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4. Prelims Abstracts

(CE PO

On the Existence of Ground States for Spin-Boson Model
with Variable Coefficients

2MI23003M H: | B3}

BA

HOHEEHZEDOARY PVOTRYPEEHETH 2 & &, ZOEHRT b LR SLRIREE & W58, A%
TIEEBURELD D > 7 Spin-boson BIALIC & 1) % BERAEDFFE & — %2R L 7. Spin-boson /» )L + =
TV 2R LT R EDRY YHBMEEMNT 5 &) RO I NX — 2l T 5 HOEREHET
HY, L LR = C? @ F(LA(RY) Lo H LIRS

H=0,21+1Qdl'(w)+ go, @ ®(p)

THEZ6N%. 22 To, 2T OIRNLF —, dl(w) BHOZRLF—%2KL TED, go, @ &(p) H°
L GoMAEHERLTOS, 2w ZIOBBREMENLHEORY vOI R LXF—%2EL, geRIZ
FEEBEFENH A OB 2% T

BOBTRICEBIZNINVEZTVDART PV, FiCw=V-A+m2 DEAICIIESNTE L. &
ZTmiZLEHORY v OBRERTERCTH 2. o BWRIERITH S 13 p/w € LPRY) THDEEEZ WL
W, SEEIRBOEFEE R 2 ORINEREICK E CRAET 5. BIE TR FERIEORED b &, HoRF RO
e[ 2 BT & % Pauli-Fierz 57, Nelson F%, Spin-boson B CHRRIREDAET 2 2 LRSI NT V15
[1-3, 8, 10]. & 7R IERIPEDSHR b 3772 2 A%, Pauli-Fierz BB CIZ B EIRRE D 777E [8], Nelson ¢
I3 FEARRE D IETFALE [5, 11], Spin-boson B Tlx g < g Db & TOIBREDTFHEE L LV g > g DD ET
DHEIREDIFFEEIR ST 5 [4,9].

ZEDORIEE 3 L Lk &, D8 7222 1T Nelson %% 2 3 &

w= [— Z Ojajr(x)0k +m?(x)

1<4,k<3

DIGDEBRBDIA ST NIV 2T PR oN . w=V-A+m2 DI m B LEDORY v OEEE
LTI D5, 3o 2 LTI LD R Y Y DIMLEIC L > TELT 2 i (variable mass) % 7>
T3 EHICEZ 5. a3 7:1K22 o Nelson B D FLEIRTE D FEAE I3 variable mass D 22 I FE L
T2, flHIZW S & om(r) HHEL 0 ICIHET 2 & SIRREVEET 228, B 0 ICIET 2 & SRR
FEIAETE L 22w, IEHEC I m(z) 23H 258 a > 0 I L CTm(e) > a(z) ' 27T & SHERELFE
L, H2EHb>0,5> 1K LT m(x) < b(e) " 2t & SHEREDSHEL %0 2 LR EAT
VW5 [6,7]. 22T (@) =1+ [z2TH3.
AT,
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1<j,k<3

w= \/7 Z jaj,(x)0 +m2(x), m(x) > alz) ™

& L 7z Spin-boson fI2S— TR 22 SR IE 2 Kf> & & 278 L 7. AFEWCEE 2 5%E % e 3 I3 RIME
HI: & Feynman-Kac DR TH 5.

ERETER

L b2 2 = CF o F(LA(R?) &3 5.
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R5E 1 (Cutoff function) (1) ¢ € .7(R?).
) p(z) €R, 2 € R3.

IIHRBIR w ZRTERT 5:

w = \/— Z 0k ()0 +m?(x).

1<j,k<3
220, ajula), mz) LEBI
RAE 2 (SriiHER)
Coll < [aji(@)] < C11,Co > 0
Oasn(x) € O((x) ™), lal = 1,
Ipm(z) € O(1),]al <1,
m(z) > a (z)~" for some a > 0.

22T (@)= VIt THB.
A LOHCHBIEME H 2K CERT 5

H:=0,91+1Qdl'(w)+ 0, @ D(y).

01 0 —i 1 0 1l ——
ZITo, = Loy = s = : == ) 55 HDC
To, <1 0> oy (z 0 ]° (O . D(p) \/i(a(ap) +a*(p)) THB. H L%

Spin-boson NI AR =T E) . H OBEREVSHFEL —BNTHZI L L, H+1 &= Y [lfkff
FAFEOIIIREDFEL BN TH 2 2 L ZFAMLZD T, H+1 %2228 V)AL 2 EAKORRIRED T
e —ElE2RT. HE2RTEDS:

H=Uol)(H+1)Ua1)"
=(1-0,)®14+1®dw)+0. P(p).
1 (1 1 ,"
T — — 5% % = #.
<TU \/5<71 1) e 1=% ) Ef%E
RPEEHTH 5.
ERLL () KE L IRE2 2RET 2. 2DEE HIZ—ENRERREL R,

SERA AR

ROFHEDRY LD T DR 5.
A 1 RIMIEIIPE) 08 1, IRE 2 ZIET 5. 2D EE pe D(w ™) BURY VLD,
flifi 2 (Feynman-Kac DAR) KE 1, IKNE 2 ZIRET 5. D& ERDED 2D,

(®, e THY) = Ex {<J0<1>(X0)7 e~ Jo ¢elDXe dtJT\I/(XT)> }
L2(2e)
M 3 (M, paq) ZHERZEM, L3 L2(M, dup) EOHCHBAIEAETH ) LED ¢t > 012K L e tE 23
(1,6_TL1)2

positivity preserving TH % £ § 5. 4(T) = e TrE et

lim ~(T) > 0.

T—o0

ZRET S, DL E LIFEKRELZF.
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i 4 (Perron-Frobenius DER) (M, ) ZHERZH, L3 L2(M, dup) Lo ACIEIERZETH h,
HEDt>0ICK L et A3 positivity preserving, & 51 L BHEEIREZ O LT 2. 2D L EXRD (1), (2) 1F
FfiTdH 5:

(1) L 13 Hi#tC strictly positive 7 3L EIRIEZ £,

@) LD ¢ > 0 123t L et 1 positivity improving.

SEPI 1 DFEWIDWNE Step 1: Feynman-Kac DA % {fi> THIED T > 013 L e 28 positivity improving
THBIERRT.

Step 2: Feynman-Kac DA 56 D T > 0 1S L v(T) > e 2 25FE 3. 22T, I = |jw |2, Kot
IEIFE X0 T < oo 725 lim 5(T) > e >0 ko THIES XU I IIEIREE .

Step 3: Step 1 Tt L 7= e~ T 2% positivity improving T % & & 2> & Perron-Frobenius O X b BLIRAE
DMLY ST,

Step 4: H 3 —JEM A EIRER F1D 2 & & H D3— MR ILIRRE 2 350 & & 13 AfE 4R O CHEFDMR D
AR O

25300
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K70 77 KB 2 5% 3FEDIEF DT A & HEHE

FE B2l (2MI123003M)
SRR T AT A4 R— a VHERENT BFER

TREHE | RS SUE BiR, HAIX > & — K)I| AS &R
A6

SEBOMELH L BLRXORE
B TIE m(z) PELBEL TV BRIHEDRY Y RY VBRI OHKIREOIFEEE R LD, m(x) D
BEDHENGE OIEREOFEICHE T 2MRET R ETI>O0H D TH 2. m(x) DIEMEHIFE VKIS
TERMEASHE D 327 77 8, FEEARRE D TAE /JEAFAE DREIAIREE L 72 0 BEAHNC IR RO IETH 5.
BEERIFEET VY ¥ 7 TRUTD & 572 Jaynes-Cummigs(JC) B2 & Rabi B8 A EEI2 B W T
FEATER g1, g0 DZALITIE U TEUERIRAE L IR D ANV D D (crossing) AL D X 51T Z 2 i~
LEZTNS:

1 1
H= ihwaaz + hwe(afa + 5) +hgi(o_at +o,a) + hga(oral +0_a).

JC BANZ go = 0, Rabi fHX g; = g0 WM T 2. JC HBAITI crossing 23 Z % 23, Rabi &8 Tld
crossing 252 Z 572\ 8, 215 DM OBEEDE NS Z 12 & h B EOIRRE L KO R 221N 2 KT
EROTZVEE-TWS.

L TRGORTFMOBERBICHET 22227 - L2V EE X TV 32, BiR R TR BT
RELEOVTVARW.

HElHE@br 2=y IADRE
A ¥ R—= ¥y TTEEEHMN RGO B TIHOMIERIGH 21T 2 TV 2 K F 72 13RS REI AT - THM
PEOHEBEFEDIZVEEZITWVWS.

BHAERIRY MCET 3188

AR TIIRRN R AE D D DRI BRIPBMNT 2 Z e TERD 5720, 5% 3 FMTIEA X
FUIN—T T =02 ay FRIRT+7 A /) R—=YarhH7z--tIF—REEBICSML, 4
BABTDF A& L ZMEEDIZVEFEZTVWS.
I —. FEESADBMIKR. FEHERRR

BEBREROZREZ )T, WO ATIED 2 PR RE IO TBRFHOBIEL 20 M) Wt
122023 £ L 2024 FED 2 [AIC DTz o TEMEE TV W .
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Prelims TF5 1

HE R
YRR T FT A R= a VERERT BOER
AT 6 FEEE

FAE LR TR BAR O RFE G B 1) 2 IR RIGRIEE O NI AT, ZofEE, 5256
Nz (ISR RR) B4R IFRERBBRA IR TE 2464205 T 2. IEFHICARRBETH 275,
FRICIE B AT S 24K O BIRORRROWE R R R T 20 ENH 5. L L, 20 0MEIcER
PRI R 3% N T2, ARRTEIZ 2 E T (R {8)Morse BIBUCERE L 72 & DL I TN T TH - /2. RIE
DIEfER ERIILTTH 3.

RIRE 1. M % m ROtBAZRIR, L 22K L, g: M x [0,1) — L3R M x {0} ~NOHIRA—fI 1%
HRETHBIMDAAL TS, O E BRY LT M 2FH2a 227 F (m+ 1) KILZHEER N Lidids
F: N — LTUTORREHT 2 b ODEET 5 72D D5 ?

Mx[0,1)—2>L

[

N
TIZT,ild M x {0} £ ON ZRA—H{ L7 L TON OH 7 —iif5TH 5.

Lot BRON 5 —EFE LEOBBROIREE X 3. £ OMZRIELOERIZ, [0,1) TEA%
T ThH, 2D EAIEFRITIETE 3. LEd->T, LOFERETH > TR ARDBRIZEDLA TV,
F72, K1 ZREOMIEEERL T3S,

L Tid, LiboREICE T 5 2 DDOBEDHIFUTI DAL

L. M 238 & ATREZZ BIRNTE, L = SY, glarx oy #° ST fill Morse B D355

2. M DS E AT ATREARPHINTE, L = R?, g|prx(oy 2% horizontal stable fold map D&
ELER D Section2 TIIHE 1 1B T 2MRME LN WA 7] ZBEITL TS,

R 2. M ZFEATRERBIME, g: M x [0,1) — S* Z2FRANDHIR f = g|ar oy A7 Sl Morse B
BTHrUdirAHET 2. 2o E UTFTOFRIFAMETHS.

(1) 2287 b TREMIATRER 3 RITLERRIE N, g DIFRFRILR F: N — ST BEET 5.
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(2) BREOBRZZ 72 ST OIEZM V, 82 ST LTIEDIAKR 2385545 h: V — S, f, h BT
% allowable collapse C': W;t =V FET 3.

Z OFERIX, Curley[?] 251 &= {51 ATRE AR BT £ (R {E)Morse BIEUI L TR 7M5RO— bt TH 5.
Curley (& “allowable collapse” & W\ 5 #H &R G E W THIRDTFET 2 1D OB+ 5% E 5 2 7.
% ZTHALZ “allowable collapse” % S i Morse BIEUICHEE T 2 & 5 Ic—fM(b 32 Z . T LEORR 2B 7.

ELFR D Sectiond TIIHE 2 1B T 2ERME LN WA 7] 2BEICLTW5.

1
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M x[0,1)

1: REOMREX.
EHE 3. M =AM, g: M x [0,1) - R? ZERANOHIR f = glarxqoy 2 horizontal stable fold map
THEUDAALLTE. ZOE, UFOFRIIFMTH 3.

(1) BT M 2Foa v 7 MEA 3 KILERIK N, 7 7 4 N—12 S 0 & Fiz v g OIERRRILR
F: N = S' 27 E3 5.

(2) g @ admissible map §: Ry — M BIFET 5.

Z DFEFRIE Morse B D LT 2 stable map ICB LTI o 72038 TH 5. WL T 2 BUCIE, stable
map IZ “horizontal” % “fold” & W5 &2 L7z, ZAUT X D, HE5RDFEFE%R “admissible map” & W 5 &
BN ROFEICE VIRZ 2 Z 2 I L 7.

SE IR
[1] C. Curley, Non-singular extensions of Morse functions, Topology (1) 16 (1977), 89-97.

[2] K. Iwakura, Non-singular extensions of circle-valued Morse functions, Proc. of MSJ-SI 2022, Deep-
ening and Evolution of Applied Singularity Theory, submitted.

[3] K. Iwakura, Non-singular extensions of horizontal stable fold maps from surfaces into the plane,

preprint, 2024, arXiv:2410.22693.

[4] N. Shibata, On non-singular stable maps of 3-manifolds with boundary into the plane, Hiroshima J.
Math. 30 (2000), 415-435.
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Prelims /5 2

HE R
RA T FT A N= a3 VIR BORYR
TREHE @ A 1B B, HKAIX > & — 0T BET #%

A 6
0.1 SROMESH

LR T, IR RIROFEE L AMERRA2G 2 2 2 HE LTk, LiL, —ROEBRIC
MLUTZOAHTROVHEERER2B20EHLVESTH S, I THEEIFe Ho&bckbznrasze
THVPTWEHOMAEZITS. FIZIZUTO XS ICMEZE R 5.

WE . THEFAT 28D S H O ZRENDINDAAD G Z bNT b &, ZOWDALD W T HEEIX? )
HILOMETH 5. EFRREHEBICER LGS, HR EAOHRS—BICERETD 2DiAA
WCOWT, ERBEHAEOMIFMEIE? ) »E2 o503, £7, Shibara IC X DEA XN/ KD
RRE S LU 2 F§72 720 boundary special generic map ZH5E s 5. Z Dk, Kz — k(b3 3.

1459 . T5EX5NFHEIGRT 2 DICHBERERE? ) 2ToMETH 5. FEIE [(—R3RE
RYIEBED G Z - &, IRRICEHTE 207 ) 2E X2 5. TOBE, HiliCHERT 2K Lo
FBARTHEE LA RS L 720,

0.2 BEHXDESE

EiRDER & ZRHE EDBBRORREGRICOWTOMELZ TV, BEme2HEST 2T ETH 5. B
MARNECOWTIRELERETH S

0.3 HEINRBILTVE—2D v TADRE

B DMBEENDHFZHLEL TWS. Lo L, B EZHRAE LOBBROREMREZMEL T2 A
MW, it o T, SEHTRHEE RO T, ZAUCBIE L MR HZHME L LS5 e EZ TV,
R, FTRE T HAUIE L 1 FDRY, 2 5 TR UL 2 FoiflzE X T 5.

0.4 BHAFRIANY MCET3EE

SGW IZIZHE 3, 4, BL 1 FD L 2B L. ZhZNAELEBERCBIS2 7 74 VY —7 5 —,
{L2AYVE DFE RS, B¥ T — 2 ANOZENRELOICHICE T 252217 o 2. LRSS b K
MAHTIROSML, BEOMATTANDIEHDHIEEFE V0.

REERE, MIL & 2 F—DMFEANEED 2. HEEA L LT, EL@EseiiE o Ktz B eL, i#
LT\ Wz, SRR § SRR L [FRE, BHIICE I F—S MRl E 2170, BHEoH2 L ofbbhic
DWVWTEUTZ .
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0.5 MRESAOENRG, HEFEKIKR

RERAGHPMD bR Y —, BVOCs IKBIF 2B RTBML, R LT 2. AR 117
DRIFTHELIETVEL VL. SRVERINOSMEFERZBEL THMEZE R, MIFICENL TV ELW.
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B K

Bt R 5

R #E (2MI123001K)
R T AT A R— a VHEREN BRER

TEEHE | WA M 2uR, HAIX > X — NHE M R
A6 R

BLHRXDES

B DEHE X, "Hardy-Hénon B G ERDREOBENCOWT THD, LIFD 2 0D F—<IZDW
TERLE.
1. Hardy-Hénon B4 o #t):

Hardy-Hénon B71E: & FHEH 2 RO IEIE B RIR M RO wIHERE I O W TER L .

{Ehu —Au=a|-|["|u*u, in (0,00) x RN\ {0}, a

u(0,-) = ¢(+), in RN,
FHBXDHAHNTZ 2T Hénon 137 7 Y ADOKRFEETH D, d 1974 FF12 2 o iR 0EHHE, 37
bbb, IR LR WEERD 2 MEZ, HEROEHEZLTET VL LTRELL.

AT, FIHAERE (1) OB 2 RICOVWTEE L. EYMEICEE S 2 EOBRIT W
{ondH5H, REMZDDEZET S, Wang [4] 25, N >3, a > 0, v < 2 DIFEI, Hi/hNEHROFAEZ /M
W3 2T, ARp0EG R EBEE Cp(RY) 0B 2 ERAROEEE R L. 612, BiRL SHiRE
RERL L CHEFEBE 2 W 5 2 & TR IR O FAE & 2 ORI 3 285 2R L7, %7, Ben
Slimene-Tayachi-Weissler [1] 1&, p Fer[f5 2BEEK LP(RY) ¥ Z2M5E 75T 0 1R 2 Mkt B 7k
Co(RN) 1231 2 RATEYIYE & R KR O TR, & 5122 ORFRIAEZEENCE T 2R ER L. BT
1%, Ben Slimene-Tayachi-Weissler [1] DFFRIZOWT, GEHZ K DFFL L G5 Z 7. o DRERO—HZBRS.

EE 1. u D HERX .
u(t) = e+ a/ IR u(s) [ Yu(s)) ds 2)
0
DFCTH 2L %, uld (1) ® mild solution TH2 L\ 5.
FEI 2 (Ben Slimene-Tayachi-Weissler [1]). N > 1288, a >0t L, 7130 <y < min(2, N) %ifi/c 3
LFB. Elz, qo= g% LEDB. ZOLE, RARD IO,

(i) (2) 1 Co(RN) i2BWT, RKREJRATEYITH 5.

(i) ¢ %

N(a+1)
N-—~ "~

q> q4>Gc, q<0

R TERE T3, COLE, (2) 13 LI(RY) KBWT, BERIEYcH 3.
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2. —f{t L7z Hardy-Hénon 252X 0 & & i O i e hd
AMMELFH L TIEE 512, Hardy-Hénon BAEARD & b —RELIE 2RO X0 A A OFHHEREICOWTH
ERLT.

{Btquu:K(\x\)u”, in (0,T) xRV, )

u(0,-) = ¢(-), in RN,

ARFSL T, (3) W LT, IEHE» DHNMRERROWBLEICOWTER L. ERBONEICEET 5

BEEDOFRRIZ VL 22 H 50 TE D, Deng-Li-Liu [3] 1&, p & & 2HBFIEH L ORMNI X >T, 2 00 RRZIE

fEERNFREFERED 75 7 DO TTWREL IR S T 2R L. E 51T, Deng-Li-Liu [2] &, [EEBRNFRE

WIROZEME T COMLRERZFE L, 2 OZEH RN, BT, Deng-Li-Liu 2] OFFRICOWT, G
BHZIDFELCGR . B ORO—HEZBRS.

EIE 3 (Deng-Li-Liu (2003)). K &

(i) K > 022 lim,_yoo r 'K (1) = koo > 0.
(il) K(r) & r oW T DD [L(r K (r)]* € L.
(ii) r > 0 WHLT, L(r~IK(r)) <0.

Blizzde L, u% (3) OEMERMNEFEMRE T2, ZOLE p>p. 2OHIZEHEA > 1ITHLT,
Ape <p < (A+1)p. %51, r =00 T,

_ L ay as ap bl 1
u(r) = KD o Py Tt o O e ) 4)

SE

[1] B. Ben Slimene, S. Tayachi, and F. B. Weissler, Well-posedness, global exzistence and large time behavior for Hardy-Hénon
parabolic equations, Nonlinear Anal. 152 (2017), 116-148. MR3606306

[2] Y. Deng, Y. Li, and Y. Liu, On the stability of the positive radial steady states for a semilinear Cauchy problem,
Nonlinear Anal. 54 (2003), no. 2, 291-318. MR1979735

[3] Y. Liu, Y. Li, and Y. Deng, Separation property of solutions for a semilinear elliptic equation, J. Differential Equations
163 (2000), no. 2, 381-406. MR1758703

[4] X. Wang, On the Cauchy problem for reaction-diffusion equations, Trans. Amer. Math. Soc. 337 (1993), no. 2, 549-590.
MR1153016
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K717 5 MBS 3FMOIEE D 7R & FEEHEE

IR 1 (2MI123001K)
SRR T AT 4 I R— 3 VHERENT BPER

TEEHE R M 2%, HAIX v & — NH #H— BT
S 6 EE

SEROMRAH LIFLRXDEE

LR NTDOELERT, Hardy-Hénon BA R DEHEMIIOWT, ZDOREMICE T 2 LU RO TR
DILDZ ebh ol

FE1 ()p=p. T3 ZOrE HED(3)TK(2|) =z, I > -2 & LI2HEDTEEDEMEERN
MEHERu, E0<pu<1 D E, HBZEADEL® J)LL || ||, COVTHIBELZETHD, p> 1
DEE, |||, COWTRETHRL.

(i) p>p. T3 BEBED (3) TK(z|) = |z, I > -2 & L2GEDTEREDEMERNFRE H v 13
m+A <A<m+dDE (i) LIEBOEADEL® J)LA |||y IKOVWTHEERETH D,
0<A<M4+ X EREASNOEE, || |) ITDWTREETHRL.

1, AERICOWTHEUDIERDS RO o 72728, SHERZILIREITS 2 A TWS. F72, Hardy-
Hénon BB OEE MK U THRIBIRMBERENS, HMAMOEE L IIFFEEIC OV THAND TETDH
3. X 512, Hardy-Hénon BAFREAD & X I — R EFOABRATH 2 EED (3) I L THFREED
HMEITO 2T, MKMBOEE /IEED DD K D57 TRNELZEICOVTIHEL TWL.

HEIETV ¥ 7T, PINN &FREN 2 EEYE T B R R OBERERM o wT, Biae
F2ED T T ORI 2 & PR D T X 7. BARANCIE, 1 KTk B T RRICH L TEBICa — F 28T
Z Y TIROEBEHRNS. UL, o BRI L ToEEZEEITRoTwiRWED, BIREFY V2
T, IEEEE RO BERSLEITOHERR Y, Bix RARAH L TED K 5 PINN 25#HATE %
B, BT E R WIGEICEADFEENC A o T B 0 FEE TR0,

HEh@EA > 2—22 v TADEE

B E T, BIHDA V2=V oy PRFLELTVBD, £ V& — ¥y PO KREPHIFMEENT 72T
LCwiWw. BETOMEERTH LT OMEDHAMEDIEE > TELRITH 2720, D HiehE T —
SREBRLUESLATLUTHANTHL TETH 5.

FHRERINY MIET 288

SGW I ZNETHBML TOEASERDARERR D S L, BEFEIN T 2 8 2 H W ffiko 7 7
O—F 22N L TRERIMNCHREIR LW EEZTVWS. SR 747 A /R—YarHhT7z-kIF—
WCHATRERIR D BN L, B HH OIS TR B R TFOMiEE Lz, £z, FAESCHAE
C ORFEEL T A RIERKIETY, B2 HEORBZLT V.

- ARERAOSMRKR. ARERKR
NMBIBAER L I F—12BML, ¥NE TR ES O PDE (CBE T 2% E DR M < Z & T, %k

T ZD BHSIEA WRET 2 & 5B DT EL. MIRREERFR TR0 TOWIRWDS, Bx RHI5E
FERITBML, MRFOEERIATT OWIFIT OV Tl Z BV 7.
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P JEK

ELimEE

P8 FEIK (2MI1230027)
R T AT A RN— a VHREN BEYR

TREHE | T B HER
A6 R

1 SR

HIERSE Physarum polycephalum DZETEAR (LUT, Kild) &, 7 X — IR BMIfAEYICTH 5. IiBERE & #5772
RWZHBEDO ST, HINRTHBER OGN Z RIS TV S, FIZIE, RN %y b7 —ZKEEN (1, 2]
=, I 25182 T3 2 500 - ARREATE) (3], DR UHIBSN 3 2 ENDTEITH 28IML (CwAb) [4]
REDNHE XN TV, AHFFETIE, Boisseau et al. [4] 23R LTV 2B OBIICEH$ 5.

WE REIIEEET DI o D EAERIToTW3. —4 T, F=—F 2 IHEN 2 Z2EWEIEEBT 3
CHGERE R NT X2 Z e H STV [5]. Boisseau et al. [4] 1%, 20 & 5 ¥ =— 3 HI T TORGHE
HEOKTEZHWTHETHNLZIREL 2. #51%, MBI 1 A 1 ¥ =— 22 FALERER (UT, F=—
FHR) FRBF A 2B ERVEEOERER (UT, BEEHE) onwFhprz@@EseTtnsd. Zor
ORI —EICLTE D, Ml LRI ERE L TWS. 9 B, #HZ L icF = — 1l E /-
WEFH RO WT M, ZHRE LT, ME OIS HEBICEA L THr SBNCERET 2 £ TORM (FEEERRR)
FAELTWS. EBERZHBICEL D22, LTO 3 MICR%. (1) F=—2HBEREDET 2 F=— %
BoEER DR 72 5. (i) TEE LIXs {{F1ET 3 & F = — 0@ @i EE 3 5. (i) RRIchE
N ARBRARATE R S O BRI, FIEF—ETH . KR (i), (i) 1&, 22 BRIt 2 Kt
W5 BIREWEEEZRL TN S.

AHZETIE, KD AR L CTEIML 2 BT 2 X A= X2 2 BOHET ) Y I X DK T 3.

2 HREHER

4.
FEE DB = X LB ROBHET VK DIRE L 2. o
d 5
24 = (o (t) = pe (1)) (1) :
d g
apf(t) = —d(pt — pv) + Fr(pr) (2) ;
d 1

%pb(t) = —rvd(pp — ps) + F(pb) (3)

Fr(pr) = (1 — h(t))(—aaeps + g5) + h(t)(—ag.ps + })
Fi(py) = —adepy + g1

ZIT, L BHEOKIRDE [m], pr, pp EZRZNHET, BB S YNVE Pa] THS. K (1) BHED
BEEXRTEH TS L TH S, MEBBIHHTHNHO Y AT LHEINS 222 &b, S NV ZHEER U CHi

1
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HEZIToTW2. 2 2 CTHE QIR OITREE L, BEHAO Y L OBRIREICHHI T2 b0 L. $ME
DY NOTESE, EE—EOHREORT XL AR THEBTEZ Z M Tw2 2225, 1 (1) D
HEFAMNELNL. R (2), (3) BHEONBUERERTHIHET N TH 2. VAV EEME DI S L DIL
fRc kD EABHIhTWS. E, ST VOIS T 2L EMEOFESHI SN T WS, RIFKTIE, Z
5 L7ALEWE OMIE v Y LVEDHIBERICSD 2 DL L, ME ORI, #5128 % VY VEORZL R (L
WEORIGIEEE T A2 5 HH L7z, R (2), (3) O 1 EIXIEHOHE, 5 2 HIZGHEICHIET 5. 22 Tr &
{L2EEDTAR L TV BIEIR ORI, %A ORI ER L TB D, Bith7 TSRO DR 258 DI E S
ZATWAZICERINEV. 2, WA D 356% h(t) = 1, HIDZVEER h(t) =0 & L, HidoHE
TIRERIED AA v FF 381> TWV 3.

FHZ 2 ¥ = — 3 EEE EREEBRO WL 2R, OO MENEROR S L (X 1c O7RH
) WKENET 2 FTORMEZY I aL—Yary i ¥Ialb—yaryofil, (1), (i), (i) OFEEEHETE
7= (K 1a).

(a) (b) (c)

1: (a) 0 2 OFEEGERBIE D> I 2 L — a VSR, (RAVHID S I 2L — 2 UREER, AL Boisseau
et al. [4] OFERER, K Fo—FEBEESELH, O EREREZESEH). (b) pr, pp DRHZ
fb. (FRFEHR © pe OIRFHIZAL, FHEHR © p, ORFHIZAL, IKE : h(t) =1, BHE D At) =0). (c) L DRHEZEL. &
Hothed (t=24n) 12, £ =0 2 LTW5. (IR : SHROEX L, K : h(t) =1, @ h(t) = 0).

F = — FHEBGERIER O, \E (1), (i) 13, OIS TROHO Y AEDTIMIREAZL S 2 2
LK, BB b ol Fo—AEMEEET S 2, RO HOD Y IVEDPIHIREI SR ELR m o1
MELTH BB T2 22T, F=— X ER L TOREIEMENS (K 2a). 2078, F=— 1 HEEER
R AN 5 % . SEHEERZ @R T 258121, RO HO Y AVEDOYIHIRENZSHER m O30 L TETI
BT 50, F=—FEBGERNEAEET 20 TH 5 (K 2b). i, @HFEROERIES—EL RS Z
Y (i) &, S ER @A T 2 B EEE R m (K 2b OB m) IR TYNVENENT 5 Z e AERTH
BZedbhrorz (K2b). T &S ICEMERIZ, (1), (i), (i) ORMEZERT 2HICK > TWVW5. Sl
3, 2ROV VER 1 ZRBICIER L CEBIM A T 2 MEOBEIE T AKX (1) A oFohk. 2%, REET
MZBWTHEBIREE O I % AR L TN 3 2 /63853, R0 BIMLATBI oI 2> T 3.
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(a) (b)

2: VI (pr, po) OHITEE O3B, AR SRR (B CREBERES U 72 3), 508« S
FERR (IR h(t) = 1 O L SOMEENS L A3). (a) 1, 2 HEICF = — 152l X 225 A0 VL
IE (pr, pv) OHITE EO¥T). RO 1 HEOWHE, BEH 2 HEHOWHE, BEH 1 HHO VAL
AREE, FRED 2 HHO Y VLOWMIRE, BRI 13 HEHOY VEOMIKE. (b) 1 HE»S 6 HEICF=—
SEB, 7,8 HENCER R BA S EBE 0 VLIE (pr, py) OHTE EORE. K@ 1 HH>S 6 0
Hows, BEE 7, 8 HHOWE, %7 1 7 HHOY VEOMNIRE, B 855 : 8 HHOY LD FIHK
f&, RS 1 9 HEHO Y LE D ISR

BE X

[1] Nakagaki, T., Yamada, H., and Téth, A Maze-solving by an amoeboid organism. Nature 407, 470
(2000)

[2] Tero, A., Takagi, S., Saigusa, T., Ito, K., Bebber, D. P., Fricker, M. D., Yumiki, K., Kobayashi,
R., and Nakagaki, T.: Rules for biologically inspired adaptive network design. Science 327, 439-442
(2010)

[3] Saigusa, T., Tero, A., Nakagaki, T., and Kuramoto, Y.: Amoebae anticipate periodic events. Physical
review letters 100, 018101 (2008)

[4] Boisseau, R. P., Vogel, D., and Dussutour, A.: Habituation in non-neural organisms: evidence from
slime moulds. Proceedings of the Royal Society B: Biological Sciences 283, 20160446 (2016)

[5] TAKAGI, S., NISHIURA, Y., NAKAGAKI, T., UEDA, T., and UEDA, K-L: INDECISIVE BE-
HAVIOR OF AMOEBA CROSSING AN ENVIRONMENTAL BARRIER, 86-93. World Scientific
(2007)
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K775 LIBT 5 3FEHOIEE O T51A & £z HAR

P4 RREEK (2M123002T)
TR T AT A ) N— 3 VEURERT B R

TREHE © T Bl dEEdr, HAIX > & — D ALRE (T #iR
BHI6

1. SBOMRAHLBLHRXDRE

BT BWT, BEIERE Physarum polycephalum DZEFAAR (LUT, Kitd) OBILATEID X h =X 2%
BHEET ML DIBR L. MEOBERELIVET 2 1 ZtOEHE 7L, ZOBEIHE 2GS 2 2
KICDPERIREDTNNE TN TRER SN B BHEF A Z/HEE L. ZO¥HEFLEHVTY I 2L —Ya
Y EATo 2AER, Boisseau et al. [1] THE XN TV 3 F = — R EEGERR I O - [BITE X @5 ER 0@
B EA—IE & 72 2 K0 BT & 7. FAaTE XML O T & 2 KOG, BFRNEEICHEL TV 5.

—7C, M OFHENRED D IR RN s Z e 3bho T2 [1]. £ Z THEOFH L
TOEHELBT 27012, TTEHRSN TV SHEHE T VE 2 XTIHERT 2 Z e 2 Hig . BifE, 7= —
A7 4 =)V RiER VT 2 COEHE TN OMELHAA TV S, IR OFEAIRAA D 77121, Bk
DFHYT H 2 RIGIEIT BFRNEEICIZ TREREE S R oh s [1]. 2 2 THEREOEIE T L2, H
BREWENRIITES X5ICLAVEEZ TV,

¥z, FONINERREBOBINE T L2 b 212, (LFME O RICIEBUCED R4 P EREOREL H
BT, FlAR, IRET 2 NERIREEOZBEE AT 5 2 & TRNHIR OGRS R 2 X 4 L 275 —LVONERIR
ROZHEEAT 2 Z e CEH - REECREDFTRERNIREOEHE T L OMEL TV W EEZ TV 5.

2. HEIBEEA >V R—2 v T ADERE
TR, BT ) Y 2 K B MEMBD R TE 2 K. RETELVEEITWS. BNk
Z2ERDTNRVDT, SRIZEDE, EEXTOBENLHEEZHAEL, SHEELTTVERZVWEES,

3. EMAFRIRY MCET 3ia8

FAE, —HEAE Y SGW ISBINL, 7 — RN EFE T V21T o 1. F— XIRHTORBMIEL A L7
PoldDT, BEISHIBEL TV VT =2 EHWTT — X OWiILED & @i £ T/T - 72 2 2 id, KE
RWEBICR o 7. BHOHBRINT 2701, SR BMNCSIM LW EZEZ TV,
4. EZF—, ARESADOBIMRR. AERKKR

e PNU - Kyushu Young Researchers Workshop on Mathematics for Industry (JUNAZE, [13H)

e Forum "Math-for-Industry” 2024 (¥ L —> 7, RA X —)

o B RIEMMRIIA 2024 (HARIEKE, RA X —)

o [GARUCEATIZEER 2024 (FEAKE, 5H)

BE

[1] Boisseau, R. P., Vogel, D., and Dussutour, A.: Habituation in non-neural organisms: evidence from
slime moulds. Proceedings of the Royal Society B: Biological Sciences 283, 20160446 (2016)
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Singularities of Arithmetic Curves:
Quadratic Fields
2MI23005P =% F&#l
fREHE %M
ZDFX T, Z XKD Order & MHIN 2 IRDORFRBOE 2 RD 5.
K 2 RBUR, Ok % Z DEEFIR, Spec(O) & O DRA F7ILOEEL T 5.

EE. (1) Ox DFDET KD Q LOEERELDHD%E K O Order(BER) 2\ 5.
(2) O % K @ Order, p € Spec(0) £ F 3. O, DHEEIMERTH 3 & &,
pIXIER GEER) THL 0, FHITARAW L Z p I BRE THI 20,
(3)O0={xeK|xlZ0 %)% 00D FEHRL 5.
4) i={ac0]|adc O} % 0D EF x>,

M. XK K = Q[ Vd] DFEEK f @ Order O 13 XDHTH 5.
0 =Z+ fOx = Z[ fwk].
22T, wg = WV (g K oHIRI).
BE R BWTRA D LD,
=) =rO0k

R CHIBIE). p e Spec(O0) ITH LT, pO = 1 --- 5,7, (§; € Spec(O)) L EF 2 £ ¥ 3.
i FE

(1) p EREA

(2) pti.
(3) r=1e1=1,£ =[0/9: O/p] = 1.

FFE. KA K = Q[ Vd] DM m @ Order Z[m Vd] (d = 2,3 mod 4),
Z[mf] (d = 1 mod 4,0 = ~2V0) DRI ZZNZNROHD S DDHTH 3.
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(p,mNd), (p,mb).
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[1] Jurgen Neukirch, Alebraic Number Theory, Grundlehren der mathematischen Wis-

senschaften, 322, 1999, Springer.

[2] David A. Cox, Primes of the form x> + ny*; Fermat, Class Field Theory, and Complex
Multiplication, Second Edition, Pure and Applied Mathematics: A Wiley Series of Texts,
Monographs and Tracts, 2013, Wiley.

[3] M.F Atiyah, I.G.MacDonald, Introduction to Commutative Algebra, Addison-Wesley Se-
ries in Mathematics, 1994, CRC Press.
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K707 Z KB 5 5H3FEMOIEFO 7R & F5EH S

= BEAT (2MI123005P)
RR T AT A ) RN— a VHEIRENT BIHER

TREHE 5 M, HAIX > x— il
16 R

o SBOMBAAHLELRIOEE

(B¥) B TR R B 2 RE A ERE L2, —RORBIANDIEERE Bf6 3, /2. €
Va7 4 ZEROZENER I RER Y —ICBT 22D 5, Harder & DFiUCHBWT, SL3(Z)(AH)
OERaArERS—, TAEY 2 RA AT Y —ICHTIRER AL L. X — o
By —BE B Gy 0akEnY —0ffA% BiE T, 7. pES a7 REO¥EF 2D, JE0HYHE
HEROFEBMEL HIET, ThoOMERREZARRILL, ORI FBEEEZMR bR R L
TErHZZeRHBEL LTV,

(BIFEEFY > 27) LR T3, BEORSHZ O TRR T — X b SHBEEE O ZE THIT %
W E Tor. SHRIIZORIFMEER LEHIEL, 7 — X BOIFTRH - RN FIEOZA % FHE L
TW3, ¥/ MHATORR T — X PHIERHELICRD P EEEX 2 0RFRET 5 Z 2T, #iR
T OMBEOIRKERFHE L, KEY X 70HEr L UERTE 2 MREER2 B2 TETH 5, Zhb
DREZHREL, BERXE LTEe®»3 I 2HEE LTV,
HABEIbr 22— v INDRE,

N DKEANDHZEE ZTOWED, FREERPRETEIIRE > TORV, SEE LKL R BE
HERDTNENWEEZ TN,

HHA¥RIAY FMCET 388,

ARV MNT ZSMPBBEIRTIED RV, SBRIFFBINCSML, ki 2 A DKL FED D Z
LERHEELTVL,

o 34— MRESAOBIRR. HARRERKR
t I F MR A DOSINIBIR R TIIBEMINCII TR - TE 53, MRREROERD 72730,

o TOMDEY 5EE (FEHRABLRIEFE. BY)
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I b FAE

Bt R 5

K EIE (2MI123008G)
R T AT A ) RN— 3 YHIRENT BHER

TREHE @B MR
A6 R

1 ELHXOBE

B, EECBI 3 RBEROMREHFENCEFTV V2 T3 27—~ LTEBh, £T6
BEhORD, 1 ELHE 2 BIEENANBTICOVTIRI B T, 53T, 55H 6 EE THENARTICOV
TS HETETH %,

BRI, FICRERRCEIERICOWTOL Y 2 —H 57 %, 5 1 Z T3 Pearl DEEHIYEERHEE IO
W, NMAE RAEEOBERZ MR L. 55 2 3Tl Halpern OFERZ IS, HEHICHIE B s tho
BOHREE ORI OV TR L. EEOMEDORRESRL TV,

B, 5 TECRREH L 72 BRI VT, BB 2 HREROEESR. Z OO Ik
DWTHHEMNBRETNEEZZ e RilAlz, HIEI, BB TA2MNRTH2 HEEFR 0 HER
DEFEP, BT 2 BRI OVTHR L, 543, T4 SR OEENLHE SO = 25 mE
T K o TR T 2 I DOWT, RO AT R LG L7z LT, JZDbLL B3 ET NI
DWTRARZ BTz, 25 5 ETIE, ERIFHEZ A CRRBEBROFESRZHNT 2 7 at 22200 T, H1EE
TR U2 BOEEERIC L 27V Y ZORBICOVTH U Tz. 56 BT, FRTORREBGEOEFIC
DWT, FMEHIREHEEROEREH VT, HEIRNEHEZED e ROV THi Uiz,

2 MR

2.1 ERZETILONBERDEER

WEPE L WS T E S W THIRE P B OBRIERIA 52123 2 2 2 T BEMINC S IR
RENDIBREB. HEHLAZ 2 00E7MVE. WTLREMGZROTRE BN LTERINZDDT
BBM, TNFhERICH BN RR S,

Halpern DEEETIL [1]1E. ATAERL VD, EFOTWACBVTHNIHIN TR 5ICEIL b
TH 5, Turing BZEETH 3 Pearl OFGFIHIRRHERRD . ZONAFERIMBENTI SN2, 553K
K e AR ER (RER) 2HEHNTERICESEZHS2I2T 5 2 2 BN T %, Halpern i,
Pearl ¥ OHFERFFEICE D, —RRENR Y T3 Pearl DEFNE, HHKRREZTERT 27200 EF LY
LT L 72,

Sato & Tojo D7 7 X7 > a YFlA [2] 13, FREBL WS, HWMEEMNT 2 I TEEEEELTY
{7 REBERICERINTV S, BREHEIL, HROFHE» RETH SN EN SR T, Bk
BHRICE > TE I TV bW AR o 22 EF ML Ld DL LT, @MBlEpE%E, AT
HEERH TR TV 5,

AHFTOFERIE, FIEDETNEREDET NV TLARABETHZ L WVWIHDTH S, Halpern DET I
. BEA 7R E FRATRE R FIKRE T L L L COEAD D 5T, HERORTE L 72 2 W2 CTHEE
LTWB WS REDNBINT VWS, TDEFIILE Sato & Tojo DEFILTILRT 3 Z & T, THHRH
ERBETBIT 2 HRDTEEL 2 Y. Halpern DEBEFALDRINE 512 LT 2 Z e alifrahs,
AIFZEE, BRI DL OTED 20, NAZRDESLELIEAIIHEOEE L WS DT
FRWV, 20728, BonBRIKIEZCBEINS DO TIERL, HEICOWTOANMOEE Tnt 2%
LN L ED T 2RARICUTIZED S 2DDLEZ 5,
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2.2 Halpern ETIILOEZEADCAATEES OKE

HARDERIZBT 5 BAKK 2 #amIR I 2 B % 2. Halpern QIR FLE 7L QIS AT REN 2 3T L 7=,
Halpern OKRE T ML, FEFZDAEMNRL LIzbOTERL ., 2R DOMEMED > TWD, iz K
AVRT TV ADFERRZITBHAREZ, 7 AU AE FEKE) LI KRESERZARRELD, 2D
B, 7 XY HNTH3 Halpern DEFAMHARBICHAAGETH 258 5 232 < AFATER WV,
Halpern QMR ZFEAISHAL &5 & 32817 LT, ILARE 3| 1Ick2b005H %, LirL, I
ADOFEIE. Halpern OB E 7T UCH T 23 FICESVTED, ZhE2HASHETHEETBERICBL
T. Halpern DR LEARDETFIURER L DTNDELCTWVWD, AFFETIE, IIARRLORD 46 L
7z_ET. Halpern RIUARDEFHA HARDFEAICBIT 2 XD X 5 EICHIE L TW 2 D ZMET L. WITIZ
[RAAH 2 Z 2 %R LTze BT, Wright © NESS[4] &\ 3 Kk RO EHER Halpern O 7L Tl
7R U 7= Beckers DFFZE [5] ICEH L. ZAMHAKICBWTOEEANIHEN TV S %3505 b HHTES 2
LERLIZ, X510, BEPTEAILD & 512, EROHADEFICBNTRRMEGROME L LTifbh T
2o 72 OWT D, Halpern OEEGEHWTET /LT E S Z 2 2R LTz,

2.3 ERBICHITIRARERIUADOMERDIERE L . HEHEDRE

BIREF N ERAOTHAROELAMG - ZHOMWX 25N LRF v v TRIEM L. BHENL BN I UER
ERE L

ARFFETIE, AEFFLPLHE BRI BV CHEBROHIWHEAE Y U TSR IN 2N EHEEIE, Pearl ® [
TR (6] TH B L OfEMERZ. L L, THEEBTRAIA TV 16E (F5EREIE) 7] &
BERZ B, e, FHIBWTSH, EBEHPRAL TV 2F5EMEIE%E “RRBEROBILT 2R LR
LTW2HOMREHALNS 8, 9 AREFATE, HEHHRIMNEHONR L N3 NEBEROTRY, FE
BICEEREI N TV R HFEEREED,. BECE>TIR BR2HEEZL DS BRT LT, F5
fEREIE DR/ & > THEBEFROGEEHM L X5 & T2 EBHEOHW 7ot ACHEMNLRT v v T2 D
5 Z e EiEL T,

ZD SR T, AIZEE. EHBCBOTIRAL S 2 4B 7 nb 2 28ER e LTRELTWS, 121 %
LB EDPRBEROMER L BT 27200 0%&MERL. YETIERENEZEN TV EINE S 20D
MEEREATS Z L 2RI, FEHEMEIEIC L o THEBFREHE T2 033D TH S, ZThid. EBCB
WTHERA STV 2 MBI AICTFELRERTH 5, DO 1 2OHBERIE. DEEOMHELEI I
ETF =20 5RD SN L IR, RENOHEROFHHFE AEFRDE T2, Hiio—Bhr ¥
2rWV0IHDTHB, ZhuE, NA XBEPERICENEE B < KABE O [10] 2. FRBEGr W B
ISR TRBUL L7z 2 WS R T, FmNRERE DA T IUERTH 5,
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K707 7 KB 2 5% 3FEDIEFI DT A & FEHE

K EIE (2MI123008G)
R T AT A ) RN— 3 YHIRENT BHER

TREHE @B BB, AR ¥ X — PR RBER
A6

1 SROMEHHLIBLHIDEE

B EH &, EHACBYT 2 REBRESOBENET Y ¥ 2l Ty, BamxTidFicsH
FNFERBFROER L EEHEICOW T 21T o 72o LR TR, BLRXTHAHETCERD >
72RO 7 —= B D flA7z 0,

1. FHEREGRD TS TR WBEOHEMEROET Y v 7
Halpern @€ 7 /L% Satoh HDET N TIBTES L WO BLMXOBREHIEXE S Z 2T,
B 2K T ot 22 EDETY VIRl A D,

2. MR 72 T 2 B 7OV AR D T IR O MET
Halpern @@ M, MG OFAIC X D, HEROMBE Y U THANIUIE T & 2 WA EERTHINT
LEEMBRET LV E S22 2 BikA D,

3. 1BE O GERAVFTA
L THRbRr o 7z, HTHERLRIC X 2 ET LV OER 2RSS,

4. HOSPEFRRET ALY, KD EHELFOETY v 7
Pearl % Halpern OFEBEIREZ ST 2 Z & T, HERNETAICBI 2 F5EOMRR L. EEHP
HEFICB VT HHMMI AT TH o il DOV TEBN RS2 52 5 Z L 2ilA 5,

%
2

2 HanBbr 22—y T ADERE

L ERBRNTT, BETHTOL Y RX—r >y T2iTWicvn, EFXOSEE. KEEFIPREE
B2 & IBEBICR LR T ORBEES V. BB OB AR, M OBEARE T, RNz
WD B 720

3 BHAFRIRNYMIETIEE

& 2 BT DRFSEH L LB TRD ., MBI OB EF L, SBRERICE S 2 4 XY MIATHE
BIROBIMLTE R, BERIFRETH, BIMFFTRD BN SMmL 720,

4 EIF—. BRESANOSNMRR. HRAERKR

B2 1A, 3REDE I F—Tik. ZORMTOMEOENZHE L, IHEHE T 28 aiEr s
EIEWD, o Er BRLKEETo72D LT3, HBOMEE»LBREH IR, MREHL OF
RRINICHRZITS K5 LBTTVWED, HOOWASE BERES) ZEZENCR> T 2HER L,
WY REOLEROTF 2 L ITEH L TWBIRETH 3,
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58 5T

ELmE s

=R F5F (2MI123007Y)
TR T FT A4 I N— 3 VHERERE B R

1EEHE @ B S, KAl o x— B
A6 AEEE

1 MES=

BRITD T — R ENTHW SN S FIETD S lasso (least absolute shrinkage and selection operator)
(Tibshirani, 1996) 1, 2% X — XHEE OBIHEHERIKI, Thbb | /7 VA KHlEMA 32
Ty W OPDRTRXR—=K% 0 LHETE D, AR TR, BIEEIREE TV OMMAT lasso ZE R 5,

. 1 2
minigize R (8) = 51y — X813 + Ml 0

ZORFHAICBNT, H2FHALEDS TR E L RIZTHE D bk, ZOHAZBIIHIET 587 X —
AP0 THROPTHMTE, EFTVOMRMPBEZICHRZ L VIREDDH S, D& RFARP, SXRITP
&Y > TAH 4 I THEEARER Z 212X D, lasso k4 27— KT CTHVW O TW S, FlZiZ, &R
F7F— X DRIMIICAEINTE D, lasso ZAWVTHEZ K OBIETOHR S, BOFREICHELEZ 5D
DBETFERET 2 2 2 HTE S (Hastie et al., 2015), & 52, Candes and Wakin (2008) T, JEfit
VYW EROBETTTIGH L TS, U lasso IHIEEIRE F ALY TR, I EIERHEHE
TMZIBHZIN TV S, FHlZIE, Gui and Li (2005) 1&. lasso % Cox BIFIZISH L. &SXIT - &S > T
FARXTHEIA 70T VAT — RO ETo %k, MICH, KETINCB 2 AA—RMETFIETH D
graphical lasso (Friedman et al., 2008) 23 F 55, ZDFHHET LTV XAIZBWVT, lasso DT LT Y
RLDRAAENT VS, BB, ZOESBRETFNVEIUL, [, FINNOMEZEZ 2 L THARETH S
B, o fFIT OB 2 TOBAEBOMAGSDOEEHET 2 LELND 2 7D AR 22 %, 1 il
1T ORI & U L C lasso (@RI S A TE2 L WS FIRADH 5,

lasso fRDETHICIE. WO RATRET & 2 HooHERIFIA & N 2 Bolb IR E L 72 2 728, fRHTIYZR lasso fif
ZRDZZEDHE LV, ZDTD, lasso [BEFHHET 3 DITHARBRBEIL 7 LT ) ZLAPREEI ATV S,
Bl Z X, Kl R %K 5 LARS (Least Angle Regression) 7L 3V X 4 (Efron et al., 2004) %,
SRR 72 R D 2 % FHELY B FERERE R % FlVW 72 7 L3 ) X 4 (Friedman et al., 2010) 233 %, St o
Turo IV IEEE LTUALAVLATVS RIZBWT, LARS i lars, FERZRE Fi&E glmnet (Elastic
net model paths for some generalized linear models) £\ 5 %y & —ITHEEINTVWE, ¥ELBFL
BOB(LRIEZ R 702V XL TH 20, TNLIUFD D % lars IIAEHEIS D5FHHRFRI 2 LI R WV,
—J7 glmnet IZFETE TR GELINZREZ KD 205, FHREIFREDIHEIVE VW, R, glmnet 1XFHH OHED
FHETH D ZEh b, lasso DRy =V LTAL VSR T WS, DDy & —I D 2024 FITBIF %
Ry r—I &y ro— RT3 2, lars D 12,0840 126 LT, glmnet & 134,9785 ¥, 10 f5 Loz
WD b5,

Z D & 57 glmnet 23 lars OFFEFIR E —FHE 3 BEIEL R2RUHDH 2 2 & 2 BIEFEB CHERL 7
(R ZOLE, T—=XEFY YT AH 4 X 5000, FAZBDE 3900 DRWTH 3,
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R Ry r—v 7 A b7 (RMSE) | #tHEFH [s)
lars 1.51 4440
glmnet (FREME © 77 AL 1) 64.15 44
glmnet (FEME : BIETR) 1.58 884

# 1 BEIERER

ZOHRIE. glmnet OFHEZ B TROCIRD 2REMH T 7 4L F DETIE. TPCRL R Wizt
L7z ehbhotz, FEBE, glmnet DFEMEERE L 25, BEOSENEHTE, DD, glmnet
. EYNCREMERET 5 2 T BLBHERETEM R 2720, WYL EEERPBETH D L
WS Zedbbhol,

glmnet DY) EMEERE Z L 1cR2 5 b BICETERY, Z207d, WYIRFREMERD
FeDITl, X FEXERFBEMEAITIHRT 2MHEND 5, FEMORREL LT, WEMCGEHIT 227 v
FY—F0EZ N5, FHICEROREMEIFET 256, WARRHEEEHERT I erkdbhd,
0%, BoE(LAER LRETH D, KHNZIIRD RRV, ZZTARMETIE, REOATLT—X
BHERL, =a—F03y b7 =2 Z2EMALTREME FHERME. glmnet OREOMFREET LT 2
LIk oT, BMERL. MBRMHEYILRREME 7 — 2056 HEINCTRIT2H LWHERIRET 5,
BT, TOFEEFTTE RNy T — assg ZIEK L. GitHub TR L%, Ay r—Ji2k b, 2—
B — DRI EE SR AT S Z L AATREL 72 %,

T — X 5 WYL EEMO BEI R EIRDER UL, 2T glmnet L —H — X HICHEYT) R E ML
522 ZeWufEL 725, MHRPTILL #HbA T3 glmnet I2BWT, WYIRREME S 2 2 HEERR
T25ILT, 2OV —DFIENERED L LB TE S, Tz, THEYIRFEMC X 2 ETFEROEl
2B Z 2 TREMRERMLZE L. 1FoNTASROBEMNED A X182 Z e hHIFE N5,

2 REFEICBITZIREBEERDTRN
ZOETIE, 7T— X2 OREMEEREIT S KELRIRNETR T, FHEMEEROMNER 1 1TR LTz, &%

EEIRDA > 7y b LT, 77— X T DRI Thopels| EHET 2, 204 > 7y bhodlyILRE
EEIRE BEITIT 5, £3IEILOHIC, lars 2> glmnet DEBE LDy I —IEFHWE OB 2175, 2D
WET 24T 5 HEHIE, lars 3FEHETH 2 2 226, FHERFEICHEED 23 UL lars ZH W2 BEEOBIAT
R0 ThHs, METHIEZ. 7—255 lars I 35 ERME (Thaers) ZFHL. ZHDPTE O R
R 200 THW T %, lars OFTERFEDFTE O TR 28 2 258, glmnet THEHT L. glmnet
DREMEIRNE 5 D%, DIEAD glmnet DFEMEERDTN L 725,

1: BUEEER DN
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3 BEREER

EFRIZH > TP A4 X 15000 FHIAZEEOE 800 D7 — XK LT, lars & glmnet 2515 U A5 R 2K
2 THb2, ZOERNPL, HEITREMEIRELT - 72 glmnet (&, FHEFRFEIE lars XD R, 7R FRER
lars IGEWHER 2o TWB T e D3Dh %, Ee. SHIOREMDERICH D - 7RI 1.1 IFETH-
720 ZORRZEMKRLTH, FREMEBIREITR - 72 glmnet & lars & D bV HBTHETE TV,

RSy o=y 7 A b7 (RMSE) | R [s)
lars 1.244055 90
glmnet (FREM : 77 41 1) 2.153446 1.1
glmnet (FEME © HEER) 1.223052 6.8

2 BUEFRAE R

2EH

E. J. Candes and M. B. Wakin. An introduction to compressive sampling. IEEE signal processing
magazine, 25(2):21-30, 2008.

J. Chen and Z. Chen. Extended bayesian information criteria for model selection with large model spaces.
Biometrika, 95(3):759-771, 2008.

B. Efron, T. Hastie, I. Johnstone, and R. Tibshirani. Least angle regression. The Annals of Statistics,
32(2):407-499, 2004.

J. Friedman, T. Hastie, and R. Tibshirani. Sparse inverse covariance estimation with the graphical lasso.
Biostatistics, 9(3):432-441, 2008.

J. H. Friedman, T. Hastie, and R. Tibshirani. Regularization Paths for Generalized Linear Models via
Coordinate Descent. Journal of Statistical Software, 33:1-22, 2010.

J. Gui and H. Li. Penalized cox regression analysis in the high-dimensional and low-sample size settings,
with applications to microarray gene expression data. Bioinformatics, 21(13):3001-3008, 2005.

T. Hastie, R. Tibshirani, and M. Wainwright. Statistical Learning with Sparsity. Chapman and Hall/CRC,
2015.

M. Stone. Cross-Validatory Choice and Assessment of Statistical Predictions. Journal of the Royal
Statistical Society. Series B (Methodological), 36(2):111-147, 1974.

R. Tibshirani. Regression Shrinkage and Selection Via the Lasso. Journal of the Royal Statistical Society:
Series B (Methodological), 58(1):267-288, 1996.
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K707 T NIBTB51% 3 EROEE DA & EEEE

EE 75T (2MI123007Y)
TR T AT A ) N— 3 VEURERT B SR

TS © B 2 HAIX & — B i
S0 6 £

1. SEOMEFEH CIELRXOEE

SHBOMFICOVTE, B THONLAREEC, o2 BELEIRLLAELED S, UT
W2, EERAANE 2 BN B,

1. B iRk & tFEANDEH
F3\ BLERCTHEA U7 glmnet Fik%E —EAAEE 7L (GLM) ISHEH 3 2 A THRERZIT 5. 2 DIk
RICK D, REFEOBEAATGERE T NVEEZ NS, ZOEMEL S HITHRIES 2, F7. glmnet THS
Nhz ) ONTERHIT, MDA =08 F X=X DBERPBBELRFHEADICH DA LTV 2,

2. Equation Discovery (23 2 5%
b5 —DoD ML LT, Equation Discovery &\ 5 7 — X 2R 3T HEX O AE FRICHE T 2H%%
fTVizne#F 2 TW5, Equation Discovery (&, BUTE TN NT X =R EHET 7213 TR, ET L
BN RA—R2RARICHES 2 FIETH 2, ZOFRZHABFEET ) > 272BT 27— XTICAV
Ve EZTWS, X512, FEREFMEGNRY 7 —F2 5 HRNAMED TV EEZL TV,

2. HElEbr o 2—2 oy IADRE

B S TIIEEERELTE D, BRNORED VG, THEBEADA V&2 -y TRHEL TS,
BETIE, WESH R ORBE THREANRAEREER T2 X5 BBHEDA Y X —V oy TEHLET %, W
i, ENOMZEHEETH 2 M BEEM S 2/ E L TW 5,

3. SHAFERIRY MCET 38

ARF A IN—=TT =2 ay 7T, BLAERE 1 ERCEFEETL—X e LTSN, .
LA 2 EXCD B L. RERERICTHRRIOREL B To 72, WThd, HMTH2HEMRT
Ta—FhoREICER DAL, EF—XOMBHICI DT Z 2T, Hifie OF vy FROREICBIT 2 8L
XRARE L7z, WELBRFETE. ThETORBREED L, MEtRy Fa—F %2175 ETIE 70—
TEEBILT, EDODHIMHIHTE S X5 IHD ALV,

4. I PARESANOBIMRT. HRRERKR
MEAPHRRIC B VT, 3EIIRERERZIT > 7o MU TO@ED TH 5,

o glmnet TOFERERFEZ FHICKRD 27D DFEMDHH, 5§ 18 I HAFGHHAREFTRE, RXX—
R GREY) | 2024.03

o glmnet TOREEREZ EHIT R D % 7= OREMEIRD BBL, 2024 FREHFHBIEEREEAR, 0
BHFERR, WHHERLY: (RED | 2024.09

101



Mamematics b movation ANNUal Report 2024

e Learning appropriate setting values for ”glmnet” package, Forum of Mathematics for Industry (FMIfI
2024) and ISMI (2024), poster, Universiti Teknologi Malaysia (Malaysia), 2024.09
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A 167

B ES
2MI23004W 1A 67
202542 A TH

BT, EBIREA LY VTSNS IR U, OZEMEEZIME L 2. 2R LY v E

FOUDER SN B EME
H=L*R% ® L*(2),

ThH3. H, %
1 .
Hy=—3 Z 0 Ajie(2) 0 +V,
1<5,k<3
LERL, wk
w= [— z c(z)flaja]-k(x)akc(z)fl +m(z)27

1<5,k<3

LERTD.

Assumption 1 (Cutoff function). ¢ € /(R%) HL, ¢ € LL (R?), o(k) = $(—k), ¥~1/2p € L*(R3),
O lp e LA(R3) AR Y LD e RET 3.

Py

ZD e BHAVT ¢ = (07V2Q) LERL, O PEHVWT H ZUTO LS ICERT 3.

D
H; = /R3 o(o(- — ) d.
P o HEff 2 B F 2 Z5BUSRE R L Y ~ = F 0@ Hamiltonian Hy 2 TO & S ICERT 3.
Hy =H,®1+1@dl(w)+ H.
Z ® Hamiltonian (2R3 2 BEIRBBOTFE, JEFEICH T 2M5IEBLICITRbhTw3. (1], [2], [3].
DIRE O, 13 Hy 3 2B IRRBERET 5. bbb HyV, = E,¥, DD 35, 2T
E, = inf Spec(Hy) TH 5.
KT, Hy SN 2 EREREEHKT 2. H, OFREITI A 2T o e RZ PV b 2ZhZRh
o(z) = A(z),
b (z)
bx) = | )|, b(z)=
b3(z) k=
LEHT S, s EHAVTHEERM SRR

w

(OrAji) (@), §=1,2,3.

N | =
—

t t
X, = x+/ o(X,)dB, +/ b(X.)ds.
0 0

1

103



Mamematics b movation ANNUal Report 2024

EEZ, XF &k IOWMEMIABRAOMRE 5.
KT, Hp WENTWRT Y 2L VIR LT, Kato class EHEIN 2 BBOEEZ

¢
lim sup E° [/ \V(X:)\ds] =0.
0

t0 zeRrs
MDD XS BBV ORELED K(R?) b# 22T 5. 72, local Kato class 2 FHEN 3 B D
®BE

Kioe(R?) = {V :R® = R | 1V € K(R?) for any compact set K C R?}

LEHKTS.
D %% 2, Hamiltonian Hy 12313 % Feynman-Kac formula /M3 5.

Theorem 2. {EED t >0, F,G € H TR L

(Fe NGy = /

[ B [ VO (RO, T0. 06X 1201 ] v

MR D 3D,

ge t LA(R?) — L2(RY) & jijs = e sl il T XS MEABEL T3, 7z, J & J, =T0) & E
RN T T, = e s RO X S RIEAETHS. DL %, Feynman-Kac Formula 12BN 2 /£
FJ0,f] WATD LS WCEFKSIS.

J[0,4] = Jafe*dnr(fobjs@('*xf)flS)JL.
Z Th BIFEEIRE O 22 O upper bound (2B 2 SRR ZAENF 5. Upper bound %K 2 BED
WL 4] BBEC LE.

Theorem 3. 0 <V € Ll R 2 3%. ZOLETREDa>0,0<a<1/2,t<da) XL, EH

loc

D1, Dy > 0 DFFELTRI D LD,

aa?by

10u(2) | 2(2) < £/ 4D1eP (Dye™ "5 ™V 4 71V () Wy |3y

ZZTE=FEy+ B(), Va(z) =inf{V(y)| |z — y| < a} , Vio = infyeps V(z) TH 3.

Corollary 4. 0 <V e Ll (R} v ¥%. %72, 2EHn>1, K >0, > 0DFELT B (0) DIMII

loc

Tz <V(z) EWISFHEBR DD TS, ZOLEDHBHIEER C1,Co > 0 HBFEELT
19g(2)l|L2(2) < Cre=Calel™™
MK D 3D,

-® Theorem 3. & Corollary 4. 2EEARAED 22 ICBI 3 % upper bound OFHiTH 2. Z ZHh 5k
lower bound D FHiZ RIS 2 KEH % FiFHF %. Lower bound % K® 2 B Dikid [5] 2551 L .
ZOOMRD I TR CH CEMTDOEIICERTS.

¢ = {q € C'([0,T;R?) | ¢(0) =z, (T) =0},
={y € C'([0,T};R?) [ (0) = 0, «(T) = x}.
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Lemma 5. fEE®D 2 € R® LT o(z) RIEAITH 3 e RET 2. £, EEH M, My > 0 DHEE
LIEED © € RIUSH LU |o(z)| < My, |b(z)| < My BED LD ERET S, COLEEBED T < M% b
§EC0<V € Kioo(R3) 1M LTH3EM C = O(T) > 0 B5TEEL

T 9 _
g (2)llr2(2) = Cexp {—/O <Vsup(¢1(t)) + W|Q(m2> dt} .
PED LD, T T Viup 1 Vaup(@) = supj,_, 1<, V(y) KEDEFSNHUTH 3.
Lemma 5. Z#F %, T8 Ar % Ap = 1\1(1%1\1127") LEFRT L. FRIOEBEHCTZ 0B o ¥

L EZUTOESITEHT 3.

T
#a1)= [ (Vanla(®) + 3ArliC)? ) . qec

T
£(7,T) == v/Br / W (L), € C.

Theorem 6. {EED v € C,0<V € Koo (R¥) IR L, H2IEERC HBEFEL

T
¥ (2)l12(2)> Cexp {_\/E/o V 2Vaup (Y)Y ()] dt} = Cem?0T).

B D LD,

Corollary 7. BF ¥ ¥ 0 <V € Kipe(R) ICHLBHZEH n > 1, K >0, 7> 02FELT Bg(0) D
AT Vi(z) < ylz?™ BOSFHEAR DD T3, DL E, HIHIEFERCs, Cy BEFELT

[Wg(2)l|L2(2)> CzeCalel™™.
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K707 T MBI 551 3 EROTE D I71A & 2 B

IWARMER (2M123004W)
TR T AT A R—= a VHEREN BEYR

TREHE B Sk, HAIX > x— I 55
A6 AR

514 3 ERTI L RTHAGAE T1T % - 7298 T H % Feynman-Kac formula % f\\ 72350 & T O fithi = &
DHED TV EZWVWEFEZ TV, HTEIE Nelson model (2315 2 HFFEICH D FLA TW 2 23S BRISRF SN SR % 1
PLEIDZLDETL, KDL RRBEICHET 2MAZITV20. BERFICIE Pauli-Fierz model % Polaron
model ZiFET 2 2k, £/, IO —RLEINFEFNMCETEIHEEZITD 2 2HBPICANTVS. X5I1T,
Z k1A 12 Nelson model 255k T 2 Z LI L THHE R R - TWwW3. LioNE I T 252D, %
OFERPHEEIRYY LTIRHT 2 FETH 5. Feynman-Kac formula 25Tk E LTHERT 3 72D IR
BT 22 O E RIF T IREN DD, FL/ONZTHA 5RO TSRS SN EMOZ Y Z R
T B DN E H IO B I DEETH L 2 EZ S, BANCEEFENRGORTHOWIEE
e, BEILC T ORFREZM S L WO MALRBLWME TETH 5.

BEFAIFEET Y ¥ VP CREAHAIET Y Y I TIODMARNETH 5, AV Y 7 4 VR ERWEES{L-
HIEY AT LT 2R E 5| S ETS. FICEA T — XD AT AQIHICHE T 2% %21T> TETH
D, BHRF—XADY AT LADIGHDBICAT o 7o T L AT 2T L DR 5 X —ZBEEL-EITIC Y D X
SIHELTVEONE L TEREZTVWEZVEEZTWS., £, HA7—XORMTH 2 RIFL AR
HEHL, E§F—22F VXN F— R T2 AT ADGHE DEWVCEH L T ERERITVEV. E51T,
Za—IN%y NI BV AT ANOKRBICHET 2R DITI PETHS. FrT, AT L0
BEFOBRICOVTER LV EZTWS., BARNREEINT L U XL RIERE 1 Faifiz FEL T
Wwa.

HATEIA Y 2=y TEEFD LZEBEEREL TV 2P HEICEIRE o ThRW. E¥EERL
7 AR R FEITTHEIRE TR T 2 EBSICIU D AW e B X TWD. F72, EEREERL 2583 m0K
FTHREZTVIVWEEZ TV, BANREEIR Y U Q3L RIEaE 1 #&2 FELTh 5.

WMHRERXDOBHNRTICOWT, ELATHEE —FE D L %12 bonn KFETHME I NZMEESR” Recent
Advances in Quantum and Statistical Mechanics” % L7z Z L DSEHIRICHE > TW 5. A TITDIL 5%
RIBMT 2L BHDTTHo7ke®d, FBCHBERLREBE o7 KIS, B LELHASEZHEL
TV OHEDEFERMZ Z e D TELDOFRWVEBRTH -7z, Tz, HEIRFEIFHIINC T Tbh
TWs EFHEOBEFL 2O WO MARR2HFEMRHEL TED, BOOWEOETE 2D D &K
FOWFREREMZ 5 LTIERICRICTI o TW3. 5% ZOMAERTSIMUHLLHMAEZEZ L L bic
BN ENOIFRE L I 2 =r—>a vy ERD 2V EEI TV 5.
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HER 2%

MNEG BEWEEEAWET <) BN X AIEER
7 — D H 2 REFEDT a2 — X —DHHFH

HEE %55 (2MI123103S)
TR T FT A ) R— g VEBIRER R T AEREIESR

fHEHE ) 2B
A 6 AR

FHANRBTEEETT220120%, BTEVFTERS2EET2LENDD, RENLRDDOLLT
REFEDD 3. REFBCBI37a— RIS T2e, METE Y FORERRE (> Fa—2a)
5, ~RICIEZLRVWTF—RETEy MCEL 25 —DREREF2HEET 2R A7 THS. LirL, £
DBRAHEEIZ NP REETH D, WIHFEEZZLDL T a— Y X7 1 v 7 RFEPSZEIRINA TS,
ZOITT—DHEERIC, FANCHIELZYHEY Yy MEOL S —FEEFEN R O L TEX2ZLT, 7
a— FERERH LT 2 ZeAbhoTWwWa. LA L, EBIE, ZHEMRE OHBEERICE D =5 —RKiZIEE
W22 ZeWRENTEY, FHUTIZ S —RKpPRLZ 2D THIE, BRilik 7 a— PRI ZRZIT
#izd, Lal, KLAVWSHEZBFLI—F[EDSA 75V THBTE, EERNELS —DSIal—
S aYIMELTWRWED, IRAHDTT—IIET 372 —K—0BFRIE, Y2 —XEAET
SRENDH 0Tz, T ITTAMRTIE, ZMEVROMEERICER ST 2FEELS—Db LT, TI73—%F
WP LRET 2RO T a—L2—X D b MREORVWT a— X — 2T 5 e 2HBN L Lz, BRI,
IR OREE MR L7z,

1. JEEHTS—DB T, BIITREEDS Y Fu—a2 AT 2 22T, =5 —RHOKEZN S 20
2. Y RBR—L0E, TRETYY NIIFET S 7/ <V —%2H#ET 2 Z LIZnEED

3. 7/ <V —OHEEREEED 100% DK, ¥ Fu—AMMAT? /<Y —%2ANFT2ZLT, Fa—F
TEREE A BTS2

4. T7—DBFNIMAT, 7/ <V —OBHIZTI3REDOT a—X -3, T7—-0OBADAEITS kK
DT A=X—=ITHANT, FEHELI—Dd L TEHVEREELRTH
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K777 KB 5% 3FEMOIEF O H & & HE

HBE %% (2MI123103S)
TR T FT A R= 3 VHEIRFN VR T LEERE AR

TREHE T oK BK, HAIX > & — e &
A6 AR

1 SROMELSHLIBLHXDRE

FERANRETIEEFETT 20103, BTFEDFTENSE2EETI2HENH D, RERMNR DL LTH
HfFE B 2. REFBICBI27a—-RIMET2L, PETE Y POIEMRRE (> Fr—2)
Mo, —RICEEELRVT—XBTEy NCEL LS —ORERIEHEET L XA THS. LoL,
ZORAHEEZ NP WEECTH D, BMEEZEICDL T a— Y RT 4 v 7 RFESZEIREIA T
5. ZOT7—OHEERIC, FANCHE LWLy VMEOL S —REEHMNRIDL L TEXSZLT,
Fa— FEEERH LT 2 2 bhoTW03 2. LaL, £, ZHWMREOMHEEHIICE) =S —%
BIEEHINE 25 2 e RENTED [4], BEATES —L0RA 50 THIUE, BlEKT a— FEESED
BRATRZ S, BERYXTIE, ZOXSRIVBEFECH LTS —EFVICIEDH 2, S % v
RRE/FEDTa—R—DMFEE{T- 7.

Lo, BIUBIFEETY Y728 2M%E, B TITo2MAONRTH 2, #DETIE
HEICEEL, MAEZRBEIETW TETH . BAENIE, REAFEIDZHOL v M EOERME L E
KF 225, KOHHDRW qLDPC 5 [1] REHERS 5] 1B VT, REKHLLL I —ETMIIBIT S
Fa— PR LR BIS Y. Zho OZEOZRITRICIE, MR T35 EUEARL T AL 2 2WS
FEEBRE Ofamic o, MEREOZY AR T2 TETHS. BRI, BIRETY Y 27ITB0T
YYAVERTFEY FFEAL RDEMRTH 22 R TF AMEREIEEFORILSEA Y, BHHYOMEICHEWT
BHHERTERAVERETE Yy b 7L ROSERFEEITS NanoQT &, HFEITHIZEZ EMTE % & 5 Ui
BHEDTNG.

K-BOOST D3Z#%% %2 TIT S THZEE, B OMMAE 2 AV FRcER L, WREREIET
WL FETHS. BEINCE, 7/ <V —0OHEEFNVICHRIREEZEAT2 I 2EATWS. Th
i, MR OHEMEACE DAL 25 —ROLEOFED, BOFTERIED 194 7V ICET B0
BNCHRTIFFICEWEEZ D020, HB5ATy TRBIZEHLT —RORE (7 / <V —) &, X
DRATF v FIBVTHHERX N B AR IEHICE VN WS HEEICER LD THB. ZDE51Z, 7
7<) —OHEETFVICHRNZEEZEATSE 22T, 7/~ —0ffEERMLEL, Fa— Fotk
HEDEE2EZOND.

ZD XS, SHOMIEHE Y LT, 27025 ATRETEDETEMNS, K-BOOST TIIHEMWEE D
BlrroMErED 2. BOTICBH Mt 2 2T, BETFRVETIERS L, ZIUTHT MR R FEoM
FRDSRE 2 L WO HHENRIIARFTE, XD AV R7 M ODHIWFRCEN L EZTVD
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2 HAmE#Mer>o2—2o v IAOREE

HAINTEEA > & —> >y 7Tk, D2 ORIHAEISENADEEEICA > X =2 v T2 WS TRV,
DIl CIfToMAERBIEZ L EMLELTVWS. BRNICE, BEFaYEa—XD7—F77F v D
F5e % RN AGIF %, Fred Chong #e2E (¥ 2K%), Moinuddin K. Qureshi /64 (¥ a—o7
T v 7 K%, Swamit Tannu 564 (V4 RV VY R¥EST 4V UK), Gokul Ravi &4 (2 4V KF),
Poulami Das J&/E (FFHAKR¥EA—RT 4 V) REDWRBIC2BEMIC, fHEREORAKEZEL
THfgE LD, B¥TEAREEI TV,

3 BHAERAIRYNCET A

ART 4 V=TI HEEMNCSIL, HSOHMMEEZE,L L TEMTEILEI TS, YR - 77
T A/ R=YarhTe - LIF=cd, BHLEEOERND OLHEIED H 2 b OIIITAMmANICHE L,
HEOMEICE» I EZTWVW3.

4 tEIF—. ARESAOBIMKR. ARERKR
MFRot 3 F— - FIRERIANSBML, HERELETo .
o H—[E QIM KR
¢ 4th International Workshop on Education and Research for Future Electronics
e The 5th International Symposium on AI and Electronics
o H[E QIM KR
o BB R (QIT51)

SE

[1] S. Bravyi, A. W. Cross, J. M. Gambetta, D. Maslov, P. Rall, and T. J. Yoder. High-threshold and
low-overhead fault-tolerant quantum memory. Nature, 627(8005):778-782, Mar. 2024.

[2] B. Criger and I. Ashraf. Multi-path summation for decoding 2D topological codes. Quantum, Sept.
2017.

[3] A.Y. Kitaev. Fault-tolerant quantum computation by anyons. Ann. Phys. (N. Y.), 303(1):2-30, Jan.
2003.

[4] T. Thorbeck, A. Eddins, I. Lauer, D. T. McClure, and M. Carroll. Two-level-system dynamics in a
superconducting qubit due to background ionizing radiation. PRX quantum, 4(2), June 2023.

[5] H. Yamasaki and M. Koashi. Time-efficient constant-space-overhead fault-tolerant quantum compu-

tation. Nat. Phys., 2024.
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YA XHHf & 77 7 EIREOHRR &
T X —EEHREICET 3R

2MI23101W (LU FHik
TR TAT A4 I R—a VRN
¥ AT LERELE R

tte 0% L oM@, 77 7 FomEtilEe LCRETE 2, FUCTPEERIZMHES L5
7k 0 ERWEBEIC O TR, YA Xichlifod 3 77 7BEtiliEe LTERLTE
5, BlziEd sExIcE T, RONLkED N AT THHERBV S DT 2EHRTE %
Bl 3, BRk-TRSEERE I X s ERLoko b s, flhic b REM LS 4 JHIMN & 2
7 7B e LC, BREk-BT 77 708, BRkn—k)-71y FEELREEE L. &
K &N a-BESA XS 75808 &K BN a-FCGP) i, chbi2&L% LD
YA XK & MO — R L TH 5.

CoOMETIR, MAMNERADE ST T76=(V,E)L EEEkE A EL, B o (5):=
1=—a) - w®S) +a-wS V) \SHERKL /ML) T2 X5 %94 XkoTHSREASSVE
kw3, 22 Talda € [0,1]DFEE, w(S)FMlilE%SICETUDOERDRH, w(S,V(G)\S)
F 1 ODMHDOAESICETLOERORMERT. |’A (/M) a-FCGP 13 NP-Wificd
D, TNE TICEY A4 XkPHEBEd%E T A =2 & LIz FPT 7ATY) XLDFEER, H5
#ipHco W1]-HEEEAR E LT 3,

KT ETRK BN a-FCGP 0 HALFIE L LT, @HrERETH 2 & v 5 HIRZMN
A TERERK (B/N) a-FCGP 2## 2 3. $Thk%k 72 -2 Lz, BK BN a-
FCGP #W[1]-W#<d 2 & ¥, ERERK (R/N) a-FCGP dW[1]-HETH 5 L &R T
xic, FH 77 7 D—ftTH % apex-minor-free 7' 7 7 FEOLIFERRIELIR 7 L o) X
L% 25, EOWCHEAPERTH 25EIC, a € [1/31]ICH T 5 ZAERKa-FCGP &,
a € [0,1/3]ic B F 2 B/ INEREa-FCGP it L FPTiEf A % — A DIFIE R R T

MZT, &K (&/N) a-FCGP DA =25 73 = (V,8) E~D— L TH 2 &A R/
BEY A X4 =77 7 58FE &K (&N FCHGP) %253 5. ZHIchf LT,
ANANANR=TFTDFA V7T TRRTHDBEEHEICET2HEANRM TV TY) XL %5
s, T, ANANRNHORKRIA X TA VI T TOREwERXTA—2 LT3
206t W07 L 2 ) X LD #1T S
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RTT T 5 MMIBT 55 3FEDIEE O SH & 25EHEE

(L F5E (2M123101W)
NA - TAT AT R—= 3 VR VAT AR

FBEHE b B, HAIA Y Z— il B2
A 6 A

2 EO PR Z A S & 5 LFEANREMER, @Y1 XIHf0s 2 AasbeRiMEs LT
EAMEARETH L. L LEREAMEDZ I NP-HTh Y, 72 “RW HiEZL ODALIZELTE
HICE L 7L TY XL (FPT 7ITYXL) Z2WTEFET S, HEVEFELRVWE FRENE Y
Z A (W[1]-BE) Tdh 20 RPALRMEEIZ . RIMME LR TOMIERIIBWT, £ < OREM LY 1 X
N EMEO—BLTH 2 o-BIEY 1 XV 5 7 REIBE (o-FCGP) KUZ OHRFEICKI L, FPT 7
VT ZLZFZUDE UFEROEET IV TY) XLOFKGR, WL-WEEOFHE 7272, MLiEfET
13 ET, ZOMBEIZNT 2 RFROFEZHRKRT 2FFTHS. ToilczhziEme L, & AfikiE
X Z DM DBk 4 7o molAL I NAE S 2 RE 2 BERGE 2 R U, @MERE T VT ) XA FEHLzvwe
BB, FEBEAEE LT, WFEAHKTT ) VB WTERGEMLT VT ) XAOE SR SRR ED,
LML AIROERZEBOI Ve E XS,

KA A Y R =y FIZOWTIE, EEPNEFET 5. MLEEAESE, HEERIBY
TS 727N T) XL T 2HERS SORREETE» L, REFZRIRECSWIMEEES 221795 2
LEHET. ZORDICE, ROREPED LS ITHRTRIDDNLE WS AAPBKERYRTHS. &
TR —ERCIE, ESGI &\ EBMIERICB VT, SKEHHE KEHNE L-REAX Y FORER”
BIZH L, FAEEE ST 7 LORK k-TERaBBERBICNT 27V TV XLE2HWET Tu—F 2L L.
LaLBds, ZORBAXY NOHNIREEINE &L 512, FH2TH T 23R R OHK AT 5
MEIZOWTIE, HERIAROATIEHITHIE LSRR WHIE2 % 5 L L TWad. E 7B L3RR AR
12, BASBRTICB T 2EFEA VR —0 Yy TIZBHIL, REMKICOVTIDEIHD 2N EBU 7.
Bl Cao 2 O REM®EICE T SEELANBILT v 2 — v Yy TADSNEZRL, BFOWE
BRI BRIZED LI IHFELFENEFERLZVEEZT WS, 512, MEHRICEWTE, FPT
BB BHESE 2 EAAD KRFEDOMIZEE L@ LU THHEL, FMOEE & ICHENOM EIZLTD W
EHERATVD. ZTOHIT, EHEHARIS Y 2 -2y TRETTEVWEHRS.

Fiz, BLRBIBWTTFARBIEREBOSNBR0IZART A IV =T, ROEVCIZIA - 747 -
A/ R=vavHT - LIF—FDIRY MIOWTHE, LIRSV THEBNAEE 2 KT 5720
DEELER LR, BBIZSNT 2ETH 5.

Eiz, UFIBMULERFERICOVWTRT. 2P, #20 [ BRIV -2 v ay FicsnTil, &
FEIVEUTF—vavERRE L.

EFEERRERX

*S. Yamada, T. Hanaka: Fixed-Parameter Algorithms for Cardinality-Constrained Graph Partitioning
Problems on Sparse Graphs, In: Proceedings of the 9th International Symposium on Combinatorial
Optimization (ISCO 2024), Lecture Notes in Computer Science 14594, pp. 220-232, Springer, 2024.

+ S. Yamada, T. Hanaka: Parameterized Complexity of Fixed-Cardinality Graph Partitioning and
Its Variants, The 24th Korea—Japan Joint Workshop on Algorithms and Computation (WAAC, 2024),
2024.

+S. Yamada, T. Hanaka: Fixed-parameter Algorithms for Fixed Cardinality Graph Partitioning
Problems on Sparse Graphs, Indonesia-Japan Conference on Discrete and Computational Geometry,
Graphs, and Games (IJCDCG"3, 2023), 2023.

ERSEER, BEMREER

2024 FEJE SMMXIZ B 24 F OR WHZEs e (2024), 25 20 [ HHEIFET — 2 2 av 7 (2024),
COMP-AFSA Y VRY Y A (2024), 4D LA ¥V iKRYT L2023, (2024), 2023 45 SupiEIz B 1
5FT OR WZERHiax (2023), 25 19 [ {HHEF Y —2 > av 7 (2023), EO LA ¥V KRY Y L 2023(2023),
173 European Study Group with Industry (ESGI)(2023), KDEE#H S >R T LA 2023(2023)
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ARl B

Kullback-Leibler divergence D#§i& 123 H U 7= I D425
JUNRFEREBES R « 747 « 4 ) R=2 a VHRENT
fREHE - RPERER

FERS - 2MI23201Y

KA : Bk

BRI HFRIC B W TRAHEERICE T 2 0 BUCE L . Kullback-Leibler divergence
BANZ 2T 5%N (MF, #HaER IR 25 Kullback (1959) & & - TRENT
W5, —HT, HEHERICOVTHEIUE Y Kullback-Leibler divergence %33
FNCANT YR 2L B3MRTr —ATH 5. KX TR FHEOHET BN BOLE L v
Kullback-Leibler divergence 2NN T v 23 3 FR (LT, Fig a5 L R
W, U BRI 3 2 L 2R Lie. BARBITIER SR, 7Y 25, 7
> <437, hyperbola 4347, von Mises i & 2-23F X — X DIEHBALI kL L TRV,
Kullback-Leibler divergence OFHHHIZMHEEICIEH T2 Z 2 TH—HIARFETRT. £
7o, B e P AW T 2 e bR ER L HEFROBK TERT 2
ZEHRT.

F 7z, R Tld Bayes WREHHADL SO 7 0 —F 175 . ZIUX, ST = Hedm
% Bayes AT Z 2 2 & 23-A 72 Yanagimoto & Miyata (2024) 2> &5 E15
Tz SRMEA EHERRIE, BADDDH 2T X - R AT X —RIZTPAT VDB L E
BT RXR =R O EEZWMO RN TOHLDH 535 X =R IZOWTHERT 5 &\ 5
HDTH 5. Ble LTS 5 DOIEBIID MR OWTEE & B 2 Hmih o &MY &
Az HZ S, ZOZickh, FHMNEHEROTFEDHEATERVWEAETH > THH
DHBNRIRA=RIHET2ENHEFELRET I EDARTH S 2RT.
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[1] Kullback, S., 1959. Information Theory and Statistics. Wiley.

[2] Yanagimoto, T., Miyata, Y., 2024. A pair of novel priors for improving and extend-

ing the conditional MLE. Journal of Statistical Planning and Inference, Volume

231, 106117. (to be appeared)
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K707 Z MBI 551 3 EROTEB O 710 & 2 T

R 4D (2M123201Y)
TR T AT 4 I R— a3 VERET REYR

TREHE 1 RPY REE, AR & — i E
T 6 R

- SHROWRITE e R D EE

B TR EER I 2R 5T 2 AT o 7203, SRIBICH % RIEZ 2R EZITV 0, LW < Id expo-
nential dispersion model NEGR L TWE 7208, EHETIHE LTS TH W FiED Tweedie 5371 12 # F Al HE
M E S DEME Lz, Tweedie 7IEKKEDET Y ¥ ZRRIREFEROHE - KESDETY VLo
k& RGHCHERINZ 5 TH 5., L L. Tweedie FHRFE DT X b YL — a oK ONE
P OB THOWFEDEATE 20 RINBTH 3, BLRXONEERBEIETVE, ¥Ial—va
VHEDTEBTOFMAEZ B L THELHSUCI D HATHL FETDH %,

c HALENS YRy Yy TADREY

BURGEAR Y L AR L2E 2 TwinA, C-ENGINE 2FIiL, READA V2 -V >y TEZEZT
W3, 72720, HEOEMAHLO LD RV y F Y700t 7n 77 AOFHASEZTWS, HEYE
HoARST, W - BNHHHAFCEHMRPLAET Y Y Z7ONEL D~y F ¥ 7 2GR L TRE L0,

- BB A XY M T 2 HA

ARFAIN—T T =22 ay FTCERFEERTH S 2 2ED L TEMOHE DEHLZ I TR, EANR
RERFIEAT OHIR % AV THU D LA T & 72o RHCIZMOEEICHAZZ T, 74 7 7 ORI HIcRITE
BIebEhot, RARFAITN—T V=22 3y FTTRNERIVL—TTHPNDE ZEHZ VD, SHhiE
INFETORBREED LTI ARMOA TR, ZEBMD I 2= - a YREFEEMBIITZ 3 X5
DESSIHEIN—T V- DEIDOVT ORI L T D A, Eioy EEATHIERE ORI E P LT
W= BBALED, HEHND T — <IN T HARER SIFED flA TV,

YR T AT A R=Yarh Tz EIF—RE FEPEDODTSMTEROI EDE 5200, KE
ST E e NWEIZOWTIIE@DHE L WS Z o7, BERMRT 32 EFR— a VI ot, K
DFL L THHEWTHo7DT, SHBARELRRDSML TV ELL,

%72, IMI Colloquium IZDOWTEA Y T4 Y TlEH 20, 1FLALBMTER, HEMNOTF—~TH-T
HREPICNBEZIRETE 2D ONL L HENEN o7z SHBBMLTVEL L,

sk I, MIERERANOSHIRNL. AFFEHRIRN

3 F —TIREEEFE LR © Hogg et al. (2019) %ig# L. ZhLSMC HIEEHE Y Yanagimoto and
Miyata (2024) Z#fimc L7z, Yanagimoto and Miyata (2024) TI3JEIHHZ M HIER L R baiAtEsD, B
TR O EE T,

MRRERICOVWT, SREBELRCEWEL, BRI 2BEL LW,
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- Z ORI S 3 iEE)

ZOMDIER Y LT, KERBERE 7 +— 5 £ 2023 BNz, 2O, V—2ray FICTEBRESR
BEZE L, BEPY -2 ay TRBELTSHROXI Y VT EEZDZEZoDITIR - 22T TR, o=
BRFEGE T 075 ACBMLUTWRFEL OIS TE, BEKRER TR 7 23& T 0T A2 LIkt
BH27H, BOOHEMDAL ST 025 ACHT BRI EERRDOTH > 7,

BEXH

[1] Robert, V. Hogg, Joseph, W. McKean, and Allen, T. Craig. 2019. Introduction to mathematical
statistics, 8th ed. Boston; Pearson.

[2] Yanagimoto, T., Miyata, Y., 2024. A pair of novel priors for improving and extending the conditional
MLE. Journal of Statistical Planning and Inference, Volume 231, 106117. (to be appeared)
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5. Preliminary Thesis Exam Abstracts

Wi R

Preliminary Thesis Exam Abstracts
A BEOKEA

1. BROER - B - SROBMK

PLOS ONE DX TIFRE OU iB%E % AL\ T BOLD 155 & 847 (3X#K)

X ADEBEDOEN TIERE OU BIREEA 1 5 —iAL LI TIL CRIT(RRAE
L)

ZD1=H, B0 EEL—RDBEDRTE OU BRERICOVTOETHEIEHEL(E

HDMEB =0 HEDHRIEH D)

- EIEOUBIEDNRTA—FHERLEEEDIERFOERLETILORT
— A ~ADEAEBRT

BiE

HERE
WRELTEEN a>1 NI B =0 o HEDHEEDITEEEA M 1=
a>1 M2 B #0 DIFE, HEEDIELMERD S -OIZBELGEFAFEREDI
REERD. CAHNEREEFONE S MR

It FA T
EEGVO MRID K S HET—RICOU ETILELTIEOH TS A—LHEET D
SalL—4%Eof:
f#51= EEG T—4: HEIHBRED—DDELM D5 SN I-ERFIZ /.
F—A2 113665, BHIE 1/512s.
ffot= MRl T—4: HHHWEEED 18 TN 5 & > =ERIITFT—4.
—DDEELH 850 DF—4 EHFD.
EEG DAL BRIT—HEF2ELTETNTNORMIC OUBRERETILE
BARLTNASA—4H#TE
fMRI DFEF % £EDT—2HB DR NH, BT LIZ U BRETILESE
RALIRSA—4H#TFE

5 1% DERRS
a>1 DB #0 DHEEDHEEDEHLLEENDAERA
EROT—2 2T SHERBRERZHEOT
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2. BMEBEHBIETY VY - HPRARET VD IOREMET—7. FEBHAE. REH)
PLOS ONE O BOLD {E&4° BNCI D EEG T—2 ZHBLZD/INS A — 2 #HEE1T

of=

3. HEIFRRIES VE— Py TOREHIM. % - HER. ART—<. FBR
B, BRF)

H#if: 20234 11 A 1B ~1 A 15H

PRESR EERFAER EP2RPERM JIOEHER

EEINE  EEG T— 2 OREIESETILTOREN

B EEG T—48 M Matlab TOWMG A%, RBESETILTORTELHEROARIL
DEMERATL.

4. BERFRTOTS LOBELDEHREFSER. €35 —. ARESSNRE
#)

- 2023 F 2R21H 4/ A4AKETOHFKK [EFFICIENT ESTIMATION OF HEAVY
TAILED STABLE LINEAR REGRESSION |

- 20234 6 A 19~23 B Limerick X2 TR S L1z European Study Group with
Industry (250
2023F 9A 150 BELOBEICEDE/ DY LHFORE TWRKY T
DRBREICET HHETRIERN
2024F 128 6 B %29\ - HERES ROV L TRE OU BREOH
BITEREDHEEE )

5. RREEMTOY I LEE L TOEHEE

MAEEERESAITORESR
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Preliminary Thesis Exam &R TH5
HE #®K

| HROBE - 812 - SO

FELHEP SBEICES T, £y 7EY 2 7 —BRD p EWLRHEEHICOVWTIHFREZITo T2, Ev
7Y 27 —HREFEESC 7 Ve v VERUR CEELREGRINAER ORI R > TW5, 20/, Ev 7
V27— p EWARWEEZFANL 22T, IHOGARLRD p ENREEEZTAND Z e PR TE 5,

EYI7EY2T—BRLE, IRy DTy I T - XEBERFICS OHMNLNRTH D, L L,
FURXIy VEEY 7T —REROEEEBRND Z 23R ZOWL 0 0fl 2h s Ol TRz Y
ERRIDBTH ol ZDH, v 7T —XBPOHRE, 77XV Y YDEDALTEEY 77— XK
DEBRERDOI 2D OMHE o720 ZDH%. 2002 F-D Zwegers KO LFXIC X D, £y 77— XBEHKD
BB ERDGZ6NS (cf. [5])e HIET~XT v DTy 7T —XEED. D 2FF Maass FER D IEHIER
DEFEREINZ Z AL, TERE ZBETIE, #8A Maass IO EARBAOZ e 2Ty 7EV 2
7 =B ATV,

Ey Z7EY a7 —BREES L EMENE T X =205 D, THUTEEPHE (T 2 TIEREBEEBE TSR, )
ZHICD D, EIWEMPPLBEEHITEY V€Y 2 7 - BRAOH RGN REHIIRE R 5, HX0BY
OBE, By 7EY 27— BRO 7 — ) THREZ—RANCHEBECTH 2, —7H, BIPEERORHIE T -
IRBUC 7 Ve y VEER CHHWEGNREDSEHNS 220> T0d, L L, B LEEEOEAE.
HIBROBEICHRNTHEPIRETH 2, 22T, I ETESIHIEROBE p EWLRIEEZHTR, 20
RICE S ZRERIC p EINTIEDT 2 e 2@l Al v, BRI 1/313 2 BEMTH D, 2 EROIMFTIIEER
FIOMR e LTET %, 2D XS5 REIDEBIC & - TEXEEBDGAD p ENEE 2T, BT LR
DWFRIZISA L7z,

LITTid g € Si(To(N)) % E X DR D normalized newform ¥ U, KK L ICEEEED (CM) 2Ho
REFT 2, COLE, TRTOT7 =V ZFREBIRENREY 78S 27 —TBR fH(g) g2 BEE S (cf. [2])o
COE3BEY IET 2 T—WRE C 2T good lift (of g) I3, 775 L. good lift 3—FEHITIEALC &
WKHEET %, 20L&, gICOBAMKFET 5 —EIN% p i o, HFEL T, good lift f+(q) & ag 75 pEEY 2
5 —ADRERTE B (cf. [1])o FEp A L Tinert BIEOMBIEEF L ATARS. X2-Cy(p)X +ph!
DORT p ERHEDNI WS % B T oy ¢ BB E v (@) & Egvpy (@) = 2 00(pn) 7FCy(n)g?™ T
ERT D,

Theorem 1 (|1, Theorem 1.3]). ## p 2 N 2#|5 3. L Tinert ZLAET 3. f+ % g D good lift & L.
v €CyiTHLT,
Fy = [T =B v )
LEDD, TOLEF, BN, BE2-kDp#EEI 27BN 42 v € C, WX —DFET 5,
ZDfEZ ay ¥ EFL LR LD,
Cris 2m+1

g ()
m—o0 ﬁZm

2T D= q(d)dg) ThB. EMpH LTsplit THHAL. 55K p R o, PHRAL X5
pEEY 27— HADRLTESL ZEMHSENTWVS, BT, pddsplit THHAREIC 130182 LD
3o TS (cf. [1])s LA URE p A3 inert ZIHE TR, a4 BT 2ETMRRIZLALE ATV R
Teo ZDZ. FNEFEB p 25 L T inert ZIFEI oy OIFFEEITo T2,

RITRADHZEDFBIZ OV TN 5, 3L 1 % TOHMCROEM 2L 7.

Theorem 2. [/, Theorem 1.5] ¥ p 532N % & &3, L Tinert ZARET %, dim Si(To(N)) =1 D

1
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LE, 0, p EHETH B,

ZOEMICET 250, 2023 4F 11 A 20 HIZ The Ramanujan Journal 2R X lz, 2Dk, g DE
EM2 T =) FEDEHBOGECAROBERERT LD TE, 2O % g DT A%

y(o0)
A= {/ 2mig(T)dr | v € FU(N)}

LEDD, THUEC LoBFEED 2D, C/AEC oMty b, 20 Q Ld Weierstrass model
LT

By =42’ — ga(AN)z — g3(A)
DEND, T, AN EEZ S L TEY 25 —#ifR Xo(N) 226 C/A NDEG
G:T 7/ 2mig(7")dr’ mod A

BERDILHTED, ZOFROKEE C, LHL,

Theorem 3 (|3, Theorem 1.1]). Weierstrass model E \& p > 5 T good reduction T®H % LAET %, TD
L E, FRp b L Tinert R HI1E, Cyoy 3 p ERETH S,

ZOEBICET 2HE, 2024 FE 12 H 1T HIZF L 7Y ¥ b —nN— arXiv KERBEATH D, ZDH%
Ty —FNMHIFEL, BEERTTH D, 5RIZ. —ROEZ EIIHLT, ay 230 TRVWIEZRLEW,

2 BEHAETVY - BFRAIRETIVIORE

FFBELRETITOALLEET VY v 7 Tld. MARKEER O S & TRAEDN—EH 5% % Feedforward
neural netwaoks(FNNs) IZDWTD¥E - iR %21T/2 o7z, FNNs BINHEEKOMZINRET L TH 5,
LIeB 3 RENEMEEBERLTED, 1.0 ld=2—ny2ELTV5, a = (ar,) FHRERKOEST
B2, A= (2;)i=1,..n O N, o (x) &

Non(x) = ch(r(a]- -x +b;)
j=1

L#EID, 2T, aj = (ai)i=1,.8n THH, o IZXMH [0,00) ORBEIKTH 2, —a—mid, H25—E
B EOEREZIIIMS L HKT 20, Zh L D/PNIVEHRETIEEA LRV, ZORREBEMCEIRT 2
72D o VWO TWS, HAIETFTY V7T, N, (x) DD 572 5 BB O MANEEIC DWW T
B R ETR o T

BOPRIFEE T ) ¥ 7Tl FARSAEDEE KOBEE AW TIEE2ES Z 2 ZilA TV, LiBHEIES
DOIFEHGR» 51 I F— 2T o720 £ I F—TRIERHEREESOEMAR L LT, MMz 72z S8
OB AT o oA BUAR M WAEIASE I A T, L WIESERA OIS 2 REICE I F—%AT
ol El. FRICHSERICET 21 I 7 —dTo7, RICEDTERBOH e L TRESRMFEICD
WTDEIF—%1TRo7, FELIE. HIEMERTFLT LT 7Ry MWK EM LD TH S, HlZIE
ZOHORKHPHENOL 00, BHOL %01, NOr &% 10 TRET LT 5, ZOLE, XFFH 010100
BEHEOXRKDED - 2D - BheRoTWE I ERLTVS, —fRica v ¥ a—XTERE 2 #H1C
EMUCEZEEITR > TV 3, FEMOMIRER D, HH L 2ERE S 2 OFICERL TV 2D TIER,
MHeEZ, FEHROICHANTEROIZER L, HRE S OFSICAVSELEZ F, DLt LIRTORE
WIS LXFINOREEF n IRDERET 2, ZOLE SONBRER f: S = F) tFA—HWTE2, FC
[ OBHFy OMAZERRCE>TW2 &, f 2PV, BELOHNF. S ={ W, 2D, } T,
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K1 REhJEA—fEh 5% 5 FNNs

f:S = T2k f(FEN) =00, f(BD) =01, f(W) =10 £ &35 f tA—HEN 3, K. BOETEREI
DWTHA%R T %, aY ¥ a—RIZXo THMENBILL GEET 2B, /4 XFIZ XD EE0BRTHE
PEALT ZRTREMD D 2, I 2R, FEiE ¥ O TIRAEEE X 010100 ZiE > TV, ZEHIX 110101 252
GHLS 20D X5 RARE SN S, D ETIERB 2 id, RHHEICS 213 t O XFEIEM L THEEE
DESTNEREETLTESIFEDI L TH S, FIZIFHIEEOHNFIRYITERNESTIER WV, f(IER) =00 225
1TEPZ L7 01 L f(BD) =01 DERFDBORRNDETH 5, REEEAFZIIEE D FTEMN S OREN LG
THY, ZOMBIERED T ENEOERIcOVWTEI F—21Thko T,

3 HAN®wbr > 2—-22 v TORE

HAENBRLA > R — > >y FTIE, 2024/10/21-2024/12/27 ORI T, HRASHEZ BIEpRLy 2 —
TRHEA VR —V BT RO Tee BAVE=V Ty TOMRET —<d, HEDATX XTI DEEZTIX
NBLHRICBT BBAYA XZEOYE THB, FVRLVBHRLEETX vt —YUR#ENTRA LD, EH
MNF 272007 =2ThHDH, —INCHVLNEFEZOLH (F 4 Y) ZEKT2HOTERY, flzEE
HOBEORESRMPOLENEE T ETITOHE. TADPERNCIDITbNZ L RiFHT 20BN H 5, T
CENBLHTRIR TBAH) ¥ TR 2MEh2 207 —22HWT, BHROERKUBLOMRIEZ
75, ZZTBLHLEX v —IEREDADBH > TV EWEDERTH D, MFIIBLEEHS Z LT
TV, — . BEAFEABBEHRTHVETOATT AN TE 3, BFERMERE IR, EiciETsnr:
FAITYZLED LIS, BRAREROTR vt —UhoBUERERT 5, 20%X vt—Y L AR L=B4%
ty ML TEERT %, X vt —YZEHILMINTOIRAREZHVT, ZOBEZOEX vE—IDh
BENZHDTHROUDPZHET 2, ZOXIBAXTIE, MERIEZEHDT AL RIURELTBLIBELH D,
ZTOEBENIL T2 3ERLERTH S, £ ERIERINWLBHOERDS ., REHECHELS
2B, BEENILST2ZeRkDoN3, s, ETBLOWRICBVT, KEEDMERT 2 FEE
£ FRECEMTE 2B RIITH 2, KAV Z—2 2y FRBIZREDO—2HIZ., EBICHVLRATW
Targac, HERNICELIKBEINZbDTH D e Bbhr 2 FEBLD, —EDHERTIELATVS Z
CERRLLZIETHD, THUC KD EBRERPHERNRIRZ o CAA IR 2D, EREROIERRS
EPAREC R o 7o RO ZDHIE, SEIOTF Y XNVBLATIHELWEBZH L REBAEXFITERVWI L
EEBICK o THR L, 2D, REBROFEHNEEED LI LT3 ELVEXREBE-TEHLTLES
RS ERICED 2 VWS Z e BHA L.
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Ka Long Keith Ho

Several Adaptive Ridge-based Models for Electricity
Consumption Forecast

Ka Long Keith Ho

RESEARCH

In a world with a growing need for reliable analysis of complex data, reliable, robust, and
efficient statistical methods are called for. The overarching theme of my doctoral research
surrounds efficient regularization methods for statistical and machine learning models. In par-
ticular, we are interested in the adaptive ridge (AR) scheme as a practical answer to this modern
world demand. We first study the AR scheme in a heteroscedastic regression setting, where we
prove lucrative estimation and variable selection guarantees, and then proceed to leverage these
properties to explore generalizations in the high-dimensional regression setting.

Research Output: Heteroscedastic Linear Regression. The adaptive ridge (AR) is an
iterative scheme that has emerged in the past decade as an [3-based alternative to the traditional
[1- and lp-based methods for variable estimation and model selection. We proposed using AR in
heteroscedastic linear regression, where the noise variance is modelled via a log-linear function
of covariates. We generalize and sharpen the existing method in three directions:

e We prove several theoretical results of the AR estimators with a fixed number of it-
erations rather than focusing solely on probabilistic large-sample aspects such as the
oracle property, enhancing the understanding of the evolution of AR estimates from
both theoretical and computational viewpoints.

e Thanks to the proposed log-linear variance component, we provide a computationally
efficient iterative estimation method for both mean and variance structures in a het-
eroscedastic framework, showing new asymptotic distributional and tightness results
that have been missing in the previous related studies.

e We work with generalized noise structures and detail the conditions required for results
to hold.

Research Output: Information Criterion-based Sparsity Threshold Selection. Vari-
able selection comprises an important step in many modern statistical inference procedures. In
the regression setting, when estimators cannot shrink irrelevant signals to zero, covariates with-
out relationships to the response often manifest small but non-zero regression coefficients. For
AR, this is an important issue that requires proper mathematical treatment. While we proved
that under suitable tuning, sparse parameters will shrink towards zero with high probability, the
actual estimates when working with finite samples are not exactly zero. The ad hoc procedure
of discarding variables whose coefficients are smaller than some threshold is often employed in
practice.

In this branch of work, we formally analyze a version of such thresholding procedures in the
regression framework and develop a simple thresholding method that consistently estimates the
set of relevant variables, under mild regularity assumptions. Using this thresholding procedure,
we propose a one-step improved and sparse estimator that does not shrink the size of the
estimates of relevant covariates.

To achieve this, we construct an approximate step function used for thresholding and design
an information criterion-based penalty that is relatively stronger than traditional AIC and BIC
schemes. We then appealed to the theory of weak convergence and empirical processes and
proved the following results:
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e Given any set of finite thresholding values, the aforementioned scheme is asymptotically
able to consistently select the largest thresholding value without gaining any expected
loss.

e The model selected using this thresholding scheme is asymptotically variable selection
consistent.
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e The sparse one-step improved estimator is asymptotically consistent under suitable as-
sumptions of the initial estimate.

Research in progress: High Dimensional Adaptive Ridge Regression. Motivated by
the success in numerical experiments of the AR in the low-dimensional setting, I began explor-
ing the possibility of extending certain results, at least numerically, to higher dimensions. In
particular, for the linear regression setting, let the number of parameters (p) be greater than
the number of samples (n), and that p/n converges to some limit . This is known as the pro-
portional regime, and it has garnered significant interest in the past five to six years due to this
model being seen as an analyzable gateway to understanding the mathematics of more complex
machine learning models, such as neural networks.

Significant works in the past include precise asymptotic risk analysis for the min-norm and
ridge estimators, using random matrix theory, in the setup where both the design and signal are
random. Such analyses have led to the theoretical justification of the now well-known double
descent phenomenon, where the out-of-sample prediction risk drops beyond the interpolation
threshold, defying classical statistical wisdom.

Yet, the discovery of a phenomenon known as sparse double descent, observed for deep neural
networks, has created an interesting counter-thought to double descent. It has been observed
by certain authors that, under certain scenarios, the prediction risk can be minimized by the
systematic removal of neurons. Here, the AR seems to be a desirable method to perform such
removal. In the low-dimensional setup, the AR can reliably identify sparse signals, and its AR
penalty turns out to be a good approximation to the optimal ridge penalty proved in previous
literature.

Currently, I have achieved strong numerical evidence to back this claim and found that risk can
be minimized by effective dimension reduction. More importantly, the sparse double descent
was observed, indicating that this phenomenon can be observed in simpler networks such as
linear regression as well.

COOPERATIVE RESEARCH WITH FACULTY OF INFORMATION SCIENCE
(MENTOR: PROF. JUNNICHI TAKEUCHI)

This line of research began in October 2023 and is currently ongoing. The initial phase of the
joint research included various sharing of our research, as we continuously inspired each other
on different possible directions of research. We have then decided that, based on their seminal
work on an approximate eigendecomposition of the fisher information matrix in simple ReLU
networks, to pursue research in describing the behaviour of such networks in the function space,
as we noted the similarities of this with the well-known Neural Tangent Kernel (NTK).

In the past months, we have proved various new results corresponding to the main approximate
eigenvectors and found that in the infinite width limit, the behaviour of the trained output is
deterministic, and in some cases algebraic based on the input to the network. This provides
further simplification to the NTK, and is vastly meaningful in propelling further research in
understanding this area.

INTERNSHIP AT LA TROBE UNIVERSITY (CORRESPONDENT: PROF.
HIEN NGUYEN)

The internship period was from August 2024 to October 2024, where I spent 9 highly pro-
ductive weeks with Prof. Nguyen in constructing the aforementioned paper on information
criterion-based thresholding.

The initial weeks of the internship were dedicated to daily discussions and an extensive review
of relevant literature. This process helped me build the necessary intuition to design a general
framework for the paper. During this time, we mapped out the core ideas, and as we gained
a deeper understanding, I began drafting the manuscript. Throughout this process, I main-
tained regular discussions with Prof. Nguyen to ensure that both the proofs and the underlying
theoretical intuition were sound. Given the complexity of weak convergence, we also spent a

Ei
o
=

<
—3
=
9]
12}
Z.
2
s3]
X
&
8
>
o
@
&
g
o~
Q
a
17

122



5.
sl
=3
oA
E.
=}
[

2
=
=3
[¢]

25
@
o
X
B
=]
=
o
@
5
o
(o]
@

3

considerable amount of time carefully reviewing textbook proofs and academic papers to ensure
we were drawing on the correct theoretical insights. This meticulous approach was crucial, as
even minor misunderstandings in the proofs could have far-reaching consequences for the model’s
validity. By the end of the internship, I had completed the proofs for the main theorems of the
paper and had completed a rough first draft. The draft is currently nearly finished and we are
looking to submit it in the upcoming month.

PLANS FOR THE FINAL YEAR

Construction of the high-dimensional AR paper. As previously introduced, there has
been numerical success with the AR scheme in high dimensions, but the method has yet to be
implemented in more complex models. For this work, there are several tasks I would like to
complete in the upcoming months.

Firstly, while random matrix theory has proven to be challenging to apply for the AR, there
has now been light shed on linking the AR with a specific MM-algorithm and general [, (0 < ¢ <
2) regularization. If this linkage can be set up in higher dimensions, there is a strong possibility
that theoretical claims can be proved.

On the other hand, the numerical success in linear regression models has motivated me to
apply the result to deeper neural networks, where efficient neuron pruning for both risk and
cost-reduction are seen as highly lucrative properties to have. If the AR can be implemented in
these settings at a low cost, this will vastly elevate its research value.
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