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The theme of study in Professor Ton’s laboratory is weather forecasting using deep learning techniques.

The problem is to construct a forecasting model through a deep neural network based on data collected
from the Ito campus, Kyushu University. The data is a record per 10 minutes during 2021 and 2022,
consisting of seven variables: Temperature, humidity, Solar radiation, Wind speed, Wind direction, rainfall,
and Pressure. Our goal is to use a deep learning model to predict all seven parameters. Before building the
model, we will preprocess the data, dividing it into training and test sets, and reducing its dimensionality.
Our chosen network is a Multilayer Perceptron (MLP), a commonly used deep neural network with fully
connected layers. Our study examines an MLP with three layers: one input layer, one output layer, and
one hidden layer. We use a stochastic gradient descent algorithm with a squared loss function to update
the parameters during training. The architecture of the MLP will be determined by the number of hidden
nodes and the training performance will be controlled by the learning rate hyperparameter. To find the
best combination of hidden nodes and learning rate, we will use k-fold cross-validation. The final model
shows good results in terms of the squared loss on the test set, and it is capable of simultaneously predicting
all seven parameters, which is a unique advantage of our approach. The study results will be presented in

a future paper.
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We introduce a new SDE model to investigate the dynamics of schooling predators attacking schooling
prey in an obstacle-free domain. This new model differs from that of our previous work since schooling
predators will be considered not only one. Many techniques developed in the model can directly be
available to analyze their solutions, including asymptotic behavior and numerical computations. And the
rules of behavior of individual animals can be described precisely.
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Report for International Internship

Kohei Noda*
Mentor: Professor Gernot Akemann T

August 17, 2023

1 International Internship: 01/10/2023-03/16/2023

1.1 Universitit Bielefeld (Bielefeld University)

I managed on the international Internship under Professor Gernot Akemann in Bielefeld University at
Germany. Bielefeld University is a relatively new university established in 1969 in the northwestern part
of North Rhine-Westphalia, Germany. One of the unique features of Bielefeld University is its campus
structure. Buildings for various faculties are connected around a vertical and prominent street called
"Halle" (meaning "great hall" in German). According to Gernot, this campus layout is intentionally de-
signed to facilitate interactions and interdisciplinary collaboration among professors and students from
different faculties during lunchtime and breaks. Indeed, Gernot is associated with the Department of
Theoretical Physics, and during my stay, his office and my research space was located within the physics
department. While our offices were separate from the mathematical sciences buildings, during coffee
breaks, Gernot introduced me to mathematics department colleagues. I indeed benefited from this
unique campus structure. Due to this layout, restaurants, cafes, and even a supermarket are all situated
in Halle, creating a compact and convenient impression. Additionally, apart from the main campus,
there is a lecture hall and a large restaurant building called "Building-X", which caters to the needs of
undergraduate students. The campus doesn't feel overcrowded, contributing to a comfortable environ-
ment. The entrance of the campus has both bus and train stations, ensuring excellent transportation
accessibility. Overall, I found that Bielefeld University to be a very positive institution in various aspects.

1.2 My mentor in my internship: Professor Gernot Akemann

Professor Gernot Akemann is the head of the research group in Theoretical Physics and Mathematical
Physics within the Department of Physics at Bielefeld University. His primary research interests lie in the
field of random matrices and their applications to high-energy physics and statistical mechanics. The
reason I wanted to undertake my internship under the guidance of Gernot is that our research interests
align closely with his series of works. I am particularly intrigued by the application of random matrix
theory to lattice QCD and planar symplectic ensembles [2]. Furthermore, his approaches to investigat-
ing random matrices involve orthogonal polynomial theory, asymptotic analysis, and potential theory.
Thus, I aspired to learn his methodologies for studying random matrices. Despite his busy schedule, Ger-
not generously engaged in discussions about our project and various aspects of random matrix theory.
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(a) Campus (b) Research room (c) Halle

Figure 1: Universitdt Bielefeld

During my internship, I had the opportunity to study a recent trending topic in random matrix theory:
non-normal symplectic ensembles, such as the Ginibre symplectic ensemble. Thanks to his lucid expla-
nations and meticulous guidance, I initiated our project related to the overlap of the Ginibre symplectic
ensemble.

1.3 Zentrum fiir interdisziplinire Forschung (ZiF)

During the internship period, I stayed at a facility called Zentrum fiir interdisziplindre Forschung, shortly
known as ZiE ZiF was established in 1968, taking inspiration from the advanced research institutes at
Princeton University and Stanford University. Similar facilities also exist in South Korea, with KIAS (Ko-
rea Institute for Advanced Study). According to ZiF’s website, their goals and mission involve supporting
research groups engaged in interdisciplinary research projects. Fortunately, this matches well with the
intentions of our international internship. Additionally, ZiF aims to facilitate interdisciplinary collabo-
ration and seems to impartially accommodate significant interdisciplinarity, including natural sciences
and social sciences/humanities. Such initiatives and philosophies are admirable, and it would be won-
derful if Kyushu University also had a facility like ZiE Furthermore, I felt that the accommodation fa-
cilities at ZiF greatly enhanced my research stay in Bielefeld. First, ZiF is located within a 10-minute
walk from Bielefeld University, making it extremely convenient as lodging for research stays. Close to
ZiF, there are excellent restaurants and a convenient supermarket (Combi) as well. I stayed in a single-
person room for about two months, and found that apart from the accommodation, there are also sem-
inar rooms, conference rooms, and recreation areas available, including a pool, sauna, and gym. While
I didn’t use the pool during this stay since I didn’t have swimwear with me (though I could have bought
some locally), I'm considering utilizing it during my next visit.

2 Project in my internship: Overlap of the Ginibre symplectic ensemble

2.1 Project on my internship (work in progress)

During my internship, I started to work on a project that involves the Pfaffian structure of the overlap
defined by the left and right eigenvectors of the Ginibre symplectic ensemble with Gernot. This project
draws inspiration from the work presented in [1], which demonstrated that the k-th conditional expec-
tation of the overlap in the Ginibre unitary ensemble and exhibits a determinantal structure. The key
point of this study lies in the fact that the k-th correlation function of the eigenvalue distribution in the
Ginibre unitary ensemble forms a determinantal structure. This structure subsequently gives rise to the
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Figure 2: Photos of ZiF

determinantal nature of the conditional expectation of overlaps in the Ginibre unitary ensemble. As a
consequence of this determinantal structure, they deduced the one or two-point density and the cor-
relation of the off-diagonal overlap. Since the joint eigenvalue distribution in the Ginibre symplectic
ensemble adopts the form of a Pfaffian point process, it is reasonable to expect that the k-th conditional
expectation of the overlap in the Ginibre symplectic ensemble also possesses a Pfaffian structure. How-
ever, the approach used in the proofs outlined in [1] mainly depends on the moment method within
the realm of planar orthogonal polynomial theory. Consequently, these techniques cannot be directly
extended to the Ginibre symplectic ensemble scenario. Our challenge lies in the alternative construc-
tion of skew-orthogonal polynomials associated with the overlap. Unfortunately, we lack a method to
construct the required family of skew-orthogonal polynomials. This is due to the fact that planar or-
thogonal polynomials associated with the overlap weight function do not satisfy the classical three-term
recurrence: zpy(z) = py+1(2) + bgpi(2) + ¢k pi—1(2) for a family of planar orthogonal polynomials {py} .
If planar orthogonal polynomials follow such a classical three-term recurrence, a method to construct
skew-orthogonal polynomials using the family of planar orthogonal polynomials {ps}; would be avail-
able, as demonstrated in [2]. This difficulty stands as a major hurdle within our project.

(a) sample: 100, matrix size: 20 (b) sample 1, matrix size 1000

Figure 3: Plots of eigenvalues of Ginibre symplectic ensemble
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2.2 Results

We are currently engaged in researching the asymptotic expansion of the pre-kernel and calculating var-
ious quantities utilizing its skew-orthogonal polynomials. This is joint work with Gernot, Sung-Soo Byun
(Seoul National University). A key point of emphasis is that the outcomes of this project hold intrinsic in-
terest and are poised to play a significant role in the broader exploration of the overlap within the context
of the Ginibre symplectic ensemble, as well as its connections to other ensembles.

(a) The dot graphs are numerical plots for finite N. The gray
graph is analytic plot. (b) 3-dimensional plot

Figure 4: One-point density of the Pfaffian structure of the pre-overlap

3 Arts, music, and beautiful city in Bielefeld

Bielefeld is a city with an incredibly warm atmosphere, and I grew very fond of its beautiful landscapes
and kind-hearted locals. Gathering information about various cities through the internet is easy, but one
cannot truly grasp the real ambiance of a city or the demeanor of its inhabitants without actually visiting.
I would like to give a brief introduction to the city of Bielefeld here. The old market square in the heart of
Bielefeld is bustling with people during weekends. You can purchase cheese, flowers, sweets from stalls,
and there are trendy cafes, wonderful restaurants, and bakeries around. Some places in Bielefeld that I'd
recommend are Kunsthalle, Kunstforum, Rudolf Oetker Hall, and Theater Bielefeld. I watched "Aida" at
Theater Bielefeld and enjoyed art exhibitions at Kunsthalle and Kunstforum. During my stay, I was able
to appreciate an individual exhibition by Alexander Camaro and artworks themed around darkness. My
favorite spot in Bielefeld is Sparrenburg. From Sparrenburg, you can savor the city’s landscape and relish
lunch or dinner at the charming old castle’s excellent restaurant. Every weekend, I visited Sparrenburg
and gained much inspiration, which helped advance my research.
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Figure 5: Memorial photos
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FERE, £3 0 =1 DHAICIFEEINCAATES. n=2 (2> M 2HENITATEE) O
BE121% Reeb graph Z FAWT Morse Btz 75 7 LoBBICHIGZ B CIEHATE 2. n 232
MEo—oBEITE, $3 n PEFHROL ZIT 5 : (M) — Zs » well-defined TH 2 Z &
ZR3. ZHUE cobordism OHIFHTIE well-defined 2R SR W L ICERT 2. 2L TEHE
D FEIRIF Tkegami [2] L FM L 22 AETIHIAT 5. 2 OB, BEHEDFEIICIE Levine (7] 1ICX %
cusp DEEDNHVSLN S, KDFHMICHHAT LI, 352617 M ED 2 DD Morse B
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B fo, fr WHUT Flywgy = fi : M x {i} = Rx {i} (i = 0,1) Ziifi/Zz3 “generic” 2GR
F:Mx[0,1] = Rx[0,1] #83. 32& F & fold BURFE S LIANC cusp BIFFERS D FH 5 5.
2o ERE O([fo]) = ©([f1]) (& ([fo]) = a([f1])) DILT Levine [7] DFEEHVS Z & T,
2TD cusp ZHELT F % fold map T 222N TES.

2 AFOUVSLICEITZ5%E 3 ERDFEND SR ELEZERIE
SHBOMIEEH e LTRDZ L2 EZTVS.

(1) Morse Bi%t% (quasi-)isotopy IZ &k > THHHT 5.
(2) Circle valued Morse function % cobordism % concordance IZ & > THHHT 5.

(3) Fold map % concordance IZ & > THHHT 5.

73 (1) DWW TR 3. Isotopy & i Morse BAEUCH L TER I NS B 5 1 DORMAREGRT
H D, concordance & D HHENSDTH 2. EFRBZHRIKL M D5 E 121X Maksymenko [8] 12
Ko THEMN L INT WS D, 3 Xt EOGEIIIAMELAGRIIE S Tniwn., [ E AT AlRE
3 JOTHEAEFAZ R M 2k LTk, M _E® Morse BE®D isotopy £z M @ Heegaard 73 fRD
isotopy FED M —IHIE T % LA FAL TV 3.

RIZ (2) IDOWTIHER B, FRXICICDOWT, Morse BIED cobordism $idd 3 1 DD ZEE D
0 X® homotopy $ (0 % D HKEAL7D) 1B % Z & 2% Rimdnyi-Sziics [9] IC &k > TREATW
%. Circle valued Morse function ¥ &, Morse BE#(®, fESAFH R T3 ME ST TH 255
BIRHIET2bDTH 5. FL < Rimanyi-Sziics [9] 12X % &, circle valued Morse function @
cobordism FIZIZFEIE L DZEM D 1 KD homotopy AT 2 Z 22 E. DI ehd, 2D
@ circle valued Morse function %% concordant ¥ 7% % 7291213 index Z ¥ DR RO EBIZT T
RO R E DT I b 5 Z e AfEE 5.

RIZ (3)IT2VTiERS. 1 HIORITK % &, Morse B D cobordism & concordance (3EF
ERKDRITCIC K - TE R 2 FERIRE 72 5. —#%IZ fold map @ cobordism & concordance
EHZ BN TE, Kalmar [5, 6] R THNLNATWS. THzkd i, EED 1 KTLTH 2
Morse BB D5 EIZIETFET % cobordism ¥ concordance DB DFE7= b 23, [EIEDOXKITH 2 LLE
DBECHEL 2D RN,

RIS TBEERIFEET Y ¥ 7)) TOEEDHANC DWW TR S, FAIIFLE, FEEales) v 27
BV TEHNREILORN Y F<v— 7 FEOERICI D ATV S, 22 TIEZEME TIN5 kK
BECHEOMEICERZENTV S, EBRICRE(LREZ R 7LV XL ZELE L 2ICZIE
HEDBBENTWE0E S 2E, 77— XOAFEEAWTH 2. BEEBIRETY 2BV TRERYF
~— 7 MEOIERICE | EHt FMD M ATV, X HICE HIREGITEIN LT 2@ w5 HE
%, BTN ZMEICGHES L TE D 2 oA EICER T2 I IO AW EEXT
w3,

4.
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3
7]
>
o
@
g
I
e}
Q
7]

50



4.
o)
o
3
&
>
o
Z
z
Z
o
(e}
o
7

2EH
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i BORW

Prelims &R 4
I BERE] (JUNKRSE: =R« 747 - 4 7 R=2 3 VERFER 24F)

Bk

1 ELHRXOEE 1
11 BUDIT 1
1.2 WIHETERE . . . . 1
1.3 UYRATYTHEER ... 2
14 BUEFEBR . . .. 3
1.5 FEDEASBROBYE 3

2 AT7OTSLICHIT35% 3 EROFBOHE L EERE 3

1 BRI OBE
11 BLaic

ERD iR o BT VBRI RASNTE TS, LAL, BECEERSHTET AL TERVIEDOE
WHRDTFIET 5. 2D XS RBREETFNMET B DICLENHELS ZehER N5, RENHEAD
EFILIERRYE, R EONTTISHE R TVS. ZOMXTE, MIBEIREF LD ) 4 REZIES Y ZADLE
DRERE LTz ED, RF A= RZHEESF R RO HEREOWE IOV TER Lz, BRI OV TR
INHESHRE 72 R 3 — > —RAHEE R B E L, WEDHi 8T A — ZEFIREROHEEREHVLE—X 2 b
BEEET LV BRBEINHTERZTo7%. 518, ZOXS XL TRDLMEREZLE LY Y R T v THEE
B OO HERDPEIEIEEF O Z e 2R L. SECOHEESEEEZ AN L LT, ReLikz vz
EHETIEFHARIECE WO MEN D 2. RAEEAWEGE, FHEMTHELE L e EHIEKEED
LIS = THETERVEEY D 5. SRR LR CTEYIMIEZ%E T 2 BB 720z, G
FHCHHEMRETD 5. WXDBRETIIE—X Y MEERAWZBBNHEGE, v 27 v THE, RAHEEZhZ
NTRDIHERICOVTEHIEER EAT o /2. WEDE SU(B, 0, 1) LWVWIRETRIN, LITD XS Rk
Bz R,

o(u;0) == exp {iuu — (o|ul)® (1 + iBsgn(u) tan % (Jou[ > — 1)) } , (1.1)

22T, 0= (a,8,0,p) € (0,2 x [=1,1] x (0,00) x R. THIE 085X FYUE—s 2> [I] LIHIAZHEL
HC, BTDRT R —ZITOWTHHBMASERIC R > T 5. SHE L E 7L,

Yj=Xj-p+e, (1.2)

22T X, € RYZBILH, ¢ 13 S8, 0,0) 1HE > BT DRERAHG.

4.
la”
&
o,
=
3
7]
>
o
@
g
I
e}
Q
7]

1.2 #HERHEEE

I B ERARE o OHEE BRI o — > —RELHEETL L ®, (o, f,0) BE—AY METRDZ L
WS BBEIHEE 21T o7, IR TR (=X, Y, e KM LT, Aj(=¢ — (o1 VI BEHAVSG. Zor &y
DHEERIBUTDO LS ICRDSNS.

n
fin, € argminz log(1+ |A;Y — A; X - pf?), (1.3)
HEB, =2

52



IV zay -y &0

CDRLTIED BEMRT fiy PWHEIERMEZ RO Z v b BHERE EASMZ 5M5 2L 2R L. COHE
FEEBAFIE LT, Ajei= A;Y — A;X - g 78 S9(0,2%,0) 1o TOTHIR L o THED, 2Ok
B [, DL ERIME DGR ELR B TH 205 TH 5. HERDMBWIHERICOWT 1, = V/n(fin — o) &
U720, DURO & 5 BASERAE D 320, {E5ED L > 01290,

sup sup P, (|t n| > 1) -1l < oo. (1.4)
r>0 n

EO X312 LTRDE fin EOT, (a,8,0) OREEIT> TN, DI a OHESBITS. & =
Y]' — Xj . /Al,n éS,]‘ = g]‘ — éj—l DERLL N DOFERICRDSE D LD Z e BHISNT WS,

_ |r)_r(17:?.) 20"
T TA g

Tt
Cos o~

ZOMAE R LZDDE r DEDE 2r 2 L2DODLERS AU a 20Xk s. ZO0%ERX%E a2
DVWTEL 28 TaDiftER a, EONE. ZOHEEREZ FORRALTolzonwTeL b, o DEER

= grﬁz—ﬁ
gz

HF5NS. f OHEEITDOWT D LU NORERIIAL D 32D,

- i T = L) |[(2+2%)0%|% cos 2
sl B Eolles + 1 — 26s]"] = a-2) ‘( ) o

= r-r) cos(n) cos g
u r(177) (24 2%)0° |+ sin 22
"2 Byl -2 o
J‘ ollea +e1 — 22| 7] = ra-r) cos(n) sin 5°

:3

7272 L = arctan(Btan &F) € (%, %), |2 :=sgn(z)[z]". TASDLERS L LD a,n BT 5T
Be22. niconT# & 6, BKREZ. n DEHRD»S

5 (242%\ tandy,

= (2 - an) tan 9™
KALOERMBO—DH Y LT, i PUCETERED B, E0 k5 BIEHSOFIA T = 5 I, MINIHEE R
(dVHBYL',&nvﬂn) ZDOWT

(dnygm&n»ﬂn) :Op(l) (15)
MDD Z L B L.
13 DYRTyTHESE

VY ATy THERIZEEERDLAIHEE R Z AN TU T O X SITERSINS.
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O =00 — 6 (0) (0, (1.6)

TIT, a(0) 1= Y 1og L s (U2EL) KD 2 DHO TR Y LT, MBHEERARHIEZ DB, L
RODDEMBHD D L RARET 5 &, RO & 5 REHEFSIESR D LB, v AT v FHEEREA MLE
YWRERSTH 5 L ARENS.

V(B — 09) £ N(0,1(80) 7). (1.7)
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1.4 #ExRER
BUHFEBRILLT D & 5 B ETIT o 72.
Y =x1p1 + xope + x3pus + €.
TR =X DENERY > TAEILLTO@ED .

e a=08,10,1.5; 8 =0.5 0 = 1.5; u=(5,2,3)7.

e N = 300,500, 1000, 1500, z; ~ U(0,5).

e LAD, LSE, CQMLE % H\W7z & & O @iiHeE & % ik
o % LSE OB A STV 2 25w W23 #E L.

HEERE —DRD 2 72D h b o FETERFRIIA T OED .

o WIHAHEE & (LAD): 0.026 ), #IHAHEE & (LSE): 0.018 ), #IHiHEE R (CQMLE): 0.028 7,
o MLE: 238.410 # (optim B THRALL),
o One-step(LAD): 85.4855 #, One-step(CQMLE): 90.0315 #.

GIRAHEE B IE A2 D VTR 5N B Z e b oz, MLE 7 Y 27 v FHEER D % OWRIA A
%75, MLE & D137 > 25 v FHEE B O AEHERMAE N Z 2 A0 o 1.

15 FLHLSBROEZE

o fin 7 CQMLE 0H}#, 6 & = 0 — X — TR, LAD 35 H%IRIE.

o 00 13 I DA —H—TREMEFOY F12, VY RT v THIERA MLE YT %
o E— XY METKRDZHEERITOWTEIEFEERZ1T - 7.

o HSHBROMHL LT, VAT v THERDERERHEEEOM 2D 5.

2 FTOJSLICEITE5% 3 FRDFROAELIERZF

L —FRIIXE L ORICHTR L 2B DR E T SR MR 2 TR o T . BLHREORE, EEG
722 DMK T — X DIEEHENTNICBE T 28 L 25t ARZ D, R TRERII T — XDV T T XA — X HEE R Y EITo
Jz. L UERMRAICBIT 2 AN Z LW, i A Z A TZONEZEIC—ERAICHEL LS &
EZT0D. FHTOMLIIHEN TR WD AR R THENTEIREICE LD 2F 2 HIET. X
LA A v 2= vy TTIHRBEPBRIER 2 ¥ ORRIN T — X DM D k5 RHITAT - T, Hiat o rakz G
L7z e BRRTIEEZ TV S.
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(1] J. P. Nolan. Parameterizations and modes of stable distributions. Statist. Probab. Lett., 38(2):187-195,
1998.
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Al AR

AT T A4 I R—=a VHERERF  Prelims TS

FUNKREFERERE <R« 77 « 47 RX—% a VEGRERT
LRI 2 4E A AR

202342 H 15 H

1 XL®IC

A Prelims TU&, FAOBLHZOMILT —~<TH 3 DR p #EERAROBARMGR) <OV THNEZM
NL7z0b, SHOFEERR, HEEHFETED XS CHRZED TV ELZVEEXTWERLWVD, ZLT
MLRTARRE B o AIFS - A - 7Y v 7% C O X 5 IGERE TR EL R OIEDOH A - Rk
KIEDP LTV ELVEEZ TOE IOV TIRAN S, HLRTHHERE T T - 2 BEBERIC OV T, MW p I
WL, &2 p BRI OWT, $TRAISATYS Dwork © p EB&MPEE TROAZEE
FBGRE VIBRMEZ o T2 Z e R2HEERIC L DFHRL, Z2ostE2 2 ELL, PHELTSZEHNT
ST, —BIEEHICIEE > TRV, 2 2 THE IR T LT IRE TR R U 5 2 B p i
fIBIROTINZ, B4 2 p EREAATRE RO W T, — kO p TRAEFBIFRAR D IO L AT S 2
EH—OHBY LTWb. £7, Dwork @ p MEERMBIE L WEE p EEEMAER e oM, RS2 D
B MFHEENTVWE. AT X DRIBIRIGE I ZOFEMBE LW EHIATWS DT, Lk
AR TERNOHAERBOTHEBEXDPELVWI e ZIIH LV EEX TV, 2, BEAiRECfT- 72
BEEAAIE 7V ¥ 00T, (RBECE O SERE 22 I 2 3 5 7o D ITHER T2 O RIS & A dn (RIS I
DWTZDEGRE AR, W LBIERE TR RREBEOENR T 75 27 ) 2D SANHKEEZHICOT 5 2k
FbbB A, FROTRHERFROFHEZITY, RECES, PEOVRIZIIX Y M REDERRT 4 —b
FBLWTUSHZRD 2w EeEZ TV,

2 BLRXOBMELSERORE

EERTBEENI A O I X ERAFH O D PR EELNRTH 5. 20 p il L TEFRINZ p i
TR D 5 5, Dwork @ p MEERMBE & DHEE p @S AREIEL o 2 MEIEEBGREMNIC BV TE
EHEMRTHS. LT, Dwork O p EESMBIRE FLv(1), TR p EBEMIENE 70 (1) L 7. %S,
a:= (a1, ,a;) €Z5 T, W:=W(F,)(F, D Witt Bt) k32 %, o BW[t]] L7aR=v2TH2LF 5.
ﬁf%ﬂugm@&,ﬂfkwm@ta®ﬁﬁumﬁﬁé.ﬁﬁ%&%womf,%@Lﬁ&@ﬁ%ﬁk%%
PLF a2l — X2 EENLEMTERT Z i3, Bloch-Kato @ B FREAM D LoH 2 KT 5 LTEETH
%. LT, #ERNICIX Bloch-Kato @ EREFAUCHN 2 BGERIVAZE RO p ENREE 22 2012, LB
B, A, V¥aL—20 piHELEEZ 3 I EEETHY, Liedo>Tp i L BBORIKIE L pE L
pHELF 2L —REEKNAREBTLEVWE WS EFR— 2 UHH 5. FlREEONBEZHEICONT, L
BHEL D critical, non-critical WA ORI Y, ZOFAMPL F 2L — &% C LOERAEKEHWTRES Z
EHHIBNT WS, —J5, pitE L B critical ZERIICOWTE, 20 piEAH%E Z0V(t) & v Cidid
TEBHINZL D2 L BHSNTVSA, non-critical KEFAHIZOWT, ZDpHELFaL—&% FOV(1)
ZRWTEBTE 23 STV, Z 2T 2018 FICHA S BULHEZ I3 80 p @SB EH L E5%
L, W Or0EMiliRe 7 = b~ — i & 0» 0 ORES AR OWT, pitt L BIEO non-critical 725
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BB 5 pHEL X 2 L— &%, F () #AWTHATE 52 L RRLE.
tETEITLL T 5. ST F,(t) 2 XOWRECERT 5.

- n

a a . (a1) (as)
Fy(t) := sFs_y ( ij...718?t) =y e -~~4?§r3t“ (2.1)
s — nl !

to € pZy B 5K (2.1) & t =ty TBWT p MBI LIURL, pZ, » 6 Q, ~NOB%Y L TEkER>
Dwork @ p MERBMEI FLV (1) b MECY p BB ZL7 (1) b Fu(t) #HWTEHS N2, Lidio
T, FO(), F () Bt =ty € pL, TEHTES. Lo, ROEHICED FP¥(1), F7 (1) OERpsIL
MWL EPHLENTWVWS.

Theorem 2.1 (p #EERMBIBKOEGFBER). RTOEAK n ITHL,

Fa(t)<pn

g Dw — n
Fa () = T () < mod p"Zy|[t]]
WAL 5.
F72, 1<i<sKIRTOERIITHNL, a; ¢ Z<o, 0 €14+2pW 725, RTOEAK n > 1ITHL,
Go(t)<pn
FL(t) = =227 mod p" W[t
() = GHI mod W)

BT 5. RREL, RIS () =Y Apt" KHL, f(t)am = > Ant" £ T3
n=0 n<m

COEBED, FPV(1), () kD B AT THIEERAT 2 Z LB TE S Labh 3.

F7e, FOV() CEBAFMGRL OO RESWHIN T2, BAFMERL IS, BRAERIERICH 3R
RO OWT, S L D IEECREE 572 D § 2 & 5 B LT, & DO ARMEAH D
O WIBETHS. BN, T X5 BRIt IBVT, ZORBEMEONDShE 25 5%
Bor > 2 BIEELT,

Fg(t)<p" t=to nr
————— % mod p
Fo (tp)<p’” ‘t:to
DD NOBRTH 5. BIHFERIC L D RBERAROTRIC L >Tr OEEZEDZ Z e A TFRINATNE. —7,
BEFRBERICOVWTIHHINTVS 2 KL AL RS, AN TV RHAICOWT SHENRIN L 25 2
SNTEHT, BAMRERI DO o TVRL.

FATWFIC KD, p 235 U EOFRMO v 13 FPY (1) 13 Q LOEMMRONLY ¥ > FABEERICH D p
e MIBEET, BlkT a8t =1 ZE#{%&’E%ZE t=—1,2 THARBMGHEIKD LD Z ehbh o T
3. MEZOZens FO®) 1AL &5 RBEARBGIREATY S OTRAWD L WS B E R - THI%
ZiEd, UTOTHELTE.

ﬁf‘”(to) =

Conjecture 2.2. p % 5 W FOFHEME T 5. MEH p EBEMEE.ZY, (1) 28 well-defined 72 5,

3

HIRALT 5.

ZLT, NEvpln=1HNLTIOFPEMNELWI & ZRIHREIC X DBREEL 7.

Theorem 2.3. p =5,7,11,13 IZ2W\T, fil
2

L.

)1(1) 1% well-defined "C, n = 1122\ T Conjecture 2.2 1ZiE
2
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LR RE T 1T - 7 ym (1) 2B 3 BEABEROPFIILC OV TIE, —MEOER p THRD 0 LW 5 FEH
WKIEE > TV, u.T@i?ﬁﬁﬁu%&fbifﬁi—iﬁuﬁﬂ;‘%fif%ﬁLf_Jl1( VISR, BE& RRB p %
IBEECOWT, —fROFEE p THAFBEGRPSK D LD L RGFHT 2 2 z%% DOHEL LTW3.

F7, FOV() v FO (1) iE, BEERSDH B L STFMEIATOS, p 2HRKL L, 200 p T
B D85 A= ZBRTHELWEAE, Thbba= (0, ,a) DBEEEEZ, ik FPY (1), F) () T
£T. FOV (1) eBVT, BEEER

FEY () = (B% t OHIER) x FOV (t71)

DR DND L WS FENDH 5. £F2, Wang Chung-Hsuan FRI2 & o CERE Nz ZL70. (1) RIEIE L7 p il
BEBEE Z0 () b T By, BISER

FEO )= -FL) L7

MDD N TFREINTVD, 0 2 DORIENR, iEOBBEFEXSK D 1ok 51F, BRE DO
B LD VS ZEARSATOB L VS EKT FOY (1) & ) (1) 2RO TV, %AWETE,
IS DEBERS modp THDIIDZ Y, (Fy TRHIZDI L, oF BWTEBAED 2 2D 87 X —
RHPHEM BT, THHTED p KD/NSWEHETHD DI EARINT WS, LRI TIERIE DM
BEXDPR D 051, BEOBBEXDIRD IO WS ZEWRENTVD WS T iia, FOV (1)
Bl ?555%&%fﬁ§i&1u®ﬂ?ﬁﬁ%£cf1%ﬁi DIDZ Y, oF] TRENTVWARVWEEIZOWTHEHIIDOZ Lk,
3By, 4 F3 DB DOWTHRD VDI e REEFHALIWEEZ TV

3 BIED-HASN - ETVITAICOVT

LR TR ERAETY Y 7D I F—2EBLT 22002 #{To7. FTHEMEEET X L MH S Hito
FREOWTEE T 27012, 727F 27 ) —2OBEMEEL AW CHEEHE 217> 7%. Z L TRROSTFTFO
S50 1 DTHZEMEBBIICONWT, [727F 27 ) —DdDEMBREBEEAM) 205 A% HVTER
RO MR E AT, MBI CIEREBCEE O EANREZ IO T 2w EXTWS. 207D,
7O F a7 ) —HERBIIR DI ER 5 DORBED S B, THE MEREER) oBKEIRS 2, 2, B
TFORBIZOWT, HAEBERD LD LS ITSHEA TV B LI OWVTHEN, NROPHEEZHEROFMG 21T
W, REPER, REDVRIIAIRAY MREDERRT 4 =V FCBVWTHERID 20w EZ T3,

BE R

[1] M. Asakura, New p-adic hypergeometric functions and syntomic regulators. arXiv:1811.03770
[2] B. Dwork, p-adic cycles. Publ. Math. THES, tome 37 (1969), 27-115.
[3] M.J. Coster, L. van Hamme, Supercongruences of Atkin and Swinnerton-Dyer type for Legendre

polynomials. Journal of Number Theory Volume 38, Issue 3, July 1991, Pages 265-286

4.
lav)
—
o,
E.
7]
>
o
@
g
I
e}
Q
7]

[4] Ling Long, Ravi Ramakrishna, Some supercongruences occurring in truncated hypergeometric series.
Advances in Mathematics 290 (2016) 773-808
[5] M. Robert, A course in p-adic analysis. Springer

—

[6] Wang Chung-Hsuan Congruence relations for p-adic hypergeometric functions %75”) .a(t) and its trans-
formation formula arXiv:2001.08117
7 V\/anfr Chung-Hsuan On transformation formulas of p-adic hypergeometric functions ?:(U) a(t) and

.%Ej'._. o(t) arXivi2104.14092

58



4.
o)
o
3
Z
>
o
Z
z
Z
o
(e}
o
7

Prelims &£ Fha

ME X

1 BLRXOBE

RELFCT, RFEY 7 EY 2 7 —TBRD p #ENZEEICOWT, 20—~ A RO L FiHERE T
1372 ORGSR (Theorem 2) IZDWVWTE & iz,

Ev7EYa 7R E 7vXPry DTy 7T — XERERFICS O NRTH S, Lr L,
Ev 7T —XEBOWMENPHEE L R L2DIE 2002 0D Zwegers KOO Z ¥ TH 2, 2D
MERSUCE D, 79X P %y YOy 77— BRI D 5 F1H0 Maass RO IERIE D L RRE N5 2 235y
odze BIUETIE, M Maass BROERFTDZ e 2Ey 7 EY 2 7 —BA ATV S,

ZLT, COEIREY 27 -BROFFORETNE p EWRME L LTRMET LN D, g B EIEHK
® normalized newform & L. f % good lift X MHENZ g »HEZ D HAEORBMEZH T EY 7EY 2
77— T 5, good lift B—HMWTERWILIKHEEET S, ZOLE, H5—EHNR pilEl a,(f) 17
TELT, [ ag(f) 2o pEEY 27— EXADPHKRTES, ZOX5ICLTHELNS pEEY 27— EXD
ZrEINDIHIEFpHETY IEY 2T —HREMRZLITT 2, pEEY 7EY 2 57— EROHK L LT, #il
ZFRD XS EHEPHONT NS, $F, g BEREREZFOHE. oy (f) 13 f OMWMD HIKEL LRV, Z
DOk ZOBEFHIC ay b HEL LT S, UTTEHEDIAAQ — C, Q — C, ZHEL. p#EfHHE v, %
vp(p) =1 £722 XS ICEHILT 2, 2L T X2~ Cy(p)X + p*~! OIRT p D/ NE W% B L EL,

Theorem 1. k Z#H(T g € Sy, ([y (N)) % normalized newform ¥ U, # K \ZBEREREE RO LIRET %,
HICHE- p N 2853 Ok Tinert REAET 3. [ % g D good lift £ L v € C, WTH LT,

Fy = Fy = 7Egvp)

LiEDD, COLE, Fy AL pN, BE2— kD pEEY 25 —TBREKD ¢ € Cp B —OFFET B0
ZOME a, £ LKA D IO,

C - 2m+1
oy = tim 20 (> )

i g2m

ZZT. D:=q(d/dq) TH2, ZDEI R piEEY 7EY 27 —BRORBITIEL g DIEBEICH L  HKHF
LTED., Mi—RBIIEEZEF oA TORY, B2 g € Sy (Do (N)) 29 K WCREEREE L. F8p
Ok Tsplit T2HE. ay BEIC0WCRDEIENTDoTWD, L2 LEMp 2 Ok Tinert ZIHETIE ay
B O RRLBZNEIDR—=DHSENTVWEZDATH D, — IO HRLRVDHIE D PRI TH S, Zho%
B % 2 TR L RTHIRR R O B RO B E FERE L 72,

Theorem 2 (T.). k ZHET g € Si (To (N)) & normalized newform & U, # K \CEEEREEZ RO LARE
T 5, HIZHEM p» 2N 2ESF O Tinert ZEARET %0 p B a,(f) % Theorem 11THTEHD L
35, dim Sy(To(N)) =1 DL E, o, # 02D LD,

REFHOFFHDOEA > Mg, £F DFL(f) OJET 3 EMICHYI R/ Z IS 2 & T Sk (Tg (N)) DRKZE
B & (R 220 SO (Do (V) ZHERT 5, 212 89 (Do (N)) DIET p MERHEAFET = 208 F 2 M T 5.
Fae. dimSY (T (N) =1 XD

DM (f)=cF in SO (T, (N))

MDD, ZOBRIDADP QIT g D7 —V ZFEEERML TRON L REUA Fy LT D> 2R

Fo & U THRIRICHELD & p?™ ! O 2RSS, pEMRER S Z & TH#HIE LMD,
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2 HEIET) VT DESRS

1 FEAUEA—E2572% FNNs

xic, THAEF VY7 BT 2EHMEETS, (HAETY v 7)) Tk, BEAEZRZOD &
tFeedforward neural netwaoks(FNNs) IZDWTD¥E - R ZTR -7z, Lok 1 ZkEIE
MW—f@» 575 FNNs TH 5, ZAUIMKOMEEREEO—H2 @il TETAMELdDTH %, input
z = (2;) BEX a = (ap)) PEIKZED, =a—v> 1, .. nk%Eohb, ZO%RE=2—nYPLEX
(c1) DEIEEZ T T Output TN %, LAL, —2—aYEH3MHEZBEX2HHRESALLRVEFKLEL
(Output Ehzw) WS HEZR>, ZOWHZRKM T 2720, 2 —EDMEZHAZ VL 0 LABS KRN
LRI L N 2 B o ASEA X NB, MLEDZ E RECENICE L3 . Output N, () 13RO & 512
LikE s,

Ny (z) = Z cjo(aj-x; +b;)
=

ZIT. ¢ bjeRa; RV BT 0 : R RIZFNNs A SEE 2R THY, o € RN TH5, LT, FNNs
DIFRIZHENT 0 R — R I3 [0,00) ORMERTENI NG Z e pB0, o0, BRES B2 552
FNNs (BT, Z® Output {FFFHHPAED n HOBEAITEH T 5, FNNs @ Output D723 BEZER-A 2 D
&2 IEBIEE R RO IOV TRA IS TOATE D, HIZIF [1] TERDEIEHK D VLD Z L H/RE
nTtnd,

Theorem 3 ([1], Corollary 1). p % 1 M EDFEHE L, AR n a7 VEAT CRY,J C[0,00) I
RUTRD &5 3BZEMEEZ %,

A, (T,J) := {chxB(mj_,.j) |¢jeRx;eT,r;eJyC L (]RN)

Jj=1
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ZOrE BTOHR 0 LT A, (T, J) & L (RY) 12BWT Approzimatively compact 1272 %

Z ZC. Approximatively compact {2 DWW TiBICER ZBNTE L,

Definition 4. X : JJVAZEM, ACX 252, € X ML, (a,) CAH
Jim |2 —an [[= d(4,2)

Zitifz 372 013, (a,) % z-distance-minimizing sequence £\ 5,
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Definition 5. X : JVAZEH, AC X £ 3%, {FED r € X 2 EED r-distance-minimizing sequence
(@n) IRLT, (a,) 25 A PISIERE 25 %2 Fio v & A % Approximatively compact TH 2 &5,

Zo ko, HAIET Y ¥ 27 TIE FNNs 2 515 542 BIECER O M R B 2 T L TW0 230
EHAT. 2 L THIHETITbNS TAIFEETY ¥ 27 TIE I D FNNs 22 515 54002 BIEEE I L Tifse
EATOHHOME R Z152 Z L REEERICHRET %, Al A, (T,J) DEFEFRIBVT, MBORLRIIHR
TH 305, ARAEBENE [0, 00) DRHEBIKCRBIE NG, 2Dk, T Y7 MES J C [0,00) KL T,

An () =D ¢jXa;0) | ¢ ER,¢; € T} C LP (RV)

j=1
TEFRINDZE-ITONVWTOMREITVIZ WV, R Z DZERIA Approximatively compact Td 25 ¥ 5 2IZ
DWTHIRZTVWIEWEEZ TV,
BE R

[1] Paul C Kainen, Vera Kurkova, and Andrew Vogt, Approzimative compactness of linear combinations

of characteristic functions, Journal of Approximation Theory 257 (2020), 105435.
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Prelims T #4

FAFE T 2MI21006R
TR —
JUNKFER R« 747 « 4 7 R= a2 VBB LA 2 48

1 EBIHXDOHE

BAREEE AORERICB T 2WEEH G MEXTTIERICB T 2 ML REOE D) TH
. FHZ, XKoMHEHETHRE s BAHXE [0,1] € R EOHERITH LT, £ EDREH
JE£ 7% JE R T AT RE T & 2 TSR L 7z

BRTEETOMREZORR O TRELRLONBTICOWTENEZARNS. FTRIICHEE
DERZITV, KICHEOIRRE T OEEWEZHAL, KRS TE SN EMERNS.

N ZEoRBEL2EOEEL L, Ny = NU{0} eBL. FHET:[0,1] — [0,1] PERDHERFE
BTHD L, B1<i < NEZOWT T, o) PHFEBFH2OMF L 125 £ 572 [0,1] OHRY
HO=cp<ear < - <en=1DFETZILZVI. T, E={(¢i-1,¢)|1<i<N} B
{. FeeClTHLT, BRI

Tt = lim T™x, T"c¢ = lim T™z
T—+c T——c
LEDD. K ke NIZNLT

k k
&=\ T = {ﬂT—iZi #9|Zi es}
i=0 i=0

LEDD. ZOLE, Frx e RINLTz 2&T & OIT Z, H7272 1 DFET 50T, Thi
Eu(z) LB T BAROMEHAGHRT, {The|neNy) 2ild o e [0, NEETZEE, T
AN TH 2 v S,

X Zavosy EREZERE T2, B(X) TX L0 Borel o-fliEEEZRT L, GHEOAHINE
33T Borel ATHIOEKTHE 2 5. B(X) LoERAER2MKDESE M(X) tEL. M(X) K
3 week-*itHZANS. f: X — X 2A[HIGHLE 35, 2oL E, [-AZEHEpe M(X) 2K
DEREE Mp(X) EL. K, f-Taa— FRBAENE e My(X) 2EOREE M™(X)
CELL Hpe XD fRABETHEEE, ffp=p LRI n e NDBFEETEHILEVS. f-
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7]
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JEIR Ak DEE % Per(f) LEL . p € Per(f) WM LT pp = 230 o, TEHRSNLZHE
tp € M8(X) % p-BABRE L WS . MY (X) = {u, |p € Per(f)} LEDZ. &z, p€ Mr(X)
XL T2 DRI Ty ta =% h,(f) £ EE, HAZY haE—% h(f) 2 EL.
Rz, T 2RMEHAGSEE 32 2 & MRT([0,1]) OFFEMICOWTHIS Z & OEEMICOWT
WAB . AT [0, 1] ORI R K MEIAEGR T 22w, Z o MHEOFE
BT 28RN 02 d 5. FIZIE[1, 2] 1ITBWVTIE, irregular set O HH i Al K 2 5 »
Vo lz, WL OhOBN N REE E T 5 ET ME([0,1]) ORI EBERIZE % B LT
VW3, koT, KOWHEHEHIZENTY D &S REEI MET([0,1]) = ME([0,1]) 235K D 375
DR ZEHNEETH L. TAUCHLT, TITHETERD &5 RRRMGSNTVS ¢

o T HHEFET hiop(T) > 0 DEFE, MET([0,1]) = M5e([0,1]) 3K b 372 [3, Corollary
10.5).

e hiop(T) > 0THYH, »HPFHEFEMLERTG f:(0,1] > RIDH-T, T(x) = f(x)
(mod 1) ¥ ## 3 & %, MPT([0,1]) = My([0,1]) 235K b 32D [4, Theorem 2].

o hiop(T) > 0T N =2 D5aE, MET([0,1]) = Mp([0,1]) 25 D 372 [5, Theorem 2].

F$12, Hofbauer ¥ Raith 12 & 25X [0] IZBWT, ROMEIHIF STV,

IR (Hofbauer-Raith OR#). T': [0,1] — [0,1] & hiop(T) > 0 Z 7z TAAHEREAIZRX 5
MHFERE 35 &, MPT([0,1]) = Mp([0,1]) A D LD ?

DI#%, Hofbauer-Raith OFIfE%Z (HR) L& 3 2. (HR) TW& MPT([0,1]) = Mz ([0,1]) A3
DO EZRTNSYS, ROKNTRFERFAEMNT T A EE3AERTE WS Db LT
g MET([0,1]) = MYE([0,1]) L FMET®H 2 Z £ 23 SN TV 3 [6, Theorem B]. T TR
ROFEH 1.1 2187, 24Uk, (HR) 2R T 2D TH 5.

EE 1.1. T:[0,1] — [0, 1] ZAAEHERE R 2 XM ENR, pe M7E([0,1]) £33, ZoLE,
hu(T) > 0751 p € MET([0,1]) TH %

BARORE - MANAS ZOFITIEIOMEORE, BIOMANAMCOVWTERS, £F
(HR) I22W\WTHEDS, iRz X 512 N = 2 OE1E Hofbauer & Raith H& 2% (HR) %2 FFH L
TW3. L2L, ZOFIHAEIEN =2 THB I LICKELRIFELTED, N >3 05410
FEIIRT 222X TERW. X o T, Hofbauer ¥ Raith ®FiE%E N > 3 DIFEITHW 3121,
EHWHIOFEEZEDE S, EE T I UTREZENT 2 4683H 5. LirL, € 1.1 T
FHERN Y baE—IcEHT 2 28T, TN LU TEREEMA 2 22k, — NN THE
HHETORMATREEZ /R LT, ZHUC k> T (HR) IKDOWTEZ 258, h,(T) =0 &k
5 e MIE(0,1]) OANIMET OEMTHEM AR L 52 = L SIS e 2B, T, ZOkS

2
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LI — FEERCBWTHIERN =Y b rt— h, e TH25E0HEE 25 2 3B LL
v, BIZE, RO LS R ESHBsNMERD S .

I (Furstenberg @ x2,x3 TH). T = R/Z LDE(R S5,S3 22N 2 — 22
(mod 1),z + 3z (mod 1) TEDS. u % S, S3-F27% T LD Borel HEEHIET, So, 53 D
2ODEAIZOVWTINT—RINTHE LT 5. ZDL X Lebesgue JIETHHRD LA 572
25%bOMETHR p 3FETE2H?

AU LT, Rudolph &R EM %A L 7.

FI (Rudolph [7]). T=R/Z LDER S5, 53 ZZhZh 2+ 2z (mod 1),z — 3z (mod 1) T
EDD. p % Sy, S3-F&K T Ed Borel fERWET, So,S53 D2 DDIEHICOWTT LT — R
THdLF5. TOLE, h,(S2) >0 FkE h,(S5) > 0451, pid T LD Lebesgue HIET
H5.

Rudolph ®EHTIE, h,(S2) = hy(S3) =0 DH/ERMH FRLTWARW. Thbb, ZoOM
FETHHERNZY bR =2 uDE»KREINEbIITHS. ULELD, EB 11BN
Iy hrE—pEn R HECHTOEENZRTSDL SR TE 2.

2 AXTOJSLICEITREER 3 EROFBOAMEEERR

(1) 13K SHREIFCEIMEBATHRICE > TEREIN B TERICOVTOMEELT
5. Rz, BLTOMROERE LTHIERNZ Y bat— h,(T) 50 2725 X 5314
HIE g 20D WTZOMEEZAIAL 72w, FlZ21 8, Lemma 3.1) Tld p € NITH LT,
Tp:R/Z > x — pr (mod 1) € R/Z ¥ WS F{REEZ, ZhH h,(T,) =0 Zihi7z35HE
DAZEIE p OWEZFAXRTWS. LirL, ZOFERE T, DMEICKELMRKEFEL TN,
Z07®, T, DOWEZHI T2 22T, XD &NLREBICOWTEBED DT RED
N7z
(2) % L DiEHE
(a) BIRETUJICDOVWT I HAIET Y ¥ 7ICBWTE, IEURKEIZ D FCHFHEEDH
ERREHNCE oD 2 ET o7, KT, BIE— PO AW Pul o FllEE =, 2
73137 B CFIHIlBR = (R o JE 1 % BB ke 2 Fikld, 2 COBEEDEIN
ZWHT 2 ROERE oTe. AIFEET Y Y 7BV TIE, 205 OBTHE LA
WEHWT, REHRREEICKIES 2. BRI TEONT TOMRRRETS, b
LAEEmE2EL L ZEFE L.

(b) HDEFEREFOMITICDOWVT ¢ EBEHTH 2 FOM TR, MILELKS 277 7RIS
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WTOEFZEEITY, MiBHlETE -2 [9]). 77 7HMEETOHEM e 13E RS
W, FAORMEICET 74T 72 MNE e DARETH -T2, ZORHI S, Hak
NEOMFEE L aIa=sr—yarvk3le, tMOFHEANOBEIDEETHL L
Bbh ol SHRIZETOMEDAEFT 22T TERL KD ERVHE RS, M
DN WIS R B L 7.

BEH

[1] Yushi Nakano and Kenichiro Yamamoto. Irregular sets for piecewise monotonic maps. Tokyo J. Math.,
Vol. 44, No. 2, December 2021.

[2] Yong Moo Chung and Kenichiro Yamamoto. Large deviation principle for piecewise monotonic maps with

density of periodic measures. Ergodic Theory and Dynamical Systems, pp. 1-12, 2021.

Alexander M. Blokh. The “spectral” decomposition for one-dimensional maps. In Dynamics Reported, pp.

1-59. Springer Berlin Heidelberg, 1995.

[4] Franz Hofbauer. Generic properties of invariant measures for simple piecewise monotonic transformations.
Israel Journal of Mathematics, Vol. 59, No. 1, pp. 64-80, feb 1987.

[5] Hofbauer Franz and Raith Peter. Density of periodic orbit measures for transformations on the interval

with two monotonic pieces. Fundamenta Mathematicae, Vol. 157, No. 2-3, pp. 221-234, 1998.

Kenichiro Yamamoto. On the density of periodic measures for piecewise monotonic maps and their coding

spaces. T'sukuba Journal of Mathematics, Vol. 44, No. 2, dec 2020.

Daniel J. Rudolph. X 2 and X 3 invariant measures and entropy. Ergodic Theory and Dynamical Systems,

Vol. 10, No. 2, pp. 395-406, 1990.
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semigroup of polynomial growth on T. Ergodic Theory and Dynamical Systems, Vol. 30, No. 1, pp. 151-157,
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Hrp R

Prelim #ZFRHNEA

2MI21007N FH o B

[1] fEams D

Kk, ¥ v 76 Y LY 4 BR0ERE 3 2 HRiE R E T A D0 E T -~ & LT 5,
Fisher S. Black & Myron S. Scholes 23" The Pricing of Options and Corporate Liabilities” %
FHERL T bR IHGEC EOBEE I, W7 7y 7 - v a— A XETVIE, T E 8
BI A~ DINRA R I N T & Iz, TN bEFX—v a3 vERIT, ZofAEO—>T
B DR TR OS2 L v 4 @R ET 3 TR co—RILIT, 20T TD
77 AF VY A~OIEH RS 5. AKX O EHER, MR

dS; = pS;_dt + oS;_dW, + BS;_ f x N(dt, dx)
c

THRINDHMBEESICN T 22 —n T v a—r4 7Y a v (Example 3.1) Offilg DG

ANREGET 2 2L EE L7z, Z IS, ﬁfifﬁqjllfﬁhé%fﬁ\fcmx N(dt, dx) D AT

oA 7y a VKT CEL 2 EH 2H VR 7 PTHZL = — AL - )i
(GEHL 4.1) DEDSEREE LTI b5 2 ZF 1 Section 2, Section 4 T L 72,

Section 1 Tlt. L v 4 @FRICB S 2 AN RER LI L 72,

Section 2 1. LOHERENMICOWTDOF -4 THY, D. Applebaum [Lévy Processes
and Stochastic Calculus| # E4RSE ke LTE L Oz, TNEH—_ATIEH223. A
g X NREHZRE L, BHE RS HETHEMT 2R EHPHEDOSETR =Y —%hf
L7z WEE, AT FRIBEEF:[0,T] X E x Q - RO real-valued martingale-valued measure

MIZHT 2B (F)%EHR L, TOWE, FICEO 774 F Vv A~DIGHTHEE 1 3 5E

AL 72, & T T, real-valued martingale-valued measure M & (3, B(RY)®B(E) (E €
BRY)) LOMETH Y KD 4R THDOTH (1) Ae BE)THL T, MH{0}LA) =

0 as. 20<s<t<T,AeBE) K L. M((st],A) =M A) —M(s,4) as.. 3)0<

S<t<T, AeBEVTHR L, M((s,t], A)IZF2 B, (4)BRHDB(E) I D o-FH MRl
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p=pMHHEEL T, 0<t<T,AeBENK LT, E[M((0,t],4)°] = p((0,t],4) & 75

ETITHEADOELIEOVC, WHEABAB D7 7 2L LT, UTD320EEEEDZ,

Po(T,E) = {F:[0,T] x E x @ — R|[FIEAIFHlc, UFOB%Z L2, }
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F(t,x,0) = Loy 2T ¢ (@) {tj(w) H(tj,tj+1](t)HAk(x)° 7272 L. ¢ €R J:ftj BERTHY, &
TORICH Ly e 1 3F-ATHL 0=ty < <tpyy = TIEXHE[0,T] EDEI Ay, 4, €
BE)XEDTHDELTUL A = E. u(Ay) < 0% iiifz 3,
T
P2(T,E) = {F: [0,T] X E X Q- R‘F&iﬂ%%ﬂﬂfx f f E[|F, (x, w)[?]p(dt, dx) < oo}
0 YE

?l%,C(T,E)={F:[0,T]xE><Q—»R|Fﬂiﬁf%%ﬂﬂf~, LTL|Ft(x.w)IZp(dt.dx)<oo a.s.}

FeEPNT,E) & # L T . ® 9 LE)=[, [[FOMAt,d) % I(F)
=T I M (Gl A) & E » L o r & R ELEFP] =
Jy [LElFG, )] pldt,dx) 25 1 D 52 2 o K . PAT,E) & 7 A & |Fllp,

=E [fOTfEIFt(x, w2 p(dt, dx)]ELCEEI LT, I2([0,T] X E x 2, p x P)DHHH R TH 2 2 &

EPy(T,E)IZPAT,E)IC B WTHECTHBZ AL, T3¢, FePUT,E)THLT,
EREI{F™} c Po(T, E)D3BUL, B R G4 5 & IR T 2 iR 2B 0 51{1,(F™) 23
N lilhb, ZNEFOMERRS LERL 72, HIT, F € PE(T,E)~DIRIF. {FIEK

BT, AT} 210 = 0, 1, =inffe] [, [,IF1?p(ds,dx) >n} (zDeE® 2L, KV =

Fylljper, y \ZP2(T,E)TH Y . LUF QA FO — FOISHEIGS 5,
& 2.15
F€P3(T,E)ten>0CRL T,

T
P(lz(F) > &) slz+ﬂ>’<f fIFt(x)IZp(dt,dx) = n)o
£ 0o JE

T2 e, {L(FM)}NIERIEOE®RTa—> —TH v, PRLEHO I LARINED
T, ZN%F € PL(T,E) DR L EF L 1=,
Kic, BlEMaMicx T s/ % 2015 & Rz, E={0}, M((s,t]) = W, — Wy)8()

W 1RIE7 7y ViEE), §i37 4 7y 7HlE) L& 2e, COBATOMKENIZT T

v VN X DHERRE S E AT N TE DL, T vEL Y AME, NEEEVORT Y
VHENEZNE) = N@E) —tvic ko TET b2 av_vief b KUY VHEE LT . M=N
Lzl AeBRY—{0)TOEA, K€ P (T, R — {0}, v(4A) <D & &,

J:LK(s,x) N(ds,dx) = J:LK(s,x) N(ds,dx) — fOtLK(s,x)v(dx)ds

67



Mamematics b movation ANNUAl Report 2022

Bk b oS oo . 7 L [ f K(s,%) N(ds,dx) i= Teea K(t, ) Nt {x}) =
Yocuse KW, AQ )1, (AQ) QF. Q = [ [,xN(ds,dx) = [, x N(,dx)Ic X DiEE 2EHAKFT Y
Vit (Section 1 ZHf), Z ofismr2s, L oMflERES DHEEM s /7 RE UL 2 f 5
FICERESZ 5,

Section 2 D&Y DI IZ, LLFTERIND LT 4 2 4 THERKBEREIC O W T O ER T,
Section4d ® 7 7 4 F v A% 1T ) L CHEIC R Db DEIRL Tz,
B HERERY CUTO L) ABA RO DR LY 4 24 THEFERE L W» I,

t t t t
Y, =Y, +f Gsds+f FSdWS+f J H(s,x) N(ds, dx) +J f K(s,x) N(ds, dx),
0 0 0 Jo<|x|<1 0 J|x|=1
2T, N3BEvERFORT7 Y VlllE, NFZhboavvieA b - Ry vHlE w

EmRIL7T 7 v viEETHY . dxmiTHIEREF. RYERIEG. H. KIZXRD b D,

GI|"% Fyj € 32er, HEPET,By(1) — (0N TH Y, KA TR 1<i<d 1<j<m).

BRiC, L7 4 2 4 ZHEREBR ISR 2 D 2030 (Subsection 2.3), 2 XA D EF & A3
ft CEHE 2.33), #ofin GEH 2.35), FAfik~<rF v 7 —AHllERG 260zt 2o~
NF V= E LT 4 DR GERE 2.37) YRR LT,

Section 3 Tlx, HHH T I v 7 « v a— A XL ZDFTOI—0 7T v a— LAkl
ERHEL. fiHAY IaL—vavEfTu, RILoBER LR,

Section 4 BAFHXD A A v T —<~DODWNY A TH Y, mEICETEEHECTCH 23 —1
T va—Ak Ty a v oliARIGEL 2, £, BRIIHBESZFRMICE o1,
Doléans-Dade Exponential iC X 2 M TR OO EZT- 72 GEHE 4.3), fEHEE
LT, SEUTFCHEZLbNS, t>sICHf LT,

2 t
Sy = Sg exp ((u—%) (t—s)+o(W, —W5)+f f { )log(l + Bx) N(du, dx)
s YRsc—{0

+(t—s) {log(1 + Bx) — Bx} v(dx)) o

R c—{0}

ZLTTARAY Y FBIED = (Dyp), 0 Der =700 (ri3&fl) 2 =2 — AL —n
ICTEZ X7 ) A7 darlE O % R L 72, @Ry = y@rh%
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dy, = dy S = G,dt + F,dw, + f HG) N(t,dx), Y,=0
]R>c_{0}

&L, MEQEQl, ) = [,edPly, (AEF,, t<T) TEDLE, Thp') X7 dirfl

B bRk, VR 7R HEORK T LT ) X4k Lz (Algorism4.4), Z 0EH
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IV 2y w—r =i

BT, QD TTOT 7V ViEHWeEED, NEQDO T THRY Y VHllFEICRE I LEIRL
720

Ri%IC, 3—v b7 vy a— L ORAROEHICO VT, )V XA 7HZHEQAEE 2 b
& E | MDA RES 1<t 2 iiIT, Tk D 3 — o T v a— L oRlt(s T)Ick T 5 4
IE7fliks & ik, SeMEAT EIRHEEQ (D7 (Sy — K)FIF | CE#E NS (EF 42), 22ETD
FamA AL, ZhoBAREZEH T 2I1CE 572 (Formula 4.5, Formula 4.6),
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SHOMTEOHAMEICOWT, 3200FEZ EHoTw5,

1. HEEmRoMRICOVT, BRI O T —~IGRALE LY 4B —mEF T 0T
374, 7 78RR 7 7 7 L7 EiE S TSI D PRk L | iR A ik 2 BT 2 )
ERICANwEEZ D,

2. HARIHICEL T, SR TV MHAL 77 v 7 v a— A XET LDV ¥ v T
ZEET 2 cO—#{t, Hicik GARCH €EFALRERT T4 U7 14 B &b
WA & AUE L <. RERSI=T v & LCobrs 3 Tk ERADIFFE & o il % 45
RAad, IhneiEz, 774 F v 2AOMERGRIMITE & REFEIIH Z2 A D2 72 3G
HEREROEEL LFEL. v ialb—vav - 94 78K Yy a v THIELTWL,

3. EEOWFIEEHE & U<, FESERE & R EH 2 oBE Iy filtr, 2id—fHofst
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ELFRX DIIE

Hénon FA§E, A AW DS & 72 o 7z Lorenz 771238 @ Poincaré Wil 2B AL L= DTH
H [H], 2 ZOtIERR EROIEAA TR D EMAR D L TEETH 5. Hénon FARIIRD LS IcHERX

ns:
fap : R? 3 (a,b) = (22 —a —by,z) € R?, (a,b) € R x R*.

Hénon BROIEEERREROEEE Q(fop) EBL. fap : Ufap) — QU fap) PREHED 7L 2227 b
AR TH 2 2 & f,p (IWHRM horseshoe TH B LMER. ZD L &, 5 X —X—%M R x R* ADH

B Hg ZRTEDS:
Hr = {(a,b) € R x R* | f,, ZMHHI horseshoe }.

FHI He % horseshoe locus &\ 5. KBTI T X —&— (a,b) 1& Hrg DHEFITTHITEVWH DL T 5.

AIETIZ, b>0 & b <0 DEAZRDIEEITOWT Hénon BA4DEFEE R? PIIC L fEEPS L O R 8
ERE L. 2LC, 2 D0iT L, R KX 2B N¥ERE2E X, Hénon BROJIEHE 2RO FER 1 D &
SWEHHELT. L, fap : Ufap) = Ufap) OVHZY B E =% heop(fap) 2L e, iREIIOD
KT 0 ek L, LRSS OERZ LS.

FEE 1. b0 3ERET5.

b>0 OFE. H5H RLLR 2Fofd@E4 2 HEFEET 5. X518, ZORBHIZROMOMEBIC L - T,
Hénon BARDIR 2 FEVIIRD XS icnfians.
(i*) @541 RLLR %2452080%5 & 5 ¥ 2 7T 5 & =, f,, 3MH horseshoe.
(iit) 755 RLLR 282806 x5 ¥ MEGFET 2L &, fo, BREZV=v 7 - ATBZ Y =w Y
HfZ FEDD, hiop(fap) = 10g 2.
(iii*) 754 RLLR 20805 0D & &, hop(fap) < log2.
b< 0 DFE. H5H LRRLR 2Hosidm4 4 BFET 2. X612, 0Bl R0 Mo k- T,
Hénon BAZDIR 2 FEVIIRD XS5 icnfaEns.
(i7) #5% LRRLR 2F2m0 56 & 5 ¥ A HF1ET 5 L &, f,, W3 horseshoe.
(ii7) 5% LRRLR 2H0mnb xS E 3MGFEHET 2 &, fo, BREZ V= 7 - ATEZ Y =v
R E RO DY, hiop(f) = log 2.
(iii-) 5% LRRLR %#2 828 2 LT D & &, hiop(fap) < log2. O
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1 {L,R}-77%I (b < 0 DHAH)

2 Uniformly hyperbolic plateaus
(IA] & D3IH, Bl b WrCHERIE o B

512, ROEHM 2 BRI,
EEE 2. b £ 0 BIEEL TS, Ny = {a, 8} £BL.

b>0 DA, TEE 1 (i) OBACENT, fap : Ufan) = Ufap) 1 To/~ O 7 15 o LI
k3. 22T, ~ iF o™ (@Bafa) ~ o™ (@BBBA), n € Z THERE NS ¥y LoFHEEFRERT.
b<0DBE. FEH1L () DBERBVT, foi: Ufap) = QU fap) & So/~ EOT 7 M EfR o b fitHE
BB, 22T, ~ & " (Baafa) ~ o"(BaBBA), n € Z TEME N3 Xy LORMEMFRELT. O

FEM 1 BXOFEM 2 1%, 22 E. Bedford & J. Smillie 75 [BS¢3] T/RUZZIET 0 I 5313300V b
1283 % Theorem 1 3B XU Theorem 2 O, fFED b # 0 NDILIR L K> T3, FEMH 1 OFHDEICIE
(AT} TR ENZDEI R L. LaL, [BSed] OFiEEZOEFHEHL LTH I L Lhkhoi. (Al
DRENOMPD%EHEZ % Z T OMBER BN Lz, FEM 21 {o, B30 2K T 2 2 & TIEAL 2.

SR IFHEOEHOAE L EERR

Jaslos,,) & —FEMHNZRSEZ 7V 7 FO—RILTH 2B 7> 7 b e ke 25 2 e 23315
NTWa. K2 0EEDF DT fuslos,,) DML 22 X 5% (a,b) ORAEEZRZLTVS. b>0
FREFb<0DVWThr—HICEHT 2, BR2E/BHNIELL2Y 727 MaicLTBY, EfoRD
RERHERAD 2-7 0> 7 MG LTV, 5 3FHTIE, faslay,,) P70 7 PESLOFREY 7
¥ 7 b AIHEE L 7 20 O DEHE I L THEROIR S #o 2 diNiwn, BRI, BEM 1 8L
FERL 2 [HEM L 7= 5T Hénon GO /RS % MM LT,

SHOMBEDOTAUIUTD LSRRI ZeAEINS. 2L, UFTRH2ERMY 727 MEHL,
RNRIR=R = fapla(s,,) B HRMAI2OZDERUY 727 v TH B L 57 (a,b) DEADP LR ZEE
DFMELCHZdDLT 3.
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1. Arai-Ishii O L7 DENHIET 5, BRIEAD box 12 & 3 5EIE KT 5.

2. {L,R}-3ENCHIET 5, box OEELLT OGBUEDFIRIC & 2 5 E1 2T 2

3. ETRER L7 2 DO0ENC K % coding RS E 2 2 ic kD, FEM 1ICHEBIL L FRERT.
4. {a, B} ENRIET 2 ENERER L T, FEM 2 1ML 2 FRERT.

EREo 1. BV TEEIERE AW RBERGGETEEZ WS, oM 5H%momE TR KERREETH
B THINE. ZHETOMICENT, [BSc3] OFEEMEMAT 2 2 e A TERVE WS [HER #3572
DIZHWZ, box OMIRZRHT 2 W0 FEE, 2. £ 3. KBWTHEHTH S e Ebhs. Box Ofin%
T 2 B DRI E SR BN 2 TH A S, 201 2. R 3. TREL LWL O2OMEEZRT O
W2 HIEERARE R SREICR B L Bbi b,

INETOMRICBVTE, {L,R}-7E% {a, B}-2HI2K/RT 2 & [BSc3] 1B 2563 255 & N
ThiRDEHRDBDORo7. SHRICBVTIE box OBIEZ, nEIb X o IcEickz rBbh3. 207
», TNETIKHVAEFERPLELSHAE - FPREZSHIADBEICOWTHD THF LS5 ATl EziED Tw
Sl RBHDHIUL, RELSHIE « FRELSHEORLEIC OV THEOERIC Ik L 2w, ZoZ v, &
SRENCAINI R E HICHRBEXELD, GEHEZHEML LD T35 2 TR S e Bbh 3.

HERIEET) VJICET3EHEE
S. Pogolotti, S. Krishna & M. H. Jensen (& [PKJ] iIZBWT, H—DHAD 7 1 — F Ny 7))L —FIZBWVWT,

BRTOMWA - BUNONEED &, RO - MEIORIREHEE T 2RO 7 AT XL %R L. 207
NIV RLFEENFEREHCTEMNSI RIS,

1. BHEFOMK - N2 RGN .

2. 1. TNV R A2, FRTFOMK - /b2 1 A 1 EoaBLS %513, B - Mo
BRIV —T%2RT. LZI TRITIIUEHE—DAD T 4 — RNy 7L —TTH L VWIREKT 3.

3. +/— DRBOMIC X ZFBHFEREMNT 2. L + BHINERL — ZBPERT.

4. FLBNERPIEAIN L 5 MREICK T 5. FHNGRS, 2% 2 20RTIEHT 3 & 2 ORTFHOEE -
Wi OBARA DD % .

5. BRTIN L CRBEOFIEEZEDIRT. b LEFTPEIECIUIREK T 5.

6. MHIKF OBAMEER HIFE KT 5.

AL TIE Z DRATHRICBIT 5, B—DAD T 14 — F Ny 7 L WS REERFEA LT, (2t - fifl o Rz
HET 27NV XLOMREDES. BYREHD X v bV — 2% BETFHIEIA v b7 — 2k LY EcH
N3ty b7 =2 OHEEIIEHT 5.
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TUNKEER R T 574 ) R—3 a VR 2MI21009K 513 IgE

() B O

AME LR [1], [2] THEAE N7z SIDH AN O ZIEA R E 2B L C
DY —_ATH%. SIDH ki [?] TRE SN HFRFRMBEM R E AW
S TH D, BRI Alice £ Bob 2 W5 ZADABDH 51T
DB X N BREEAE MRS L, ZR 2B ED T2 HIC X DK
MRz H 2 2 ¥ TREMICBREEMIREEET22 053D TH
5. ZOFRNFA LA EREEGEE L WS MEO R IcEo»
TRERLEZNTTWED, FTRBRREHCHIC LD 20513 2IE
TR 2 Z e dibhroie.

AMELFRSCTE, T3 9D IR M AR R & 7 — L 2Rk k72
COHARNREREAN L, FT2HEBOFTHO LN EHOENE L.
Z 0%, SIDH DNEZIBAT=H &, SIDH ANDKEIZH LT H O HERANC
BT 2 1ERDD BIHED 2 RITDBRE Y — R DIFE D 8 Kt DA ICH
LCEWE. £z, BEHRAOBE e U THBMhRe R R & 7 —~
NEREDEZ 2275 71T 256 BV

Q) RTv 7T 2B 25% 3EMOTEE O I & F)E B I

BUDIATR 77 2DHAIETY VB LT, BIES AT LIHRE
IFDOARMSEA & & HITHTE L TV 2 BURE# L, & ICBEGETHEREZ 5|
EHEMDIHATVESZVWEEZITWS. BEERMICIZBEEZEZ TWVWE X
T4 7 VEETOMME L 2 ZBOFRIRATREN: & O FENE O R O i<,
ZHUCH L FRET VWV EEZ TS,

F-EM e LTS E, FRCRE MRS 7 — L2 R R R -V 72155
ZHODE LEMSHEAE L TOWEZWEE 2 TWS, BRICIE, CSIDH
72 YTHW ST B K AR O R RAS M AR O [AIAEA O BRI
RS 2 BUEE O FERRH E B O MK H B 7= 0 2N 6 2 i5E L T
WEWV, E e, BREE MR SR U e BRI 2 @Rk 7 — R
WERRRR ZNODRT 7T 7 DR © D BEMR I TED, 205
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1.2 EITHR

121 EF7LLHE

T LRI F 2 =) v e A
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FLEFREICB TR A2 T 0T I v ok
HEHMETF AL 7Y v ¥ 70T LoFRICt
M3 2 FiEeiREL 72,
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Blackbox Optimization for
Approximately Linear Functions

Abstract
ZhuoYu Cheng, Joint Graduate School of Mathematics for Innovation

Blackbox optimization is a discipline in optimization where no information about
the objective function is available, except for the function values at the query
points, which can be adaptively chosen by the algorithm. This models a wide
range of problems such as hyperparameter optimization in machine learning,
material formulation optimization in material science, and fertilizer optimization in
biology.

For linear objective functions with noisy feedback, the problem is known as
"pure exploration (a.k.a. best-arm identification) [1] in linear bandits" and a

convergence rate of 0(%) is established, where T is the number of queries. For
convex objective functions, we can apply any method of bandit convex
optimization[2] and achieve a convergence rate of O(Tllﬁ). For non-convex

objective functions, the problem is generally impossible to solve, but under a
certain condition on the smoothness of the objective function, the Bayesian
optimization with Gaussian process works well with theoretically guaranteed
convergence rate.

The insurance of results between different object functions and different input
spaces are stated as follows.

Linear function+ . e-approximately
. . Convex function . .
stochastic noise linear function
1 1 i
Finite input set — — T €
T VT
e(d+4)
. 1
Convex input set - — -
T T1/4

From the table above, we can know that for e-approximately linear function, the
research about blackbox optimization problem is rare, especially in convex input
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set.

In this paper, we investigate the blackbox optimization for non-convex non-
smooth objective functions with convex input set, where no methodologies
proposed so far seem to work. In particular, we consider e-approximately linear
objective functions, which is defined as the sum of a linear function and an
arbitrary noise function ¢ that satisfies |o| < e for any point x in the domain.

There exists an algorithm[3] that can insure the upper bound 0 ( f% + e) +e(d+

4) and lower bound 2¢ in e-approximately linear function, where d is the
dimensions of input spaces. However, it works for a finite input set, and the upper

bound 0( /% + e> + e(d +4) can not converges to the lower bound 2¢. There

is a large gap between them. We apply an existing method for bandit convex

optimization(called the FKM algorithm) [4] and prove a convergence rate of

0 (il) + 2¢e. We also give a matching lower bound of 2e. From the upper bound
T%

and lower bound, we can see that when T becomes exponentially large(infinity),

the upper bound converges to the lower bound.
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Research plan

There is still some improvement in this study.
1. Firstly, for e-approximately linear function, we hope to improve the upper

1

1
bound from 0 (—1) +2eto0 (ﬁ

T%
2. Besides, we consider to change the objective function from e-approximately
linear function to e-approximately convex function. So it is more general to
apply to more situations.

)+26.

Blackbox optimization for nonconvex nonsmooth objective functions still has a
lot to investigate and study. Since it can be applied to many fields such as
material science, biology, and simulating system. | think it is valuable to
research this theme. Moreover, | am also interested in bandit problem. It is
similar to blackbox optimization and has many practical applications such as
recommended applications and medical studies.

For my PH.D., the first topic is continuing my master's thesis, as | mentioned
in the above two points. After that, since for non-convex functions, the research
in this area is rare and full of challenges. | want to explore more about the
possibilities of nonconvex functions in blackbox optimization problems. And the
objective functions of many real problems are not regular, they usually are not
convex and have noise feedback. So it is valuable to study and research this
topic. | hope | can make some contribution in this direction.
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REBLO SHUEBE AN T £ ORI RARGEIUC 5 2 D8

BRI TR ELRE2E B2

1. ok HiYy

BB BN ECLTEER T 7 7 A —D—>Th b, ZHETELL OBFZER, HY
FHEDEBRESCH O SRFENHAIS, 7+ E b 0FPMELBEL THD Z L6
T LT & 7= (Sewell and Hauser, 1975; Biblarz and Raftery, 1999; Bodovski and Farkas, 2008) .

BUIFEBHITH LT, BEVRTEEZHANT, #HE - UGB e ERkx & %2179,
DT LT, FEBITRFEARSCHDBEREREFIZOT L3, Thve & bic, YEEAR
bHIZOT DT LD, SUEERE L, (20 MIBRIFICRB N T, BRE LTEDIL
WwE BT D DT L EWMTE SR TH871) # BT 5 TH % (Bourdieu, 1973)

THVE THE & ZRIFTE3 7 &b OF T 0MEFATENS 63 2 FEHE D UL E AR O R % o3 7
LTEY, W OLOMIE, e 2 UEERPBNG - Eb~ Ll Efking 7 mtk 2
CUEITEAERE) 28 U T, BERBRICB T 2 EOFED b2 b &b sz iEh L T
7= (i, 2001; A - #47H, 2009; HEA - /K, 2009; 32, 2022) ,

I H L OFATHIFEN DRk % 22 SUEE RN F £ 6 OF IR FIT B Z RF L
TV RERBEL TSN, ZOHRTHIEH SN DD, FiE COEIEE - HfEiRH <
FREEENE Ry 2T H L THIZOL L ENIEWNULEARDEE TH D, — ik
2, EIRSUEEARIL, Z2< OE, FROBEN Y X2 7 LOZBFH THE L SNDHE
NEDOHLDEEHFEDHHFUXITEAEHA LTV, L, EMiUEEART, 20
AR DR RIRD T - v — - RFF - BEEZFIIOT LI LR EEBL T,
R BN D DT LI T HFHEC T E b OAEREED, BRI, 7Eb0%
7 WEFATNCR O T 4 TREBEREFTEEZ N5,

ARFFETIL, FRROMBEHRE b LIS, TELER OB ZXG L Loy BHER
BRFFEATIC LD T4 2 I FRAN B IEENC B9 5 94, 2013) 27— 4 (N=16,480)
ZHAWT, BBE S OZEIRICRT 2B OSCEREORER & 7 & bk 2 SR HEH
~OFFE S &I T IRb ST UbEAR] CESUEEAR) DKRMEL R ITETEL I A
L, ZOEED Mo EE 2B (R - REBLE & OB, R O — K 22 8o 9i6F -

BEREOKUREZR L) 2 L7 2T, £ EHOFENOFRIRE ED X 5 ICBgH LT
WADPERRGET D, E7o, TR RICESE | PR COHEERIZIB T 51 L ROk E
ERRET D ECEWSUEEARNR ED K5 BRAEF 21X L 9 50O TELET D,

2. MREEG & B D B EH
ARFFETIL, e ORMEERIC L2 LT O = 2OMGEEHRE &2 #R L7 9 2 Tah
BETNVEMEL, SEITI> b0 LT D,
(i) BB OZW LB RO KIEST- £ 6 & OFH - LIHEEIL, T8 L0FE /N -
FRDFSLFREADIEPUA BICIEDEN D D,
(ii) FEBLOZ LB AR OKIER T b & OFH « EEE T, PREOHLIFHOL
LTEENETFELORICAE T WA AN S,
(iii) RO UL EAROKAESCT L8 & DT - LR EIX, FEZOH L HHO b
ETAEINET ELORICAE U TW LRSI ERA~DOHEE O EE i NS D,
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Fio. AR IR, BICESERSE R ET AR AN CT — 2O 41T 9, 4Bk
YEAHTCIE. R OBRIE Z R=T 7. SAKMEA S5, LTFIER S A LERD
HARHF =T D,

# 1 AEHEROEAKG

R M EMEEZE SRME oK
BEBL OO ] I 3.905 0.806 1 5
AL R IRIE OB 0.412 0.492 0 1

ETBCE W 2.038 2.051 0 5
T &b & OEHTED 0.347 0.476 0 1

FEB O FIE 0.274 0.446 0 1

AL 1.970 0.635 1 3

HHEWE 0.685 0.465 0 1

A 0.188 0.391 0 1
FELDES 2.372 0.754 1 3
FASL/ R 0.024 0.152 0 1
FASE P AR 0.131 0.338 0 1

3. FEARSHTRER

(1) FEBLOZEE & S EITE O

FHROFRER KA « KEFEBLAENE ) THRONCE > T, BEROTF L STk 2 HEH
Ff, BAOHERE., TEHOFET), I TORNGET:, FEKE CORNIEFTER
TRED X D IEOR R SN D0 E FEEDZED t BUEIC X - THRAE L2 FERIZLL T O
LBV ThD,

BT, KA - REFBARE ZDOMOZBORBRZ LD L HFEBOEHEIZSNT
BEERENFEL TS, Tabb, BEREFREOLN, T & Ik 2 BE N
E< . BAOHBERE LTV, TELOFEANEL ., ML - PR OZREIRUCIB
T EHEHNLFERITmOE TN D,

FoAZ, FEREDONATu—T T 4 BT ¢ GENBIHOBEEIRE) & LAV KAS -
RFBEAEDOREEL & B BTGB A 95 A8« \AS - BLK - | AR O RS2 LUk L7554 S R
T5H L BEWROTED O OREEIINN L T D, & LT, @RAOEL L /NEED
FASERPUCKT L CTlE, T LA ERHHE L, 2 OMEIICHERER D H Z EBDh 5,
(2) RrE H R T Rk R

TECDFENET T NI LEEE Uiz k& T8y R TRBOFEE) - T38E
iR - TR - TEERLESN 72 UEEAR] O&FEHIT, 2 TEHBEICARICEDK
T S N A

HEERR DS A (T Mo FEH DY)

N=16,311
CF=0.903
RMSEA~0 050
wwEn =
p e,

Y p=eiil,

L f e zevomn

\ f . |
BROLE I 'y g i

O

agganteRs

ST g e g
ERmEii!lRJ )Utl!l%mﬂl‘ Eﬁﬂ'ﬂwl FEELORRED

7 : P fi<0.001 [3***; P {if<0.01 |3**; P f[<0.05 |3*; P fii<0.1 |3+ .
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4. Bbuiz

INETOERDGHHERZZLDHE, UTOXIICENTLHIENTX B,

F—lo, LEVOENEFHESNOT U NI AEHIC LTIZGE. TRBOZEERE »
DOWBNE LM, TRTORNARBUIIATEICECTh o7z, 7o, [HBOPE N1
EBLDOFENRIET RO 21.8% 1%, THELE NI SULEAR] 28 & LTER LT
Wiz, BEROBEWRBRNE | T &b ~OEBMBEECRBNEEIZZ <Y, T
DFINT T AR EE LT EEXLND,

B, FE b O FRA~OEFEFHRSPTOT U b I DB LT6, AR
DO ORENE LIRS, [E R Z NI SUEEAR ] OZEH RN NAE DBPUZ DT
I, ARICIEORZFf o Tz, —J T, BBOPREITEENITIIAE TIER1 o7,
7L, BRI, THR b SN SUEEAR] 280 & LT T80 ORIV ER A~
DHEF) IT—EDOREERITLTWD,

TNLONWRERABE XD L. EMBED (b Sh7-bEAR] X, FEbH0F
TIRFINLFAE D /INFRLBEE T O R DO FAE B L RIF L T D mARIE S5,
T E b D SRFLSL DO ERIUC EIFEH O UL E AN —EDFEL 52 TS E N D
R, HEBEOEONEMD, T L HICHE - ULBEOBERE 21T\, L&
AEFAET DL T, BHOEMOHN ZEAMEANH D Z L E2RELTEY, U —
N=RTNT a—bDHFHZFAE L2 bDOE LTRRTE 5, 72720, RO RE
THIEL SN SUEBAR] OKRENRKRE L Z20Wr—Z2Th, ZME#EO THi b Sh=3C
(EERNEIT EHDFSOMUSFEA~OE IR DT ¢ T Ba 52 9 5N ER SR
%, Thebbh, TEHMINCET 2 ZMOEETTE 28 U7 SUEEAROFERIEL, K46 - K
BE2E DR O 1 & LSO REBLO A &b DEICAE U0 5 SR 7 52175 O i/
IC—EDOEENZ RI-TAEEEN B D, TSN LB ARDOER 13, fx o
JBICE S THIETHD Z LMD, xRNy 7 7T 00 REfF oot LT, Eifficxt
T DB E ED A 8 b OEN - SUBTEEN & SR T 2 Hl R 7R A OREER IR S D,

BRI IR DT SN T/ I DOV TR 720, 55—, AR CTHWET v — bl
AOERMZENGIT, T EHOMRNCET D IERMNIETE WD, BOFE LD
LT CRHENIT 1T ) 2 &N TE R 0Tz, A%, MRNCEET MR c&x 57
— X a2l D LK  EBEOSUEEAR A B & LT FREOBAEENRTICE S L oM
BNZBNWTEL TV DD ERAET 2 MLERH D, BT, +EHO%INCBET 228803,
RO TE AR EICESOTER LEZ O THY . ERTOT X FOfiEl T
DB DRAE D K 5727 &b OEE 2 FINI SN A TR W RICER T 54
HNG D, SHOMFETIL, OECD O PISA DHET — X X2+ 52 L2k, H
BFEOSALERE T E L D% EDOBRICONTOSNEEBILT v 7T — T 54
BN 5,

A, MFEEFA X —Fy FOBRIZEYD, TUXIN s 2 2a—TT LR EOH LW
HHEABH L TWD, 20X ) eifiioiEsig, TH b Sz SUEEAR] OFRENEK
LIRTESBIZT b0 LEBEZ b0, BFEaOREDS, [FRfbIniz g AR) o
BT ot A5 2B ONTHREZHED D NERND 5,
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5. Preliminary Thesis Exam Abstracts

F—7
1. HROEF - 1B - SROBK

My research during the first two years of the doctorate course focuses on parameter
estimation for stochastic differential equations. The topic of parameter estimation for
stochastic differential equations (SDEs) involves finding the values of the parameters in the
SDE model that best fit the observed data. This is important for many applications, such as
financial modeling, population dynamics, and engineering systems, movement ecology,
where the behavior of a system can be described by an SDE. In my research, I consider two
kinds of problems in the direction of parameter estimation of SDEs. The first one is about
Asymptotic properties for Local linear approximation for Levy-driven SDES. The second one
is about parameter estimation on switching SDEs. These two studies are both motivated by
the application of SDE models in the field of movement ecology. Movement ecology is a
branch of ecology that studies the movement patterns of animals and their underlying
mechanisms. Let me describe how the SDE models appear in movement ecology. Movement
data often contains random fluctuations and unpredictable changes in direction, which can
be difficult to model using deterministic models. SDEs provide a way to incorporate this
randomness into the model by modeling the moving process as a stochastic process. The
movement of an individual can be modeled by a stochastic differential equation and the
solution of the stochastic differential equation represents the dynamic of the position of the
individual. Usually, the position is a two-dimensional vector, one dimension is the longitude,
and another dimension is the latitude.

In the first study, we investigate the asymptotic properties, such as consistency and
asymptotic normality, of the Maximum Gaussian quasi-likelihood estimator based on Local
linear approximation. This study stems from a previous comparative analysis of various
approximation methods for a movement SDE model. The previous study evaluated the
performance of four different estimation methods: the widely used Euler-Maruyama
approximation method, the local linear approximation method, the theoretically optimal
Kessler approximation method, and the exact algorithm Monte Carlo EM method. The results
showed that the Kessler method was less stable than the Local linear method for estimating
the covariance matrix. Given that the Kessler method is known to provide optimal
estimation for diffusion parameters, this motivated us to further analyze the performance of
the Local linear method from a theoretical aspect. The aim of this study is to see the
asymptotic behavior of the Local linear approximation method through a theoretical study.
The model is a multidimensional Levy-driven SDE with parameters that appear in the drift
and diffusion coefficients. We apply the Gaussian quasi-likelihood approach to construct
estimators. First, we define two estimating functions through the Euler-Maruyama
approximation, one of them with scale information, and another without. Based on these two
estimating functions we can obtain two initial estimators and their asymptotic properties.
Next, we can define the Gaussian quasi-likelihood function based on the Local linear
approximation. The conditional mean and conditional variance inside the Gaussian quasi-
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likelihood function is computed from the approximated solution of the original SDE through
the Local linear method. The estimators obtained by maximizing this function are referred to
as the Gaussian quasi-maximum likelihood estimator (GQMLE). We study the properties of
this GQMLE through a one-step estimation using the Local linear Gaussian quasi-likelihood
function based on the initial estimators.

In the second study, we investigate an EM algorithm-based method to estimate the
parameters in a Levy-driven SDE with Markovian switching. The Markovian switching
involved in SDE models appears frequently in the literature on movement ecology because it
provides a way to describe changes in the underlying mechanisms that govern animal
movement. Markovian switching refers to the idea that an individual's movement can switch
between different states, depending on environmental conditions or other factors. The
Markovian switching component is given by a hidden Markov chain with finite state space
inside the coefficients or parameters of the SDE model. The addition of a switching
component adds complexity to the model, as the parameters may change in different
regimes. The difficulty also appears due to the information on the Markov chain is typically
unknown, the only available information is the position data of the individual. There are only
a few studies dealing with parameter estimation for switching SDE models through discrete
observations. The aim of this study is to propose a practical method to estimate parameters
in a certain switching Levy-driven SDE. The study focuses on a one-dimensional switching
Ornstein-Uhlenbeck type SDE, which is driven by a Normal Inverse Gaussian (NIG) Levy
process. The parameters in the model are present in the drift coefficients and the NIG
distribution of the driven noise, and the parameters in the drift coefficients depend on the
regimes of the hidden Markov chain. Since the Markov chain is unobserved, we refer to the
EM algorithm to estimate the parameters. In the study, we construct a Cauchy quasi-
likelihood function based on the Euler-Maruyama approximation and propose an EM
algorithm to calculate the Cauchy quasi-maximum likelihood estimator. In the future, we
intend to extend our focus from one-dimensional SDEs to two-dimensional SDEs, which are
of primary interest in the field of movement ecology. Additionally, the application of rapidly
developing computational methods based on deep learning techniques to switching SDE
models is also one of my interests.

2EFHAET VT - BFRAREET ) T DOHRE WRT—7. BHAE. ARF)

In the modeling course, I joined Professor Ton Ta's laboratory in the Faculty of Agriculture.
During the course, we study the theory of deep learning from a practical point of view in a
regular seminar.

The theme of study in Professor Ton’s laboratory is weather forecasting using deep learning
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techniques. The problem is to construct a forecasting model through a deep neural network

based on data collected from the Ito campus, Kyushu University. The data is a record per 10
minutes during 2021 and 2022, consisting of seven variables: Temperature, humidity, Solar
radiation, Wind speed, Wind direction, rainfall, and Pressure. Our goal is to use a single deep
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learning model to predict all seven parameters. Before building the model, we will

preprocess the data, dividing it into a training set and test set, and reducing its
dimensionality. Our chosen network is a Multilayer Perceptron (MLP), a commonly used
deep neural network with fully connected layers. In our study, we examine an MLP with
three layers: one input layer, one output layer, and one hidden layer. We use a stochastic
gradient descent algorithm with a squared loss function to update the parameters during
training. The architecture of the MLP will be determined by the number of hidden nodes, and
the training performance will be controlled by the learning rate hyperparameter. To find the
best combination of hidden nodes and learning rate, we will use k-fold cross-validation. The
final model shows good results in terms of the squared loss on the test set, and it is capable
of simultaneously predicting all seven parameters, which is a unique advantage of our
approach. The study results will be presented in a future paper.

3HAITEIA > T —2 v T DBE

I have secured an internship opportunity at University Paris-Saclay, UMI SOURCE, IRD,
UVSQ, France. It will run from April to July 2023. Professor Stephane Goutte will be my
mentor during my internship. The topic of this internship is the switching SDE model which
is closely related to my study. He has made numerous contributions to the field and his work
serves as a valuable reference for my own research. I am confident that this 3-month
internship will provide me with a wealth of new knowledge and skills, and will allow me to
gain valuable experience in the study of switching SDE models.

4BFMRFRT 0T T LDIE< DEERE

I have participated in the following conferences/Seminars:
Bulletin of Informatics and Cybernetics symposium 2021 (Presentation)
Bulletin of Informatics and Cybernetics symposium 2022 (Presentation)

BHE - RERRITARS 2021 (Presentation)

RNE - REXEHRIAS 2022

International Workshop on Education and Research for Future Electronics 2023
The 4th International Symposium on Al Electronics 2023 (Presentation)

SEBFEEDT NI 7 LEE L TOEHEE
As a final-year Ph.D. student, [ am planning to concentrate on completing my thesis by
writing up my two studies and submitting them for publication in relevant journals. I will

continue working in Professor ton's lab and aim to publish my research on weather

forecasting as well.
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Preliminary Thesis Exam: F5
P T (LR 3 ) f8 8 &8 Az &%

1. HEOER -« BIZ - SEOEE

1.1. AROER.

1.1.1. ERZHERDOFEICLBIETL I — 7 VX LITHID overlap. 1990 £E1Z Chalker ¥ Mehling 13
3FE%E7 ¥ X 1474, R Ginibre unitary ensemble DHER I ERIERICENEAT T 220 TR /A RA RS T

CEoTERX Z"LE} overlap &\ 9 mEFNz. EHITHID overlap 1/ lﬂ%ﬁﬁu@iiﬁﬂi? 5 DT, overlap l&

3FE%EFI§U’E%X’. LR AIEEARE L 125, Fiz, ZO overlap \ZIFIEHUTINE T Z 7 > B O [EAEH O
RIFNTICB I 2EEBEDO - RES e LTHNS. F72, overlap I& condition number D% J’a’:%f: L, ARZY
MLVORLEEZTNE L TEHERETH 5. 1€-T, overlap NS 2 Z L IXHERGRNIC D BUERRHTIVIC
SEETHZICHMHD ST, overlap DHFFEIE 2010 ﬂffﬂﬁﬁfif EIESY XDl 7y NAR TS %k ERT, Fiffiiy
D= DIIFE AL RENT VR o, (1] (AIEDR) & [4] (ERGHN) O 7L A 7 ZAV—% E oI
mmmp®m%®%uﬁﬁo#okﬁm%tLfmmmpku*mmﬁﬁgm.M@imqum%%&~xt
LT, induced Ginibre unitary ensemble % induced spherical unitary ensemble @ X 9 72 weakly non-unitary
regime X 5 % T ¥ X LTI OHESR 122 ORER I UM % RBEIC overlap D2 D R - — U ¥ Z iR
EEDOMAZITRo TV,

1.1.2. B R BRKT B DB FGEIE. Peres & Virdg (3EREREIER M 2 (REBUCH 2 7 ¥ X L E R E D E
REHEREE (GUBRL XN S) 2% L, £ORUBERIZHEAMIR ETER SN 5 Bergmann % FHAEMKIC
oI sdfdr 2%, T, Z @ff‘?ﬁl@ﬁﬂJ_/\?ﬁ DM Z AT & AUEFRIE Peres & Virda @3 D ¥ LR
TEDLBLVERIRAZFVET /255572 ZHEERLRBMOTH 20, ZHETHRINA TR,
FHEEZ & DI FTFFE TREAD AR 70 Tld 72 <, finitely dependent 7257 ZBfEE Lz &2, Fi#
TR DAY ZBED AR T MVEEBORFICBIRICEEEZZ T2 RT3 EETH 3

1.2. AROBE. HABERIRDISICEDdBHNS ©
(1) 1.1.112BIL T, induced Ginibre unitary ensemble ¥ induced spherical unitary ensemble @ overlap @
TSR RL, ZORF =V Y WREZHET 2T, H2EOEENEZRLL. £, weakly
non-unitary regime {2892 25—V V FHR%Z#E 2 5 Z T, % EMKT circular unitary ensemble
(=% V17572 DTIEHFTH]) & Ginibre unitary ensemble (JEIEFIATA) ’2@?3?‘5 overlap DR
ZEHELL. ZHETO0MXE LT, arxiviCiEL, RIb%E BT 6 EBRMENCHRRTETD 5.

(2) 1.1.212B§L T, finitely dependent Gaussian process & fREUCHD T ¥ X LFRENIFEIC X > TR
i ) 7‘J v X;ﬁ&@X/\? MV O E RO EEEIIKE L T, ZDRELADEBOIMFHEDHLLEE D
—DVNEL B e R L. I ORERIGERMEE i‘x*nb K. Noda and T.Shirai, Expected
Number of Zeros of Random Power Series with Finitely Dependent Gaussian Coefficients. J Theor
Probab (2022). ¥ UTB, gz,
(3) FEAIEIEA > X =y FTH LW & &R T %25, Ginibre symplectic ensemble @ overlap @
Pfaffian #§:& %2 51 2 M2 FBUC LRED S £ TRL 7.

1.3. SEROHK
(1) WFFEEAE (1) 1EIT & elliptic GinUE (eGinUE) @ overlap D174 ME (2 DAL S £ 72 weak non-
unitary regime Z#H L, FfZ Gaussian unitary ensemble & Ginibre ensemble % fifift] 3 2 #8 ¥ L
THiD THKEN) BRTRANDRIIDRT v 7 LTEATHRNETHS. £ TOFEE
eGINUE ICZ D F FBM T 2 Z i3 TEpuv. #aid, Mo (1) TOFEX moment FEIZED W
THED, moment IEEIAREMNCHITHIDFIHETE 205 008 7255, eGinUE 2% DT %
T2 2 2I3BERNCIE LW EDOI /R0, 20 X5 BRFRIUKS RV ELFIRERFET 5
TEDRETH D, FERIZT R RAUE, overlap ORENMBEEITFMEZHEHAZNER Ty L A
U727 —a > i AR DERZZLIHARKBEB O E L LT 2 2 wo-T, BNz
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IV ‘i‘i’é[_{l/:ji’— y % R R = -

WEOHLDOTERVIEIARFL TV, LrL, ThEEWT S I LIZEZTIERWD, overlap D
FHEOD 5L Y BEHIBT 2Hi3TD GinSE D overlap @ Pfaffian & DL & M7 L TIT5. 7z,
GinSE O EHEHFE L overlap #FED SDE #E 3 2.

(2) WFFEEAR (2) X ELDFHE S finitely depenent ¥ W I 2R X D — IV 7 7 RITHIRT 2 2 &%
ZD XS HIE OGS Z e BFHEL L THR->TWa. KT, 780D HIRHERERICHHEZEE) 23
slower 12722 Z L IZHIRF X N 203, ZDFIHEIZED contour i = &L= OfHTldRW». L L,
RN 2 7 71 — F I3 & ARSI AR TH 2729, TORREETT 5.

2. BEHAETU VS - BFRRETI VI ORE HRT—7. FBRE. HEF)

2.1. IRDTF—Y. V7 a7 RET3xF 2 7 4 3SR GHEENRE) ofREICk->TRW
MREMDTNDEEZRDH, HEBOLX 2V 74 (N=Fv=7) OfIEICEL TWRIX, A5 HlE
BHZOPBIRTH B, 22T, WHIE, RSAE, BEPAALF VT —RINTT Y Rk 4 X B
WKEAHELZEZ T2 2T, HALDOHEEH > TV A ERLTREICT — X DEZEITVZWE WS DHE
FR—2aTH5. BHBEINOMAHETE, EFLVDERL BEFERIC X 285 — X — &R X 372 DEENE
DADBFEMEINTE Y, XN WEICHE L TN Z T 2 Z e AHNTH 3

2.2. SEHIRA. EB8% NE A XCHELL, ZOEEE2ETT2MELE 2 2. FHIWNER T v 75
WHELZ L TWADT, ATy THIZZ74 LR Y Y7 FTHERWV. €->T, N =105 HERT22h
BROIDAT v T THolz. N=13Z%ERHETZIeNTERD, — D N IZOWTERED RN %
T35 IETERIAMBIEATORY. Bohk@effioT, MOXT7 412D 72 L TOIHERWIE
T, BEMCEEST T IR ERBNATHMIZES Z 238 L. 72, BERAOMYEDOTRETITER
EoTELT, TRPHAIETKRDoTWAZ LIZVEDTH B L EHLI 2ER.

3. HApEbr & —2oy JokE (B, £ - BER. fART—7. FBAE. BRE)

3.1. EHEHART, EHEA4E © Bielefeld University. 20234E 14 10 H (K) 75 20234E3 A 17H (&)
(BEIH) OHIFEIC K4 Y D Bielefeld K2 THREYE - 7 > X ATHIEROEMIFR TH % Gernot Akemann
OTFTHAINEIA Y 2=y T HEA VR =Yy TRERMLUT. $RIE Bielefeld K¥DOYHFFNIE
B8 e LTHE L.

3.2. BA3ET—<. Ginibre(1965) 238 A L7z 7 ¥ X 24T45IERID M, Ginibre symplectic ensemble(GinSE)
D overlap DAFESHEE & TIE L7z, GinSE O FE G EHIX Pfaffian AUERE & M 2178 0ERE © 13872 3
WIS, & D DTEIRZENZ 21d, GinSE OEGEDMIEFMICE T 2 @RI RE2 D, Plaffian
FBRROME 2RO 2MBIBDR r—1 > 7R % %E 2 21, Sl Lo b »EICE FE D 2 SEEh 7 E35
FH ETEZ 25T, MRTHE LN FUBFRIZERR S, B, #iE 3 Plaffian SUBRETH D, HEFIIMTHIRAR
ERETIRMT 5. 20 X5 &I overlap KN L THHN 2 DTIdRWH L 2] TTEINTVWED, 2D
X BRRMBMMRII L B oTe. 22C, BERZHALIINZERLHA L3RR 2RI X > TR
FAZIHADEEE - T, overlap @ Pfaffian &% /R L, ZTOMREZFHET 2 ZeBHET—~<TH 5.

3.3. JEEINZA. Bielefeld K22 T Akemann ¥ GinSE @ overlap 05 D GinSE (ZBH# 3 2 #5#E=° Ginibre
orthogonal ensemble (GinOE) \ZB# 3 2 5E# (eliptic GinOE % product GinOE %) OWFFLD /57 ¥ %
L7z, BAMAENZ VDT, ZORTEHSHRERT 2MMiEODH 2 O EIHZ T Tniwy) FEE
ZRTOREELVHT, ZOLHOEMRD» 2 OFFELHE T I LA TELDIRMEEND 2D TH-
7z, #il 33 X512, GinSE D overlap (BT 25RO HT 23 TE, ZHIZLED T THD TORRETH
5. ZOMRESHIEIRL, —BMVLERCT v T 7L — R T2 Z e HSHROMARETH . ik
HHEAHIZ Tenth Bielefeld-SNU joint Workshop in Mathematics ISl L, Jonas Jalowy % Markus Ebke &
LM T DN TEL.

3.4. MBZ. ZAWEEED Akemann ¥ OHFEIIFECT, &M-003 2 50FEMH 5 L WHIED FT, GinSE
@ on-diagonal overlap @ Pfaffian &% /R L7z, ZOFIRIFEVWOT, ZIZTIEEKT 20, ZOFiEL (3]
B 2 EERZHAOMBIEIMRIZELRWTFETH D (overlap DFRTIGZ Z TOFELEHT 2 e TE
2\, 20D overlap (RIS % Pfaffian #38 & W O Wi AR 2 T, BERZHEROH L WHEBIEE R L
722 WVWHHTHHF LW, MROFHESSEM DT 2 M TEOER MRS 2 & W5 XS Z#t = Akemann
C ORISR HED B .
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4. SEKRERTOY 5 LOBLZOEERE (RRER. €I+ —. HRESBMEREE)
4.1. ARELBME.
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4.1.1. 2023/04/01-.

(1) 2023/6/8: Determinantal structure of induced Ginibre/spherical unitary ensemble, Random Ma-
trices and Applications, 5th-9th, June, 2023, RIMS (Japan) (scheduled).
4.1.2. 2022/04/01-2023/03/31.
(1) 2023/3/29: Overlaps of non-Hermitian random matrices, & TEEERERIEE 7V > 7 H RIS
TR HMi A2, 29th, March, 2023.
(2) 2022/12/14: Zeros of random power series with dependent Gaussian coefficients, Analysis, PDE &
Probability seminar, KIAS (Korea).
(3) 2022/11/24: Zeros of random power series with dependent Gaussian coefficients, Forum ”Math-
for-Industry” 2022, Poster session, 21th-25th, 2022, La Trobe University (Australia).
(4) 2022/5/13: 7 ¥ X Lf74le ZRTt7 —a ¥ B R, JUNERRt I F—.
4.1.3. 2021/04,/01-2022/03/31.

(1) 2021/12/14: Zeros of random power series with finitely dependent Gaussian coefficients, Forum
”Math-for-industry” 2021, poster session,13th—15th December, 2021, Hybrid.

(2) 2021/12/09: Asymptotic behavior of zeros of random power series with stationary complex Gauss-
ian process coefficients, The 19th Symposium

(3) Stochastic Analysis on Large Scale Interacting Systems,7th-9th December,2021 ,Online (Invited).

(4) 2021/11/23: Zeros of random power series with coefficients being stationary complex Gaussian pro-
cess, Workshop on ”Non-commutative Probability and Related Fields 20217 ,23th-24th September,
2021, Hybrid (Invited).

(5) 2021/10/16: EHERA U B RBUFDO T ¥ X ABEBBDFRITOWT, WIRR TR, R
DOFEMIE X VI, 2021 4 10 A 16 H-17 H 2021/08/06: Expected number of zeros of random power
series with dependent Gaussian coefficients, 13th ISAAC Congress, 2th—6th August, 2021, Online.

(6) 2021/04/26: %' RBURHTRIEL & Z D2, Math-for-Tnnovation Cafe, 26th April, 2021, Hybrid.

4.1.4. Scientific Visits.
(1) 2022/12/12-2022/12/17: Korea Institute for Advanced Study (KIAS), Host: Sung-Soo Byun

4.2. ARESBMNREE.
(1) Bielefeld-Melbourne Random Matrix Theory Seminar, Virtual Seminar.
(2) Workshop on Probabilistic Methods in Statistical Mechanics of Random Media and Random Fields
2023, Jan 9th—13th, 2023. (one day and technical supporter)
(3) Tenth Bielefeld-SNU joint Workshop in Mathematics, 21th-24th, February, 2023, Center for Inter-
disciplinary Research, Bielefeld

4.3. YR A/R=23Y - EZF—. %R T37 A/ R=YarytIF—%anFUvAILAD¥
% PEHIsR < 2T 2RI A — A F A F— 2 LTHfEL 2. UTEZ0flth 3.
(1) 25518 1 2021 4£ 10 A 20 H (OK) 16:30-18:00, a7 FH Al (X (LA AT S AIRER S5t
VR —EE T — L)
(2) 5610 12021412 A1 H (K) 16:30-18:00, EEHE BEA fE K FALKEMREE S ST
(3) B 7ME 12021 12 H 21 H (K) 17:30-18:30, il HMI £iE K (HARKFH T AHEBAERD
TH5.

5. RIREEDOTOY S LEL L TOESEE

5.1. 81 1.1.1OHROHKE. & AOHAITBEET > 2—> 2y TOHRRMAROKS. i 1.3Tiok L kS
12, WRFGEREIMRIARE LTZ < H D, Akmeann & Sung-Soo Byun (KIAS) DL eGinUE @ overlap,
GinSE OE A EEES overlap 32 SDE OEH & ¥, Himsci2Haic iR b EHE L (Htimco~—
ARABER TR L ZZNBEER-RICT 3), TELDBOLLIEICF UV VE ZATHIDOIERE 7L 7Y
VR LTHERE, EBRMEEANOEREEZITRo TV FETH 5.
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5.2. MMARREZHERRL, HEERIIBMLT, ARZREBEIES. BN LWIEBREHHELRPR
2R —FERL, HFAROBRRKIGEZMS. 72, BWICHSERIHERBOELRINEENL KA T S, E
T, 7YX uiTHl% 7T —< I KREREEHIERD DD, £ I TRAX—HRHIT. LOMFESE
BRe LT—&IEW Seong-Mi Seo (Kb K H - HEEHINLZDT, FoTWAMID by 71T 25HE % Hhi
IHED T, Seo XA LT 5.
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PRELIMINARY THESIS EXAM ¥

HWRE (YA - 74T A ) _X—= 3 v - BEFH D2)

1. BEOWFIEIZ SN T
1.1. #EE.

o WFIE A & —  JAWH HIJS Sk
o f9C7 —~ : finite space DAHE F E—F@HlZ-DOUW T

1.2. MIREE. ARES LOMARZER % finite space &V 9. ZO hARr U—EE O£ <
WA DERICFR TE 5720, fHABbEMmE MARr U — 2 S EERR G E LT
HENTWD. BIxIE, NFEROM, 7 VF N aRin Y —72 E~OIGHANA LN TS,

FRICRB AR e P —DBE» S B EEENS O3 % ¥, McCord (T HAEERICK L, 53
£ b B —[FfE72 finite space NFET A Z & 25 L7, ZHUTKRHERICS W x5 &)
eI 7R 28 [ O EARAER S, AR v 2 —A9ITIT, finite space T TE D EWVWH Z LT D.
RERV—LADMDERE FE—AERIZONTIEE D THDHNE W ORAKRRINT
HDHN, AT, FriZ LS BT Y — ) R MBS ) LW O RE P E— AL =
HHULZ, finite space DARE b E =@l DWW THIR TV 5.

1.3. WEDKR. A E CHAHMIEHE S 3R E I LTV D finite space 1&, BR3P 77—
AP I T o723, Tanaka X° Kandra 12 & - T, FAAIISHH~ 5 4L Ty 7z Khalimsky circle
S, DINFHRIEME S 2, 2 TOr—ATHRE L, #d & LT, Tanaka 2325(F 7= finite space @
AAHREMESICBIT 5 2 DO TRRE MR T 2 2 LA TE . S HICEDELZDOH T, finite
space D7RE R E—ZDONWTHR D SLDONW OO FEEEEDL Z LN Tz,
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IV LHEVER—B ,...;.;.;.;.;.,.o.-.-.-.~.;:;:;:;:;:;E'   /&

SHROAE.

(1) ZNETOFRLOHF THIEELE B LI, finite space DT M E—Fh, 3 L OHMARHE
RRLF BRI T HARE P E—GRICOWT, Bl EREAIELITRNTZ0.

(2) finite space D7RE b E—i@mA—HEBIIHN LN TWET VXL haRn Y—(
OV IIEHEBEZ THE .

(3) A Ea—XDFFE R EE T, EAEEOIFEIZITNT0.

2. BHFAIRET V71220 T
2.1. HE.
Hf) A & — UK TE e (3 AT DR HEFEIIGERE AR AT A TR )
o M7 ——~ : q@ﬁk0)7/V%i~°}:V ks 2 F AOFHHEIZ ST
o WifH] : 2021 4F 10 A~ 12 1\, (WREAELI—T 1 7 2B L THEFE L
FOWFINOER [T

2.2, FXR., LUARA L OIFEIZEN CDC2022 ICEAR S, 20224 12 1 6 H, AF T ad
By ANTTCRRET T2, (Fad T DG EEL W EE L)

23 AR FHLEOYLVFZ—V s bV AT AOSEHBNCOWTE 272, HAIHEH
DLV AT O BEE R v M, Fiii BICBNT T 4 —A—2 a3 YA TSR
WZBWT, bodudRy MY, BHIEZZER LY, MELED T2 LICL-T, 74— A—v
3 yrbxﬁ)%ﬁﬂﬁﬁéiu\zi%z BILDD, ZD X RBITBNT S, F Ry b IFFASAL

DEBAERTEDLLIICLEWY. ZOXT 3 —< 2 20FEE LT, AEHE L BB
zﬂtiﬁza’l HRE I DWW T I

24 R, 9, FHEOHRR 74— A= a U BONDIE A RANT T 7125 L
T, MATLAB % FW 2 23 & RBERS EE DGR 2T o 72, £ LC, BB SR 7 7 7 LI
N7 770077 AZ80WC, HD/ — R0 R\ 7T 7 OB R B, 23 50 0
T IMEREIZNESL ROGBEDOUENSRUEEZGL LR TE. ZhiEE )/ —Fo
above-degree & 9 RIFTHIZRE MO L > TRtk SN A 72, BiEEZRET L L5787
F—A—vararba— ik SEHEIENC K-> TTO 2 EREIREEND.
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TS e S,
SUC NG DUF VU ST VI SUUONE O
N VT VT ST SN S S S T

25 BE. oL b —LORFETITIIEL RS20 T, LOFKREEMNNT, Tl Lo~
NFT—Tx N VAT LT 5 HEEE 2720

3. BEHURZE 7 0 7T A OfE 2 OIFEHRE

3.1. SGW.

o 2021 4EJE DB S N — TSI EA X — L LTHAN

o 2022 FEJE : FE S ORRE S IV — 2B
32. B DS BEREAVSA4 VEMERTOD I b 2021 8 ALY, T—F A
TUAMRENTOT L TA CEMIEY DT 027 MIC, RA L LTREFEL TWAS,
WeBWorK £V ) e 7—=2 77T » b7 4 — 5 ET, BIRFHFLMO MFL#ERFHNF O
El L b, BN CEMEZER L TV 5.
3.3. T Dith.

¢ RATFT A/ N—var - BT x| BIF—

o B DS VG PBL £« 2022 9 H 1 H~T7H

o HAL R*FAIE EEES VAR 7 A 20234E2 H 12 H~ 14 H

4. AR A 2 — 2ty FITONT
TEOWY, REFEDA 2 — Ly ThRFHBEIL TN,
o #iffl5E: Mark Grant J6/E (4 XU R, 73T 4 — 2 K%F)
o WiH: 7T A FAI~9 A
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ZNETOIRENCE LT, WA, ILARLAEZR T U, BRI O AT OB ED H 2 I L Tz
P&, BELARRE TS SATHIENTEE L. DBV LET.
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Preliminary Thesis Exam

TR THT -4/ R—Ya VERER
SRATLEREER HIREFESE
B
—. fToTLBHE
® HMEER- B
[ARER] FRPRELEBE
TEREIN=DFENLLEKM/NSE
LB H M H # 1L & ) (biogenic
Volatile Organic Compounds:
bVOCs)ZHRH L. #H#TT HEA
AOEBEREDOELORREDS
W= B AN A D, B 1 SERS H#RtEUHIZkZHABHHEE
REEES < VEEL (SERS: Surface-enhanced Raman scattering)(F&H&EF / #i&
DRAITSRAEVHEABRRICE > THAFLANILOLENE L EERERETELHRS
Wi s LTH#ifF S5, SERS UM SH/IARYT MLTOBHME—IHNREVED
BEOSFIRPIEFERERL. AR FMLEBNT A LEERFDHTRARS ZHANTE S,
[FEBM] SERS to L U IHMEMALT, ARERMTED VY ERKET 5, HE
LiztodEHEN. HRADOSTURRY MLERBT 5, %2 - Bt DOME & HREE 4
ED Al HTERAEDE T, IIVARY MLIZET 2 HROFRANAEERYET,

@ ®E1: T4IL2%HEHDSERS Lo HTHRZHT
BHAERHITUARY MLAERTWAHARDFABTELTLAD T, EIEIC
SERS HRAE HZFALTREALIZKWVTHB.SERSEUH LIZEEBRYIT—T 1 )LA

3 REER L. TRANDRGLIHMEICEY HRERMNT B,

5 R .

g Laser +

=2 + * M Film layer 1

= ’:‘:»,\’ vN\‘Raman spectrum F”m layer 2 \\:\i{:-,\)

2. -- £33 / - .

Eé"‘ High HiFilm layer 3 Raman ".\3.5.:\
%5 Ag nanoparticles ~ recognition ¢ = spectra ; N
? SERS gas sensor PC 1

g

g 2 SERS HREVHICTANLEREYIA—FAVITBILICEY, EUHER

REE5Z T, HRZHENT S,
SERS HRA U H L CIEBEEND T4 LA BEEEETEIHEICEY .3 DD VEVER
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EFOFBFHRILEVDARERE LTz, THA DT (PCA) HEEHE > TRABREHBITT
&, BEDARNDBHANMEEER L=,

@ #E2: SERS U HEFE-> TREHRDHEF

RARYB YU TEBERIALT ANV E Y VI EHEZRELTEVVEEZHED SERS
oY EEET S, SROBERATREREHREZRAMLTHARDSI I VAR MLT—4
FEol-, MBEBFEE>TEEH=T—F Y FD Close set B %EIHT 5, Openset
RHEITOVWT, BBFE LA YRy FREBAETT 2ty bhORMEBM A RTE
EXAT B,

(A) Vapor samples  (B) SERS measurements (C) Vapor recognition
- ARST VRN

" T
3 “w Laser
. wdd, 2
,I:I!Y -‘.ItLI x 2l Close-set
o "

(i) (ii) Raman shift (cm-%)

pualliD o og f&ﬁo

(iii) (iv)
-, ! ! /
(i) Acetophenone AJ 13 SERS : L
(ii) Anethole sensor - TP, &
(iii) Anisole b e oo’ R0
(iv) Benzaldehyde eeee Known vapor
Vacuum chamber % Unknown vapor

B3 (A B) RIRXYA YT EETSERS HRE U E8EL. BAHRERIT 5, (C)
MBLIE=SITUARY FIL#E close-set & open-set BEEET>THRAEERINT 5.
TEEIZ/ U THRE=IL, TZY—I RAVXTILTE FERBEARELT, TD
BEAREBEHRERAM Lz, R, BEAR, ZBLEZRBOEKNAREREL 1458
HARAEBRIMTEF=, Closeset Bi#i& LT, SVM (Support Vector Machine) EFILZ{# >
T. FREIEREZED 99.93%ITFRL LTz, Open set 3253 TI&. Class Anchor Clustering & LY
SHEEFAL TR - BMARERFTE, BMAREEHBANTEL,

@ WE3: HREOFERIE

ER2AETER LIz Ag T/ HFEHSRERICHET 5L T, 8FEZEEFD SERS
Y EEELIZ, FOEUHERNT, 3x3 U —TF LA EBELTARROLIZE
EHRERESED, TO%. BBAF Y URHEVRATLERALT. EV9EEETS
ZEizkY, HREOARICERERTEL,

RURFLTE RHREE 2 DOMBEIZENT. 1 20 SERS £oH7 LA THRHT
%5, ZLT . MBLERARY MILOBEBHLEE—Y DREFE— Ty TEHNT, ARE
ZRRIL T HHEREL 5o,
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{A) Visualization of the odor source

(i) Oder detection
Ag nanoparticles

s

Glass substrate
Odor source

(iii) Odor visualization
by SERS intensity

(i) Scanning sensor array
’ Laser

SERS sensor array

%l

(B) Visualization result of two odor sources

E4(A-i) IEEFETHELE Ag +/ MFEHS AEIRICHRE L T SERS £y %4l
fELT=e (A-1i) HADZRELSERS oY P LAE2RF YT 5E, HREEZTAHR

tg %, B 2 2DHREOTRILFER,

Z. Bk v E— I —TDHE
D A8—2>—T%

2022.12.14 A5 2023.03.09 F T, BILEEFARPRARFDAILR 77 IT HREIZ=

MEDA vE—ry FIzsmLtz,
@ WMRT—< - FHBANE

A28 —0—THM. TEK - THT -2 ZAVEBLORKRY X0 FRIEM O

| ERRT—<ELT, ARFEETo1=,

| g
| 2022/12/14~2022/12/29

|

| ® AHOFHE
| o HRT—IOER
e RS X T ADBE

2023/01/04~2023/02/09
® RS ATLD

Sl G R

R —YEER
| e FHIEFILDAT

o

2023/02/15~2023/03/09

s s i | et . i i i s i s e s e | it . il

5 A8 —V —TETITo=EHRA,
Q HMERE

ERT—2ERETELERVATLEBETE -, MELEERT 2D/ 1 X%
BETDHEERIVE LIz, TO®, £ART—2 OHEHERBELHE L T, BFRKEZ
FRATHETLEE o= ETADLOMHEHRERD & FEBORFIREEFRTED

AIREMEM B DT,
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