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New Approach to Galaxy Evolution via Manifold Learning
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2 SEIR ETIL & EMBEEN

ETVER 1 DIy = h AV MDD SEIR €ETVA2F A 5. S(t) 13EZMEAND (susceptible), E(t) (/&%
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E LGN H 52 LT, MO LS REMN HERE A5,

90 = () (B + 1)1 (1)
1) = B) (B + 11)5() ~ aB() ©)
90 = () — 711 Q0
Pty = 1) (4
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HWAHRA (1)-4) ZREE E0) =6, 1(0) =3, R0) =0 ¥ L, 27 v 7§ 0.1 ® 5 ¥X® Runge-
Kutta JECHE< . SR EH/NFERIC L > T B(t) 2HEE U7, FiH ST A — RIERERGEIC & > TED,
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W, AR TIREETILVOEAZITOHMERDRVE VDM EBEORETF — 28 Z20—HITH v, RIFEHT
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BAEFEBRIZ L B2 ET VOGO, REET NV EET —XADHEMT 5. AMHRDT — X, £ 31
N5 124H (B 1~42A) O 12 ADHEREZRNGIZ, ZDJRFINVF YV — VEE DR AE KK E LTI
THHBEROBRLUHELTESNEZT =X TH 5.1 HH 7= OHFIE R B & @ FbE 2 E A Z & 12 7
D, HTHEIREHET — X THEED, BERAZETFTADELTVWEEEZSNS. T)LF T —ILD5
WV ALIEEREE 2R D Z LA SN TV ED, HIAERD MY XL IZHS MZIhTWiWnzod, I
MERZETIVICHERMIZH D Y ToONAW. FICREETIVEEAT LI L2 Z AN EIT o712,

& 3R

[1] Araki, Y., Konishi, S., Kawano, S. and Matsui, H.(2009). Functional regression modeling via regularized
Gaussian basis expansions. Ann Inst Stat Math, 61, 811-833.

[2] Booth, J. G. and JP. Hobert (1999). Maximizing generalized linear mixed model likelihoods with an auto-
mated monte carlo em algorithm. Journal of the Royal Statistical Society (Series B) Statistical Methodology
61, 265-285.

[3] Geraci, M. (2017). Nonlinear quantile mixed models. arXiv Preprint arXiv:1712.09981.
[4] Geraci, M. and Bottai, M. (2014). Linear quantile mixed models. Statistics and Computing 24, 461-479.

[5] Geraci, M. and Bottai, M. (2007). Quantile regression for longitudinal data using the asymmetric Laplace
distribution. Biostatistics 8,140-154.

[6] Hastings W. K.(1970). Monte Carlo sampling methods using Markov chains and their applications.
Biometrika 57, 97-109.

[7] Hoover, D., Rice, J., Wu, C., and Yang, L. (1998). Nonparametric smoothing estimates of time-varying
coefficient models with longitudinal data. Biometrika 85, 809-822.

[8] Koenker, R.(2004). Quantile regression for longitudinal data. Journal of Multivariate Analysis 91, 74—89.

[9] Koenker, R. and Machado, J. (1999). Goodness of fit and related inference processes for quantile regression.
Journal of the American Statistical Association 94, 1296-1310.

[10] Koenker, R. and Bassett, G.(1978) Regression quantiles. Econometrica 46, 33—50.
[11] Laird, N M. and Ware, J H.(1982). Random-Effects Models for Longitudinal Data. Biometrics38, 963-974.

[12] Levine R. A. and Casella G.(2000). Implementations of the monte carlo em algorithm. In Journal of Com-
putational and Graphical Statistics 10 422-439.

[13] Liu, Y. and Bottai, M.(2009). Mixed-effects models for conditional quantiles with longitudinal data. The
International Journal of Biostatistics 5, 1-22

[14] Matsui,H., Misumi, T., Yokomizoand, T. and Konishi, S. (2016) . Clustering for Functional Data via Non-
linear Mixed Effects Models, Japanese Journal of Applied Statistics 56 25-45.

[15] FFiGAM, KPIKAE (2019) 777 Z#FE & BEbk 2 H, Gkt

[16] McCulloch, C. E. (1997)Maximum Likelihood Algorithms for Generalized Linear Mixed Models. J. Am.
Statist. Ass 92, 162—170.

[17] Rice, J, A. and Wu, C, O(2001). Nonparametric Mixed Effects Models for Unequally Sampled Noisy
Curves Biometrics 57,253-259.

[18] Takeuchi, I, Le, Q. V., Sears, T. D., and Smola, A. J. (2006). Nonparametric Quantile Estimation. Journal
of Machine Learning Research, 7, 1231-1264.

[19] Wei, G. C. G. and Tanner, M. A. (1990) A Monte Carlo implementation of the EM algorithm and the poor
man’s data augmentation algorithms. J. Am. Statist. Ass. 85, 699-704.

[20] Yu, K. and Moyeed, R. A. (2001). Bayesian quantile regression. Statistics and Probability Letters 54, 437—
447,

[21] Yu, K., Lu, Z. and Stander, J. (2003). Quantile regression: applications and current research areas. The
Statistician 52 331-350.



RYIBE T A — 2 OFHID b BiE T RIS HE

WBERET — 23 4 v 2AEEMFE v 2 — LR

BIZEEOWFERFE WIS Ic B\ C, oL k2 bEYOHEETHZITY C ik, 2D
FoMOERICHIT - lRetE 2 BYUNCFH L, XRAZHMEICT 2 LcHEETH L LF
Z 55,1998 55 2008 FEDOMTHKB L O T YT OHE» LHEEL ZEEFD S B,
60% MU L2 PG mEER & LCRBLL 223t (55, LaptEss 33%, IFaEtks 29%) %
HEBELTw, tomEdds[1]. —EiiGchib o 2 EELPEEZEER ZEC 3
T & ld, BEEAZE CRIEEIEICE L SN AL ER IR CH 5720, TiHHuR I35
HEAEORBEICERRPELRITTERE bR VAR F TR, EROREL Emit% %
PIERICH RS, 0, EofEpEkr R Elaz EFECTHTs 28, THT 3
TRAIEE - BEEAEIC BN CHRTH Y, EEFR ML Ro TR HTERIIRE .

DX BER»D, HRERMEFRAEE ORI X o CIRFESEA v 7 r~T 4 7
AVATLEET oY 27 b 0 H B, FEYORIL - 55340 - G- HElEE W o 22k
BhRe CGEpEhRe) & #EM (OFEM: - FE) Y2 EB & L7z insilico SEET 72 v b7
A—LDWHEL, ZDT Ty b7 —L%ILNLRT EERES TbIL[2]. AEET

i, HEDMED o IZEYBIRED X T X — 2 Tl AT L ORISR FUOICEER 2 1T o 72,

AK7vy =7 bTlE, BRI > THELNEEHT—2 %2 KEICIEEL, WE%@%%U
BWEE AT [ LTolE] 2 P27 VL 7. i, I o
YIRS 2 THlS 2 T e LT, ABYRNEYEREE T LV OMA AR LT/, TOET
VL, RNOEMBERE LTz, fICHAY T2 8oz At cidids 5. €
FADEEICIE, HYBREICEET 2{LEMD T A =23 HbN S, Zhb{LEY o EYE)
BRI A= 2 PICBERS FHlT 200 EE L 25720, KEOERT —20INE%
Hfs ‘C, DT =2 R=2EFHTE L L LT
NHTF =2 N—21F, WCRHTFCREINZT — 2 2B ICIEE L TR L T 3 28,
#@ﬁfﬁ#"“ﬁé NTwkv, BoRTESIK -Ih T EORERD 5.
ZLCHTIED 20, MiES 2 EBREXEHNINTHEZLdH Y, 7T—XDBEEHR 57
H%Emfm&m@#ﬁ%@%é.it,ﬁ%T—&«~x#6W%f%57~&@ﬂi@
RCTH 2D, RESLT AT ITHREDHEETHEEHREMIILIKICDL 70, & 2%
EDOEBEMICFEH LA THET VOBFEICHHATE 27 —213% < v, fl2XLay
DIK~ DI % KD 2 FERICIE, WETTE, AREEOER, &ET 5 pH (K o
fiftt 2 B3~ 2 7291213 pH6.2 205 7.4 3% w23, HBNTIE pH 1.2 BZHwbNE Z & D
H2) Vo EEDERNED L. T, e MIFI 70 Y — 2O RBIEWRE T
{LAEVIRE, Bk Y, EBEHSLT -2 0RLHEICECSHRELH 3.

Z ZCHA I, EREMCHMPRRL T2 % T CTFHlETARMET L LT



THRBEOETICoAR 2 EEE2SH 2 2 L #HL 2T L[3], AT —2oBEEZITV,
ZDT—RZEEMNLT-T —2_—Z (DruMAP) ZH3EL 7. 29 L TR ONEEIEAT
— 2w CEY O M REHE O TIIC L E R EHEANAT A= 2D TRl T VEERL 72,
72, SLKHEOEBWTHlETAEMET 2201, T—2INEL AT LEHET L L
THELRT—20EBLHIEL 2.

Z LC, B - MR % v o8 2 5 GH - BEEEE - I 7 vy — L2 v 722 E
Pe7r & OEEYFNEANT X — 2D TFHET N EREEL 72, ZOfER, BEFOoFHET L LD D
M5, 20X VECTHREZRFOET VERMET 2 LB TE TV, TRLED
FMWRHEEEZTHE, BIEERINLZTEDTHASATLELTARLTWwE 2, E
HERAR LT 2O 7T — 2 INEES, ZNE2M FehFEErHETHlET VO
HICXD, Toh23EVHEEDOSATLANEHBLTVWELZNWEEZ T3,

B OB IC BT, WP AT 3 213 IR E HICB D 5 2 2 M i KT
5. 2D L, BIHEE L EOBEMBI AN R TR L o THEL ZET A+ 273
BhHE - BME T %, PO MBS ICEAT 22 L 13 ) X7 KHOBlE O D HETH
5. K7mY 2 b CHEELZY AT L%, BIEEZIERT 2 WT7eHEE - BEEMAZEC 3 IR A
FFREL T2 2 LT, BIERICBIT 24 v 7 4 ~T 4 7 ZADKEIR—H &, [ERDOIFFCHIF
DHYHICKEREFE Z#D LT eRPFFEIN 5.

(2 3CHik]

1. J. S. MacDonald, R. T. Robertson, Toxicity testing in the 21st century: a view from the
pharmaceutical industry, Zoxicol. Sci., 110, 4046 (2009)

2. JLIRHIS, FEEET NBM, EA®R X v, KOBA, AlREA v 7 r~T4 22
AT LWEET Y 2 7 b Y, BYORAIT T 7 v b 7 — 4, FEIYE, TT(4),
211-215 (2017)

3. T. Esaki, R. Watanabe, H. Kawashima, R. Ohashi, Y. Natsume-Kitatani, C. Nagao, K.
Mizuguchi, Data Curation can Improve the Prediction Accuracy of Metabolic Intrinsic
Clearance, Mol. Inf., 38, 1800086 (2019)



BET Ry P T o
FABEICS5ABHE

TUNKRPBRFIEBFRF ok 18—
EERVAEBROBYEEA - RIEYF I A MRS B KB
FALBEEE (R) 7TOUNAAEEDBRAZEE 0 B
BEAKRFRFE KB =
FMNKERZ - 747 - A EXNUREFR BEE 2

m i

cEYOF IV I RT—% (BEFORRT —42%) vbH, TOEYOFED

TREEZD.

pil
X BEFT—4 TR YR

c —RINEBEREL LT, BEFT —XHERITICHE D78, THISHIE LT

ERET UV I EEXDRLENHD.

« LASSO®EmAENE (PCR) 1E, BRTERICHIT 2 —MINAFETHS.

SN, TO2 00F &z AW TAWL:.

m e

e IBIT, BEFFRY T —UBEICOVWTHERT .

CBEFRY N7 OB E LT, AT ) —WREIF SN,
=7 U—HElE, Ty b T =T DOREDTHHPUT D & 5 IR EFEEH|
TERBINDZETHD.

p(x) « x7V (y > 1)

c L DERFMOTEREITEAEEDN > TWARW—AT, —HDERNS
COTEREEN >TWBIRETH 5.

%,

LR

cEBEFAY FT—BEDEVCL I FRARBEOET LR T 57201,

FMEDOT—2% b &I 3TEEOINITI (2,,5,,5,) €ABLE.

¢ %y BARFDEATH
N L&D SR I NS, R =7 ) —HAERGE L TW A WHESEITSI
ey B A B EITERE NS, R —L 7 U —MERE L AT

DEL, BELFry b7 —0EENLASSOB L UPCROFABEICSZ 25E
Y TINEETREBHRASEYTALAY I 2L — 3 VL > THANE,

B Ia2L—>a3>o0FE
1. FAEOT—2EBWT, ENEUTH 2,5, 2 RS 5.
AT =% i NTHUNZYFE VS BYOBELFT -4
(RIT# 1 17205, ¥~ 744 X : 835(E)

%, I3 DUERDT=0HIC, ZNHDETI Q,, Q3 ZUATOXTHES 3.

Q; = arg min {log |2 — tr(2S) — P;()} (j =2,3)
Q

P
22T [ P@ =0 fwoills

i=1

yd
Ps() =p Y log (llw—sllr + as)
im1

3. A L3220 T =%ty FENFNICHLT, FL—Z>

B IaL—>3 0FE

2. BEFT—ANEGEBERDMIH > TVBEEREL T, 2,5, 1D

ZNENNE NIV TIUYAR) OF—KEERT .

yF—s
TR F—=2IZHEL TLASSOE L U'PCRA1T4 5, FHIEREL
RMSE(root mean squared error) # FEWTEH T %,

4. 2&£3%, N DfE%50, 100, 200, 300, 500, 1000 & ZE X Ao ZNE N

100EI T2 YR, (BRIEFBOTRCHET 2. )




mIal—>arvER () B> Ial—>aviER (3,)
LASSO PCR LASSO PCR
7 7
i 3.0 i E 3.0
o1, 61 20l | E 294
g s | wstﬂ‘T %HEQ T T g T oL i -
= : = ! : = . ! ! v = : : ! RS H
= El = il El ° T a7 E| ; : T T o7 = : ; { '
44 - - 44 = —_ - i
T T Co8Beg . Fessss
5‘0 |60 260 360 560 WUbD 5‘0 160 260 360 500 10‘00 5‘0 160 260 360 560 10‘00 Sb 160 260 360 560 10‘00
N N N N
7 8
B Ial—va R (3) CREES
LASSO PCR « BT LA XN OEIICHEL, LASSOYPCRES HDBAD, 3,5 0BAIE
B RMSEDEABA LI=DIZX L, I, D\EIEIFEAEE(A LD 72,
454 454
8 SBWT, NAEFHAELE i’a’/\@RMSEt 35,1252 N =50 DHBED
0] — w| T R?\/ISE#J‘ITL<@L\0){E’&to’CL\E;, s aﬁasays <, pOIFLOS
.| N PR B DFSRHNE R &> P Tre i, N 50 Ch 8 e 2 e
2 Lo 8 |4 _ DIEEZOND.
T 35 E| 8 T 354 El o
w| L B9 w] | LB - - SHHIC, PCRE Y HLASSODIE S AMBEAEA 57, AFPCRIZBUT,
M EIE ' t Tes g INE R BB BT 5 FETA T AN BB E 5 2 T 2 AN B 5,
E = = =
254 1r 2.5
5‘0 1 60 200 300 500 1 000 5‘0 160 260 360 560 10‘00

N N

BEBEHYIC

CBEFAY NT ORI VR LEHER LR -7 ) —EBEEROBADERT
BUROFRBEICOWT, Yo7 BERLSERNOHES T aL—arvE

Th->7=.

c RT 7 ) —EENTRINDIBEE, HEOTAET =L

BOBIC, &
FARBEZBL1-OICHBHARERY Y ALY A XN BERZ I EER LT,
DEWFABENME LN FEORAKIE, SHOR

o YU TN A ZHNE WHE
BETHB,

11

10




A novel metric for hyperbolic phylogenetic tree embeddings
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Dating the Nuzi Cuneiform Tablets
Computationally: Analyzing Family Networks
in Ancient Mesopotamia

Sumie Ueda * Takashi Tsuchiya T, Yoshiaki Itoh *
September 30, 2020

Making an electronic version of the name index Nuzi Personal Names,
we estimate the published year of each cuneiform tablet of the Nuzi town
in ancient Mesopotamia to understand the archaeological studies computa-
tionally. All these tablets enable us to reconstruct the social and economic
life of Nuzi in the middle of the 2nd millennium B. C. E. The tablets, are
on land transaction, marriage, loan, slavery contracts etc. We reconstruct
family trees and social networks of Nuzi by using the kinship data in Nuzi
Personal Names. We formulate the least squares problem with linear in-
equality constraints, the farther of a person is at least 22.5 years older than
the person, contractors were living at the time of the contract, etc. We es-
timate the published years of the cuneiform tablets, together with the birth
year of each person listed in them, consistently with the trees and networks.
The number of tablets seems to increase by logistic growth. It may show
the dynamics of concentration of lands or other properties into few powerful
families in a period of about seventy years and most of them are in about
forty years. We compare our study with a well known archaeological study
by M. P. Maidman for the Nuzi documents. The archaeological study seems
to support our present computational studies.

*Institute of Statistical Mathematics, Tachikawa Tokyo
tNational Graduate Institute for Policy Studies, Minato-ku Tokyo
Hnstitute of Statistical Mathematics, Tachikawa Tokyo
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Health status and repeated multiple
treatments in long-term care: A panel
structural VAR analysis

Shinya Sugawara* Tsunehiro Ishihara!

This study analyzes the dynamic relationship between health status and
expenditures on repeated multiple treatments, which are typical in long-term
care. To facilitate causal inferences where complex dynamic interdependen-
cies exist between many variables, we adopt a structural vector autoregression
model for panel data of individuals. The model is estimated using a Bayesian
shrinkage method which can simultaneously employ estimation and model se-
lecttion for the lag length. Then, we employ a counterfactual analysis using
impulse response functions. We analyze monthly claims data in the context
of long-term care in Japan, where social insurance covers many formal ser-
vices for elderly care at home. Our empirical analysis reveals several patterns
of dependency between service utilization and their effects. In particular, we
found that day care and outpatient rehabilitation share similar utilization
patterns and also result in similar levels of improvement in health status,
which implies that appropriate targeting can improve the effectiveness of
service provision.

Keywords: Panel structural vector autoregression model; long-term care ex-
penditure; long-term care insurance in Japan; high-dimensional data; Bayesian
shrinkage estimation; causal inference;

*Corresponding. Tokyo University of Science. Email: shinya_sugawara@rs.tus.ac.jp
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Forward variable selection for sparse ultra-high
dimensional generalized varying coeflicient models

—RRFEREGRF AR A Bk

RSEIL, BEDOENIEERAHE AT OMER K & DILFRMETH S, LA
oD L L.

AT — ZEREA OEAIZ L D, BRA B HIZBWTIERIZE < OEIRET —
ZDRFHFREIZZRD, ZNO6DT — XN OMBEMNFEE>TER, ZITIE, @
HEBOBZ p, BHEORE n 2328, n<p OEEEEZD. ZOEDT—
ZIZX LTI, Lasso, SCAD 22 X DIEANLHEE EDEDND Z LWL WS, p B3H
FDIZHRERGE (BEIRIT) IZ1E, Lasso, SCAD 24735 Z &N TE R,

ZFDEE, A2V ==y 7l UTHRINTH S T E AR & I3 mEGR L Bbh
LEHL ZRSDVB—RINTHB. A2V —=2T7ike LTI,

1. FOETMIZ & % /5

2. ETIVIFAWT, #EHERE TN TN OHIAZK OGO E W 5 ik
3. 2ZTHS, BT IVEA SR BOER

REWDH L. KWETIIUATO—BALEFHELE TV 2H, REEBIEATZ A
VBB TIEMT 5. g'() DHEERRNIIDETH L. TORATELEE M LT 5.

fOlz,2) = explyz’ g"(2) - b(x" g"(2)) + c(»)}
9@ =€@,....8@)

CITRHBEEETS. Sc{l,...,p} LT, ZDEDETILONBLER
WEPLFD@EY THB.

Ol

1 n
(X{gs@) =~ > (Y X[gs(Z)).  ((3.6) = y0 = b(O).
i=1

LRGEDB AT 54 VIERFWT, XlgsZ) & WIBs £T5. Bs VEhHE
BETHD.



TOTY XLIFATDO@ED.
(1) S :Sk—l tj:3\<

: T
Ji = argmax max £,(Wy, 3 Bsuijp)
jese  Bsui

(2) ji ZMAT LW B, ) BHRICEES B AF oy 2. BEIITIE S =S
YL,
max max £,(Wq,, ,Bsui) — L(W4 Bs) > LE,|Allog p,/n

JESC Bsuy
251, Si=Si Ul ELTMA. Z5TRIFAE M=S,., TKT.
2 DHFFETIELA T OFER 21577,

o AV ) —= v —HMEFAL 7208, RN RRENBRETH - 7=.

e n=200,400 7*D p =1000 72 & T, EHERETIL, K7V VEFETIL,
OYAT 4y Z[EFEETIVIZENT, Lasso, SCAD, NIS& ¥ Ialb—Yav
THK U7z, ZO=20OHTIESCAD WEHHETH 7. IREL 72 /iEIL SCAD
YEEDHDNNIFNALEDNT F =< U AER Uz, p =1000 1ZHEED 728

o [HEILMEZ o 7 AZ LA TIXREDITEIET 2 HARH D, oD T EET
LENH B, F 7z greedy algorithm TlEH 50, RBRBELRER L GEIRZ
7 no .

o fEl%Ak L 7z sequentially conditional screening {E & 1FIXF U7+ =% v A% L
DU, LRVBBET — X (p =44760) TlX I E AWz,

2 =P EN

Honda, T. & Lin, C. T. (2020). Forward variable selection for sparse ultra-high dimen-
sional generalized varying coefficient models. Forthcoming in JJSD. A previous version
is available as Discussion Papers #2020-01, Graduate School of Economics, Hitotsubashi

University.



75 AR KB EEEHROKE R &
AN F—3 3 Ol

=M R (U KRR BB
BEEE (JUNKESA - 757 - 4 VXA MY

1 V329 )UJICLBEEHFIORERL

1.1 EH=

EHEHIRNIZRED 5 70 B @RI T — X ZARRGIZHE L, ERIZEP T TE3FERTHY., F
MakTtoa—210y NN SEMD O DPIFNZEHNWEZ N TE5, LrLEEE LT, B
FOIEMEYF]TIE—E O CTHRH 21T 5720, FHEEXFOHRHOD &S5 BEEOBN L T — &
DOFRTEIz LS8 BIZIE TE] & TE] 2E) 1o UTERHBIRNAE L 20, FERIMIZE2ERD
HIAEENE L TLUESBRD D o7z, I T, HEMREEMEE2ED NN LEREE 7 5 A
Rz EOER L. ZOREIBEOHRTE SIZHBI 21T D Z & THIERKSE D R ET 2 Z & 5%
EREAIZ oo T &E Tz,

ARETIE, TNEERTIHZ2T7VI) ALERET S, £/-. TOFEIBITEZ 702N
F—vavomEfltEilAad, BUHEERE ETF— X280 C, IBETEOEAM2REET 5,

1.2 REFEOBE

RET DFIRIZETEAOH G &, GO R TOHR D 2 BEFED EXEHHNZ X 2 FiRE 0D, VW,
nflD pIRTT — X & BZDOFEOREART TNy Lty MIR>T{(y,x;) (i =1,2,...,n)}
YLTHAONEET S, ZOMSAVEBOMEEE J L UT (y e {1,2,...,J}). BIZhz~
7 MVid e = (251, T, ..., xip) ERE D, oo ZHOEEZ G = {G1,Gq,...,Gy} £ L. KT
I EEAFET AR TRLE RO i BHOT— 2% o) (e G)) LT,

Gj = {z 2, 20}, j=12..J

ZZT, 7F7ARY VLD mEDEIFE (metagroups) 26228 E M, = {C1,Ca,...,Cp}
EHEATEET S, ZORIBEEZGOHAIEAC, CGi=1,2,...,m) THH, C;NCj = ¢(i #
§),Un,Ci = {G1,..G;} &iii7=F, ZORIFHIHEDE, M, D ETCOY,...,Cp ~NOHIBIDEE—BE
BEDHIAMTH B, x BC \HREINE T35, ZORE2BBOHNNIZ. C; BWHE—DRENSRD
E£EHTHDL 0 ={G) THNME 2 X G TN L, BLCH DL LD SR 2
& Ci = {Giy, ..., Gy, } RHIEC; D ET Gy € O ~DHB%EFT S,



1.3 BIRFDERAE

BIRERERRT B 720D FAR) Y Z7OT7NITY) A L%, BHUMROR/MbE HiNE LT, —
fifE s 02N F—va iz kO RE{ftEhE DL UTIRET 5, HERBEBHTHD, B
Z—DFOEAELTWHDTH 5,

¥ TRYOABOES ERYOHO%ES MO = (¢, ¢y (€ = {6} j=1,.,0)
LTHET 5, MOBROEA R, Mo MY 02 o0 oM%EsE —D0dIRte LTIhk
gir-maloga MO = (o), ...cPuc?, .. ¢ ez, wgens Ve o ik MO
D2DODTEETOMAEGHLED S L, 7TV XLRETORHPERNRNE DG TE, Z
NEBHPIEDPER T N2 25 (MDD TORME > MTHD) ToF/ME) 2Tty T, MT %
25 AR) VI BRI EIROER L T8, TS X > THIZIAHNIRI RN 225 2
FAR=DPMER I NS 20, EREHRIOEEZ M EIEL I ENRTE S,

2 JAANYF—3vDOEHEk

REFIERCLOEEOR LRI NZL, ZOFECITFHHEEOH CHRENKINTWS, E1E
HHNZ I p x p DITFIDEAMHEEET O(p?) DFHBEENEENTE D, ZUIZBANY FT—V 3
VOETERIBEOERERECHEEERIZE>TUED, TIT. ZORMLERY 7 LR BEE
HEEOEA A 2O AN F ey a VO T eIt > T E R4 32 2 L 2R3 2,

AR TIRIEEH B OMEZ, )y VEFOMBEICES BT, Vy VRIS 278 A1)
F—a v OEE#EEE L TIEXEH B O EELET S,

3 BUERIR

PREFIEC XD LHEHM OREE 2 ZLHRIRIC X DR L 7285 R 2 AR ITRT, T —XLv b
DFHIBIRIE K E 70 AN T—=va iz kDb, Pk 5Bl rzE D07 — X THE%Z
T2 &AL U, BUUNICREI T — R EET—XITH L THEREZT S,

S 3R

[1] Cawley, G. C., & Talbot, N. L. (2003). Efficient leave-one-out cross-validation of kernel fisher
discriminant classifiers. Pattern Recognition, 36(11), 2585-2592.

[2] Takada, T., Mita, A., Maeno, A., Sakai, T., Shitara, H., Kikkawa, Y., Moriwaki.
K.,Yonekawa, H. and Shiroishi, T. (2008). Mouse inter-subspecific consomic strains for ge-

netic dissection of quantitative complex traits. Genome Research, 18, 500-508.



WRAIEIZ &S &mRouhRETY v
Al RO EG2 e Ho?

VO TR
> AL ARSI R e A gt v X —

1 FUL®IC

FRIET — 22 BWTEIREAT S b DFEL LT, ZOHZMS S LASSO (Tib-
shirani, 1996) 2A< WS T WS, BERIIZ, LASSO &L F O ik
(BUF, LASSO-ERMELITR) TRIN5.

1
o . . - -Y- o X 2
minimize | Bllz
subject to  ||B|1 < z, (1)

727120, Y € R® IFUSEERARZ ML, X € R™P ([ IFHHZRITSI, B € RP I
EIRERER 27 BV, n iE B> TAY 4 X, p ESHAERORCERT. — MBI,
LASSO-ERME (1) 2IRDF 7T v Y 2 MIBE ~EER U, BFEO BTk
(B 20X, FERRE R (Friedman et al., 2007) 7 &) & W TIPS Z L D%\,

1
minimize EHY—XﬁII§+/\HBII1»

BERP

REU, NEI I vy a g M ERT.
M AL LT, B, LASSO-EME (1) 2 ZebEFEXoN5. Kol
fbFEE UT, IROFKABE (Bertsekas, 1999) ZHW\ 5.

B = Proja1,<2) (5@ +mX (Y - Xﬁ(t))) ; (2)

=L, B E g ik, ENFN t HHOREIZE T B ERRERZ bl e R
TV TV R, 7, Projgy(b) = argmin |0 — bl TH 5. SRCAEE (2) T
0cS(CRP)

LASSO-Ef# (1) Zfi# < BT Proj OFMENBE L 725 . BEFEWSE (Duchi et al.,
2008) Tl, HAAANDHY (Held et al., 1974) Z2#HT 5 Z £ T Proj DR %

AL LTWA.



2 LASSO AAA~Di5R

e 7R BER DB T, LASSO & 0 & EN/EAMLIEARE I N T WS, Adaptive
LASSO (Zou, 2006) TU&, B[ &I % 325 ai|8)] (a; > 0) £FTHILT,
LASSO 12 &% bias 253 Z &ITIIU 7%z,

AWFZE T, adaptive LASSO ®¥4 TH, Duchi et al. (2008) THREINT
WBTINTY XALEFU &S 7% Proj DFHAEEZEHR L. &7, SCAD (Fan and
Li, 2001) ¥ MCP (Zhang, 2010) & \\»- 7232 EAMLIEDEETE, Lo
Proj DFIEVEHTE DAL LR %2175 LT, FHARIEICED S HE%E S
BU7z.
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RIFRY: 67 — & Bl fimdt 6K

1 BL&IC

(y, @) ~ Py x ST 2 IEREE TV Ely | 2] = Z?:l fi(x;) 25 2%, BHORYRHHGEIE A R=A, D
ED,S* ={fixZ0} TN LTs=|S*<dTH? LT JAHLEDRILd BV TAHF A ZAn kDD
FEEIICKRE & ) BEERITCOREEZEZ . (y,x) LR CDMHIHE ) T RER (v, ;) (i=1,...,n)
HOE BOMERTS* 280 L) HEF N 8 238INT 2 2 L 2E 2 3 (SSP: sure screening property).

w=X"y/n%BBRAATICHIE, S = {j| lwj| > A} TETNVEREF ) P Fan and Ly (2008)
THZE S 117z (SIS: sure independence screening). & 2T, A, 3@ Y704 — ¥ —CliET 2 EZHJITH 5.
SIS ZIEHICY ¥ TN TEH 2 b O D, FIBHRE T NICE W T, logd = o(n®) (3k > 0) 7 2 HEXRILT
SSP 23K D 37D, SIS 4Rk 2 2 LT, IEIBE T VICHT A7) —= v I3 CIREINTE 2 (I
Z\E, Fan and Lv, 2014; Liu et al., 2015; Desboulets, 2018). 3 F TREI N T E - FikiL, SIS THW
GNDHAAT w; WETY YHBESRARRREOMERTH S Z LICKEHL RO bDTH 3.

ARTIEET, SIS TEIRSNZ2EFALZOHDICERT 22 LT, Hireh A2 Y —=v 2k (KRIS) 78
o d 2 LI OWTEHT 5. KRIS f, #4540 b & SSP ffﬁk)j’) f:ffb KRIS ’YTT%
SSPE A\, ICBY 9 238X 2 A — 4 — 1T L CORIZT 2 &) FRTH 0, HERICT — 5 IEA T 2 BRI

BMEE->TLEY. 22T, KRIS THW2 2 a7 dfiigafizFHT % 2 E:“C WA expected false
positive rate # 2 PR =)V T B LI\, ZIRET 2 FEZIRET 3.

2 KRIS: Kernel Regression based Independence Screening
PUF, y LS T 03, 9% 0, 3 yi/n=0LL, A7) —=y /T LU F 552 3.
T 1 (KRIS). /7 — 2 VB k; &§ 2 WA E L~V F %0 (RKHS) H; (BT 2895 {f;} %

n

A o1 .
fi = arg mm;Z(yi—fj(xij))2+/\n\|fj||ﬁj, j=1,....d (1)

fieM; i
LT COLE SKRS = (| f;£0} £F B KL, || |n, ¥ H; O RKHS / VATHS.

RELEM L KKT & X 0, Bod(bRTE (1) EEBICH C BEIE R, B A7 —) v 7 3nfh—3

T90% Kj = (kj(2p),205) /M)pg & TIUE, SKRIS = (G | |ly|lk,/v/n > A} 5D 2 EDER DS, T
EL, S AEKREIDORY MLy EfTH AT LT, [lyjlla=v Av TH B, £, h—F VB E LT
B =2 kj(z,y) = ay ZEZNL, |lyl|lk, /v = |w;| £%25025, SKRIS 13 SIS D ARBILRTH 5. it
WM dtbD b & KRIS 1 SSP 2502 L 2R T 2 LW TES. 2O, A — VBB k; DEIEHE 1) DI
HL—MIIGUT, XD LI I ENETDTH S:

i~ 17 (5> 1) = A\, = O(n=/@F80y -y~ e (5> 0) = A\, = O(n~Y3(logn)?).



3 UZFWMEDER

KRIS & SSP 2 13wz, FEEEICIE L E Wil )\, OBRICREEDERZ. 22 C, KRISORAAT
HyH%(]/n =y Kjy/n OWBESAAZ M2 ETFDR%ZaY FR— LT 5 LX) ICL EVEERET 2740
DFitk%E# Z % . BARINICIE, grobal null hypothesis Ho : ff =0, j=1,...,d Db & TR Y 32D,

BE 1 kjze—Y—A—3VEL, ZOWEHMEZ pj1 > pjpe>-->0895. ZOLE,
1 T d 1 > 2 .
=1

DD IO, 72721, 02 =E[y?], 5 KU N(0,1) TH 3.
Gretton et al. (2008) &FIRIC, HIADTAZIER/SNT X =8 L AT — NN F X =FBZNZE N

ottr(K;)? vi/n
VT T

THD L) A= TEBT 5. 2721,
v; = (Bly*] = 30*) > kj(wij, wi)* + 20 tr(K7)
i=1
TH 5. DD &£ To? = Ejy?] ® Ely!] 13RMERGD D & THO L ICAREHEEFRETH H, Tz v
TEML 72 (2) DRBEAREEE F; L 9%, COLE RO re{l,...,d} T LTA, = F, ' (1—r/d)"/?
& LU, expected positive false positive rate %

KRISm *C 1 1
W] = lim sup T Z P (nyTij > A%) <

n— 00 jes~

ISH ]

limsup E [

n— oo

tavyru—)LTES.
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