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During my internship, I had the opportunity to be part of the vibrant academic
environment of the University Paris-
Saclay, specifically on the Université de
Versailles Saint-Quentin-en-Yvelines
campus (UVSQ). Founded in the early
2000s near Paris, the University Paris-
Saclay amalgamates several esteemed
schools and research institutions, gaining

Figure 1 Logo of UVSQ Campus, University

global recognition for its excellence in Paris-Saclay

science and technology. Situated primarily
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around the Saclay plateau in the southern suburbs of Paris, the university's diverse

components, including leading grandes écoles and research hubs, collaborate to

foster interdisciplinary studies and innovation.
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Within this expansive academic landscape, the UMI SOURCE laboratory became my

workplace. Affiliated with the University Paris-Saclay, this specialized lab focuses on

economic, environmental research, and policy domains, aiming to shape sustainable policies

and practices. Here, researchers passionately explore economic sustainability, environmental

conservation strategies, and policy development.

My experience at UMI SOURCE was enriching. Under the mentorship of Professor Stéphane

Goutte, [ was warmly embraced by the team, despite the language barrier, as I couldn't speak

French fluently. Their patience and openness
ensured I felt welcomed and integrated. I was
fortunate to have a designated space in the PhD
students' room, surrounded by a diverse cohort
of scholars from around the globe. Collaborating
with these individuals, each bringing unique
cultural and educational perspectives, enriched
my learning journey, offering a dynamic and

efficient environment for my studies.

During my internship, I worked closely with
Professor Stéphane Goutte on a project about
estimating hidden states in a switching SDE
model. Professor Goutte is well-known for his
expertise in financial econometrics, which made
his guidance helpful. At the start, we talked about
our goals, the methods we'd use, and the
challenges of our project. I looked forward to
learning more about the techniques involved and
improving my skills in this area. With Professor
Goutte's help, our teamwork went well, and we
made good progress on our research project

together.
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During the internship, I focused

on the topic “Estimation of the
number of hidden states in
switching SDE model”. This
work aims to consider the
estimation problem of the
number of states of hidden
Markov chain in a stochastic
differential equation model with
Markovian  switching (SDE-
MS).

Stochastic differential equations

Figure 2: Sample path of switching SDE when drift depends on

states

with Markov switching
represent a class of hybrid
systems that integrate
continuous  dynamics  with
discrete events. These models
find extensive application in
diverse  domains, including
finance, engineering, and
ecology, as they effectively

. Figure 3:Sample path of switching SDE when diffusion
capture the complexity of real-

. depends on states
world systems. Within such
models, the system's dynamics are governed by a stochastic differential equation, while the
transitions between different modes are controlled by a Markov chain. Figure 2 and Figure 3
present two distinct examples of the path taken by a switching SDE model. In Figure 2, we
observe a sample path characterized by three distinct states. Notably, in this scenario, the
behavior of the SDE is influenced solely by the drift parameter associated with each state.
Conversely, Figure 3 depicts a contrasting situation where the path's characteristics are
determined by the diffusion parameter linked to the hidden states, showcasing a different
dynamic within the model.
The estimation problem of determining the number of hidden states has been a subject of
considerable interest among researchers. The problem begins from study of parameter
estimation in Hidden Markov model (HMM) research where the number of states was often
assumed to be known. However, this assumption is often unrealistic in practice, and

researchers began to develop methods for estimating the number of states from the data.
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The problem of estimating the number of states is commonly referred to as the problem of
model selection. At its core, this problem involves determining the smallest model that is
capable of capturing the underlying distribution responsible for generating the observed data.
By selecting the appropriate model, researchers aim to strike a balance between model
complexity and the ability to accurately represent the data distribution.

Based on previous research findings, the main challenge lies in establishing the consistency
of the constructed estimators. This study addresses a central problem by providing both
theoretical results and conducting numerical experiments to estimate the number of hidden
states in the SDE-MS model. Following the methodologies outlined by Chambaz (2005) and
Rios (2008), our focus is on demonstrating the overestimate property of the SDE-MS model.
This property implies that the constructed estimator will, asymptotically, be greater than the
true number of hidden states. To address the underestimated property, we plan to explore a
method involving mixture inequalities. Our approach includes an in-depth investigation of
the model's numerical behavior through simulations and accuracy testing using real data. At
this point in the internship, I have conducted numerical experiments on switching the SDE
model, highlighting the forgetting property of the hidden Markov chain—an essential tool for

probing the overestimate property. Our current focus is on proving the overestimate property.

When I first began my internship, I was filled with a mix of nervousness and excitement. The
initial days were crucial as they set the tone for my entire experience. Thankfully, the faculty
and fellow interns were incredibly welcoming, which helped ease any initial apprehensions I
had. I went into this opportunity hoping to gain practical experience, improve specific skills,
and understand what it's like to work in a professional setting. The environment at the faculty
was friendly and focused on teamwork. People were always ready to help, answer questions,
and share knowledge. This created a positive culture where everyone felt valued and
encouraged to contribute. As I spent more time there, I found myself becoming more involved
in various tasks and projects. The supportive environment played a significant role in shaping

my internship, making it a rewarding experience that exceeded my initial expectations.
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2. MERNBCRR

RHEEMEX vk, Ry F ORKRBE 7 L2V XL OB EH» HEAINIKRE FE—FRE
BTH5. FRICTZLVIVZLEFHELTEZ2 WO BETIE, R ETLVESE X200
FRTH D, BIREIR, FRZEM, 7YXV R Y =R EIOWTNHNERESRZEZ 5T
W3, —F, ZORHILOWHESPEBRISGFIHEIN TV AHlE WS DX, FREXLZIERL. £
2T, 505 QRO S DWWV SN TV FEE 74 77 & LT, ARZMo
FHEERESICRET 2 B R 2 TR o 72

G
1. Hopf ZZEM o HRE TV
fiAHEE W U Hopf ZER DM AHHINEHMES X, LS A 73V — 2 H L R B Z e HHIHA
TW3. ZNEARZEEOBEICHER XS L350, [KRE M —HILE RO
RABRZEMIEEA (I TH 21 tWI ZeHIBNTWS. 2T, FBEHRD K X4
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YIRS Z B Z 8T, ARZEMISH LT (k,1)-Hopf ZE & W5 d DEEFRL, MR
DHEEZSLZEMNTE.

(1) | X |23 Hopf ZEM D & &, HRZEM X 1352 0 < k < LK LT, (k,1)-Hopf 22/ &
2%,

(2) (0,k)-Hopf ZEFNIFAIHET D D, (k, k)-Hopf ZZHIIFIFHET D 5.

(3) X 2% (k,1)-Hopf £ D ¥ &, CCHX) < cat(XP) < cat(X).

3 OHOAENIL, MAHKEM X 23l 2 D TIEARWVWD, ZOMUME LS 73
V—ZBfROI b DR o TS,

F-BAHle LT, C LoBMM S 0FRET L ERS (ST L5KRE ME—FETDH
%) ARRZEENC, (1,2)-Hopf £ OREED A 5 Z & % Python 2o THEE L 7z. X 51T,
Python 2O 3ICEEHZE 2 72, Z DA%, KA Hardie 5IC X > TEZX SN TWEE
REFNZ, SHIHEBRIZILT &S BMEZHERio72bD L R->TWVD

2. BIRZEE Lo 1 RoTh 7 3V — R e HARE
LSAT7IV—BOERBE LT, 1L RTATIV —EBHH 5. ZHUIZEM EoLr—T%
BEZBHIETERINDD, ARZERDEEICIE, ST Tk < Khalimsky D26 DE
BEEZZHPARTHS. 2O 1XKTH T3V —BOFEICHENT T, HAfA & GHR%E
M XL, €74 K M(X,z0) REFRLL. ETHDICM(X,20) IDOWT, ROHEE
RERENT o7z

M(X,zo) ZRHLLTIE N2 EHERE, m (| X]|) x Z LR TH 5.

TIZ M(X, xo) DERIZZFHEIZDOWT, MERITT & M NTTH 578 50— T RIRICA %
HIMEPOFHETEZ 22D D, WL 2P OFICOWTEHER{TR-72. R L
T, BIRZEM X 120 L, Height 25 2 DUR & 72 2 GRRZERH Xy 2FE LT, m(X) 2 mi(Xo)
LB DI oT

2
i
£l
)]
o
it
A
3
2

|
v
%

9
7
#H
i

44



2
$
2l
s
i
1t
4
Y
24

|

v
4

Y
>
#

3. ZOfth
FHIE D _ED linkage DELEZERM, flE&E2 o721 —TFDKRE M —, Kt v b EOHIE
B aRERY — BREICOWT Y, EREITRo 72

45



Mamematics Brmnovaton ANNUAl Report 2023

EYAS
i

AT

T B D TR

BB
PR A

Z ABERH4 - University of Virginia
WHEIIH : 5FI54E 10 H9H ~4AI54E12315H

1. ZAKBIcowT

University of Virginia Z#iff] L, [RK*%® Ken Ono [KICH A P LCTWw/z72Ww7z, Ono K
REE R 2 h O I EER OIRIA WA IFICE T 2 HMRTH h, EFEIMY HA TS
AT B 0 BEEGHIY R FIEIC O W T HL K O B bR H 2 2 L bR T A%
BREV L7z, £72, Ono KD$HEY4: TH % Hasan Saad KIFFAI~— 2B & v o 7FEIE
HIEEAEA 2 PO icifR 2 17o Th Y, FEEOMELIMLAD RONLDBH OISR
IZO W Cifgam P 2L AR 2 3l B IC R 5 72,

2. EHBNE LR

F21C Hasan Saad K & 0 ILRIFFFEICH Y M A 72, BEEMBIE O (—Mfb i) A4 7 — 2
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EBENELE LTEICRD 3 20¥EB%T> 77,
® DC-DC 2 v N— X OEFHOMFEOME & KR OMEICOWTDOHFRE
® DC-DC 2 v N— X QI 2 & 1IC D v C o HEY
®  Teng Chia University D%/ & CMSC X v N —~DHFFEEA
ZNZNOEFHOHIIILLTOMEY Th 5,
® DC-DC 2 v =X DERHOMFEOHE & KR OMHEICOWTDOELK  DC-DC 2 ¥
— 2 &ML LT, ICEEHI D WTHLRT &, DC-DC 2 ¥ o3 — X DR DWITE &2 i~
%2 ET, KD DC-DC 2 v =2 DfGEEICOWTERT L2 L,
® DC-DC = v — 2 DI 2 RHEIC O W C DR EHEE « KB ICli i A Mg % %57 2
e TEE Y 7 PO EC. FET ABICER T B RE LR EERFL,
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Z OfthdFEF & LT, Feng Chia University D FAED KA X —FERKOFE R &% 1o 72,

#1212 DC-DC 2 v N — X DEFT DN FE DA & KR OFHEIC OV TDFERICOWTD
KR Z T 2, ¥ DC-DC BE = v N — 2 oBfEJFEB R RO b Ko P —fEkEIc >
Wl N7z, ANEEZBECTE 2RO bR Y — ORI, FldiZ &% Hfg
FTEZENRTES, AED P Fey—nhc, wLF 7 2 —XDC-DCHET v N —&RICHK
HL CRITOMEOFE & RIMROMEDER A T2 Lick o7z, K 1. 2 I DC-DC [
FEavos—=2pFAREE L vV F 7 2 —X DC-DC B2 voN— 2 [l %R R[], ~VF 7
=X DC-DCREEa v N—2F ZNENBMEDA v X7 2 & 37 —MOSFET O+ v b
A BIEB B 2R L2 Fa Yy —Th b, v 7o — Xl s Hig
L7z F] ki, HOEERERD Y v AR T 5 2 LA TE B2 b, AMABICNS
BIGEDHEL B e EDBH L, FHPHMICOWT B FALED L BHTOWIEEHA
BELIEEDBEERTo77, ZOMHE, =L F 72— DC-DC 2 v ~— 2 oMhEf Eo 7z
BDOWFEE LT, 20D &Rl B R E T 3 HikoMIER, 3. A v 2497 vy
2R VozaAVER=F Y P DRIBICONTDOWFE4, 5] AA Vv F7HAL DRI AY
MZDOWTDOFFE6]. FHTOERDNT v 2P a v + B =L DEICDWTOFIET, 8]
REVBHD BT oT. Ty TUHLDMFEICOWTHFHRL T, vvF 7 = —X DC-
DC 2y N—=2DIGHBIC L > Ta v =2k ONDEUEBED L Z 0D -7, Hil
ZIE KB ANANF - R TF LD v N— 2 THNIL, KEOERBHE I ERICKTET 5
oo, BABWRY v 7V ERERT 2 L AEEE %5, A CEAHBEH~OJCH T, &
ARXDO/NHLLEE S, TANF -~ A=V AV FOFMI R EPEEL L, 2OLIHIC
MR EDL I IR EZLE L PEBEL L EL,

1. B&IF 2 v~ — & o FARmEE 2. ¥AF 7 x—RADC-DC BIE= v 3= %[1]

oo CREHIE O EIC O W TG T %, #3Hy 7 F ot ke, & AR ICER T
ZRE LR EERFREI EEHMIC Cadence fLORIEEGTY 7 PV 2 TRy T2l —v
a vV 7 2T RALCANERE Vi, =5V 2HITERE Vo= 1.8 VICEET 2 DC-DC
TV AN=2ARBOFFTFET I 2L =Y a v ETo T, HI®ICK 3 ICRT DC-DC BT v
— 2 DR EER L7ze 4 v X2 XY A L=100pH, ¥ ¥-¥¥ % v A C=100uF. FET ®
ZF—brEw=1pm, 77— FE[=180nm & L7z, ¥ Ialb—va v 2fTo28%8, Vou=710
w2 S, HEEE LTW3 18V EKIEICFE ZHH L o7z, RICHFE AT A—2% L
=20pH. C=10pF. w=430pum. /=180nm & LT¥ I 2L —> a v &{Th->7. LIiZR(1)
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I X o THRE L 72,

Vin = Vour) X Vour
Vﬂmxlzi—uitxlwtxfreq

T T Low RATICHN B MNEF. freg 3AA v F v ZTRIEEK, di 34 v X2 2Y 97
NTHD, wiZ DTt w % 200-500 um DHFPFH CTEZ ALY I 2L —v 3 VEThWL,
Vou=18V &7 2 wAPIE L7z, e LT3 IRTIEY 1.8V OHNEEAB 2 T L iC
AL 72, RiC, DC-DC F§H: 2 v N — Z Mg O BEREM E D 7= o 3L ZMEZSE (Pulse Width
Modulation : PWM)BERE DB % 54 72, PWM BEREBML ORI % K 4 (SRS, —DDETE
PRCER L7202 & YK Saw & HNEE Vow ZHIEXL T Vow DTT2/N T WIEEITAA A
F® MOSFET TH % M0 A4 v, e —H% A4 FO MOSFET TH 25 M1 %4 71CF 5 X 5 7
N AW Vose DT EN D, H 41T Vin= 5V DEFEHEDY T 2L —va VEIREZRT, ANE
£ 5-7 V ORiFCH 4 DAHNITRT X 5 1SSV ZIEZFIEIL Vou=18V 252 LB TE

L= =20 uH (1)
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Vour: 1.8V
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gnd Vpulse
gnd
3. L7 DC-DC R v N — X OEFER L > I 2 L — a ViR
SAW _
v Vpulse

4. PWM BEBEZ G/ L 72 DC-DC B Ea v N — 2 DRI & 2 3 2L — a ViR
3. BESKAERN
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IC HEtoAEk N TA v E—v oy 72T RBEARICHL2 LB TELZDR L2 -
720 B151C CMSC X UF Feng Chia University © 75 L L 72 HHEZRT, ZOX 51T, K
A v R =y 7 %L TCMSC tED#:E D77 Feng Chia University D77 4 &\ o 72 {15
DY EAEERE DOBNY ZEL LB TE D X h oz,

RARMELTR, AVE—v ey 7OEFNEE S o LRI b AbETELIRNER
572, ZHIE CMSC HhicA v 2 —v oy 7 LTI S EDIRE - Th L EBEBIRT 3
¥ COMRI—2 ARE L2 Ad o720, FHiOFbAbEx —~E LTI LATE
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RDBLbhhotc, AVE=—vY Yy TDT—<HMRDC-DCEEa Y N=ZICRE>TH D
FERERY 72500 % fOR L AR 72 72 . RERICHIBERRGET OME 2150 2 DB o TL £ 2
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Z—vyy 7B B TENE b o LHEIGEVEOEM LRI 2T 5 2 L
CTELLEEZDL, Mot a I a2 —v g vidPEEECITDON S O T, PIEGE
OMEE L CEBFEL VMR Ia=r—vavATcERLES,

[X| 5. CMSC #: /% U* Feng Chia University ® /5 & DG H
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LU 28 RT(BUCKHR]) & EFROFITHER TH Y, LERNEAMEET AV OEENR, T
PERPRERL T D,

RO Z 7 7 LGB (G2 /0) L AR OMEEME(L - F Y 215°1) I X 2 RIGH & RKIGH
MTcHz. HEMNE-2Y, BRI 2ET. =7 ——13 95%EFHEXM (CD #Rd. £
FIEMRR, 4513 RCHERD. i35 %0 1 13 EIEMRRIZE T, RT 13 < o 72 IEfRIEH
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12 CBPT(Cluster Based Permutation test) iZ X b
IER TR L 13> & 0RO EENRICELND B 2
BEL, PRSI 74 —%ERLE. KGR 6N
7z 250~350ms OFIEEFA (FC1, FC2, Cl. Cz,
C2) N2 & 400 ~550ms OEAF K (CP3, CP1,
CPz, CP2, CP4, P3, Pz, P4, PO3, POz, PO4)
P3b ZBINENT L 72.

FIN2 LIMEN 3, iMEohc2HFEHICH NS A
DG % IRANEE T A CIRHT L 72, TSI T
£IX. Intact(lZ-> % 0)28 N2 o0t U< E&ICfER S
B ERbRD.

T ERP(CRRBIHENL) D& oy O LR,
ReR5LiEo& ) LAMERNS N2 1Tk L CaicfE
ME2ztnbrs.

JIZ N2 12 L € CBPT(Cluster Based Permutation test)1Z X D 13 FHilli# & 12> % b |
FROBEENRICELR D 2 00EL, PRI T 74 —%FR L7 TERKO L2713 ELGOR
PHZ BT 218 C T M Zo 2 0 LR 52 720 bR 7774 —TH 5. 3fTHIL
FEADEHBICOWTUER T 2 H e X-o 2 0 & LA G A 72D ED PRI T 7 4 —
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fEo7z. HERTIREMCZICETZPC(E->& b, 139) & DP(EHE2A)IC X 3 ERP.
(FFg). Intact TX VR IG L CTWB Z EBR T, PC & DP L ofIcHE AR IIEH
MBI X 7.

KIC P3b & MEIE B JRHER R4 300 < ) A ic i BlF 2 P300 OFEE DR & 30T L 7z,
UT0RZD K777 4 —ThHb.

RITIEC T 720 L 13- & 0 L2filE 5 2 720 Pz O ERP % FEKNCER L 7-.
do %Y LAMEGS L VML Pz ORIECIEDEMT 2 & B8bh2%. FAHKIE Pb3
(Positive 3 b #F)RIF % B AR T E 7L CENT L 2R R, EBIZEIEN R, TBRIZAE
WE A XS Intact(1Z > X V)2 Pb3 I LCIEIC/ER T3 2 & 05hbh 5.
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