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Algebraic cycles are a central theme in algebraic geometry, appearing in places such as
Abel's Theorem, the Riemann-Roch Theorem, enumerative geometry, higher algebraic
K-theory, motivic cohomology, and the Hodge conjecture. In this course we develop some
basic ideas, and review some of these applications.
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INHOEMEZHWT, Wg HREROBPROEREE L HIT L L) ITHERKI N

FDM 2SEBIC BWLEERIUR 2> 2 &, BX U, BT 28E+ 5 2 & T FEM
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Examples of PDEs

Finite difference approximation

Linear convection equation

Consistency, monotonicity, and the CFL condition

Nonlinear conservation law

Hamilton--Jacobi equation

Variational formulation of the Poisson equation

Finite element method

O 0N o0 W

. Interpolation error estimates

10. Error analysis for finite element method

11. Implementation of FDM

12. Implementation of FEM
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Introduction to Asymptotic Inference Theory
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This lecture introduces the basic ideas of asymptotic inference theory, mostly focusing
on the independent observation model. The theoretical system is based on the law of
large numbers and the central limit theorem learned in Probability Statistics I and other
courses.
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- Ferguson, T. “A course in large sample theory”, Chapman & Hall/CRC, 1996
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3. Minkowski {X7C
4. AT EAHRA T
5. 2 ke T OFEH]
6. 7—1) TR L IREFE 55
7. 7 =) TR L ES T EORR
8. 2kt 7 — V) TR DN
BEDF B R (BAREEH) 2 EARET 5.
FCARR ATl 7 LAR— b CTFHilid 5.
B HEFFIIFEH L 22\ Will not use textbook
SEE ZHZFIIMH L %2\ Will not use reference book
JEE ok ROFEBHEEARET S 0 V_— ZFE5, BT
Z O WP ERNT S,
901-41 el 2 A HHAS 3
MFEH REE O / Ancient Chinese Mathematics

BEOBAE - B

B¥Enx—7—F

PESERTH]

RO N

F ARG 5 i
HorHE

e

w5 GRE) %
T

ik

JEs EoEE

FEOEICRENOAIIOWTHEFRT 5o IR BMFIIREERLZ BRI, btk
R (AT 216 ) PR EOLOTH S, ZOMIZd EEEREERE (5] (i 212 4F).
R [FEE] (A1 186 4F) Z& &M E LTAMEIN TS, T OFMEN
EHREINT TRESEM] &0, 263 FIC=ZEEORIEIC X o TEHE S, Gl 2 ER
TS NTze ZO%RMELPEROBFERIC L > TERTEICHAANSLN, 5128
REFRERIDOPBIEEI LD TWh, RERTIE, INOFEMOFMESLFERT
FZOWT, ZONFEFBIZOVWTIBIT A2 LT, W7V THFOREBE> RS L2
ExHMET Do BEFEMIZIZNER DD TH LA, BN - LR & Hil
PRILZ B F 2 728 23R L. H7% 2 BB~ OB TIE 2 W R B S 12 < & 9
L7z, F72, BEMOR I HOBEROHES, FER A ICE T 0K
W B filtit 7z vy,

Begsa, LRSS, RFILEM [B5E]. FEERERE [H. TRy RiE, &
B

(1) ZEMOWLHEE L ToOEREIZONT

(2) ThEHM] 122w T

(3) HRETHFHROMOFEFIZOWT

(4) HETROER|IZOWT

X RS TIT 9

WL LAR—NTIT)

HEFFIIHEH L 22\ Will not use textbook

BWEPIIRRE T %, ~ Will specify at class time

$sEE ). NEFW GR)

[ E s ]

AT ER

RS EFE EEEE ) JINEFH GR) [HERSS] 23 37#FE (ISBN:978-4-622-04083-5)
DERFTTEFATBLIEDNZEFE LW,




#H& S Tt H % AL LAY — 4 E K4
901-43 FBERORER B RS 1T 2 A ERE Ak
A FeE H ¥ TN AER R
901-44 FEUEBOBRRE Bl Rl 11T 2 A Y b
HEEH Nevanlinna BiGofs A A~DIBH " Application of Nevanlinna theory to differential
equations

RO HE - B

FERTI S AR OMIRICB W T, EREEGOMEREZICH T 01X, THRRSE
MThDH, FEIZ, AHBEEMHORBIEE %M~ 5 D2, Nevanlinna BEEH R % F
Fo 12 Bbh s, @WERTIE, 2HOIEREERS HHEATH S Painleve FHE % B
|2, Nevanlinna ¥z WMo HERISHTA &2 A% B ARA2S, [FEIC Nevanlinna PRig
DFERN 7 HFEZ R L T <L

BEOX—T—F RO TS HHE, Nevanlinna P ((HE5fisw), Painleve H#E3, Painleve 1%
P ERT I ooy i A2 X oo 7 BRI P R
2. W R oA BB O AT HEE & Painleve
3. Nevanlinna #5
4. Painleve ¥ D ME 5545
ZEDOH W HRIERTIT). LR—FEEZETTETH S,
J AR ETAilE 7 L AR— M2 X 53R
B HEFF IR L 22w Will not use textbook
SEE BEPIZIRRE T 5, ~ Wil specify at class time
B o W ARG L EERTOREREZ IR L T A LT L,
90145 TR R TV 2 A HA
e H ET7 714 YL o-Whittaker BI%&

BEOHE - B

BEOF—T—F

PESERTH]

e JOWIRES
S ATl T 1%
HRE
L&

L AXDYES -
Z DAt

ARBIOET 7 7 14 VfRED g-Whittaker vector # EF% L. #AE DL R AR EH VTR
Pl B

g-Whittaker vector @ Shapovalov W& % HL Y q-Whittaker %% E % .

BT 7 74 REOEE R 175 % Fv T, g-Whittaker BIEo{i57-3 q- 25 /#E (¢KZ
HER) 2EL,

ZOTEFIIE, &=F baA ¥ RBL HNTEHAER ., #ITemREam. 72,

BT g /Sy WARVIFERL. 7 7 1 a7 E 22/ Fo Nekrasov 75 ECBH 7 EDSEIRS 5 o
w774 B B M A SV REL T4 yayE LB BTN VAR
DT OIHBIZOWTHMAT %,

D) 7774 RE &1 ba A 5 RE & &m0 R 5

2) =17 74 M ® Whittaker vector & Whittaker BI%

3) 8 R 1741 & Drinfeld Casimir

4) 774 ~ Laumon ZEf & %7 7V 753 %

5) qKZ Hi#Es

WHEREIT o

LAR—DMIZEB,

HEFEIXHH L 22\ Will not use textbook

ZEEIIMH L 2\ Wil not use reference book

B2 Lo

wmfEEEY Y Ny 2y =R WiRE R LB TR

) — R BT SRz (Fr R




FHEE S HHEHA AL AR — H2UH B K%
901-46 RO EER V 2 A BT

HeEH M55 & TV T— Fig#Eit

WEOHE - BE SR EOTMSIFRBERICBITAHEERN LR 7 5 A2 Axiom A R EIFIEN S FIFERDS
Hhbo ZOUTAIMEERZERLFHEMNT L) LT 2HATHELTERSINZ, 2DV T
ADIFREGIIMIEERR & L CT TICREEN TV LD, 207 T ALUNDT)H5 %
789 5 L TOMIT CULEN 2 WERNLHERTH S, ZO#FFTIE. T3 Axiom A 57
FAGS (33 2 RGO BARFHE R ) o RIS, BHZ TV I — FHEGO R L
fii L7zt%. Jenkinson (2 & % TPO (Typically Periodic Optimization) F48% Axiom A %
SEMEBZRIIT L TEZ S, 20O TPO FHEF, [HAHEOMMEEFOIFRE @
) 70 it 2 FF OB R B 72 B3 F v NZERIIHF L. DN F v NZER O B 2 D8 2
GEEVHFELT, TORhOBBTEELZE &, ZOMBICET S D)V T— FEER
KeE b oI — FHEZ 1 DOFRM#GE B2 R — b E3hd v Id— FHEIC R 5, ]
EVILDTHD, 2F N, FFHWPLMHEMEEI I A A E L7253, HLEERTEDORS
BWEERTLCOBMUIE, FEIZHMOBMEE L CTRAMES NS, L) BERERD, Z
AU 1990 FEARDFH L Yuan-Hunt 12 X B3O TH 2 57z Axiom A W RIMHE G &
W REE 7213 7Yy vl e SRR E o BB T A FREE L L7 d DT,
FOFHLTIZ, ) Ty VLA IZOWT, Axiom A M FHE S Class T &1L
NE7TAZEINALALEZELWIEEZFHL T, £ Yuan-Hunt FHEBE KL HRIT
IR L2 BN A, 15057 O S TR L 723 5m 1L Iy 255 1Y 72 Jak CREM
T&L7:0, Lo lEGHLE L T— FEGRORWIGHEZEZ 5NL7217 T, &K
FEREL TSIV T — Ml bLREOAM E LTHE Db L, ZOERTIEZ OGO
AR EEE T 5,

B¥EOX—T7—F N~y - 7ur7vrOEl, 2R - NEESRE, BEB R,
AxiomA [FIMEE A7 FVSRER ) Id— FHE )L Id— F5MERE TPO
T

P ERT C O T T RE R BERER I R & UL M T RE A M R B D 1R
E2bo UTOFEWZ ZOIEFICHERT L TETH 5o
1) HEFRE TR OB6)
2) BLihtE &2 ?
3) M Es
4) Hartman-Grobman O 7E¥}
5) WELIAR L NEES AR
6) Axiom A 5 [AAH G A%
7) Axiom A W RAEARIZS T B AT M VA
8) FEELE A B
9) ANZHIEE
10) T o— RARZSHE
11) 22737 N iRgEZE E ol oM AH
12) TV I— RopfREs
13) ) 7y R 3 % optimal orbit
14) TPO (Typically Periodic Optimization) FA &z D X 9 ZFH0?
15) Yuan-Hunt ® £ %, Class I &fF %723 Axiom A 5 FAMEG L) 7 v v iR

BoZEIzxt$ 5 TPO FHEOFEH

DT WH O

AR AT LR—- M5B,

Rk BRI EH L 22w Will not use textbook

sEE BEPICIRRE T 5, Wil specify at class time

JE1s E it SRR & BRI ORI TR S L CTIET o




B HES FHH% BT LAY — HUHEH KA
901-47 TR RER VI 2 A X HEF
HFEH B Ah#R Elliptic Curves

BEOHE - B

BFEOF—T—F

PESERTH]

e JOW R

AR IWIRES

HoRHE
ZEE
JE@fs LoEE

R#FTIE, BHHEROEBERIIERIC O W CAMMIZHHT 5. FI2, FEEOLR T

D ETFB, 720 T4 477 2 MARENOISH. £ L TEmmICBIT 5 FEE 2 KTRE
ThHhbHN—=F - A4 F— by - FAX—FREBNT 5,

This will be an introductory course on the arithmetic of elliptic curves, concentrating on
the study of the group of rational points. Topics include isogenies, reduction modulo p,
the Mordell-Weil theorem, and the method of descent. We will also introduce applications
to Diophantine problems, as well as the Birch and Swinnerton-Dyer conjecture—a major
open problem in number theory.

B, Bem

F@#FREBIEIUTOEY TH D,

*A TV a2 b7 A SRR E B

* [l FE G

* BRI L org Il

* SR TR B o R P R R

* fREUA Lo R bR

FE—FNW - Y ZOEM

The following topics will be covered:

e Weierstrass equations and the group law

e Jsogenies

e Elliptic curves over finite fields

e Elliptic curves over local fields

e Elliptic curves over number fields

* The Mordell-Weil theorem

HRIIFEL L THERETIT) TETH AP, KBEORMIIIL U CEETORIET 5o K
FIFEFEDH S, B - 322 NMIHAFE - KFEEOWITNTHEMT 5,

Lectures will be conducted primarily in Japanese; however, English may also be used
depending on the participants. English may also be used on the blackboard. Questions
and comments are welcome in either Japanese or English.

BAEREMIL L AR — MZEXDITH .

Evaluation will be based on written reports.

HEFEILEEH L2V, Will not use textbook

BE¥ERITRRE$ 5, WIill specify at class time

RIS L O BEROEBREA# A At s § 5,

Basic knowledge of algebra and number theory will be assumed.




FHEE S HHEHA AL LAY — HLH BN
901-48 FERERH R R 2 VT 2 S i FH 973
A T VY LY+ — 7 ORFHEE) & FRENT OB E
BREOHE - BE EERWRHEEBEO—DOTHET v F a7+ — 7 OWEIZHE L -HE % BFT 5,
REOX—T—F  <va7kE, B, 7)) - YR v Fr -
PZERT ¥l2, UTONBEEZWMYFHTAFETH S,
T EIREE VT VL
C T U AT F — 7 OJRETH R R E B
© T YE LT — 7 OJRPTRH
T YT AT F— T DR
"D WHEEZEIZL S,
J AR AT 7 LAR—=MZL%,
B HRFEIXMHH L 22w Will not use textbook
ZEH ZEZFIIMEH L%\ Will not use reference book
L AR DYE =y =L
Z Dl L
901-49 FEREROR R FR VIIT 2 A INARE TEIR
FE H BA BB & RS REONAE A BRI T 2 REDOFEEN S O#EFRLIT) o

BEO PR - B

G0 L A, W Sarkisov 71 7T 4 & Z @ Calabi-Yau A hRL T & % R85 R AT 8019
Sarkisov 7'H 7 7 LI DWW T O E ZDISH TH % Gizatullin FIEO AT OAERE 12D W
THHTHIEEEZTVWD,

MABRARE R E RSO N EH A CERICHET AREOHERIZSNTHH ) T &,

BEOX—7—F  KRERAREY Sarkisov 7’0 775 2 Gizatullin (&
R R TITH o FEIT R ORI C R 5,
BED I I TITH o
Bt R A 5 1 LR—PMIZE D,
HoRE HEFEIIMFEH L v Will not use textbook
sEE SHE M L%\ Will not use reference book
@15 E o BT O IR 70 2 L 12 BFEEEI L TWBE T &,
901-50 NV EE et &0 2 S =i EE
W TNTY) ALHT 5 LA ADOEEE /The theory of algorithmic randomness

BHEO PR - B

B¥EDX—7—F
R

EE JOVIR
FC AR AT 7
HAtE
ZEE
@ ot

TNT) ALHT 25 A A ADHGOFEARBEE & O DFERIYFEEIZ OV THS T
4.

RN, FEARYZETHEROM A & Kolmogorov B E D FEARN 2 2 i3 5. kIZ,
Martin-Lof 7 ¥ ¥ oMk & ZOEMER < VT F— VI X 2N T2 52 5. 20,
Schnorr 7 ¥ # 418 & OF @ lowness = triviality DB &IZ DWW TR T 5.

FEH, TNVT) ALHT ¥ A3 A, Kolmogorov e

1. FIEGROEBEM S

2. Kolmogorov #4E1:

3. Martin-Lof 7 > ¥ 41

4, RIVF V=V X BT

5. JEAHKT B BE

6. Schnorr T » ¥ L& FD4)HE

7. Schnorr triviality & & O

8. —HkAHx L & lowness

WA TITH

LAR—F (GEEME) I2X5.

HEFEFIIFHEH L 22\ Will not use textbook
BEFIZIRAR%E T 5. ~ Will specify at class time
A (FILRESE) LEOEREE T iits 35,




BB &5 FHH % HLA LAY — HAHE K4
901-51 O BB B R 2R 1T 2 A A YIS
A H BEIEIRIZ B B BEE AT & R

BEO B - B

BEHEOF—T—F

PESERTH]

e JOWIRi
S RT Al T 12

PR
&

w5 GR#E) %
T4

Mathematical Analysis and Inverse Problems in Elasticity

CORFETIX, WA RO & OHBEADIGHIZOWTHERT 5, 7,

R IIFIC B B BRSO B E T IVIZOWTimd %o ARG REROWENTY

mEPY, TNEHL-OOHFOEMNHRZ M T 5. TO%, HRMEBG* ML

L7 TR 2 ZReHIEHE R o EHEL L S HEIZB T 5

il DR R ME DRI AN T B0 KIS, LA BT 5 IR AR R E 2 M (CT -

MRI), HbEREMEE7e &S0 7 3510 Cll 9 2 Wi O AR & O JEFE P12 D v T

BT 5. BRI, THE TICHN LR RIS T 2T 2ol L, SO

B DRI DWW TEHS %0

In this course, the mathematical analysis of elasticity equations and their application

to inverse problems are lectured. We begin by discussing mathematical models for

solids and fluids in continuum mechanics. Students will learn the physical background

of elasticity equations and study the qualitative mathematical theory to solve them.

Subsequently, we introduce an analysis method for singularities in solutions to stationary

problems of two dimensional linearized elastic bodies by means of "complex stress

function method" based on complex function theory.

Next, we explain the fundamental concepts of inverse problems and the ill-posedness of

solutions encountered in diverse engineering contexts such as non-destructive testing,

medical imaging diagnostics (CT/MRI), and earth sciences. Finally, we apply the

analysis of elasticity equations introduced thus far, and discuss the inverse problem of

crack reconstruction.

ERCAE T BT, S RMEE, R E

FEZFICUTOT7TO0 My 7 THESNED, BIEEOBMRE - HE 0L CRiEE

EIRT %,

L Efe R A - ERR A O E TV

2. AR R oEH

3. (WiME) HEFUERTEO O B

4. BRISHEBGE © ZRITHPER EANOIGH

5. ZRMEONT © WOk Rt

6. WA

7. EEOHHER

This course is primarily composed of the following 7 topics, which are selected based on

students' level of understanding and preferences.

1. Introduction to Continuum Mechanics: Mathematical Models of Solids and Fluids

2. Equations of Elasticity: Derivation of Equations

3. Well-posedness of Solutions for (Initial Value) Boundary Value Problems

4. Complex Stress Function Method: Application to Two-Dimensional Elasticity
Problems

5. Analysis of Crack Problems: Singularity of Solutions

6. Introduction to Inverse Problems

7. Crack Reconstruction

FONIE = N

FEE T HERAPICRRE L2 LR NSk o T

Grade will be based primarily on reports assigned during lectures

BRI L 2w Will not use textbook

KDOBEEZMHHT A, ~ Will use the following reference book

LLEF7 (), K& £L @R

WA IIF 1 -4




B F5

FHH % HLA LAY — HAEE K4

ikt

JEs EodE

Z DAt

FRACHI R

BRI R N OFE LR ET 4720, BIBICEL, FEROBEMWMEITER L %

\/)

FH - EEHANOT FNA A, BEPICHEETRRT 4,

- Gurtin, M. E.,, The linear theory of elasticity, in: C. Truesdell (ed.) volume IVa/2 of
Handbuch der Physik, Springer-Verlag, Berlin, 1972.

- Muskhelishvili, N. I, Some Basic Problems of the Mathematical Theory of Elasticity,
Springer, 2010.

- Evans, L.C., Partial Differential Equations, American Mathematical Society, 2010.

e, RO TR, UK S, 1998,

- Ciarlet, P.G., Mathematical Elasticity, Volumes I-III, Society for Industrial and Applied
Mathematics, 2021.

- Grisvard, P., Elliptic problems in nonsmooth domains, Monographs and Studies in
Mathematics 21 Pitman, Boston 1985.

- Mueller, J.L. and Siltanen, S., Linear and Nonlinear Inverse Problems with Practical
Applications, Society for Industrial and Applied Mathematics, 2012.

901-52

INEE“edE Lyl = PNl 2 A KEF A

At R H

ZEO B -

B¥EOx—7—F

PSR

DI
R IWIRES
HoRHE
L&

JEts LoEE

ERTE - WK TCORERT - M

LASSO R 8 2 i, BRIt - |RKOITO BHEZ ) ) 77— ¥ T Pk L &
DHEEMMNTLET,

feat. WWSEE . moBfl, mikoT

1. fEET - AT O REE - mRICRERRICO HHEZ LY ) 7 — &7 BT FE (B2,
LASSO RiEEEFE) 12OV TEMLE T,

Heff VY v v FVERED RN PG T ORSR R EE L,

ERTCHESRRR D D O#EMfZ D 1 - EFAER LT FZVFE T,

EIRTCHEES TR > © O ¥ D 2 1 i KEASE Jtt%@ﬂ'}ﬁﬁ O E T,

REfLFFEZ D 1 LASSO R EEEICBIT 2 REbLFEE ZOWEIZ O]
LE,

B LTFEFD 2 B LICOWTRBW LR EFEE BN L E T,

SR Z D 1 LASSO OFFEETH 2 st = 22 0 F 97,

AFEFEVERTZ D 1 1 LASSO OAFEFEMFHIZ DOV THEE T,

AHEFEVERHE Z D 2 1 LASSO OAHEFEMRHiIC DWW THRMZNEZ ML E T,

9. PURMMT 0 2 ERBFE OMEIN e mEtE 220 ¥,

10. AHEFEMEFHMZ O 3 EEEE I B A A ERFMIC OV TR L E T,

e

LR — b 80% - FZEDSANIKIL 20%

BEPIIRRE T 5. ~ Will specify at class time

BH¥ERITRRE T4, Will specify at class time

1272 Lo

O W

®© 0 N o




B HES FHH% BT LAY — HUHEH KA
901-54 IO B R R V 2 S NS
HFEH Topics on g-Whittaker polynomials and representation theory

BEOHE - %

Schur ZIHAD 2785 X — ¥ Z T % Macdonald ZIHA L, AT - RS - £H
i RBERATF 7 EDEET 2R & L TUERICHR SN T 5.

Macdonald ZTHAD 2/ X =% qt D)6, RNTA—=% t # 0IZFHILL-b D%
g-Whittaker ZJHZ & 5.

C D#FTIE, g-Whittaker ZIHNIB D 2 KHEHOFHE LR .
BBINLTEIROED.

1. q TR E 79 A< v ERHE

GL 7 Macdonald % 1E3\ - q-Whittaker £z DR

— bRICAET % q-Whittaker ZIHA L 7 =)L 3 Ak

LYk LieREO7 22— a VFEERBL - Weyl Ik

T 2PN

1w

BEDF—7—F  Macdonald I3\ - g-Whittaker Z1H3\ - £ - REHE
R 1. q ZIEREE 79 A~ v RREK
2. GL 7! Macdonald ZH3\ - g-Whittaker £ IO BRI
3. = FRICATHEY % g-Whittaker ZTHA & 7 =L 3 Ak
4. AL b Lie RED7 22— a YHEERB - Weyl Nk
5. fEZERA
REDT HE
J AR R 7 LAR— b
Rl HFFFIIEH L vy Will not use textbook
sEE BEPICIRRET 5, Wil specify at class time
J@ 15 L oEE B2 L
901-55 el R eSS TR =1 2 A I IRE
FGEH YERZEA T —V) > 7 & RRRZe E o it
Operator Scaling and Convex Optimization on Symmetric Spaces
ZEOHE - # fIHI A r —1) » 7 (Sinkhorn 1964) &1, [5-z 6N 72IEE1TH] A ICIEXFAITH X, Y %

ZEDOF—T—F

FEERT

e ORI
JSAE R 5 2
HoRHE
ZEE

JEfs LR

T T, XAY & 2EMHEFRITHINCTE LIV METH L. ZOHEII2HT T 7D~
FUUMBEIEEL, XY ZROLMEL 2—2 ) v P2 EoNR#ECREEICRET
B, AR =) Y ZIIERFEA =) » 7 (Gurvits 2004) IC—ffb s, ik, €0
ZHEHAXEE 7V T ZLp9R &7 (Garg, Gurvits, Oliveira, Wigderson 2016, 2020). =
OFEFRIE, ¥R v ZA7HIFESEE % (SDIT, Edmonds #7#) X° Brascamp-Lieb A~
HEXOFELREPH 2T A2 DI0HELZLLTWS. 2 LT, E5%5—fto
e B L CETWwab. Ibid, GIT 2B 2L EROHEMELIET > /827 b xb
FREM Lo biEE LTE 52T, 7T XL - sHEEMEOBLE, S 7 70—
FIHLDOTHAH. #HFRTIE, ZoH L WiRBECHEGROREICOWTHILT 5. HERF
DB T 2T NVIT) X3 v 7 R EFRIEN—DODEETH 5.

i L, TV T XA, FHEEME, TR =) v 7 ERREA - T, T Y —
WERR, *FRZEM, JETTHE Edmonds @, €— x> NEHEIK, TV NT» 7

15 A —1) > 7 & Sinkhorn 7V 31) X 4

VERF#E A —1) » 7 &R 3 Sinkhorn 7V 1) X A

JEW#2 Edmonds [

Brascamp-Lieb ANEEAA D)

L B AV MEHEER EOMNREILE T2 VIV T Y I ADISH

R K 5%

LAR— M2 &b -

HEHEFIIMEH L 22\ Will not use textbook

BEPICIRRE T %, ~ Wil specify at class time

FRIZ7 L.
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B F5 #H %A AL L ARY — HYH IR
901-56 BERRL AR R R 11 2 S R B
HFeHEH Clifford-Klein o #&fif

BEOHE - B

BEDOXF—T—F

BRI

DI

F AR T i
HRE
ZEE
JE@fs L oEE

JE Riemann 7% 22 @ Clifford-Klein 20 KIFH 7 5t 2212 DWW TEER,

S 7ef G/H % G O #E T THElo THEON 548k % CliffordKlein &9,
BV E 2 FEO SR LIZ LIZR 2 R &S 22 o Clifford-Klein & LCHEIT 5
ZEPMOENT WS, H DT Xy b abs (25 WIRIEIEFEMEZA. G/H 28 G- A%
7 Riemann FlEZF-2WEE) 1I2IE. T @ G/H ~OEHDEETH L 0E0% 5 2
LB H ) . Riemann 2RI TR D G0 0 o 7284 2BIR 054 L, BIFETHIETRE
WRgE T T\ b,

ZO#FTIE Lie B - SHEMOEBICOWVTHIA L 2RI2, ZO0FOR S ERN 4
BT LK - Benoist DFEAMEHIEEB L OZFDIGHIZOWTHNT 5, BRI
AT, TEDERIZOWT LML 72\,

Lie #F. SFEZ=M. HEHEE. BA Z21/EH. Clifford-Klein &
DTFOFMHIOVTHEHFKT L TFETH D !

Lie #f & H 722/

fii%) Lie B O & im

LY ZEM L OB ZEH . FEIZ/ME - Benoist OB HEHIEFIZOWT

A P E oS A

. 3757 » 7 Clifford-Klein O FAER

FE 23 #EPH C. TFEOMERE (Anosov FRILE DRIHEL, exotic 7 Clifford-Klein J. geometric
fibration F4H7% &) 12OV T AT %,

BRI X s

LAR— .

HRFEIXMHH L 22\ Will not use textbook

ZEEIIMH L 22\~ Will not use reference book

FER ST TILFEALRNEEFIZOTTWA Tk,

1 o=




BEFEFS FHH % AL L RAAY — HL % E K%

901-57 BRI R AR 1T 2 A KA =

i BARORRR S & B2 BT

BEOBHE - RT7 AV - Ry TOEHRLE-AOER R ED L H 2, FEIOHIH L FEEIZY - T
bUNLVERTH->T, TNOLORERT FALHAMRZHE LTI, L, R
HOSHEHGHRB LM bR Y —, aBVT 0 X2ME RBEMEIC 7205 NET
HoT, HHHEDEY 274 EM—BRORITNE L OLRITNFEREOSEAY v 7 —
DEOZEBHES>TIVWLDOTY. ZoOHGIZ, HRMEB X OB 22 L%
EOMHIC—E L7-AEERME L F3. HICe L)L O 15 BEAOGE DWW i
MR REICENL, 20 &) T i E 2 s Eo o s s - Bz BURE
AT Y ATOREL Y NA—TIIh) ERFOCRCEVREZMBIL 5. »HEKT, 201
RHEDOEN, VA - PAOHFAIIT L Y-V 2T

B¥EOX—7—F GBROMESH (Mo - ~W—85), HFHE Bz vy X4, baZHEA, 7
FARZT Y, BNV - AF—L4, FELXO—F

PZERT L Wz TR oY7L v b~r R 5 15 fE
2. BAROFFR SR - HK a2 — A/ akEn V-8R (LLR)
3. N7 MVEOREE B E N A S THA
4. b—F ZAEH EAE S LA BIVROV P AF— 4
5. MR N AZER (F7 4 ¥y I AER) LRELRO—F
6. ZEIFREET VT2 —N— - VY1 a7
7. 00 BEFEOHERE N AR T Y — - BIERRM UIRTAR) - s
Z2izE.
IS LT, NERIEEOEEIH Y HET.

O WE ORI & FRICHRE RO THERTATFETTY, 294 FOHWET. #RCl
HLZZZAF4 Fidweb L7y 7L ET.

J AR Rl 7 ZEOFHE S (30%) & LA—=N (70%) ZHEAICFHMEL 9

HEtE BEFEIXMHH L2\ Wil not use textbook

sEE BEPIZIRRE T %, ~ Will specify at class time

@ EoFE BHELZHWTORL W ERGEMICE 722 E23d iU, Bk, B LT 28w, b

FOY =R F CHEL LFEICEDLDT, WAWALEFFEHOFEIZTE S
U HP) R T WIREL LT ET




FHH & FHH % LKA LAY — HAEE K4

901-58 PRI R TV 2 A KEE f—
HFeHEH Teichmuller Z2[# @ Thurston PHEE

FEOHEE - W% Teichmuller 2211213, BUMM %% Lipschitz G TH#F 5 2 212X 1, Thurston Hikk
EMFIENAHBEDRA L. ZOHBHIIESFRTH 5D, AL BWEELR-TBY), 5%
HREOMER & O D B, Co#EHZTIE, TOHBEICOWT, EHDLOBOT, BARY
LTHEERL, EHICZOMEEEANE  Teichmiuller 22 D22 ], AFEZEM O M IO
W, f##id 4. Thurston HEEOZALIHEE Z B CTEX A L H IR AT L2 HIET.
MEOX—T—F i, PR, Teichmiller 2R, Thurston Fifk

FZZERTH 1. Teichmuller Ze[ & B & % B\ 7285
2. Teichmiller FFBESER
3. Lipschitz Figk
4. Thurston HiBEDEFE & FEARMEH
5. Stretch map
6. Thurston HifE o Il HifR
7. measured lamination & projective lamination
8. earthquake ZJ
9. Thurston i D#EZ2M, HHEEZEMH
10. "R OREAME S, TH, A
11. Harmonic stretch map
12, FEZ2M o &
13, FEEZEH O
14. Wolpert duality
15. &
BEDF B B E o -, LEIS LT, XExmial, BE 2.
FC AR ATl 7 BEME L 2B OWT LA — MR SE, FHET 5.
B HEFFIIMEH L 22\ Will not use textbook
sEE BEFICIRRE T 5, ~ Will specify at class time
JEs EodE MHFT E o MARe Y —I1I2o0wTid, BBHE 50T, LEISCLTCHETLI L.




BB &5 FHH % HLA TARY — HAHE K4

901-59 BB AR SR V 2 A /Nt T2

HFEH S9N & IR IEAR R O E TR /Complex analytic geometry of weakly pseudoconvex
domains and semipositive line bundles

REOHE - 2 KEFRTIE %E?'%%’?ﬁ%i@%ﬁﬁkis JOIEHIEMEZ /R e L-EREME R, &
BEmryBla i 51, s FoERIB % - A HA K EREOIERIYIW S, EoREEE
Hrfj—z)ﬁ)ﬁ)ﬁ%?@éo ZOHFED 202, FEEBUIZ BT IS RIS T 5 R AT
Bt e & L CofMmER,. EHREO Chern MO EMEMERHR LS LTS, K
HRTHEITINOLOEBMEEREZMBIL 206, HIEKBEOFHEVENED SO A %72
IR, Chern HIZE2FIETH 5 &) RIEAIEHEICB W THZ SN BRLMEIZD
WTIRH T %o RERDSEFTHIF T, BAE T 2 0EOHERIZONWTH-MAT 5,

BEOXF—7—F  BEERLSHE, BNE ERNEGE

PR DFOEHIOWTHRTLTFTETH A -

1. 22O L % &SRR

2. BHRLHAR & IERIEAR

3. FHIR O EEME & EARH O IE

4. LU ITE & R o 1F dhE

5. FIEMHE L HE TR

R 2SFF 3 #iH CL ITFEDHERIZOWTH LT %,
BEDOF T BRI L piERS R
J AR AT 7 LAR— b, HEE
R BRI L 22w Will not use textbook
ZEH ZEFIIMH L %\ Will not use reference book
[ CARDYE FEHIFELEFETIZFALNEEZFIZOTTnL T L,

901-60 BERRL AR RS VI 2 S A 57

WFEH % HY— ¥l

Multiple Zeta Values

SEOHE - HME LEL—-IVHEHITIZ ZHETEICD o THEA 2BLED DIESICIHFZE S kel T A B GE W
MR THD., ZOWFRTIE, ZEE-FHENOAMYZEAD»SMHO T, HEBHH LT
HPHDNLODRDT — < ZRATHENT 5.

ZEOF—T—F  LZEE-FMHE, EHAL, ERR, BERUER S

P ] BBOCRUTONEL#ET 2 TFELH, EHIS L THEMRT 2L H 5.
1. ZEY— ¥ EOMBITR LR FR

2. IEBULIEARTZH LY ¥ v 7 VIR
3. l_‘fn%n@ji(i:
4. WEOITHYI Y L5 OHERAL
5. Drop One BR=
BEDO N XPTH, ML AEEELT.
J AR ETATE 7 LAR—=MIXVEHET 5. NEIE#ERTICHET 5.
B HEFFIIMEH L 22\ Will not use textbook
e ZEEIIMHH L 72\, Wil not use reference book
JE1E EoiEE AR REFOEERN WM (FMIEEREFET) IKET LS. LEE—FHICHET

B PRI A E L 2w,
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901-61 B AR R VII 2 A I K
A H = RIRE SR & € DI H

BEO P - B

W¥ENOF—7T7—F

SR I

e JOW R
ISR /5 i
HoRHE
ZEE
JEs LoEE

Stochastic sewing lemma and its applications
COiEFTIE, 2020 412 Khoa Le 12 & » THE A S N7z [HE=EWHE S M (Stochastic
sewing lemma) ] IZ2OW T T 4. REMmIMEASHE (sewing lemma) (X7 > 7 H
GBI L) - VHOPORZFENT 5 FETH 5 [1 mik&amik] ommfibe LT,
Feyel-de La Pradelle, Gubinelli {Z & - TEA Sz, IEM $¥ delta A_js,uth=A_Ist-A_
Isul+A_juti=0$ %7z S 2 WEE SAS 12xF LT, $¥delta A_lsutl$ OEREFMN S, M
WEEHIXHTINSOMEZIY, [BEXAbE 5| & T, & LOmEnZzE% s (B
) ERERTELEV)ILDTHDL. THICE-T, FIZIE, T 78ARBICBFL" ) —
< U ONH E A ECEE T A 2 E AT E B FERAREAME I L E O RE S
ARSI LTIR L7230 THY), SEFSERICHPAON TS, ZO#FKT
X, TOIHO—>2 & LT, MRS TR OBERATIZ OV THEI T 5.
In this lecture, we will explain the "Stochastic Sewing Lemma" introduced by Khoa Le in
2020. The deterministic sewing lemma was originally introduced by Feyel-de La Pradelle
and Gubinelli as an abstraction, a technique used to prove the convergence of Riemann
sums in Young integration. For a function $A$ that does not satisfy additivity, ie., $
¥delta A_is,uth = A_is,itl - A_{sul + A_{utl ¥neq 0$, the lemma allows us to construct a
globally additive function $I$ (the integral) by taking the sum over small time intervals
and "sewing" them together, provided that we have a quantitative estimate of $¥delta
A_lsut}$. This framework significantly simplifies the proof of convergence for "Riemann
sums' in rough path integrals, for instance. The stochastic sewing lemma is an extension
of this deterministic version to stochastic processes and has found a wide range of
applications. In this lecture, as one of such applications, we will discuss the numerical
analysis of stochastic differential equations.
TEGHIE, YT, T T NAMRNT, FEESHIREGAIE, FESEO AR, BUEmAT
1. #AEWE (Sewing lemma)

1.2 Young integral, — &k & i

1.3 #&E##E (Sewing lemma)
2 MEFRAIFESHIE (Stochastic sewing lemma)

21 BEEF~ VT v —vk BDG AAEE

22 WEFNFEAHIE (Stochastic sewing lemma)
3 WEERARE O HHRE (Stochastic sewing lemma) D)t

31 7T )

32 WEEES TR O BB~ DI

H#FRICL D,
LAR—=PMIZES.

AR L 22 v.  WIll not use textbook
ZEFEIIMH L%\, Will not use reference book
HEROREANABEIZOVTIRFEEEATHLZ EEHITRET 5.




B HES FHH% Hifr L ARAY — HALH B INA
901-62 BRI R R VI 2 S WE A AT
HmPEH PRENFE 50 & 0 BRIy iR A DB /Oscillatory integrals and application to dispersive

BEO P - B

B¥EOFXF—7—F
PR

D )T
AR AT
HAE
ZEHE
@15 E it

partial differential equations

REFTIE, REFES & 2 D0 BRSO HIZOWT#HHT 5. IRENE S X
R BER I iR RO OE R &, FHYHFO S FSEFLLEIAICHENS.
AR T T TIREES 2T L CTHERW L 2 2 EFUMHEICOWTHET L. RIS, #
BAAREZ T, Sa 8 R 2 0 HGEHE (o RN 22, 20N
PR Cd A MR i 2 8 5 4. S 612, ZNOOFHMOEIERE Y 2 LT 1 v —
FHERR KAV R & v o IR H RO o R HZE)ICSHT 5.

WEE Y, e iR, Y2 LTy =R, KdV R

1. EBA, SR OB

2. IRENFES, SRR

3. M RIS 2 2 EREEA
4. S HGEHE OIS H

5. RGBS SETHA

6

. B BGEHI OIS, FERIE 58 5 R K O i o R [ 25 8)
WEIC X BERIEATET 5.

LAR—=MIXVEHET 5.

HEFEILEEH L Z2ve ~ Will not use textbook

7)) v b EBEAT S Will distribute handouts

VR — 785, BIEURNT O BB D 5 2 EHNEF L\,




FHH&E S #HE % AL LAY — HUHEH XA
901-63 BRRRLA A RS TX 2 S KK G
HFeHEH w17 74 YREDOFRHGwmOER

BEO P - B

BEDOXF—T7—F
PR

BEOI
JffE R 5 1
HoplE
sEE

=25 RH) %4
54

Rk
@15 E o

Developments in the representation theory of quantum affine algebras
w1774 B, ARBRRITHEREMY) —BREERRITCL LT 74 ) — RO g-
B shadbry TRETHL. T 7714 REOBFRKRITCERGR L, =T Yang-
Baxter XD A7 M3 T 2 =54 ZOIFEHMB R T 5 RN LA TH D,
1980 4EFHE 26 SN FE TIZE K OWIZEN R ENLT W5, 4 Tl, Kashiwara, Kim,
Oh, Park 12X 0, ARKITCEBROMIKT2HEWALESEA SN, B T7 714 YR
OFEMRRITCEHBEOM7EIE—BE L ER L TWw5
Ki##FTIE, BT T 74 /ﬁ@(@ﬁﬁﬁ(ﬁﬂ:i@fﬁ HOIEMREIE L2 ¥ 5L L 12, Kashiwara,
Kim, Oh, Park 12 & DA S N7 4 2 EBENAZEE L ZOIRHICOWTHET A2 &%
HEEE 5 5.
w7 71 A FREOTERR, RATY, FENEE, ANZEE, dALE
DFOFIHIZOWTEH AT .
c'mTT 71 RO ESR
-53%37’7,4./4&%&0315M%dz7cﬂ%fﬁi?iao>/\*ﬁ
: 177, IEHAE R 4751, FFIEBUL R 1751
'%Wﬁk%@@”
CANAEE, dAE
::-%é‘dcﬂ'/ft
WERPICHZD VAR - NEEIC L ) FHIT 5.
HRFEIXMHH L 22\ Will not use textbook
BE¥ERITRRE$ 5, Will specify at class time
Jens Carsten Jantzen
Lectures on quantum groups
American Mathematical Society, Providence, RI, 1996. viii+266 pp.
BHEPHA) —RICBIT A EMFEHIIBEME LES. AERTHAM L T 2NEIZOWTI,
BIZ T T OHFIEFETERI LD TEET.
- James E. Humphreys, Introduction to Lie algebras and representation theory, Grad.
Texts in Math., 9, Springer-Verlag, New York-Berlin, 1978. xii+171 pp.
TT742) —EBLUCEFHICET ARSI, BEOTIZRZL EEDbEY. &
NHIZOWTIE, IFA#EERETT.
- Victor G. Kac, Infinite-dimensional Lie algebras. Third edition, Cambridge University
Press, Cambridge, 1990. xxii+400 pp.
- Jens Carsten Jantzen, Lectures on quantum groups, Grad. Stud. Math., 6, American
Mathematical Society, Providence, RI, 1996. viii+266 pp.




B HES FHH% BT LAY — HUHEH KA
901-64 BB Rl R X 2 A AT Bk
HmFEH T/NE TIVERER I B9 A YRS O A& / Invariants of singularities in the minimal model
program

BEO P - B

H/NE T IVERGIZ B 5 RERMEO—2127 ) v 7OEIEMEDSH 5. MLD (minimal
log discrepancy) (& Shokurov (2 & V& A S N7HFR S OAZLETH Y Shokurov i£7 1) v
T OEIEFED, MLD @ 2 2OFH -ACC P& LSC FHE - IR ICE NS T L 2FEHL
720 KRFEFTIL.

- MLD D% & HE,

- Shokurov ®%E#, ACC P L LSC FHENSL 7)) v T OEIEMEISE 2N E 2 L,

- ACC F## & LSC FHEIZOWTH SN TWwWE 2 &,

- MLD IZB83 % ZDftioF4E,

WCOWTHNTLZ e HIZEET 5,

BEOXF—T—F BNEFTVEZ 7V v FOEIRE, MLD
v ] R#EFHZTIE,
- MLD D% & HE,
- Shokurov ®7E#, ACC ¥ & LSC ¥ 5 7Y v 7OEIEME;E»ND Z &,
- ACC P L LSC FHIZOWTHIGNTWAL T &,
- MLD IZB8§ 5 Do T4,
WCOWTHINT AL BIEE T %,
DIk R TIT)
AR AT LAR=bERTTFETH S,
Rl HFFFILHEH L vy Will not use textbook
sEE BEPICIRRE T 5, Wil specify at class time
JE 15 L oEE ¥RlZ27 Lo
901-65 BB AR R XT 2 S FIARIT 5
e H EH R 77 v i) OAM

PE SONSRERE RS

BEOF— 77— F
SRt

DI
S ATl T 1%
HobHE
L&

L ANDYES -

B < M O RESKRETIC BT 2 2O OFHM=ICE LW E & 2o kRIS
L EMHIEN S, PSR RS RMEO R TR OEE LS DDO—DT, £
OFFE T O, §9OME, WIERMEOT B & iR MENBE O 5%t
ENTV5, FERTIIERWLEERLERDSHO T, REDERIZOVTH WO
figi %,

When the velocity of a family surfaces is equal to the mean curvature of the surface
itself, it is called mean curvature flow. Mean curvature flow is one of the most important
geometric evolution problems, and various issues are still being actively studied, such
as the analysis of its singular points, the concept of weak solutions, and the solvability
of initial value problems. In this lecture, we will start with the basic properties and
definitions, and also touch on some recent developments.

AT ARG EE R PR ERR

EE NI

1. ~PiyiEit & i

2. FRASERY B e O SR &

3. 7T VT DESR

4. B & B

5. fATEERE & IF A B

B Z 5 758

LAR—bMEHFEIZLS

HEFEIXHH L 22\ Will not use textbook

E¥ERITRRE$ 5, Will specify at class time

FEAFmICOVTHEHHAL L T L.




FHH&E S #HE % Hifr AL — HALH B IA
901-66 BERRL AR I R SR XTI 2 A IR AR
P H fitt Heisenberg X% & # ® &0 (quiver Heisenberg algebras and related topics)

BEOHE - B

WEOFXF—7J—F
AT

DI
R IPIRES
HRE
ZEE
JEts L oEE

A2 R E R il Heisenberg REUIAED SR SN AR TH VBT > 72U EEZH T 5.
ZFOBERIZITMFEHOE O Auslander-Reiten HmDFHET 50 SHIOFEZRTIZZ >0
& Z DOERRR A BIRR 4 2 EEE I TV <

Auslander-Reiten #Fa. fifi. AL, i Heisenberg A%
ﬁ[‘ﬁ?ﬁ(ﬁ:ﬁ@li@f][}ﬁél@ﬁﬂiﬁﬁ P, Auslander-Reiten GO, fEFIH. s
A&, i Heisenberg 144, (/’t*ﬁﬁﬁ B & oy B g, Calabi-Yau FEL Calab1
Yau &fiifb. BRIk Helsenberg R, HEFREICOWVWTHRT 5,

s

Lag—

BEPIIRRE T 5, ~ Will specify at class time

WEPIIRRE 9 5, ~ Wil specify at class time

R L OFBRKITTRER N EOIEZB 3 % 2560, PR OMHAR I 2 HI# A D B D
MBEFE L\,




#H& S FHH % HAL XA L — HLUH B K%
901-74 BB N8 T 2 A WILLOX RALPH

HFEH Mathematical Writing & Communication

BHEOHE - Mathematical writing has been an essential part of the mathematical enterprise almost

since the very beginning. It therefore takes place in a cultural context that is quite
specific to mathematics, steeped in tradition and with its own conventions. Fortunately,
this rather special cultural context makes that, with sufficient practice, mathematical
writing skills can be acquired quite easily by anyone sufficiently motivated. The
importance of oral communication in mathematics is something that has been recognized
only more recently. This however does not make oral presentation skills any less
important for a mathematician than traditional writing skills.
The main emphasis of this course will be placed on understanding the general publishing
culture in mathematics, as well as the structure and basic construction of a “well-
written' mathematics paper and a ‘clear' and well-organized mathematics presentation.
This will include explanations of mathematical vocabulary and special usage, but given
the enormous proliferation of sub-fields and specific jargon we have seen over the last
decades, these explanations will only concern basic elements common to all or most fields
in mathematics.

BEoF—7U—F mathematical writing, publishing, refereeing, manuscript, publication, presentation

P SERTIH October 5 (Mon + 5) WILLOX Ralph [Intro/Guidance]

October 19 (Mon - 5) WILLOX Ralph [Manuscript writing]
October 26 (Mon + 5) KELLY Shane [Publication basics] ]
November 2 (Mon + 5) KELLY Shane [Publication basics]
November 9 (Mon + 5) KELLY Shane [Publication basics]
November 13 (Fri) : submission deadline for first draft of paper
November 16 (Mon * 5) WILLOX Ralph [Manuscript writing]
November 25 (Wed - 5) No Lecture

November 27 (Fri) : submission deadline for referee report
November 30 (Mon + 5) WILLOX Ralph [Manuscript writing]
December 7 (Mon + 5) KELLY Shane [Publication basics]
December 11 (Fri) : submission deadline for final version of paper
December 14 (Mon - 5) KOHNO Toshitake [Oral presentation]
December 21 (Mon - 5) KOHNO Toshitake [Oral presentation]
December 28 (Mon - 5) KOHNO Toshitake [Oral presentation]
January 4 (Mon + 5) KOHNO Toshitake [Oral presentation]
January 11 (Mon) : submission deadline for final version of slides

WD) Lectures will be in English but queries or questions from students and responses from
the lecturers to those queries can be in Japanese.

B ofE R A 5 1 The evaluation method will be explained in detail during the first lecture, but it will be
based on a term paper project, one or two short referee reports concerning those papers,
and a short presentation of the paper at the end of the lecture cycle.

R BRI L 2w Will not use textbook

sEE BEPRIZIRRE T 5. ~ Wil specify at class time

@ EoFE For FoPM students only. (Although this is a required course for FoPM students, please
be aware that a large part of the course is very mathematics-centered and might not be
suitable if your main discipline is different from mathematics.)

Each lecture will be 105 minutes. In principle, lectures will be given in person at Komaba
campus but some lectures might be online due to scheduling conflicts (in which case the
online modalities will be announced in advance).

Z DAl "A Primer of Mathematical Writing, Second Edition", Steven G. Krantz (2016)

https://arxiv.org/abs/1612.04888
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901-87 BRI 6 AR “HE
e H I F—IRIREHE DL L TR T T T,
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BB &5 FHH % HLA LAY — HAHE K4
901-91 e T B PRI e 1 2 S il wok
A H T INT 4 7 OGS VT HER

BEO B - B

WEOF—T—F

PESERTH]

DI
AR AT
HAtE
ZEHE
G5 E i

Z DAt

(Derivative Pricing theory)

SATRREHRSAL 2 EOERBRE TIE, TV NNT 4 7 LN 5 SR ALY Heb T
Bo TNHDOEMDEY AL, ZAUIBEE T 2 ML AR, &F % EOTGEE)I
REFVEMRET S LT, BHERTW5,

R#ERTIEEST, A—b71 0%, TINT 4 THEOERHEORAZIILD, 7745
YAZBTBEARNFEHEICOWTHEHT L. £0H) 2T, TINT 4 Ttk x KD 5720
DHERET VAN /2T REWE, MEEROFEMR L 28T 5, ZZED, FrLws
BiEmAZERZ L), ZNEFHET 5270 OMFEET VAT, flitgx B3 % ETUE
EHRDBERFHEBR BT LI LA HEL T 5,

By TINT A4 TOMEFITORMELHB T2 L2 FHNE T L7290, BEFRRET
WZBT A E TEIZT, SRR ET VIOV TIRETVOE Z FOSHE £72%
HROMMICL ED S,

Financial institutions such as banks and securities companies handle financial products
called derivatives. Reasonable prices for these products are obtained by assuming a
stochastic model for market fluctuations in underlying asset prices.

In this lecture, after explaining the basic matters in finance, we will explain the
properties that should be satisfied by the stochastic model for obtaining the price of
derivatives and the principle of price derivation.

The purpose of this lecture is to correctly understand the principle of pricing. The
theorems are carefully proved in the framework of the discrete-time model which is easy
to understand.

For the continuous-time model, we omit the detailed proof and only explain the concept
of the model and introduce the main results.

By, FERMMtE, A7 ay, TAVACTINT AT, a—0a¥7yTFI)NT 47, 5
U LAMRE, et KR—F 7+ 0) FEig, BOEARR, sofii, FE~VF > —IVillEE
Za—AL—), REMET7L—%—, T7L—%—, HERE BEKRS WEHED
MR, FHEOARX, 79y 27—y a—VXEF)N, ZIHETFIV, HEE, S &8
fHfill, 77w vEE), XBUEMH (WEE, SREEH

1 BRL B, AL COERNRAEMAES. B L, REW LTV NT 1 7O mik
D

KOHMEETNE o T, MBEDEZF LT INT 4 TOMIETTOT A 77 % i
— MY 72 BERURE T E 7OV O A

HEBREE T VIS BT B B — AR (ETVHPERETH 5 720 OB+ 55:1F)
BHAR—F 71V FDEZFH L, EiRETIVICONT

HEBRE R E 7V O 58 AR (EE R ETIVHEM TH 2 720 OVEE1 55 5:4F)
HEBRE D SEM 72 BT NAZBIT 5 7)) N T 4 7 OAfidE AT o JFEE

BEBLRE O IEEME TN BIUT 5 7)) 3T 1 T itk

. R E TV IZOWT

X TH TGS & % e geiiat

WROHFEL R — b

HEFEILEEH L2V~ Will not use textbook

ZEEIIEH L7\, Will not use reference book

TAELE LT, MERREFATVD ZENEE L,
HBBOBICHIHONEOMHE LR L TBE, #REIHEBIRNADS 2 2EE LTS
CTENEFE Ly

T77A4FT Y AOMEOERLHEOBERZMA 720121, Ya N IVEOHKRFER [ 74
FrIANTyIV=T) T (BASY) Bk

WeRfEAT O2EEH L L, W 2 [FESRmT ] (s E6E)

© 00N oUW
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901-92 L E I s PR B a1 2 A Filll woah
A H BRI E ) A 7 R

BEO P - B

BF¥EOF—T—F

PESERTH]

DI
R IPIRES
HRHE
ZEE
L ARXDYES -

ik

(Monetary Utility Function / Risk Measure)

RBESAICBW T, B2 RBREZEET L2 L, T2, SRRBICE WL, &iE -
BEMEOZLE) A7 %2 BYICHET L 2 EPLETH L, BIE ISR B £,
BEIIZY A7 REMNCH SN2, INBRFE5OECZTTREIFR L TH S,
RERTIZ, BEIMHBEEOEZ T EME BT L2 HNET 5,

B, T FaT) —ERRABICNIET 5 b DO TIE RO TEREI Nz,

It is necessary for insurance companies to calculate appropriate insurance premiums,
and for financial institutions to appropriately grasp fluctuation risks of asset and liability
values. A monetary utility functions are applied to the former, and a risk measures are
applied to the latter, but they are essentially the same, just with different signs.

The purpose of this lecture is to understand the concept and properties of the monetary
utility function.

Please note that this class is not related to the qualification exam for actuaries.

VA7 R, BRI, A— b7+ ) 385 CAPM, NY 2—7Tv M) A7, Y,
SrER, EEE, B, SRRUAZE, MR, BB, MESRAEL A, BOBULBIEL &,
Frviazo—, BEME. T2 —Y 3 r

PR SR SRRERIC BT A2 ) X7 2 L, MEOE =P

1AM OR— b7 1) 8

CAPM

B HBE S L O E

MEEx vy v ya7a—0H s ) 27

6. RO ET IV

XPTH CTHEIC & %R

WROBEL R— T

HRFEIXMHH L 22w Will not use textbook

ZEEIIMH L 22\ Will not use reference book

TEERE LT, MR FATWSE I EPEE L,
BHBROTMICHIHONAEORHELXHEREL TB &, #RZIHBIRLPZ2VW2AEE LTS
CTENEFT Ly,

ERCBITZ ) A7 DOFZFREBWHETRICOWTIE, Yar Z"VE[ 74T
WL T ZTN) 7] EASK Il

TEEZ BT 5 A7 DF 2 FTRMEERIZOWTIE, HPEZ & MEBY) 27~ rI X v
M BARFGRAL &

SIS
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901-93

LR I s PR P e e T 2 S

WA EA T e &R 2

A H

O HE -

BEOX—1

e S

DT

AR R A
YRl
sEE
Z DA

RS

— ¥

PRb PR

HE AR - AR 4 R O 3O DRI OWT EKICHED S 3 NO#EHIC X Y i#Ex21T-o
T o ZNFNOFEROBE - EIZLUF O Y

PR - AR O IR 2 m R 2 B LT, Ao OV ToMRm T 23,
ZD7280, HEAREEMIZOWTOMELZD L, ZH O & NGRS 0
¥k EOEEICOWT L 3T 5,

g bNONOEROEE L2 HEEHEICONT, BIFESE - BEFEE - BAFES
OB L, TOHEMEL L ZEEHM A EBICA L THHT 5. 72, FEEEERHIZOW
TOHEESABLOMEEZE#RLOOWm L %,

HERE  HERRBEHEOR D 76 %2, AmRREE L b B L 220356801 5. FFIZ,
THERIRZER DR MR-t ST 2 8- B OB OBELIZEH L2217 o
A brb, PRORECH, FORRR, S, HRERRE, BBEATSEN FE&ALM, BAFSE,
FE, NEE, Fa, EafRbaiies, e, R, 20

A Fili

IS REYN

T g

IR EA

A Ay PRBR R i & B AW
PREEEARL 1 22 O RT -
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Stochastic analysis and statistical Inference for Lévy-driven SDE
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We begin by introducing Lévy processes as continuous-time random walks, followed

by an overview of stochastic integration and stochastic differential equations (SDEs).

Subsequently, we present statistical inference theory for Lévy-driven SDE models,

alongside the relevant general asymptotic theory. We also plan to conduct simulation

demonstrations using a computer (R package YUIMA).
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Lévy Processes and Stochastic Calculus, 2nd edition
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Linear statistical inference
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As an introduction of mathematical statistics, we treat basic linear statistical inference.
We will not enumerate statistical methods but consider their theoretical foundations. We
will also deal with several methods in multivariate analysis.
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Translational Statistics
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In general, the efficacy of clinical trials is estimated from the difference between the
baseline value and the last observation of the clinical trials. However the efficacious
endpoints will be measured several times according to the protocol over the period of
the clinical trials. These observed data will be correlated and suffer from the dropout
patients from the clinical trials, causing missing data issue. In addition, the magnitude of
the efficacy will be relatively small particularly in neuropharm disease. In order to prove
the efficacy of medical therapies, the two statistical issues, correlation among data and
missing data problems will be reviewed and provide possible mathematical solutions in
the lectures.

FASSHNT . FHBIRRATAG R, i 7 — & . T — & BUE AT

Review of Classical Clinical Trial I

Review of Classical Clinical Trial 1T

Concept of Translational Clinical Trial: Longitudinal Aspect I

Concept of Translational Clinical Trial: Longitudinal Aspect II

Weighted least square approach

Weighted least square variance estimator

Exponential family approach

Issues on exponential family approach

Generalized estimating equation approach

10 Generalized estimating equation approach for correlation issue

11. Review of three approaches

12. Review of Missing Data

13. Review of Longitudinal Data Analysis
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Lawrence M. Friedman, Curt D. Furberg, David L. DeMets, David M. Reboussin, and
Christopher B. Granger, "Fundamentals of Clinical Trial", Springer (ISBN: 978-3-319-
30773-2)
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The modern cryptography is used for a wide range of purposes in the Internet not
only for secrecy of information, but also for authenticity of entities and data, which
realizes appropriate data controls even within complex network systems. In other
words, nowadays, cryptography gives the foundation for the Internet, which is a part
of social infrastructures. In the lectures, I will give mathematical foundations based on
rigorous definitions of several notions of cryptography including security of public key
cryptosystems and signatures and their security proofs.
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Analytic Representation Theory
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Applications of sheaf theory to geometry
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We provide an overview of the applications of derived categories of sheaves and
microlocal sheaf theory to geometry. In particular, we discuss their applications to the
intersection cohomology of complex algebraic varieties and to symplectic geometry.
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Introduction to Mathematical Physics
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wd ) BB EBRMEL ¥ —ICR8RT 5.
DT HY I - FEDBERHEBELEB L BT, SIRREHLEDOT RN 2% 2T RS 50
e ED D
Iz, BH—EOMRITEEbENH S,
JBIEE I, BADOZRIEEID 10% LT % & O ABHEEERMILIC S TL I E2HELT
W5,
B AR ATl 7 v HUE L WE9EST B &b BT 5 EHE
B HEFFIIMEH L 22\ Will not use textbook
SEE ZEZF LA L %2\ Will not use reference book
@15 EoitE WINGS-FMSP @ 2 — Z A 3R AP~ FEBE T2 2 L8B3 Th 5. L ifE
1 ERIZEBTAZEEZBEL TV,
Z DA R L\
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ZEE
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ZEEIIMFH L 72\, Wil not use reference book
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BB EoORE SFEAE T (PR EEL) T,
FEREAAS [WRZEMmEE ] 21515 L 722 B IR T, L L. o s CgEss
TRPELVRIEIZOWTOFHT 2D T, KRERERRICO —EEBE I NS 2 & 2R
L7,
901-133 BOREA R IV 1 S Chin-Yu Hsiao. “Fih f#E:
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The Bergman kernel plays a significant role in current research in several complex
variables and complex geometry. In this course, I will introduce how to use fundamental
complex analysis techniques to study the asymptotic behavior of the Bergman kernel in
complex geometry. We will then utilize the asymptotic behavior of the Bergman kernel
to prove (1) Demailly's Morse inequalities, (2) Tian's theorem about the convergence
of the Fubini-Study metric, and (3) the Kodaira embedding theorem. If time permits,
I will briefly introduce how to use methods from basic complex analysis and spectral
theory to establish the full asymptotic expansion of the Bergman kernel (the Tian-Yau-
Catlin-Zelditch asymptotic expansion).

Bergman kernel, Demailly Morse inequalities, Kodaira embedding

6H24H. 7TH1H. 8H. 15 H (%H /KIE 4R -5FR)

Blackboard-based lectures

Based on attendance and reports

Z Db, Other

KDOZEERMHHT 5, ~ Will use the following reference book

Xiaonan Ma and George Marinescu

Holomorphic Morse Inequalitis and Bergman kernels

Students are expected to have knowledge of complex analysis, differential geometry
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901-149 LR 3R X IX 2 A S
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BEOHE - B

BEOXF—T7—F
PR

i TR 5 A P9, Introduction to Post-Quantum Cryptography
B DN T2 R T OZ 2L, FREGTH 2 OB MEO RE I HED T
W5, LhL, KEEZETFFHERIERSAIEL, ZNO0REWNENEINDL 2 L8
HoNTBY, 20X ReEiffbe bl 72012, #ric ik ARER SHEM 2 I S
TWh, Znbit [ M=ET7EHEERES (PQC : Post-Quantum Cryptography) | & FE L
Twa. PQC TiE, #%7F, REWENGE 22¥EHA, BHle &, FIC8GE - K
By tBET L 3L IE BT Mo THEFHMPER I N TWE.
Ki#EFTIE, PQC OREENLIED T, WO REN LB - ZEHHTRIZONT, £
DOFERGE & IOV TEH L T L.
Since widely deployed public key cryptosystems are based on factoring and/or discrete-
log assumptions, the systems are vulnerable to quantum cryptanalyses if large-scale
quantum computers are available. For circumventing such events, we are developing new
public key cryptosystems called post-quantum cryptography (PQC). For building PQC,
various kinds of mathematics are employed, ie. lattices, cyclotomic fields, multivariate
polynomials, elliptic curve isogenies, etc., which are rich to be studied from algebraic and
arithmetic viewpoints as well. In the lectures, I will give fundamentals of PQC and basic
schemes from various mathematical building blocks and their rigorous security proofs.
i - F AR 7
DI L7 o TRTIIRE R AR L LR E1T) . Sl E OBBEZ 816 L TEEO
2TV EELZESE-DT250T, UTFORHE@E) IEEF RV E23H 5.
1. =TRHE &= TR

®=RHERE & NIST i & 15 AR oL,

BETEHE a7 7 NVTY XL, FO—N—T LT XL
2. Wroratks FO £

KEM-DEM #1#%, RSA-KEM & )V 7%~ )V KEM @ IND-CCA Z-41E,

FEW - fA (FO) Z&# & v~ )L FO KEM
3. &

SVP - SIS - LWE [ & 2 QR EENE, & FREREEH TV TY) X4,

SIS - LWE RIEREEMS D B L7 75
4. FEALIST A =& LRI A5 ) v

L7 7 OFRE R 7 V— 27— 2, KTV OFMAN & B LHE,

GPV BEHT Y A 55A5% > 7)) v 7
5. SIS - LWE MEORIER - PR E

SIVP @25 SIS - LWE HEND R ER - 35525,

BDD [ & GapSVP i, LWE OfEA » 25 » AREEEANO)GE % &
6. NIST HE#EK K5 - ML-KEM

TV FOKEM & L7 7 LWE W5, ZIHARAEERE NTT 240 - #2850,

#1285 < ML-KEM #3tf
7. NIST fE#EMTIE5 © ML-DSA

Ta /) TEXIIHED W BG H% L ML-DSA E4,

ML-DSA #% Y A XHlIH D720 [ b ] FH
8. GPV E% LT mibknehs =

BT OmERERIC L 25 G » 7% (PSF), #% ¥ PSF 1242 < FDH # GPV

E4,

BTy b NTy T RTICE%S GPV £4 - IBE, AFV W R RERE =
9. 477V SVP IZK$ 5 CDW &F 7T XA

COW (7 9~— " Fad - vz /a—AF—) 73 ZXLOME

AT A T VI — g E OG- HEND)GE

P53 ELEOR B 1 L O T RTEAN O 7 75
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10. 75 HQC-KEM & fif=FF4% UOV, SLH-DSA
MLWE [ & #5302 > Fo— 4185 (QCSD) RiE,
HQC 5 D729 05 (RS 575 + RM #777),
UOV 235 F 7= - v I T &
11. [AFGRRHE & SIDH ##4L4
NV =D L B FRFEEGETE, FEMHE 2- RIS %% Hv 72 CGL /Ny & 2 %L,
SIDH LA L A A M) v 7 - 77— (CD) $#ERELRE
12. M-SIDH ##3:47 & CSIDH #3t4
FIFEGRRE & HC®ERBER, L OVREER & RIAE4ME & M-SIDH ##3t4,
HIEHRE 5 (EGA & REGA) & CSIDH #itF
13. CSIL-FiSh &% & SQlIsign #4
CSIDH-512 787 * —#% & CSL-FiSh #4, FA ) ¥ 7 sl < SQlIsign &4,
TEE 2 #h#R ) ¥ = v —FEEGAIEHR, 7 = OfiEIZEED < SQIsign v2.0
wEIZL B,
LR — ML A,
HEFEF IR L 22\ Will not use textbook
ZZFIIMH L %2\ Will not use reference book
KFEFHR CUELRER AFER 5 IS T 2 EARICH LT, MEPISEA - JiHT 2 7E
7ENS, HATICENSIZT AR LA DD 2 ENET L\,
R, SEHICHEO [HASBMAF R (B7HEmAM) | 2BIEBEATHL Z &
WEF L.
HE - W & TR S RO 72O OBEFENIEE | REAE, 2019 4F
MAEER [ BIREE 5 ot & 58k |, AR, 2019 45
feHYEwE] [ it FRHEAERT S 1 AR, 2020 4
kR [WoHEm AN, HRIGHLAR, 2024 4F
J. Katz and Y. Lindell, Introduction to Modern Cryptography, 3rd edition, CRC Press,
2020
D. Boneh and V. Shoup, A Graduate Course in Applied Cryptography, , ver0.6, Jan. 2023
(FEHEDOY A by u— Fu))
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Algebraic number theory
REIVERGR O AMIHERZ1T) .

We give an introductory course on algebraic number theory.

REDOFXF—7—F  RBUEK, Dedekind 3, A 7 7 IIVofik, sk, HBI, FEOAFRYE, Dirichlet @ HEEH,
Dedekind ¥ — % A%, A
PZERT UFIZOWCH#ERTAZ L2 TFELTCVLY, EEICLIDVEHETLREELH 5.
Dedekind Bg
fHfiE {4
FA T T IV
R OH R
Dirichlet ¢ B4 5E #
Dedekind ¥ — % A% & Fa 54
BED N HwRIEATITH .
5% R (iPRES LR—= I3,
B HEFFIIFEH L 22\ Will not use textbook
SEE ZEZFIIMH L %2\ Will not use reference book
B ot T, W, RO EBHREARET 5.
Z Dl PR BHGE ORI
EVLHHE BEGe 1, 2, 3 ARG
IR, HRIMEE, AR BGn 1 S0EEIE
AR Bom ik E s
901-152 A 1 2 A K Fi
e H 1) — D IRE
BEOHE - ) —HIZOWTAMRGERZIT) . F7I2, U —BEE ) —BROMS, V) —HEOLERME~NDOIE,
) —HEREHEMORMWEE 2 &%, BREI%Z L <2030 FIRM A IC E %
BEWTHHT 5.
BEDOXF—7—F ) —hE, ) R, RN, R
R 1. fiAHEEE ) —
2. V=L ) —BROXTIL
3. ATHIEE, R
4. ) —HEOIEH, FHEZEM
5. ) —HEOEH, FZEXT PIVE
6. NEMIEA, AR
7. 3287 M) =R, R — RO
8. XFARZEf
BED B M TO#FE TIiE
J AR AT 7 LR=-PMICLB.
B HRFEIXMHH L 22\ Will not use textbook
ZEE BEPIIRR%E T 5. ~ Wil specify at class time
@ E o B L
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Introduction to Modern Commutative Algebra

20 AL RS TTHRER DR E 0 T 7 IV R WFEAS TR TSR L 72 £ DERRT & 2 o 72D 5 AL
Auslander. D. Buchsbaum. J-P. Serre |2 & 4. KBkt % H v 72 R R HTER O 4 1T
Thb, TOWEE S5 I2H LD T, Cohen-Macaulay BROBEADNE A S 7z, 1960 4E
fRIZ A% &, Grothendieck 12 & - CTARET V7 I 213462 L E L. Gorenstein B, 1
AR, Birartny -2 L, SHOWHREMRIZIIR 2T I L DO TE 2 WEEDESH S
N7ze KEFRTEINSOHFEHIZOWTHF L, WHRERICB T2 KE0 VAV GFHhED
HEAEBRTLI L EHELT D,

In the latter half of the twentieth century, homological methods in commutative algebra
developed rapidly. A key milestone was the characterization of regular local rings in
terms of global dimension, due to Auslander-Buchsbaum and Serre. Pushing this line
of research further led to the introduction of Cohen-Macaulay rings. In the 1960s,
Grothendieck systematized the homological approach, developing basic tools for modern
commutative algebra such as Gorenstein rings, canonical modules, and local cohomology.
In this course, we will discuss these topics and aim to provide a foundation in homological
methods in commutative algebra.

1IEHIBR, Cohen-Macaulay 38, Gorenstein . Bira~®0 Y —. FATATEH
UTONEZRH) TETH 5,

0) RO —REOMS CAFHIMEE. Matlis BUE. Ext, Tor DEFe7% &)

(1) BFTasEny -0k BN

(2) K¥ikot & Auslander-Buchsbaum-Serre 237

(3) Cohen-Macaulay %t & Gorenstein ¢

(4) AT Ao e B

BRI X 258 TIT ).

LAR— MIX 2, EIT#ERTPICRRT 5,

HEFFIIMEH L 22w Will not use textbook

KDOZEERMHHT 5, ~ Will use the following reference book

Winfried Bruns & H. Jurgen Herzog

Cohen-Macaulay Rings

Cambridge University Press

FER 3 AERONEEE FFICREEL 1D OHMaEREIRET %o
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Code of Research Ethics

The Graduate School of Mathematical Sciences, The University of Tokyo

The research mission of The Graduate School of Mathematical Sciences, The University
of Tokyo, is the quest for fundamental mathematical truths as well as contributions to the
international public benefit through the development of new research areas and the
advancement of general mathematical culture.

Individual scientific research, subjected to public scrutiny through peer review and
criticism, forms part of the common heritage of humankind. Every member of the School is
advised to be highly conscious of his/her own mission in conducting and publishing his/her
research.

Wrongdoing in research is a serious betrayal of the trust that humanity places in scientific
research, and therefore could hamper the development of science as a whole. Typical examples
of wrongdoing in mathematics/mathematical sciences include: the piracy of ideas, data and
other mathematical; fabrication or falsification of data; intentional neglect of other researchers’
achievements; and multiple submissions (submissions of manuscripts of essentially the same
content to two or more journals). Such deeds are unacceptable because they contradict what is
regarded as the spirit of science, the free, unceasing pursuit of knowledge.

Researchers are required to account for what they have published. Each research
publication must precisely express its original contribution to, and its significance in,
mathematics/mathematical sciences. The correctness of the results/proofs and the objectivity of
data should be guaranteed in a verifiable manner. In simulations and experiments,
reproducibility and robustness need to be taken into careful consideration.

Researchers must be fair and honest in their published papers. They are required to duly refer
to other researchers’ contributions. In the event that mistakes are found in their past
publications, these must be corrected as soon as possible. Each individual researcher
participating in joint research is responsible for ensuring that proper research ethics are
observed by all members of the research team. Scientific researchers are morally, physically
and financially supported by many people. Researchers must be aware of their responsibilities

and, in particular, administer their research funds properly.



WL BT 5 gt

FOXRZFZRFGEERZOERHNT, LU OFEFHI RSV T oA, WiiRE
L O OMERZATY, W4 LR i iR A (o5 LTl (i) o
FALORG 24T D .

(D

2)

€)

4)

)

(6)

FRHMXIEHEEX, RRRXRFEXRFRIEREZFMRRARGERGZETL
HIFNIEE SN,

WXIZIE TR CRMREED H S L L - HEBERFMANENAESENT
WAZENMETHD. T, BLTORLEZTHELDITHEZAEFIZDOL
THIRLEVHEZEDL, MII L THREEXRTTEIRNEZELEDILNERS
nNd. COEIBEHFITRTEZBLTVENEINZHERT 50O
BEICKDMXBENLAEATITHONS.
HBXORNBIIERMICARETZ23DOTHEINOAXIIM (REIELTE
X) TEMMTUOEITNELZELLEL. SSHICENEFBARETIRELE TN
(FAZSHEL. =L, RXOFTHERE, AXHE EF IFZE0ONRN
BEHRL, HEABLUNOAEZZHAVLIVENHLBHEIE, AXTHE
RIA5FEIEIBARETH>TH KL

MXAERICHT->TIL, RITHAREZTBALESRERL, EZEFTHEADEE
BThHY, ECETHELDERTHEIMNNE-ZTYRFTEELSITTR
TWHENSHD. XHEKE, RAMICIKFERRZSIAL, OBICKIEELTA
TT7DIRELNBNIEL, ThERATTILELDHD.
MBEEZHRRLGEICE, RELERZPAEICRANT S ENEREINS.
FEEAIE, M ETHLMIL, EREIELZTAEGLEL. BEETILIE
BN DFBRIZEE R S, ALSh-RECHEFENZLMEICDOLNTt
DITHRIAT A ENDETHS. EBICE>THRXMERLEL > ELHET
HOEAEERICLTE D ELEELGHATHAEENZ LD TEHEE
FTICRHRABITRETHD.
BELRXELTERLEZLDEEZOEERZEUGBFHICLI)—DF
DO —FIVZERLBETNIEESHL. Z07=6H, ELRIXDIZHATIC
EMGE O y—FILICERINTLSD, HHIVEIERFBEIATULETAIEE
A=Y A AN



Guidelines for Doctoral Dissertations

The Craduate School of Mathematical Sciences, The Univers'lty of T()ky(). confera the
Degree of Doctor (Mathematical Sciences) on those who have demonstrated their ability
through the dissertation and the qualification examination in accordance with the guide-
lines below.

1. A doctoral candidate who submits his/her dissertation mus: comply with the Code
of Research Ethics of The Graduate School of Mathematical Sciences, The University
of Tokyo.

2. The dissertation must contain hitherto unknown mathematical results and for meth-
ods of snfficiently high scholarly value. The candidate who will be awarded the degree
of doctor is required to demonstrate a broad understanding of relevant fields of math-
ematics/mathematical sciences and the ability to do independent research. In order
to test these requirements, an oral defense is held in the style of a public seminar.

3. Mathematics; mathematical sciences are international subjects, in which the principal
languages are English, French and German. The dissertation must be written in one
of these three languages (preferably in English). A resumé in Japanese is required fo
be submitted as well. However, the above language requirement mzy not apply to the
exceptional case where the paper needs to treat intricate non-mathematical materials
like economics, sociology, medical science, enginesring and so forth, in which case the
relevant parts may be submitted in Japanese.

4. When preparing the dissertation, the candidate should clearly distinguish his/her
own contribuzions from those obtained in existing works. In the references, he/she
should cite the original research papers, if available. Whenever essential ideas have
been provided in writing or orally by other parties, this must be explicitly indicated.

5. Within a mathematical statement, assumptions and results must be clearly distin-
guished. Mathematical proofs should be complete and detailed. Mathematical mod-
els mus: be precisely and concisely described. The candidate should carefully check
the validity of the hypotheses and numerical ealeulations used in simulations of math
ematical models. The core of a paper is often contained in passages where the anthor
hag had difficalties during the preparatory phases. Such passages should be carefully
elaborated and sketchy treatments should be avoided.

6. The accepted dissertation or its main body should be published in a refereed inter-
national scholarly journal in due time. In order that this requirement be met, the
(main body of the) manuscript of the dissertation must be submitted in advance to
a suitable journal.
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