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EXBOBREERICEDZSBRENREZ—VHEHRENS. COLSHECHEBIEBERIZBARICECESNS.
—RRBIIC, FEGAE, FETHEMEPIE—RMEICEKD, ERNEZ—V LD Z0ERICHIERBERERE T ZDIE
RELHETHD. AAXTIIREEREORE N —ICEBL, BHFEZIZAWVWT, NX—2H5F0D
ERBREERO ZERIFZITRS. h—RIEIRAIFE T —F5—Z>J%BVWT, ¥ZaLl—>3>T
ERLUIHEENE—V %@L, N2—VERICAVWNSX—2%2HETEZ e 2ER L. KR
BB AUV THSHEBERREBIFTIHMAITH D L e dIs, BEBB L WS LERIGANTEED
EOFFERITICEVT, BHFEBICEIFLVHLWENFEZRETZ2DDTHS.

KX, 5DDENSEBREIND.

F1E TR T, BERICE T2 BCEBIOFEZRT, FICAMETRSBIEBRICE L 3MR/NZ—>
DERDOEF L, RAEXTS I aL—> 3 YOEDICAVEIZET )L Time-Dependent Ginzburg-Landau
(TDGL)ATERICOWTERBE L 7z, BMEBEO TR2MNICHE BRI, ThENHIEEEICKRO SN3EEN
BRZIeHS, FHEORBELOEEMZHALL. BENZ—2HOEEEORFEEHE T 5 Z & Tl
BEOBREOBEELEBRET EVSAREOENE DR, REICEEREEBN LAHEOUESITERLE.
FE THMEE) Tid, HEHhDEREZOBS ZIT oL & HIC, KL THUVfive-fold cross
validationlic &K B3 EFILEROAEEHBALT:. 51, AR THAVEBEEETILTHZEHIAH
—a—3J)Lxv kT —%(Convolutional Neural Network, CNN)¥ fh—=xJL U w2 [E)F(Kernel Ridge
Regression, KRR)ICDWTEFL <ERAEL .

B3IE KV ITYFTELIBRNZ—> O] Tld, KRRENFEIEZRCNNICK > THR/NZ—2D15
INTGA—RAEWETETEZ xR LI-ECDHIC, KRRECNNDLLEE Z1To7-. BAMEREICEBICAMLT:
Wigx—ERETHEDHZ VIV FBROS I 2L —2 3 Y TEREBRNNZ—VEfRE, TDGLAERD
INTGA—=ZDEDT—2Ey b ZEHL7=. KRRE/NMREEACNNZRWT, COT7—2tyv MI&L>THK
NE=DSTDGLARBRRDN I A—RZBIFEDITL, NE—2EMICAW S Zal—23 Y NIX—20
—D THIUTEAMBRBEHE TR LICKIL:. BET—RETRAMT—AT, BhoIIVFEE
DT—RERAVWBECTETINOEEREZFTFMLIZE CACNNTIF VIV FREDZ(LICERTH > DI
LT, KRRTIFVIVFREHNERZGEIIHEEREENKIBICET LIz, —7, CNNIZEBEROERH
REETH B D, KRRICIF/INSA—XEED-H DX /NE — > DIFEEHLYIENICHEIRAIEETH I L WS FISR
hH-ot.

FTAE TE ATV RIN—TFTELZHR/NZ—> D] Tld, CNNORBEZES®H 378, BREIRDED
TeDICHRSNIEARRET LS LVBRERT -2y MILZEFFZOEAICKD, HERBEDR L
BT, NIA—ZDEBMEHOKZREEER L. TDGLARRERZAVTERX T U RIL—T1BE%
YZal—r3arvl, JAXAFEHEE S UONBFHEEFRRENAERERIRXRNZ—>T—2y b ZER L.
ZOT—REY ~T, PRIECNN, KIRECNN, KREHOEFIFEH D DCNNZER - FHELEZ. CN5D
EFILOHRT, KEENDEMFEZH D DCNND, /1 XFRHEEFHREERREOFRHEEREFRHEL
CeEERLE. £o, /A XREDERNICARE—RBEICEVWTUMEEDY s > RUZ X514 RLADS
IMBIBICBITANSX—42%#EL, HEBOI YEY I E#EBZ I a2HlAlz. KIEEIODBEMEZHOD
CNNIZ&KD, /A ABRBOEM[EEHIEHTI I =R,

E58 MHAHI TE, ARXEZEN TR rbll, BEREE OB ET> TARAEDMED T HH
L. 7o, EMBEAOERICEITTOMEREZRL, BRAREZHBLL. SHICHRDSEDOFERICOVT
EimlL, RBICAHROEREZE R .
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Interactions between elements lead to the formation of various complex patterns.

Such self-organizing phenomena are observed in wide objects. Generally, due to
nonlinearity, nonequilibrium, and non-uniformity, it is challenging to identify the
underlying generation process from the resulting patterns. This paper focuses on
magnetic domain patterns in magnetic thin films and performs inverse analysis to
determine the generation process from the patterns using machine learning.

By employing kernel regression analysis and deep learning, we analyze magnetic domain
patterns generated through simulations and confirm that the parameters used for
pattern generation could be estimated. This study not only serves as a successful
example of analyzing self-organizing phenomena using machine learning but also
provides a new analysis method for characterizing functional materials, such as magnetic
thin films. The paper is composed of five chapters.

The first chapter introduces the concept of self-organization, particularly in magnetic
thin films, and explain the mathematical model used for simulations in this study. It also
mentions that the purpose of this study is to enhance the development of magnetic thin
films by estimating their properties from magnetic domain patterns.

The second chapter provides an overview of supervised machine learning and explains
the machine learning models used in this study: Convolutional Neural Networks (CNN)
and Kernel Ridge Regression (KRR). It also briefly explains the model selection methods.

The third chapter analyzes magnetic domain patterns formed in the magnetic
quenching process and demonstrates that KRR and CNN can estimate parameters in the
simulation process from the magnetic domain patterns.

The fourth chapter improves the CNN by introducing pre-training and large-scale models|
It also shows that the improved CNN can detect spatial changes in simulation parameters
with the sliding window method.

The fifth chapter discusses future work and concludes this study.

B%E  FWSCERIE, Fi3C 2000 & 3830300 354 1 ET ORI 20, b L<IEESC 800 5HA 1 #ifH LTS 72& Y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

EE  WSCEET LRI —FURII (T2R2) IZTA o Z— Ry MARSIWET O T, AFK AJRERFIFHDONAE TIERL TTZEW,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).



