropolitan University)
Takayuki Shiohama (Tokyo Univerisity of Science)
Hiroyuki Taniai (Waseda Univerisity)

1. Introduction

Circular or directional data refers to data recorded as points which directions are measured
and arises in biology, geography, medicine, astronomy, and many other areas. Circular
data are usually expressed in terms of compass angles or pairs of sine and cosine variables
and has the property that the beginning and end of the scale in the domain coincide.
By the nature of such periodicity, analyzing circular data is challenging because usual
statistics will not be meaningful and will be misleading when applied to circular data
without taking into account the particular definition of the domain. Despite the fact
that most of the circular data are in the form of time series, not much research has been
done in the field of circular time series analysis, and there is still a lot of approaches for
development in circular time series modeling.

In general, there are mainly two approaches to model the circular time series; one is
the method used to obtain circular-valued random variables by wrapping and the other is
Markov models for directional time series. The former approach includes autoregressive
circular models (CAR) and linked ARMA model (LARMA) of Fisher and Lee (1994) and
the latter includes circular Markov process of Wehrly and Johnson (1979), the Markov
process with the Mobius circle transformation of Kato (2010), and Hidden Markov Mod-
els (HMM) of Holzmann et al (2006). Recently, Abe et al. (2015) studied the circular
Markov process of Wehrly and Johnson (1979), and obtained the theoretical circular au-
tocorrelation structures under the simple model assumptions. According to their results,
the circular autocorrelations are completely determined by in terms of the mean resultant
length of the underlying circular density of the process.

In this paper, we deal with the circular process of Wehrly and Johnson (1979) which
allows for time varying parameters. The proposed models have resulted in allowing us
to incorporate time varying autocorrelations of the observed circular time series. Time
varying parameters in linear regression and time series models become more and more
relevant as the length of the observed time series increases as, and the series itself is
subject to changes in the dynamic structure.

The proposed models are used to illustrate how the wind direction and speed are
related via the time varying parameters. The time series analysis of wind directions are
considered in, for example, Breckling (1989), Ailliot et al. (2006), and Fuentes et al.
(2005).

2. Circular Markov Processes

The model considered in this paper is based on the model proposed by Wehrly and Johnson
(1979). They proposed a Markov process such that the conditional distribution of 6, given



by 6;_; is as follows

p(bo) = f(Oo; wy), .
p(0cl0o, ... Or—1) = p(0c|0p—1) = 2mg[2n{ F'(0y; wy) — F (0115 wp) }; wo] f(0r; wy)(2.2)

where wy € ©,, C R% and wy € O, C R% are the parameters in the circular density

f(-) and g(-), respectively. Denote w, = (cug(,‘(’j),w;g)T where w{” € ©, C R is the scalar
scale parameter in g(-) and wyy € O, C R%~1 are the nuisance parameters. Let us

consider the case that the scale parameter wés) of g could be time varying, such that

P(O01_1) = 2mg[2n{ F(0i;w) — F(Oi—1;wp) s (wl], wa )] f (0, wy), (2.3)

(s)

gt
rameter w

where w,, is the time dependent scale parameter in g. The scale or concentration pa-

gst) is completely determined by an exogenous variable V; in the following way.
(s) (s)

9.t o+ Should be expressed

Writing w
as follows

as wy, for simplicity. The time varying parameter w

wg.t = h(m(V;))

where h : R — ©,, is the known function and chosen such that the w;ft) satisfies the
parameter restrictions of ©,,, and m : Rt — R is the unknown function. The goal in
this study is to estimate unknown parameter vectors (w;,w, )" and the function m(-).

In this study, we discuss about the maximum likelihood estimation for the proposed
models and its asymptotics. The proposed models are illustrated using wind direction
and speed in Wakkanai, Hokkaido, Japan.
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Introduction

A spatial distribution of forest trees is a typical example of spatial point patterns. In
general, tree densities changes along some environmental gradients, and trees often
exhibit clustering due to limited seed dispersal from a mother tree.

Such point patterns can be modeled by the inhomogeneous Neyman-Scott process. For
this spatial point process model, simulating an artificial dataset is easy whereas
optimizing parameter values is difficult. In order to estimate parameter values from given
data, this study extended the method proposed by Tanaka et al. (2008), called as the
maximum log Palm likelihood method, and showed its performance.

Inhomogeneous Neyman-Scott process

Suppose that (1) a parental population followed the inhomogeneous Poisson process of
intensity d(x; 6); (2) each parent produced u daughters where u is a random number from
the Poisson distribution of intensity v; (3) daughters were dispersed from each mother
tree according to the two-dimensional Gaussian distribution f(r; o?) = exp(-r’/26%)/2n%;

(4) there was no interaction among daughters; (5) parents all died; and (6) the survival
probability of a daughter at x is given by s(x; ¢).
The resulting point pattern is an example of inhomogeneous Neyman-Scott processes.

The 1*-order intensity is given by
p(x0,v.0% ) = [d@OEW T (Ix-20*)dz-5(xi¢).
The 2"-order moment function is given by
PP (%,y) =,O(X:6’,v,02,¢)p(y:6’,v,02,¢)+Id(X;9)E(U2)f(II x-z[a®)f(ly-zll;o*)dz

Extending the homogeneous case, we introduce the local Palm intensity function at x as
the occurrence probability of another daughter at y given that the presence at x:

A (¥)=p? (%, y) p(x).
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If we approximate the point distribution on the square centered at x and edge length of R
by the inhomogeneous Poisson process with intensity function A, (y), the log-likelihood

is given by:

X y)-] Ay

lyj—xllw <R

in which, || ||m indicates the Manhattan metric.

Modifying the log Palm likelihood functions, on the assumption of the independence of
the above (approximated) Poisson processes over X; € B, we introduced the extended log
Palm likelihood by:

InL(u,v,0,0) = 2L XA, (x)) - Iuy

ieB  |Ixj—xilly <R

A, (y)dy}.

—Xillw <R

Below shows examples of parameter estimation by the Metropolis-Hasting algorithm.
Basically, the method is working efficiently.
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IEFFHIRA S 5 2 D DIERBEOHTE — 2 HE D BT BRI OBZE
HEAKRE & ER BIERE: IR (5

EE:  2uIEHAMODEILDBUTHIABEAIT, NEFHIRIA 5 5 B O EME2Z 2 5, Z ORME
12X LT, Hwang and Peddada(1994) £ 7-1%, Peddada et al. (2005) 2M2F U 7z #EE & D Z LML H £
DS NIZINTWARWED, 22T, MEREEYEOFMELED T T, WIS & 7 3 R HEE &
Hwang and Peddada(1994). %7zl Peddada et al. (2005) MR U -#fER L VENTVWE Z L 2P S0
129 %, 7. Pitman nearness OFEMiFEAED T TH RKLFHRVPIE SN,

L ECHIE: X = (X1, Xa) ~ N(p, 5) (B, S B 75

2
Y= ( 91 P2 ) (1.1)

pPoO102 g5

[ESiYHSINGN p=(p1,pe) &L, piyi=1,2 WIERE IR, gy < po, BB DGE p;yi = 1,2 OHEE%
EZB5, p=00D5GG, u OmALHEER
S 0'2)_(1 +O'2X2 S 0’2)_(1 —|—O'2X2
0+ = mind X, —2-L T 712 e — X, 222t T r1ie L 1.9
M1 mln{ 1 0’%+O'% }7 2 max{ 2, 0_%+0% ( )

Thb, p#0DHE, Hwang, Peddada (1994) & ji; 2R L 72 p OHEER
[JJ{{P = mln{Xl, OéXl + ﬁXg} HP = maX{XQ, OLXl + ﬂXQ} (13)

ERZE. PP 3HERMIC X0 = 1,2 & O{EMTuxé LERHMPLE, 22T, a = w/(w + wo),
B =wy/(w1 +ws). w1 =032 — poi02, wy = 02 — po102, |p| #1 THEDT, w; +ws = (01 —02)% +
2(1 — p)oyoa > 0. TH 5, Peddada et al. (2005) I& wiwy < 0 OHE, #HER o1 0 = 1,2 1 —2itEE
BIZRSRVWIZICEADE, P 2RO &S ITEBIEL, HRMIZ X, KoERLTWEZ L% Eﬁﬂw_o

= mln{Xha X+ 5 Xz} ph P = max{Xg,a*X1 + 5*X2}7 (1.4)

ZIT o =w /(W +wy), B =wi/(wi +w)), aT = max{a,0}. LU, $REU i E 2% %
ZHEVFRSNTE ST, FEHARBLS 75’?)5 7’\_8.7\_ i X1 > Xo J%J:U‘wl F+ws > 0,ws < 0 DIEE.
FIRIGRME 272 LT W RWDIZ, uy OHEE PP = X1 1233 &5 A ARG HEE R, JPEL\ Xo> X1 D
e, wEE R L TwA 0L, X, %Jﬁi‘?ﬁk?ﬂﬁd\@‘éi S AERRHER LI = X1+ B(X2 — X1).
iz, Zo&5 222 plPTicxiLThilez b, 22Tl HEML 273 p ORHE R

' =X - B(Xy — X)), " = Xo + a(Xy — Xo)T (1.5)
e R a1 P, 4PPT O ETO, T R & D BERINICENT WS Z L2 ST B,
ESC AN Yy = (yl,yg)/ U, 2WGEEED 3 DDMHEIE %
Dy ={yly1 +y2 > 0,y1 > 0,y2 > 0}, Do = {yly1 +y2 > 0,32 < 0}, D3 = {y|y1 +y2 > 0,41 < 0}.
£35% w=(w,w) & Dy, Dy, D3 ZWTNREL., 3HEEDOBERIEOED L S ICHEHMIND,
we Dy pMEE = P — g PDT — X\ _ 3(X, — Xy)*,
ﬂé\“E =ag" =i PT = X+ a(Xy - Xo)t,
w € Dy .,ul E*Xl ﬂ(Xl X2)+ HP X1+5(X2—X1)+ PDT Xl;
fig PP = pitt = Xo 4+ a( Xy — Xz) iy P = Xo + (X —Xz) ;
we Dy ™ ="’ = Xy - B(X; - Xz) P =X - (X - Xo)T
[LéWLE XQ —+ Ol(Xl — X2)+ = X2 — OZ(XQ — X1)+ PDT XQ.
2. R EEB1. AMEE ORI 4P = 1,2, EVENTVWS, DED, TRTD I > 0, ITK

L.
Pl — il < d} > PAIATT — il < d}

MPRILT 5,
SERA : 29, aMEE X afP X0 RERIICEN T WS Z LT 5, w € Dy DAT pMLE » P )3
5 5DT, weDg'C FRTDId>0Z/HLT

PR — | < d} > P{|af"" — m| < d}
EHWTIE RV, P{AMEE — ] < d} KD & 5 1ZFHIT 5,

PAMLE — 1] < d}
= P{|X1 7u1| < d,Xz > Xl} +P{|O¢X1 +5X2 7u1| < d,Xz < Xl}
= P{*d < Xl —p1 < d, XQ > Xl} +P{7d < Oz(Xl *,Ltl) +B(X2 *,Ltl) < d,XQ < Xl} (21)



IRD & S 7o J R AE

Vi=X;—p1,i=1,2, (2.2)
215 & .
‘/1 N 0 % pPo102
(V)~~((8)] 2 2

WS, ZZTA=ps—p1 >0.TH5B, £oT, (2.1) iF
P{aEE — | < dy = P{—d < Vi <d, Vo > Vi} + P{—d < oV} + BV < d, Vo < V1 }. (2.4)
2785, THIT, BHEH
Z )\ _( « Vi \ _ ( aVi+ 3V
(Z)=(% A)(n)=(N"a?) (25)

2115 & Zy ~ N(BA,0?), Zy ~ N(=A, (w1 + w2)/n) TRV cov(Z1,Zy) = 0127 5b, ZTIT,
0'2 = (a20% +2aﬂp0102 +620'%)/TL T%éo J:OT\ Vl = Zl +/BZQ, ‘/2 = Zl 70&22 27 D\ (24) (=g

P{-d< Vi <d,Va>2WV}+P{-d<aVy+pVa<d, Vo< Vi}
:P{—d<Zl+ﬁZ2<d,Zg§0}+P{—d<21<d,Z2>O}

P{dﬂ(ZerA) < Zy — BA <dﬂ(Z2+A)’ZQSQ}+P{d5A < 21— pA < dUﬂA,ZQ>O}

g 2 g g g

0 [e%)
_ / g5 (22 + A)f(z2)dzs + g5(A) /0 F(z2)dz

95(2) :(I)<d—06z> —<I><_d;62>

THY. f(z2) 1F 20 OEEBBTH S, A, we Dy T, P{pF — | < d} 1%

P{|ﬂ{{P—,u1| <d}=P{—d<O¢X1 +ﬁX2—u1 <d,X2 ZX1}+P{—d<X1 — M1 <d,X2 <X1}
0 o)
—05(8) [ fleaddzat [ galea + A)f )
—00 0

12745, XoT, we Dy COMEEEREDHERD AT
AP = P{|id"™ — | < d} — P{|af"" — | < d}

0 oo
- / (95(Z2 + A) — g5(A)}f(2)dza + / {95(A) — g5(Zs + A)} f(22)d2s (2.6)

275, Zy DA ERFUICEMT 52 S = Zy + A ~ N(0, (wy + ws)/n) IKFEW, (2.6) 1%

oo

A
AP = [ (gals) = ga(ANS (st [ (a5(8) ~ ga(s) (5)ds

A

o) A
- / (95(5) — go(A)) f(s)ds + / (95(A) — ga(s)) f(s)ds +2 / (95(5) — ga(A) f(5)ds

A
. / (95(5) — g5() f(s)ds > 0
0

272%, BEORIF TILOMETHT 5, gs(s) IRFEAICHTRT, £72. gs(s) 1% (—o0,0) WXL
THYH. (0,00) DENZFEADBEBTH 5,

PMIE 3 B F 0 BNT VB Z e M U, pp OIS LT, FkkIC, pEE 13 pdlP X viEhs
Z e ERHAT A2, w € Dy T, MEEETEDITM 24T X 1E X\,

I, pMEE RN pPPT i =1,2, K0 ENTWE Z L ZROEHICE LD B,
EE 2. aMIE FHeREz pfPT i =1,2, K0 EATWS, 2XhH, $RTDI >0, ITxL T,

Po{|i"™ " — | < d} = P{|APT — | < d}
MRS B

B L ERRIC, B 2T ZIE SV, FElEERT S,
¥ 7z, Pitman nearness O FHfiZEHED N T H [AERQAER LG S Nz,



D 7 — x VR E B OWHERITEE I DWW T

AR s (JUIRAER AR )
HiE HE  (JUNKABEEAIEE) -

Ft

&

M A B WT, HOMGRICEEELZDDOLELH 5. ST ZDOhOEE LN
YP—FHIcoVLCGEmT 5. FEHIZOOLWR LI EEZ 2 2 EWTE, ZDIGH
FIRAVCDDTH 2, HlZIETEROE I MOBE, 2o, Aok &b
H5D., BT OB f(x), glx) DI xg TDH f(xo)/g(xe) D/ V287 X
Ny 7 THAAHEERE f(20)/d(xe) TEHEINS. ZIT flu) BEHDOH—%
NVEEHERTH D, H—2LDBEEHIAIE (—00,00) L EDE, D Glag) £0 %
TRAETE 5. Z OHEEROWINL T “FiAE (AMSE) 13 Chen et al.(2009) IZX > T
FR S LT 2 VARG T RR OWHE GRS D W GER T 5.

BIEL f(20)/g(z0) DILDHEER & L TiE “direct” estimator 2% Cwik and Mielniczuk
(1989) IC k> TIREEIN TS, BA B IDOMERDTA T 7 2 H O TH oy —
FHOfEERZIRET 2, A= FHIE f(20)/(1 — Fzo)) TERI N, offtEids
FRETICE WTHARNLR D TH S, " —FHIZVwbWw s S0 LR EDA
RV~ DOFREDFIN EHER (limayo P(E ST < t+AHT > t)/At) ZFERT 5. &AL
EHT7- 7 “direct” hazard #EEED AMSE IZOWTigm a1,

2. BELOHEES
X, X &Y, Y, B did HERERET S, X, BB F, Y 3G, %
T ZDEER f, g L L glay) #0 ZIRET 5. ZOFEEDOARE —FWHEERZ

-~ ~

Flwo)/G(xo) TERSND. 22T flag), Gxo) HRD X I ICHEE 2.

-~ 1 = To — X; 5 1 - o = ¥
_ K = K
f(I()) mhﬁm — f ( hﬁm ) 9(5130) nhgm, Jz:: 9 ( h,gm, )

COERDI Y 7 — ZAEEICOWTBUR A3 D 32D

Theorem 2.1 > DPDIEHIZEAD T, m+n =N, O(m) =O0(n), A—FNVK; K,
ERFF, hpp = O(NT), by = O(N9) (2/13 < c<1/2, 2/13<d<1/2) £T 5L
RDILy YT —AEFHADPEGNTH 5.

3 (Flw) B
P (V </g\($0) E) < y) d(y)

AWFZE RIS (FRUER S 15K11995) OB ZZ 7 bDThH 5,
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Z 2T,

1 1
E = h: B h: B - h?: B ht B
g($0> (f(330)+ fm f2+ fm f4) ($0> (f(.CE())( g,n 972+ g,n 9,4)
1 f(xo) A3
+ h} ke ByaB
f r2Bya) ) 2

- 1 , 1
V= V[f(l’o)] (m - 2hg,ng3<x0) BQ,Z)

. f*(xo) o flzo) o o fA(20)
+ V{[g(wo)] <g4(x0) +2h 7mg4(x0)Bf,2 4hg,ng5<x0)Bg,2) ;

, . 1
:/K;(u)ujdu, B, = HAg’k’y(k)(iEo)

Thh, O IFEHEEHESMBERERTETS.

3. Direct Hazard EE

Xi,- Xy & iad HEREREL, 2001z F, %K% f L flz) #0, T4&b
5 1 — F(z0) # 0 Z2IKET 5. Cwik and Mielniczuk (1989) O 7 A 7 7 ZFIH L 7%T
o7z ‘direct’ hazard #EERZRD & I ICEHKT 5.

1/_f\F (o) = th /K (y e _h(z\gzco - AN(IO))) 1w

ZIT, Fy(y) =N'YI(X; <y) THY, An(y) = [* Fy(uw)du= N3 I(X; <
Yy —Xi) £9 5.
Theorem 3.1 3ffi I &1 —% )V K \SEAG5MAE2EC L, hy = O(N™) (2/13 <
c<1/2) DF, Jﬂm)®¥ﬁ A IRDE I 1223,

Mo A0 PHO= P a1 4378

E| w0 - L) — (x0)

1-F 1-F

1 f 6 1
+ N—h]\/l — F(SL’Q)AQ,O + O(hN) -+ O <W> .
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First principal component and its applications to tests of means
and covariance matrices for high-dimensional data
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