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Report from the President

Korea Institute for Advanced Study

04

Birthplace of Creativity

2021 was the 25th anniversary of the Korea Institute for Advanced
Study. In 1996 KIAS was founded with an ambitious goal of raising the
level of the basic sciences of Korea. The idea was conceived by then
Minister of Science and Technology, Dr. KunMo Chung. He invited
Phillip Griffiths, Director of IAS, Princefon, who said to him, “A research
institute is essential for Korea's science and technology to develop from

imitation to creation, and now is the right time.”

The official commemoration for the 25th anniversary was not held due
to COVID-19. Instead, we held The Quadranscentennial KIAS Lectures
(online) eight times, which were given by: Roger Penrose (Oxford,
‘Black Holes’), Maxim Kontsevich (IHES, ‘Morse-Novikov Theory’),
Edward Witten (IAS, ‘Black Hole Thermodynamics’), Andrei Okounkov
(Columbia, ‘Mirror Symmetry’), Nima-Arkani Hamed (IAS, ‘Spacetime
& Quantum Mechanics’), Caucher Birkar (Cambridge, ‘Algebraic
Varieties’), Henri Darmon (McGill, ‘Complex Multiplication’), Danny
Calegari (Chicago, ‘Sausages and Butcher’).

We were delighted to announce the appointment of three new
Professors in 2021. June Huh who has received New Horizons in
Mathematics Prize (Breakthrough Prize Foundation), Samsung Ho-
Am Prize in Science, and Simons Investigator Award, will divide
his time between Princeton University and KIAS (the School of
Mathematics) every year. Jae Sung Lee (from QUC, KIAS), a statistical
physicist with a special interest in the stochastic thermodynamics
of microscopic systems, was appointed to the School of Physics.
Hyukjoon Kwon (from Imperial College), a quantum information
scientist interested in exploring science at the interface between
quantum physics, information theory, and computer science, was
appointed to the School of Computation Sciences. 22 new Research
Fellows joined KIAS and 28 Fellows left, 8 of them for professor
positions in universities and 16 for research institutes. Regular KIAS

members total 30 Professors and 84 Research Fellows.

www.kias.re.kr

Report from the President

Our Faculty continued to be recognized in 2021 for their leadership and
contributions to their fields. June Huh (former KIAS Scholar) received
the prestigious Ho-Am Prize in Science. Changbom Park received the
Order of Science and Technological Merit Ungbi Medal. Inkang Kim
received Korea Science Award and Myungshik Kim received Carl-

Friedrich-Siemens Award from Humboldt Foundation.

In 2020 we had launched an electronic Journal: KIAS Expositions.
It was designed for high-quality expository articles in all areas of
mathematics. However, to enlarge KIAS' publication scope, we
accepted Springer’s proposal in 2021 and started The KIAS Springer
Series in Mathematics to replace KIAS Expositions. The KIAS Springer
Series in Mathematics publishes original content in the form of high-
level research monographs, lecture notes, proceedings, and contributed
volumes as well as advanced textbooks in English language only, in

any field of Pure and Applied Mathematics.

We were profoundly saddened by the sudden passing of our precious
colleague, Bumsig Kim on December 1, 2021, at age 53. Bumsig Kim
joined KIAS as a Professor in the School of Mathematics in 2003. He
had received prestigious prizes like POSCO TJ Park Prize in 2014 and
Korea Science Award in 2020. A visionary whose mathematics will
continue to challenge and enrich the field in permanent ways, Bumsig
Kim is greatly missed by the KIAS community and family, friends, and

colleagues everywhere.

KIAS should always be a specific place that is the forefront of curiosity,
the birthplace of creativity, and a platform for imagination. The KIAS
members have always been and will continue to be the creators of new
science. | deeply appreciate our members for their continued efforts to

drive themselves toward scientific truths.

Choe, Jaigyoung
President of KIAS

Torgmr—y. Choe
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KIAS 2021

Awards & Honors

Huh, June E

Professor

Kim, Inkang

Professor

Number of Research Activities

Conferences 73
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I 14
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Korea Institute for Advanced Study

School of Mathematics

Ho-am prize in Science
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Korea Science Award

Park, Changbom

Professor
School of Physics

Order of Science and
Technological Merit
Ungbi Medal

Kim, Myungshik
Professor
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Carl-Friedrich-Siemens Award

Visiting Faculty
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KIAS at a glance

KIAS 2021
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Korea Institute for Advanced Study

The great success of modern science is largely aftributed to mathematics in the
analysis of models arising from natural and social phenomena. The School of
Mathematics supports scholarship in a broad range of mathematical sciences in-
cluding both pure and applied mathematics such as algebraic geometry, number
theory, differential geometry, low-dimensional topology, harmonic analysis, global
analysis, mirror symmetry, and partial differential equations. The fundamental ob-
jective of the School is creating new mathematical knowledge and nurturing young
mathematicians by providing them with a vibrant environment that covers the full
spectrum of mathematical sciences. Because the most significant mathematical dis-
coveries have often benefited from cross-fertilization of ideas from different math-

ematical fields, the School conducts research on diverse areas of mathematics.

www.kias.re.kr
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Faculty and Research Fellows

Position

Distinguished Professor

Professors

KIAS Scholars

KIAS Fellow

Research Fellows

Korea Institute for Advanced Study

Name
Zelmanov, Efim I.
Choi, Kyeongsu
Choi, Youn-Seo
Huh, June

Kang, Nam-Gyu
Keum, JongHae
Kim, Bumsig

Kim, Inkang

Kim, Sang-hyun
Oh, Sungin
Park, Jinsung
Catanese, Fabrizio
Ciocan-Fontanine, |.
Favero, David
Jang, Juhi
Koberda, Thomas
Kim, Henry

Lee, Kyungyong
Mukai, Shigeru
Oh, Hee

Shin, Sug Woo
Zhang, Genkai
Jeong, In-Jee
Bhamidi, S.S Sreedhar
Chai, Xiaoxiang
Cho, Yonghwa
Choa, Dongwook
Choi, Hakho
Choi, Junhwa

He, Weikun
Hwang, Sukjung
Hwang, WonTae
Jeong, Eunhee
Kim, Daejun

Kim, Doheon

Kim, Joontae

Research Interest

Algebra, Group Theory

Partial Differential Equations

Number Theory

Combinatorics, Algebraic Geometry

Analysis, Probability

Algebraic Geometry

Algebraic and Symplectic Geometry
Hyperbolic Geometry

Geometric Group Theory

Nonlinear Partial Differential Equations

Global Analysis

Algebraic Geometry

Algebraic Geometry & Topology

Algebraic Geometry

Analysis, PDEs

Topology and Geometry in Two and Three Dimensions
Number Theory

Algebraic Geometry, Algebraic Combinatorics, Cluster Algebras
Complex Geometry

Lie groups, Number Theory, Ergodic Theory
Number Theory

Lie groups, Representation Theory, Harmonic Analysis
Partial Differential Equations

Algebraic Geometry

Differential Geometry

Algebraic Geometry

Simplectic Geometry, Algebraic Geometry
4-Dimensional Topology

Number Theory

Dynamical Systems

Partial Differential Equations

Algebraic Number Theory, Algebraic Geometry
Harmonic Analysis

Number Theory

PDEs, Dynamical Systems

Simplectic and Contact Topology

School of Mathematics

Position

Research Fellows

www.kias.re.kr

Name

Kim, Seongchan
Kim, Seongyeon
Krylov, Igor
Kwon, Yehyun
Lee, Cheolgyu
Lee, Chul-hee
Lee, Jaehun

Lee, Jungin

Lee, Sanghyeon
Lee, Taehun
Meng, Sheng
Moon, Hyunsuk
Nam, Hayan
Oh, Jeongseok
Park, Bae Jun
Park, Jung-Tae
Park, Kiho

Park, Sung Chul
Seo, Seong-Mi
Shin, Jinwoo
Song, Jongbaek
Wan, Xueyuan
Wen, Yaoxiong
Yoon, Seokbeom

Zhang, Yeping

Research Interest
Symplectic Geometry
Harmonic Analysis

Algebraic Geometry
Harmonic Analysis

Algebraic Geometry

Algebra

Probability

Arithmetic Geometry, Number Theory
Algebraic Geometry
Differential Geometry, PDEs
Algebraic Geometry
Algebraic Geometry

Number Theory

Algebraic Geometry
Harmonic Analysis

Partial Differential Equations
Dynamical Systems

Analysis, Probability
Analysis, Probability
Differential Geometry
Algebraic Topology, Toric Topology
Complex Geometry
Algebraic Geometry
Geometry, Topology

Global Analysis on Manifolds
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Research Activities

Algebraic Geometry

The Algebraic Geometry and Mirror Symmetry group consists of
Professor JongHae Keum, Professor Bumsig Kim, Dr. Cheolgyu
Lee, Dr. Igor Krylov, Dr. Hakho Choi, Dr. Yongwha Cho, Dr. Sheng
Meng, Dr. Sanghyun Lee, and Dr. Dongwook Choa. The prima-
ry research inferests of these members include algebraic geom-
etry, Mori dream surfaces and combinatorially minimal models
of surfaces, Hilbert points and regularities, vector bundles, the
stability of fibrations, dynamics on algebraic varieties, symplec-
tic filling and singularity, mirror symmetry, symplectic geometry,
Hirzebruch-Riemann-Roch formula for global matrix factorization,
and Donaldson-Thomas and GopaKumar-Vafa invariants for Cal-

abi-Yau manifolds.

The KIAS algebraic geometers produced a number of highlights
in 2021. JongHae Keum, jointly with Kyoung-Seog Lee, complet-
ed the paper “Combinatorially Minimal Mori Dream Surfaces of
General Type with Geometric Genus 0.” Bumsig Kim, jointly with
A. Polishchuck, published the paper “Atiyah Class and Chern
Characters for Global Matrix Factorizations,” in the Journal of
the Institute of Mathematics of Jussieu, and, jointly with Jeongseok
Oh, Kazushi Ueda, and Yutaka Yoshida, the paper “Residue Mir-
ror Symmetry for Grassmannians,” in Schubert Calculus and its
Applications in Combinatorics and Representation Theory as part
of the series Springer Proceedings in Mathematics & Statistics,
and completed the paper “Hirzebruch-Riemann-Roch for Global
Matrix Factorization”. Dr. Krylov completed the paper “Stability
of Fibrations over One-dimensional Bases”, which was accepted
for publication by Duke Mathematical Journal. Dr. Cho complet-
ed the paper “Exceptional Collections on Nonminimal Enriques
Surfaces”, which is to appear in Proceedings of the American
Mathematical Society. Dr. Meng, with Y. Matsuzawa, T. Shibata,
D.-Q. Zhang and G. Zhong, wrote the paper “Invariant Subvari-
eties with Small Dynamical Degree,” which is to appear in Infer-
national Mathematics Research Notices and, with D.-Q. Zhang
and G. Zhong, wrote “Non-isomorphic Endomorphisms of Fano

Threefolds,” which will be published in Mathematische Annalen.

Korea Institute for Advanced Study

In the latter paper, they show that a smooth Fano threefold admits
a non-isomorphic surjective endomorphism if and only if it is either
a toric variety or a product of the projective line and a del Pezzo
surface. Sanghyun Lee wrote the paper “Minimal Rational Curves
on the Moduli Spaces of Symplectic and Orthogonal Bundles,”
which has been accepted for publication by the Journal of the
London Mathematical Society.

Despite the effects of COVID-19, several workshops and many
seminars in algebraic geometry, mostly online, were organized
by members of KIAS in 2021. One of them was the “Algebraic
Geometry in East Asia zoom seminar”, held every other week,
in which two international speakers were chosen by the AGEA
scientific committee gave a one-hour lecture each on their current

research.

Analysis, PDE, & Probability

The Analysis, PDE, and Probability group work on geometric PDEs
such as the incompressible Euler equations, the inviscid Burgers
equations, the Einstein equations, and the Yang-Mills (YM) equa-
tions; complex analysis and probability theory with foci on prob-
lems from conformal field theory of Schramm Loewner evolutions

and random matrix theory.

Two members left the group for their new academic jobs, and two
new members joined. Dr. InJee Jeong moved to SNU fo take an as-
sistant professorship in March 2021, while Dr. Jinyeop Lee moved
to Univ. Miinchen for his postdoctoral training. Dr. Sukjung Hwang
joined the group as a research fellow in September 2021 after
working at the Univ. of Edinburgh and Yonsei Univ. as a Post-doc.
Dr. Sung-Soo Byun joined the group as a project research fellow in

September 2021 after finishing his Ph.D. at SNU.

Dr. InJee Jeong, in a series of joint studies with Kyudong Choi
(UNIST), produced nonlinear instability results for incompressible Eu-

ler equations, rigorously confirming previous numerical simulations.

These results included filamentation-type instability for rotating and

traveling vortex solutions and large vortex stretching for a pair of
colliding vortex rings. In collaboration with Young-Pil Choi (Yonsei
Univ.), he conducted asymptotic analysis connecting a fractional
porous medium flow with the Euler—Riesz system, in which the stan-
dard Newtonian potential in the Euler—Poisson system is replaced
with a more singular Riesz potential. With F. Pasqualotto, Prof.
Sung-Jin Oh published a paper proving the existence of gradient
blow up for dispersive and dissipative perturbations of the inviscid
Burgers equation with orders less than one. With J. Luk, he proved
the global stability of dispersive solutions to the Einstein equation,
both for a vacuum and coupled to a scalar field. The main paper
in a four-paper sequence on the proof of the Threshold Theorem for
the energy-critical Yang-Mills equation, written jointly with D. Tata-

ru, was published in Annals of Mathematics. Another paper in the

www.kias.re.kr

School of Mathematics

sequence was published in Astérisque. Based on conformal field
theory for a Riemann sphere, Prof. N.-G. Kang and N. Makarov im-
plemented a boundary version in a simply connected domain. They
presented the connection between conformal field theory with the
Dirichlet/Neumann boundary condition and the theory of forward/
backward SLE. With S. Byun, J. O. lee, and J. Lee, Prof. N.-G.
Kang obtained the large-N expansion of the mean and the variance

of the number of the real eigenvalues in elliptic random matrices.

This group organized various research activities such as seminars,
intensive lecture series, and workshops. The infensive lectures cov-
ered the following topics: the incompressible Euler and Navier—
Stokes equations, the conformally invariant two-dimensional world,
random dynamical systems, the local law and Tracy-Widom lim-

it for sparse random matrices, Liouville quantum gravity, and 2D
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