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Infoblox, Sr. Solutions Architect (2020~2021)
NVIDIA, Sr. Solutions Architect (2021~34TH)
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(AITH ZHO| 22 HIL GPUE T )HE MO SHA METHMOZ HA&F M N H= X HH A2
JHEE BRI A SHEI0 T Al THE Ol SA =0 LIS HIOIENM 2T M5 A THI(GPU S)
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* Educational History

SHOITHEIT 4510} BEA (2009)
SHOF[HTH 28HIF AL} (2011)
SHOF[Th 251 EHE(2019)

- Employment History
Lenovo, Application Engineer (2019~2023)
NVIDIA, Solutions Architect (2023~84TH)
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Al 21 gt Z2M 3} Kubernetes 7|8t QAAEH0|M EHE

AlLE=2 01l JIEH JisdS 801, £Xt Uil ¢Q5[ROI) | 2AHO= =0/k= HAH0 OI=RILH
JHLEAI QIO SHAOI GPU M EHAH 2= HIZ2 E2, HI0IHUH £+Z0| M3 2
2| HIZDHK D246, B2 71501 2122t HI%S Tl HotD X = 2E6HI0
Ol2iES A1 U= 2101 01

E56| DeepSeek S A& DHO| SH2 HHH IQ 2SH0] =Bt AL 0] =HE 0] 0,
SAUHQIDHIE SEH Y2 HA0= M| ASE HHF1D A2MH, 0101 Tk Al Q1 I 2t
Aot J120] ZH0| syl @A B2 O'Dr

TENS Ol Hot0fl 42|, S XHXOI GPU 28 JH&tet JI= 1 Kubernetes 718 QAAEH0I1MS
ZstolmaL M| Al Pub’, 2] 10 1024 ShEs S AH 8 2= X6t ZHaE
JHIA 'RAX'E WZ6HT UM, O LIOHHOIZ Yt M0IFE MHIATDIK] LOH=2LH
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- Employment History
ZFA9| A0 E AFIEE (2016~2019)
ZAIS|AHEI THEE (2020~84TH)
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Al + Physics Hybrid Computing

0ISTs 229 stE MEUM 2ok HI0IH 259 ot 2=y & &3
st

FAOIO= M, 2ISKIsE =2 JIEH A=

S JIBtASU0IAN OISTIs 8 VI 012 X 28 532 At A4
13:30~14:10 Physical Al: Al TF2H0|M DR} 2 20| A

14:10~14:50 X 2dl, 32110 A Sa19 HIZE Al

14:50~15:30 A 714 BLIEE -2 JIHIEES g8%tHH
AUTHE W=~ (ZBalhet)

15:30~16:00 Coffee Break

16:00~16:30 [H72 CAE HIOIEI2t MLS S8t AIXILINE &
Mets A2 (Hexagon)

16:30~17:00 CAE XM S Al J|BHOXE ES T8t
0152 22 (SH=2HIN)
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* Educational History

- Employment History
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University of Oxford, Postdoc. (2018~2019)
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(2019~Present)
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* Educational History
KAIST £2/3t 8tk (2000~2004)
Stanford University 222t At (2004~2011)

- Employment History
Postdoc, Dept of Civil and Environment Engineering, MIT, MA, USA (2012~2013)
Visiting Professor, UC Berkeley, CA, USA (2024~2025)
KAIST 71 HISE I 21, 21l Hul, KAIST XIE A4 %ku4 (2013~ETH)
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* Educational History
OIGHNE W JIHIZSE, St (2000)

st=Iks S JIHIBe, 44t (2002)
st=mtetl| &2 JIHISEL, BAt (2006)

- Employment History
=1k JIHDIEH A (2006~2007)
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21}
SH=2etERF AR (2007~2016)
208t I H 28 (2016~2025)
As|stn J|H 28} (2025~ TH)
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ROM(Reduced Order Model), MOP(Meta Model of Optimal Prognosis), 12110 HIZ2=(Non-
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* Educational History
Solots8st 1 CPGE (JZHIZ O

(=] 6—‘!’ )_Srd( 014“’20—]6)
ISAE-ENSMA(EZA SEHEES) Efe

k]l
SetEr) - S38EI =330 (2016~2019)

H

- Employment History
Digital Product Simulation (Dassault Systemes 821 AH — BHAIE JHET} (2019~2021)
S DIHSEUATHE - HH LVCG S (2022~2023)
Ansys Korea -Digital Twin & AIML J1&3& (2024~51TH)
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Al-HPC HIOIEIME HIEQI3 JI&

2 M8lME HeII=HZY(KREONET)S JIHCZ AI'HPC HIOIHMHE 28 Q! JIMS0 42 Zght JIsX IAes
SR0t11, RoCEv2 JIHIo] 11 HIERQIS, Al QIFZEE st HIOIHME HWEI &H, 23 Its2t S9 M Jisl HHE
HEISTH N A UH =2letLITH
16:00~16:30 AWSHIM AIE 8 HIOIEME WEY3 JIE
ZIMTH SA (AWS)
16:30~17:00 Networks for Al workload Concept(Juniper)
ZSE 0L (Juniper)
17:00~17:30 e AJAEEH +Z ASHO0IH BEM M HE/AI X
G2 MATI=H (1BS)
17:30~18:00 Discussion & Networking

EEES MHE (KISTI)
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Amazon Web Services
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* Educational History
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- Employment History
o WA CBTHEE Y (2003~2010)
KT Cloud=ZI=2= Core H&E (2010~2016)
AWS Solutions Architect (2016~8TH)
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* Educational History
OIS Business IT M20{SH £21 (2023)
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- Employment History
(F)ZUYBEA HEYIT|SE HANTLI0f (1999~2007)
StERLHUHIERA HIUZESZME "HE (2007~8TH)
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* Educational History
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AN 01341 A} (2000)
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: Employment History
SR MY AR (2004~2006)

SHHES W sfstl} RAES & M1 (2006~2011)
S AW (2011~2016)
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TMEE SRH AISI0I82 01015 H#HERE Ji5st JI=S Jot, CPU ThHl 201X 85 &ds
S ZREDL DlzE DR L£IA &F XX, 01715 018 I8t 28 sSw i, 85 It % 22
SZTE JIEt |TE X ASY01M0] & Weks =06t Xt Bt

GPU J|4t Jgj o M3 §2| 22| E: Balanced Partitioning-Temporal Aware

Batch-Uncertainty Aware Sample
QYT W= (OFFMetw)

om WL
SGTucker: A scalable GPU-based Tucker decomposition method with storage-based
operations
e m ey CI==pIE-mE=]u Elm)|
E UE RS NS 0N X X =X HEH BN

Gaussian process@} expectation propagationS 88t 3¢|I 1M WA o
Olde W4 (EXIHE )

Coffee Break

JHMATIE ol A2 95t CUDA J14t0] O|4QS 243 HMIE GPU WS}
HhAS M2 (KAERI)

Nurion KNL1t Grace Hopper GH200 AIAEIS &8¢! 21118 RS 4 D=0 85 24
ASEHEY (KISTN)

CUPID 2R& £H MM 23 ALt BE0| GPU Ji&3t
2JI6H 8 (KISTI)

GPU JI&4S 288 1101414 MD AIEZI0|M Xl Jh
MATH 42 (KISTN)

Discussion
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* Educational History
Indiana University, Bloomington, IN - Ph. D., Computer Science (Aug. 2001~Aug. 2006)
Syracuse University, Syracuse, IN - MS, Computer Science (Aug. 1997~May. 1999)
Sungkyunkwan University, Suwon, Republic of Korea - Bachelor of Engineering,
Mechanical Design (Mar. 1990~Feb. 1995)

- Employment History
Professor - Dept. of Software and Computer Engineering, and Dept. of Artificial
Intelligence, Ajou University (Sept. 2007~Present)
Visiting Associate Professor - Department of Computer Science, Indiana University
(Aug. 2013~Aug. 2014)
Senior Research Staff Member - Innovation Research Center, SK Telecom
(Oct. 2006~Aug. 2007)
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SGTucker: A scalable GPU-based Tucker decomposition method with storage-
based

Tucker decomposition is one of the fundamental methods for analyzing tensors, which are
known as multi-dimensional arrays. Existing Tucker decomposition methods, however,
face significant challenges due to high computational complexity and substantial memory
requirements, especially when processing large-scale and sparse tensor datasets. Recent
studies suggest that most large-scale datasets can be feasibly managed using the storage
of a single PC. Consequently, storage-based methods have attracted attention across
various domains, including machine learning, data mining, and scientific computing.

In this paper, we propose SGTucker, a scalable and efficient GPU-based Tucker
decomposition method specifically designed for large-scale tensor analysis in single-PC
environments. SGTucker divides the input tensor into appropriately sized chunks, ensuring
that each can be effectively managed within main memory. Additionally, we introduce
disk-based computation strategies capable of efficiently handling input and intermediate
data that exceed available memory capacities. To enhance computational performance
and memory utilization, SGTucker integrates a GPU-based data pipeline. Furthermore, we
significantly reduce the 1/0 overhead associated with disk-based operations by overlapping
data transfers and computations, ensuring seamless data management between memory,
storage, and GPU devices. Leveraging GPU-based parallelization, SGTucker further
accelerates computation-intensive operations within the Tucker decomposition process.
Through extensive experiments, we demonstrate that SGTucker achieves superior
scalability and decomposition speed compared to existing state-of-the-art methods.

* Educational History
Ph.D. in Computer Science, DGIST (2018)

- Employment History
Manager, SK Telecom (2018~2020)
Senior Researcher, KISTI (Korea Institute of Science and Technology Information)
(2020~2023)
Assistant Professor, KOREATECH (Korea University of Technology and Education)
(2023~present)
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* Educational History
MEHei, JIHES
MEHsi, JIHES 2
Stanford University, J
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- Employment History
Center for Turbulence Research, Research Associate (2011~2013)
Cascade Technologies, Inc, Senior Scientist (2013~2021)
SQMHE W JIHNAROITIIZS I T 114 (2021~84TH)
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* Educational History
MRS I HSEE 8k (2014)
MR LUNE W JIHSE I MU (2016)

Purdue University, Mechanical Engineering, 8tAt (2020)

- Employment History
AT HAD S HT A MAHT2I (2020~2021)

A 2O
BXIHE W JIHNARZSE JIHSEHZS (2021~8TH)
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* Educational History
MSOEr ! AT Skt &t} (2015)
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- Employment History
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B.S.E. in Mechanical Engineering, Sungkyunkwan University (2010)
M.S.E. in Department of Nano Science and Technology, Sungkyunkwan University (2012)
Ph.D. in Department of Nano Science and Technology, Sungkyunkwan University (2015)

- Employment History
Postdoc Researcher at Institute of Advanced Machinery and Technology, Sungkyunkwan
University (2015~2016)
Postdoc Researcher at Department of Materials Chemistry, Nagoya University
(2016~2019)
Present Researcher at Korean Institute of Science and Technology Information
(2019~present)
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Ensemble Perturbation Method for Deep learning-based Subseasonal Climate Prediction
LIS BEAL(KIST)

Deep learning-based adjoint modeling for CO assimilation

SR W (MSH)

Advances in subseasonal prediction for intraseasonal variability and the associated extremes
using an Al global climate model

OIZ0l ul=~ (FAHH)

Seasonal Prediction of Antarctic Sea Ice Using Transfer Learning and Explainable Deep Learning
Models

=2ZH W5 (MSH)

Current Status of Deep Learning Model Development and GPU Performance Evaluation using
KISTI Supercomputer

HEZI HELF (KISTI)

Coffee Break

Building a Community-Centric Al Ecosystem: Integrating Data and HPC at NSF NCAR Thomas
Hauser (NCAR)

Directions in Energy Efficient HPC and Al for Driving Earth System Digital Twins
Stan Posey (NVIDIA)

Development of Al-based Ultra-High-Resolution Wind Prediction Model Using FourCastNet

ZSE W= (M=)

Reproduction of Wildfires on the East Coast of Korea Using a High-resolution WRF-Fire Model
XS8! W4 (UNIST)

Development of an Al-Integrated High-Resolution Modeling Strategy for Wildfire Spread

Prediction Using MPAS

SRS Wa (STMITH)
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Ensemble Perturbation Method for Deep learning-based Subseasonal Climate
Prediction

Recent deep learning-based models have shown great potential in predicting and
interpreting weather and climate phenomena. For example, the data-driven weather
forecast models (e.g., GraphCast and Pangu-Weather) showed better forecast skills of the
global atmosphere within a week than the operational numerical weather prediction.
However, with their short history, understanding of trained physical processes in the deep
learning-based model is not satisfactory, which limits its predictability until two weeks.

In particular, it is uncertain whether the ensemble prediction method for traditional
numerical weather prediction can be valid in the deep learning models. Motivated by the
above, this study investigates ensemble methods, such as random normal and bred vector,
for perturbing initial condition of data-driven climate prediction model. The results suggest
that a realistic perturbation of ensemble member is crucial for ensemble prediction skill of
the subseasonal prediction.
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- Employment History
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Deep learning-based adjoint modeling for CO assimilation

Carbon monoxide (CO) is a colorless, odorless, and tasteless gas that is highly toxic.
Various types of the observations, such as ground-, airborne-based measurements, and
satellite remote sensing, consistently recognized the East Asia as one of the world's major
industrial regions and a significant source of CO, therefore, data assimilation to assess its
emission and atmospheric distribution is essential for high quality monitoring.

While the 4DVAR technigque has been utilized in the estimation of CO concentration and
emission, its application has been largely restricted to few chemical models equipped with
its adjoint version, making the conclusions drawn from such studies inherently model-
dependent. By leveraging its capabilities, DL have been employed to build adjoint models
for understanding CO transport dynamics and utilizing for 4DVAR.

We found that adjoint model of the U-Net based forward operator realistically captures the
spatiotemporal propagation of CO concentration toward the upstream regions. And,
idealized 4DVAR experiment with a single observation exhibited that the DL-based adjoint
model can successfully assimilate observational data and contribute to improved forecast
accuracy.

* Educational History
MEHstn X2 stE kst
MEHst X2 stE kst

&kAF(2003)
SEAF (AEIAF EH1HE) (2009)

- Employment History
NASA/GFSC &H312 (2010~2013)
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Advances in subseasonal prediction for intraseasonal variability and the
associated extremes using an Al global climate model

Internal climate variability plays a critical role in determining the spatial distribution, timing,
and duration of weather and climate extremes. In particular, tropical intraseasonal modes,
such as Madden-Julian Oscillation and Boreal Summer Intraseasonal Oscillation, have been
shown to exert significant influence on extreme heat and rainfall events, particularly over
Asia.

Studies using S2S dynamical prediction highlight that models capable of accurately
representing and predicting the propagation of tropical intraseasonal modes demonstrate
enhanced skills in predicting extreme heat and rainfall events on weather to subseasonal
timescales. Recent advancements in Al-based global models have surpassed traditional
dynamical models in weather prediction and show promising potential in improving
subseasonal forecast.

A deep learning-based, data-driven model - KIST's Atmospheric Rhythm with Integrated
Neural Algorithms (KARINA)- has been developed. KARINA integrates advanced neural
network architectures, including ConvNeXt, SENet, and Geocyclic Padding technique, to
enhance prediction accuracy up to one month in advance. KARINA outperforms the
ECMWEF dynamical weather forecast system and demonstrates comparable performance
to state-of-the art Al-based global models.

* Educational History
OI2tOIXHHE W DIt st XIS S At (1997)
MEHetw o]0kt 414 (1999)
MEHetw o]0kt AL (2003)

- Employment History
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Seasonal Prediction of Antarctic Sea Ice Using Transfer Learning and
Explainable Deep Learning Models

Accurate prediction of Antarctic sea ice variability is critical for understanding global
climate stability and mitigating associated economic and ecological risks. Despite
extensive efforts, current dynamical models exhibit limited skill, particularly during summer,
due to the complex interactions of atmospheric and oceanic processes.

In this study, we develop a U-Net-based deep learning framework with transfer learning to
predict seasonal Antarctic sea ice anomalies across five regions. The model is pre-trained
on CESM2 Large Ensemble simulations and fine-tuned using observational and reanalysis
datasets spanning 1980-2023. Our results show that the fine-tuned U-Net model
outperforms state-of-the-art dynamical models, achieving higher anomaly correlation
coefficients and lower root-mean-square errors across all seasons.

To enhance interpretability, we apply contribution maps and signed-contribution analysis,
revealing the dominant roles of sea ice concentration and sea surface temperature during
growth seasons, meridional wind during summer, and shortwave radiation during spring.
These findings highlight the potential of explainable deep learning to improve seasonal sea
ice prediction and deepen understanding of the key physical drivers of Antarctic sea ice
variability.

* Educational History
MEHetw o]0kt kAt (1998)

MBE ! TP ks M +H(2000)
MEetyl TP 2B st Bt (2003)

- Employment History
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Current Status of Deep Learning Model Development and GPU Performance
Evaluation using KISTI Supercomputer

Numerical climate modeling typically demands substantial computational resources and
energy consumption, posing challenges for significant performance improvements. Al-
based high-resolution climate prediction systems, once trained, present a promising
alternative by operating with lower energy consumption and reduced computational costs
compared to traditional climate models. This positions Al-driven models as a new paradigm
capable of overcoming existing performance stagnation.

Through the "Development of an Al global climate prediction system at high-resolution”
project, KISTI supports the development of a deep learning climate prediction models
trained on climate big data using massively parallel accelerators (GPUs). Since 2022,
collaborative research have focused on: 1. Establishing a high-performance computing
environment optimized for accelerated computing technologies, thereby facilitating the
development of deep learning climate prediction models. 2. Implementing machine learning
technigues to reduce energy consumption and computational expenses while
simultaneously enhancing predictive performance.

This presentation outlines the current status of computational resources available within
KISTI's supercomputing infrastructure, summarizes key results from the collaborative
research, and provides comparative performance evaluations of global numerical weather
prediction model and Al-driven models utilizing GPU resources on KISTI's 5th-generation
supercomputer.
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Thomas Hauser
Director, Computational and Information Systems Lab
NSF NCAR

Building a Community-Centric Al Ecosystem: Integrating Data and HPC at NSF
NCAR

The National Science Foundation's National Center for Atmospheric Research (NSF NCAR)
is establishing a community-centric Al Ecosystem for Earth System Science, built upon a
tightly integrated Research Data Commons and advanced high-performance computing
(HPC) capabilities. This ecosystem combines NSF NCAR's extensive geoscience data
repositories, the Derecho supercomputer, and scalable on-premise cloud infrastructure
("CIRRUS").

One of the goals of the Al ecosystem is to facilitate the automation of the entire Al
development lifecycle, from data ingestion and preprocessing to model training, validation,
and deployment. A defining strength of this planned ecosystem is its foundational
commitment to ethical, responsible, and trustworthy Al practices. The platform will
systematically assess data quality, biases, uncertainties, and fitness for use to ensure the
development of robust and transparent Al models.

| will present our progress in integrating the data commons with our HPC system and

provide an overview of the Community Research Earth Digital Intelligence Twin (CREDIT)
platform. | will also outline collaboration opportunities.

* Educational History
Ph.D. in mechanical engineering, TU Muenchen

- Employment History
Director (Computational and Information Systems Laboratory) (2023.10~present)
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Stan Posey
Program Manager, Earth System Science Domain
NVIDIA Corporation, Santa Clara, CA, USA

Directions in Energy Efficient HPC and Al for Driving Earth System Digital
Twins

HPC and Al have become critical components of Earth system modeling and climate
change research, which has experienced rapid growth in data from model output of
increasing resolution in weather and climate models, and Earth observation systems that
produce orders of magnitude more data than their previous generations. Efforts are
underway in the weather and climate modeling community towards further refinement in
horizontal resolutions of numerical atmosphere GCMs towards km-scale to explicitly
resolve certain small-scale convective cloud processes and provide more realistic local
information on climate change.

At the same time, exascale HPC systems have arrived and in most cases are designed
with GPU accelerator technology that offers opportunities in reasonable numerical
simulation and Al training turnaround times balanced with efficiency in energy
consumption. Ultimately output from global km-scale storm-resolving models will become
the essential driver behind the deployment of Earth digital twins for programs like the EC
Destination Earth, NVIDIA Earth-2, and others.

This talk will describe advances in HPC for GPU-accelerated numerical models, Al software
and system features for large-scale data handling, and ML model training and inference
that when combined, provide the critical components towards the vision of Earth system
digital twins.

* Educational History
B.Sc. Mechanical Engineering, University of Tennessee, Knoxville, USA

M.Sc. Mechanical Engineering, University of Tennessee, Knoxville, USA

- Employment History
U.S. DOE Oak Ridge National Laboratory, Research Engineer (1983)
CD-adapco, Engineering Analyst (1985)
Control Data Corporation, HPC Applications Engineer (1987)
Silicon Graphics Inc, Director Worldwide CAE Program (1990)
Panasas Parallel Storage, Director HPC Applications Program (2007)
NVIDIA Corporation, Program Manager, ESS and CFD Domains (2009)
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Development of Al-based Ultra-High-Resolution Wind Prediction Model Using
FourCastNet

While numerous global atmospheric circulation Al-based weather models have been
recently developed, regional-scale limited area models remain in the developmental stage.
This study develops a regional wind prediction model (RFCN) that incorporates lateral
boundary conditions using FourCastNeXt, a resource-optimized version of FourCastNet,
and implements 3-hour forecasts at 1-km ultra-high resolution with 10-minute temporal
intervals.

The original FourCastNet was trained on 40 years of ERAS reanalysis data to learn global
circulation patterns but showed limitations for regional applications. In this study, we
performed retraining using high-resolution regional WRF model data. Training datasets
were constructed using initial and boundary conditions from the WRF outer domain as
inputs and forecast fields from the 1-km inner domain as outputs, effectively incorporating
regional model boundary conditions.

Results demonstrate that RFCN successfully reproduces WRF prediction patterns and
effectively captures regional characteristics even under complex terrain conditions. The
model shows computational efficiency gains exceeding 90% compared to conventional
WRF models while maintaining comparable prediction accuracy, requiring less than one
minute for 3-hour forecasts.

Acknowledgments: 2 H7= st 1EH)|SHHHTRI(KISTN
AUEHINL IH A= INE DL SHEHNHZEH X I8 SHEEE IR JI=TI#(KSC-2025-
CRE-0310)2 Ht0F 3= At
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Reproduction of Wildfires on the East Coast of Korea Using a High-Resolution
WREF-Fire Model

Using the high-resolution numerical model WRF-SFIRE, which enables two-way coupling
between atmospheric and wildfire models, a wildfire spread prediction system was
reasonably established. Based on this system, major wildfire events that occurred in the
Gangwon province and Uljin since 2005 were successfully reproduced.

To reduce uncertainty in wildfire simulations, ensemble forecasting was conducted by
combining various conditions, including three ignition points, two sets of initial and
boundary conditions, and three different physical parameterization schemes. As a result, a
total of 18 experiments were conducted for each case. Additionally, a Pseudo Global
Warming (PGW) experiment was applied to simulate wildfire spread under future warming
conditions.

Overall, WRF-SFIRE realistically reproduced the characteristics of wildfires occurring along
the east coast of Korea. The simulation results varied significantly among ensemble
members that were more sensitive to wind conditions. These reproduced wildfire
simulations are planned to be used as training data for future artificial intelligence
applications.

* Educational History
MEetn XIF&Z ke 018kk(2001)
MEetn XIF&rZ e O[sieiAt (2009)

- Employment History
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Development of an Al-Integrated High-Resolution Modeling Strategy for
Wildfire Spread Prediction Using MPAS

Improving high-resolution forecasts over East Asia—particularly in regions with complex
terrain such as the Korean Peninsula—requires innovative approaches that combine
traditional numerical modeling with emerging data-driven methods. In this exploratory
study, we investigate a hybrid framework that integrates high-resolution simulations from
the Weather Research and Forecasting (WRF) model with artificial intelligence (Al)
technigues, aiming to enhance forecast skill within the variable-resolution, unstructured
mesh environment of the Model for Prediction Across Scales (MPAS).

Rather than developing a fully operational system, this work serves as a proof of concept
to assess the feasibility of using Al models trained on WRF outputs to support and
complement MPAS forecasts. Special emphasis is placed on wildfire-related weather
prediction, where rapid, probabilistic assessment is critical. By testing the potential of Al-
guided postprocessing (AI-FIRE) within the MPAS framework, we aim to provide insights
into future directions for high-resolution, hazard-aware forecasting systems over East Asia.

* Educational History
B.S. in Atmospheric Sci., Yonsei Univ. (1999)
M.S. in Atmospheric Sci., Yonsei Univ. (2001)
Ph.D. in Atmospheric Sci., Yonsei Univ. (2009)

- Employment History
Project Scientist in National Center for Atmospheric Research (2011~2017)
Professor, Atmospheric Sci., Yonsei Univ. (2017~311H)
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GPU-Accelerated Solver for Batched Block Tridiagonal Matrix Systems on
Distributed Memory Architectures

0l ¥ 20IM= GPU accelerationS S2f8t distributed memory architecturesllA19] batched
block tridiagonal matrix systemsl LHe+ domain-decomposed parallel solution methodZE
HIAIBITE Ol28tAA 2 E56] high-order finite difference schemes0ILt nonlinear implicit
techniquesE AFSE M, LHAF partial differential equations®l 2=XI1& 6HH THEMHIM Xt
246HH, H=% batch-processing AWM 22X i S scientific computing 0l M
S5t HHIOICEHIH B2 212H scalar tridiagonal matrix systemsE 2{dH

& EIPaScal_TDMA 211215 HEGHH block matricesE H2l6HES 6t M, =8 E block
Thomas algorithm= G two-step reductiont back-substitution &S Sl inter-
process communicationS %Ak} S2 batched operationsMl 2SI GPU Hid
SES=USEHECPU EHEMM Ol 85 B Z 1, block tridiagonal systems®l Z<block
matrix inversion® &2 computation-to-communication ratioJt 26124 7|Z all-to-all
communication JIEt HEHEH HS oS LOZ o~ AS0| 2RITUCH B GPUNIM =
computational kernels®] &&st Jt£3+E 216 communication costs®] &THE Hek0| SIS
ESFGPU HH:JF SIHEE HICHE B2 HO| 014 Olscaling performanceE HQI HHH, J|E
2SS 2F 35%9] scaling efficiency2HE 246HALL
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\._/} Ab initio nuclear theory

-, _)—J Nuclei are fascinating quantum many-body systems that provide a solid testing ground for
our understanding of the strong interaction at low energies. A central and challenging
problem in nuclear physics is to fully understand how stable and radioactive nuclei emerge
from protons and neutrons, whose Interactions are governed primarily by the strong force.
Recent advances in high-performance supercomputing have opened up exciting
opportunities for rigorous studies of nuclear structure and reactions using fundamental (or
realistic) nuclear interactions derived from QCD. The ultimate goal of ab initio nuclear
theory is not only to describe nuclei with high precision from QCD or its effective theories,
but also to uncover key features of the strong interaction at low energies through reliable
many-body methods.

In this presentation, we will introduce nuclear lattice effective field theory as and example
of such ab initio Approaches, and present some recent achievements along with future
research plans.

* Educational History
B.Sc. in Physics, Hanyang University, Korea (1992)
Ph.D. in Physics, Hanyang University, Korea (1999)

- Employment History
Postdoctoral research fellow, Seoul National University, Korea (2000~2002)
Research assistant professor, Univ. of South Carolina, Columbia, USA (2002~ 2005)
Research fellow, Korea Institute for Advanced Study, Korea (2005~2009)
Adjunct professor, Pohang University of Science and Technology, Korea (2009~ 2012)
JRG leader, Asia Pacific Center for Theoretical Physics (2009~2012)
Senior staff scientist/nuclear physics team leader, Rare Isotope Science Project at IBS,
Korea (2012~2022)
Senior research fellow, Center for Exotic Nuclear Studies at IBS, Korea (2023~Present)
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An Efficient, High-Precision Self-Gravity Solver in Rotating Frames

We present a fast and high-precision algorithm for solving the Poisson equation in rotating
frames, designed for astrophysical systems in spherical coordinates such as accretion
disks. The method features a logarithmic radial grid with open boundary conditions and
decomposes the computational domain hierarchically to efficiently manage varying spatial
resolutions. Zero-boundary potentials are computed using James's algorithm and
combined via matrix-vector operations with precomputed kernel matrices [1]. The open-
boundary correction is applied using a discrete Green's function approach. The solver
achieves a computational complexity of O(N3 log(N)), ensuring scalability for high-
resolution simulations. Implemented in the FARGO3D MHD code, the solver demonstrates
second-order accuracy and robust performance in various test problems. This approach
enables precise and efficient modeling of self-gravity in rotating, stratified systems,
opening new opportunities for large-scale simulations in computational astrophysics.

* Educational History

- Employment History
Kavli Institute for Astronomy and Astrophysics, Kavli Fellow (2015~2018)

stk |a9 BM DSMEH, KIAS Fellow (2018~2022)
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Efficient Implementation of a GMRES Solver for Compressible Flow
Simulations Using Python

HY RS hAlil= 2EECZ A2 HAS 2 JHE £ A= HIHEAZE HE JIHE AE6HH
Ol M AIAEN HHAO| GHE 26tz IHEH0I BROHE AAH #H2 IR 2 34 HH HHE
JHIEZ GMRESVIHE S8t @S M0l L0l JHsoHEEGHKI B Python2 ZEE ot 24 8=
OIHI2H A0 EHY A MK A0 HIEX I HHMHM g5 Mot 2dstH, Ol
JI2H HE 4 ALOZ JTHE GMRES JIES HEY [ MUY= ZIZSHH. T 2
A0 M= Python HZ0IM GMRES 7120 Hiit 7S 246110, 230 HIS gt

Cret 21 Mot 180l g5 e E S HIWworALE

* Educational History
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HEQ3S9ISuper-Resolution &t&& Y8tLocal Constraint Neural Operator 22

In Computation Fluid Dynamics, resolving small-scale turbulence through fine-grid Direct
Numerical Simulation (DNS) remains computationally expensive, making coarse-grid
models such as Large-Eddy Simulation(LES) and Raynolds-Averages Navier-Stokes(RANS)
the practical alternative. However, in highly turbulent regimes, these model approaches
exhibit significant large error from DNS results. Recent studies have explored machine
learning methods to overcome such limitation. Among them, Fourier Neural Operator (FNO)
offers the discretization invariant framework, that can, in theory, extrapolate from coarse
grid training data to finer grid test predictions within bounded error. However, in practice,
FNO suffers from spectral bias, over fitting large scales while under-predicting small scales
and its computational cost grows rapidly with increasing resolution[2]. In this study, we
propose a constraint based local operator layer that embeds convolutional kernels within
the FNO architecture, enforcing locality and retaining the spectral generalization mapping.
Our method enables more accurate reconstruction of unseen high frequency components
during super resolution, despite training on coarse grids. We conducted intensive
turbulence statistics evaluation including energy spectra on isotropic turbulence. Our
study shows that the discretization invariant property of neural operators can be
practically applied for turbulence super-resolution, enabling high-resolution
reconstructions without additional training.

* Educational History
HZ=E0E)|E (2018~2023)
HAMIHEH (2023~31TH)
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An Adaptive Mesh Refinement for Relativistic Hydrodynamics Using a Finite
Volume PredictorCorrector Scheme

This study aims to develop a highly accurate numerical scheme for relativistic
hydrodynamics RHDsimulations. We construct a computational framework that combines
the conservative finite volume methodFVM with a predictorcorrector algorithm on top of
the adaptive mesh refinement AMR technique. Theproposed method is designed to
capture nonlinear dynamics such as shock waves, steep density gradients,and relativistic
flows with high resolution and numerical stability under extreme conditions. This
approachenables accurate modeling of highenergy astrophysical phenomena, including
accretion disks around blackholes, neutron star mergers, and relativistic jets. By
implementing an RHD simulation software fullydeveloped in Korea, this work contributes to
securing independent core technology and establishing afoundation for largescale
computational astrophysics. The developed framework is expected to beapplicable to a
wide range of astrophysical simulations and to contribute to producing
internationallycompetitive research outcomes.

* Educational History
MEhst, 0tk (ME2E (2005)
MEMstu, Olsteiit (M 23 (2012)

- Employment History
MEMHEH, 8IS 19 (2012~2013)
University of Notre Dame, BfAt2 H 221 (2013~2017)
SHRMRAIY, NS4S (JRL) (2017~2018)

s |_T"|;
IS HEBAIY MUHTIRI (2018~2022)
SIRMBAIL HOIITIR (2023~ TH)

60



C 0 N F E R E N C E Korea Supercomputing Conference 2025
THE NEXT FRONTIER: HPC with Al and Quantum

st
JT]L)\

KAIST

Spin-Dependent Polaron Pair Charge Recombination and Singlet Exciton Yields
of Blue Organic Light-Emitting Diode Materials

Recently, hot excitonic materials have been suggested toward improving the efficiency of
fluorescent organic light-emitting diode (OLED) materials. The improvements are achieved
by harvesting triplet excitons via high-lying reverse inter-system crossing (hRISC), which
requires suppression of internal conversion (IC) within triplet state manifolds. This violates
Kasha's rule and, in fact, there is no direct evidence that triplet ICs are really suppressed.
Here, we propose spin conversion in polaron pairs (PPs) as an alternative channel that can
explain such hRISC. In our model, spin states can be converted to each other via hyperfine
coupling, and the singlet exciton yield can be affected by the relative rates of charge
recombination of singlet and triplet PPs. We investigate the variations of singlet exciton
yields by calculating rate constants for charge recombination, IC, and (hR)ISC processes
for hot excitonic molecules together with a kinetic picture through the kinetic master
equation.

* Educational History
MSOHEt L ofstit (&8R4 (1995.02)
Hg[HiI'L akstlk (M1 (1997.02)

T oFshl} (=RAD) (2005.08)

- Employment History
Postech &t&Hit (2008~2017)
KAIST etk (2017~8TH)
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* Educational History
OHETISSHI (2023~TH3t &)
- Employment History
‘S HHE (2020 - 2023)
- Ots Al S30L0ILI0 S2& (2019; 1st)
- ZBEZHXD 0 2H X AXAE Z2H (2020; 1st)
- ZEZHX[ 0 2H X TEHE HI0] -IR TA (2020)
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[Keynote Speech 1]

MEX HIA0| ZHE HOo: YT FEIQ =Mt E& Beyond the Classical Limits: Quantum
Challenges and Insights

ZJ18 W4 (MethEt)

[Keynote Speech 2]

GPU SAH, %0 i AILHE SLk: EEIZE AI®E Unleashing a New Era of Creation
with GPU Clusters: The Multimodal Al Revolution

01214 [HE (NC Al)

KSC 2025 Jial4

0y
08
1z
=
—
0%
Hl
d
£
1o
-
My
e
4J
tot

Luncheon

Workshop, Community Forum
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HEH AL BHE 20 YTEFHC =X 1} E& Beyond the Classical Limits:
Quantum Challenges and Insights
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* Educational History
B. S., Physics, Seoul National University, Seoul, Korea (1992~1996)
M. S., Physics, Seoul National University, Seoul, Korea (supervisor: Prof. Wonho-Jhe)
(1996~1998)
Ph. D., Physics, Seoul National University, Seoul, Korea (supervisor: Prof. Wonho-Jhe)
(1998~2004)

- Employment History
Postdoctoral Researcher, Seoul National University (supervisor: Prof. Wonho-Jhe)
(2004~2005)
Postdoctoral Fellow, Innsbruck University (supervisor: Prof. Rainer Blatt) (2005~2007)
Postdoctoral Fellow, University of Maryland (supervisor: Prof. Chris Monroe) (2008~2011)
Associate Professor, Tsinghua University (2011~2016)
Tenured Associate Professor, Tsinghua University (2016~2022)
Tenured Professor, Department of Physics, Tsinghua University (2022~841H)
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* Educational History
THOE W AR} SEH(2000.02)
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- Employment History
AMSDSE), SW Engineer (2000.02~2004.03)
AMUATZEAI Lab H22 (2014.08~ 2016.01)
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15:00~15:30
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Friday, September 05, 2025
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JHPC Quantum project towards Utility-scale Quantum-HPC hybrid computing
Mitsuhisa Sato (RIKEN)

Leading the Future of Quantum Technologies at lonQ
Tim Rogers, Sang Hyub Kim (lonQ)

Quantum-centric supercomputing: Pasqal's neutral atom quantum processing units
and applications

M3 H (Pasqal)

Coffee Break

Het 283 Jls

Challenges and directions with superconducting quantum computing

Tt (KRISS)

g JIH STAIZH01M: 2Tt Ak 225 FLE SEHE IS8 S st ALt

QUSHEH (KIST)
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Mitsuhisa Sato
Division Director
RIKEN R-CCS

JHPC Quantum project towards Utility-scale Quantum-HPC hybrid computing

We are conducting JHPC Quantum project to design and build a quantum-supercomputer
hybrid computing platform by integrating different kinds of on-premises quantum
computers, IBM superconducting quantum computer and Quantinuum trapped-ion
quantum computer, with several supercomputers including Fugaku. We are aiming at
utility-scale quantum-HPC hybrid computing using our JHPC Quantum platform. The
overview and current status of the JHPC Quantum project with a perspective of quantum
HPC hybrid computing will be presented.

* Educational History
M.S. degree information science University of Tokyo (1984)

Ph.D. degree information science University of Tokyo (1990)

- Employment History
Team Leader, Architecture Development Team, FLAGSHIP 2020 Project
(2014~2020)
Deputy Director, RIKEN Center for Computational Science (R-CCS) (2018~2022)
Division Director, Quantum HPC Hybrid Computing Platform Division, RIKEN Center for
Computational Science (R-CCS) (2023~present)
Professor, Juntendo University (2023~present)
Professor Emeritus, University of Tsukuba (2023~present)
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Tim Rogers
Quantum Solutions Engineer
lonQ

Leading the Future of Quantum Technologies at lonQ

lonQ stands at the forefront of the quantum revolution as a definitive leader in both
quantum computing and networking. This presentation will illuminate lonQ's
comprehensive and ambitious industry roadmap, detailing the advanced technology that
underpins our strategy. We will demonstrate how lonQ's quantum computers are
transcending theoretical concepts to deliver tangible, real-world value today, showcasing
recent use cases such as fine-tuning Large Language Models (LLMs) and enhancing
computational fluid dynamics workflows. This session will provide a clear overview of
lonQ's vision for the quantum future and the strategic steps we are taking to make it a
reality.

* Educational History
B.S. and M.S. in Nuclear Engineering from Texas A&M University

- Employment History
Over a decade in the nuclear power industry and three years working in Quantum
Computing at lonQ.
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838
Head of Quantum Computing
Pasqal

Quantum-centric supercomputing: Pasqgal's neutral atom quantum processing
units and applications

Recent advances in quantum-centric supercomputing have spotlighted Pasgal’s neutral
atom quantum processors, which are paving the way for scalable quantum computing
integrated with classical high performance computing (HPC) infrastructures. This talk
presents an overview of the Pasgal’s neutral atom QPU, focusing on its unique
architecture and control mechanisms. This talk highlights recently deployed Pasqgal QPU at
major HPC centers in France and Germany, discussing the integration strategies employed.
| will discuss use cases where Pasgal’s quantum processors have successfully addressed
business-relevant problems, including optimization, simulation, and machine learning tasks,
as well as its current and potential impact on industry challenges and the future landscape
of quantum-enabled supercomputing.

* Educational History
BS in Physics, Soongsil University, Seoul, Korea (1997)
MS in Physics, Seoul National University, Seoul, Korea (1999)
Ph.D. in Physics, Duke University, NC, USA (2006)

- Employment History
Post-Doctoral Research Associate, Thayer School of Engineering, Dartmouth
(2006~2008)
Senior Engineer, VD Division, Samsung Electronics (2008~2010)
Research Staff Member, SAIT, Samsung Electronics (2010~2016)
Research Assistant Prof/IAS Junior Fellow, Dept. of Physics/IAS, HKUST (2016~2018)
Research Assistant Prof., Dept. of Physics, KAIST (2018~2019)
Associate Prof., Dept. of Physics, Faculty of Science, University of Malaya, Malaysia
(2019~2022)
Vice Director/Research Professor, Q Center, SKKU (2022~2023)
Head of R&D, QuNova Computing Inc. (2023~2024)
Head of Quantum Computing, Pasgal Korea (2024~present)
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Quantum information science has advanced dramatically over the past dacade, but
significant challenges remain in achieving practical real-world quantum applications.
Among these, the exponentially growing errors that arise as quantum computing systems
scale have emerged as one of the most critical and urgent issues. Without addressing this
error problem, no useful quantum algorithms can be executed, and practical applications
of quantum computing as well as related other technology will remain unattainable. This
talk introduces Quantum Error Correction (QEC), a key technology aimed at fundamentally
resolving the error problem in quantum computing. It will cover the current status and
trends in QEC research, including recent theoretical and experimental breakthroughs and
the global race to develop fault-tolerant quantum computing systems.

* Educational History
M.S and B.S in Physics, KAIST
DPhil in Physics (Quantum Information), Univ. of Oxford (2010)

- Employment History
Postdoc (TJ Park fellow), Seoul Nationl Univ. (2010~2012)
Research Associate, Dartmouth College (2013)
BK Assistant Professor, Seoul National Univ. (2014)
QUC Research Professor, Korea Institute for Advanced Study (KIAS) (2015~2020)
Senior and Principal Researcher, Korea Institute of Science and Technolgy (KIST)
(2020~2025)
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Challenges and directions with superconducting quantum computing

Quantum computing hold promise for solving problems that are extremely hard to tackle
with conventional classical computers. Superconducting qubits have been one of the most
promising platforms for practical quantum computing. Over the last few decades,
tremendous advances have been made in this research field and the realization of fault-
tolerant universal computer is becoming a reality. Led by big tech companies, the world is
racing to build a useful quantum computer which could outperform classical computers in
practical applications. In this talk, I'll give a brief introduction to superconducting quantum
computing, and cover the current challenges and directions in terms of quantum
hardwares.

* Educational History
Tt tHety £215B.S. (2000)
University of lllinois at Urbana-Champaign Ph.D. (2016)
BFAFE 12 (Post-doc) Syracuse University (2016~2022)

- Employment History
HENSIHARA TS HAL/LTHATIIE MAHIR (2022~ TH)
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* Educational History
POSTECH Z2l&tt A} (2004.3~2008.2)
POSTECH 22/t H A} (2008.3~2015.2)

- Employment History
POSTECH Z2/8Hl} BHAIE S 12! (2015.2.~2015.3)
AQIA ETH Zurich 22]&tlt BiAtE H 21 (2015.4.~2018.12)

KIST LR EH T M2 (2019.2.~2023.2)
UST XA s 21124 (2021.3~8TH)
KIST LX) | 14101121 (2023.3~3TH)
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* Educational History
TS Z AW (BHA)
LSS IHHE W (M4
LSS AW (BHAY

- Employment History
LGH Xt M2l (2000.09~2003.02)
StEfshn HEH S S R4 (2003.03~2011.2)
ZEEE W2 (2011.3~84TH)
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* Educational History
B.S.: Computer Science and Engineering, Sogang University
M.S.: Computer Science, Korea Advanced Institute of Science and Technology (KAIST)

Ph.D.: Computer Science and Engineering, Pennsylvania State University, USA

- Employment History
Research Staff Member, US Department of Energy's Oak Ridge National Laboratory
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Offloading MPI onto DPU

CPUNIM +8L|H Xg @QO2Hst 4 Ql= T2 12 J155HSoCot 1155 HIEQID HES
£85t DPU (Data Processing Unit)0l £I2 SEGHAILE HEX Q! =M NVIDIAS] BlueField
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* Educational History
THOEt L MAtstai} (1997)
Vst ZaEst A4t

DHE W SAAA
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- Employment History
Q012 T8 et Hilte H31@l (2003~2006)
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* Educational History
MEUaty MI1S8HE shAt/A L} (1998/2000)
University of Maryland, Computer Science Ph.D. (2012)

- Employment History
AOIEI ¢ =E (2000~2005)
NEC Labs in America (2007)
Bell Labs, Alcatel-lucent (2011)
Samsung Semiconductor Inc., Memory Solutions Lab (2012~2014)

st=gtoey HEHIE Zu/2W4/W4 (2014~3TH)
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- Employment History
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* Educational History
Busan National University (SfA})
University of Texas at Arlington (2441
The Ohio University (2fAf)

- Employment History

MEUTHS D ZEHZSH R4 (2003~2005)

o|Hst i HEHSSE w2 (2005~31H)

Ag|[stn BM QIZTSHIA AZH(2019~8TH)

W |sMEEML S2RE ZHEISAU(TRC) HAAMEE! (2023~ TH)

IAES!
0 g U=HAHY (2025~ TH)
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ENESHUFTEDM Al JIE HOF - HIO|2 20F H2IRE Al

Deep Dive into Al & CADD for In Silico Drug Discovery — =i AQIHE SATUIMOl & E Tt JIs kit M=
JHELO] THAH LIS MBHAT|E Al SHOZ T2 &0 ASULL 2 HE2 01E 71201 =
SEHM EHZE HEH 2L ACH, HHE 81 sHHE

A3 CADD V=2 &l9f

13:30~14:10

14:10~14:50

14:50~15:30

15:30~16:00

16:00~16:30

16:30~17:00

17:00~17:30

17:30~18:00

LH HISH-HIOI2 &

i

O A JIE IS EH S SoH MAMERS HEX L2t XX o}

Practical Applications and Technical Challenges of the Free Energy Perturbation
(FEP) Method for Hit-to-Lead Optimization in Medicinal Chemistry

Ol=Xl w= (E¥0Eiw)

Coffee Break
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* Educational History

== et ofstl 8HAH(2004)
EE0E L Salaret M4t (2006)
EEME L Saloret 8 (2013)

- Employment History
St=stsrH el it H2l (2013~2015)
University of Notre Dame BtAtZ A2 (2015~2017)
JWEHIZ (2017~2025.5)
C&CAIHTA (2025.5~HTH)
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* Educational History

- Employment History
SXHEHATA MRS K12 (2002~2005)
LGRrsH(FLGEE I Mot E 1HY (2005~2013)
California Institute of Technology (Prof. William A. Goddard Ill-Visiting Scholar)

(2022~2023)
SHRBFSIOI IR I F T A ME IR (2013~ TH)
TS| S OIS SIS O] OFstat H i (2024~ TH)

85



WO R KS H 0 P 3 Korea Supercomputing Conference 2025
THE NEXT FRONTIER: HPC with Al and Quantum

012Xl
CimES
ZOiTHelT oFsiTiet

Practical Applications and Technical Challenges of the Free Energy
| Perturbation (FEP) Method for Hit-to-Lead Optimization in Medicinal Chemistry

AOPHE T 2420l Zet KBTS
ENO) U 01T 2THz 40| =€
=5
{

HEBHH OI=6ts A2 hit- to lead 2! lead optimization
SHUHOZ Ol AFZEI D UXIRE score J18HO| HIZ

21 Aot XFRUILAXI 718+9] Free Energy Perturbation
UHYNME HSHOE 2L UL

Z=te S So MOICL 01
(FEP)QF 22 Sl JIE 20l :qLHS’J

2 ZHHM= FEPO JI2 HE I 22 E Ao, &1 ¢ AHHIE JIBCE [Hst ATEN
SUEZO UHEX EY U workflowE HIW 24610, 2f B2 HO 42X YHY I 2HE Yots
HIAIBHCE

ol Oltstet HFMIM Zedet &el HI0IE Ol &2 21, input conformation & pair &8,
%] 4017 HIHIQ OIS S=06H)| st dR X0l Mk

i

* Educational History

Ol XHCHE 1! OFSHTHEY, QFskAF (2007)
Ot IXHCHE W LEHTHErR - OFSHE, OFstM Lt (2009)
OISt XHCHE W LHHHSHR Y- OFstE ofattt Lt (2013)

o SHA (2013~2015)
OIS XHCHE! 2 14~/Research Fellow (2015~2018)

University of Texas Southwestern Medical Center (TX, USA) Assistant Instructor/Instructor
(2017~2020)

EY et OFsHfst Twa/2 w2 (2020~3TH)
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* Educational 'story
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- Employment History
L AQAEINEHD BHtE H12I (2003~2006)
SRR |sHEATR M /MAHATIRI (2003~2022)
LFZ20L0IME] (2024~3TH)
MMt FH W (2024~ TH)
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* Educational History
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2t O MHIHS! BEAL 2XHZ YS! (2007~2013)
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- Employment History
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Efficient Density Functional Theory Calculations on GPUs via Mixed Precision
Approach
LB BEAF (KIST)

Real-time first-principles dynamics of real materials: charge current and spin
current in the study of topological & geometrical natures of band states
B F w4 (UNIST)

Hafnia-Based Ferroelectric Memory Targeting 100 TB Density and Sub-Picosecond
Switching
0IZ3] w4 (UNIST)

Modulating Nuclear Motions with Exciton Polariton Based on Correlated Electron-
Nuclear Dynamics

PISH w2 (UNIST)
Coffee Break

Development of Machine Learning Potential for Hf02
0lS2t w4 (POSTECH)

Device simulation of resistance-based memories by coupling electrothermal and
phase-field models

B W (2oMED)

The Quest for Universal, Bayesian, and Equivariant Ab initio Machine Learning
Potential: Bayesian Atoms Modeling (BAM) package
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* Educational History

Tt ntHetn S210t tAt(1999)
Tt ntHetn S210 A14H(2001)
TS et 210t AL (2007)

- Employment History
CUT Dallas S2]1t, Bhhte ¢824 (2007~2009)
TAE glahih ARE W2 (2010~2013)
QUAE stetlh, Zuw-812 (2014~31H)
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Real-time first-principles dynamics of real materials: charge current and spin
current in the study of topological & geometrical natures of band states

We have explored charge and spin currents in real materials using ab initio computational
methods, grounded in Time-Dependent Density Functional Theory (TDDFT) and Time-
Dependent Current Density Functional Theory (TDCDFT). While our research has examined
various Berry curvature characteristics in solid-state systems, our primary focus is on
uncovering the topological and geometrical properties of band states in the real-time
dynamics of real materials.

For instance, we show that quantum anomalous Hall conductivity and quantum spin Hall
conductivity in bulk topological insulators can be directly computed via ab initio evaluations
of charge and spin currents, respectively.

In this talk, we also present our recent advances in the study of one-dimensional
structures, with a particular attention to how the intricate interplay between the topology,
chirality, and correlation gives rise to unique spin, orbital, and charge dynamics.

* Educational History
Undergraduate study at Seoul National University, Department of Civil & Environmental
Engineering (March 1990 ~ February 1994)
Master of Science in Physics, Seoul National University, Department of Physics
(February 1997)
Doctor of Philosophy in Physics, Seoul National University, Department of Physics
(August 2002)

- Employment History
Research Staff Member, Samsung Advanced Institute of Technology
(February 2004~February 2005)
Assistant Professor, Department of Applied Physics, Dankook University
(March 2007~February 2011)
Associate Professor, Interdisciplinary School of Green Energy, UNIST
(March 2011~February 2014)
Associate Professor(tenured), Department of Physics, UNIST
(March 2014~February 2017)
Professor(tenured), Department of Physics, UNIST (March 2017~present)
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Hafnia-Based Ferroelectric Memory Targeting 100 TB Density and Sub-
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* Educational History
MEM SdIat= atht (1997~2001)
M2 221aHE 44 (2001~2003)
M2 2218 gHit (2003~2008)

40 4T

- Employment History

Rutgers University, USA BfAt& % (2008~2011)
Princeton University, USA BtAtE A2 (2011~2013)

Oak Ridge National Lab., USA “—.M-?— A (2013~2015)
UNIST OIATISHS/BHE HIATHE S THEH R4, B4, W4 (2015~ TH)
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Modulating Nuclear Motions with Exciton Polariton Based on Correlated
Electron-Nuclear Dynamics

Light-driven rotary molecular motors (LDRMs) can transform the energy of light to rotary
motion of one part of the molecule with respect to another. The energy of the mechanical
motion can be harnessed in various nanosized devices, which already find first applications
in fields such as nanotechnology, optogenetics, synthetic biology, nanomedicine, and
functional materials.

Here, we investigate possibilities arising from strong light-matter interactions occurring in
optical cavities to alter characteristics of the excited state decay in molecular motor
molecule. By performing nonadiabatic dynamics (NAMD) simulations of motor's
photodynamics in the presence of strong coupling with a cavity mode, we use the Jaynes-
Cummings (JC) model to introduce a strong coupling between a lossless cavity mode with
an LDRM described as a two-level molecular system.

We employ surface hopping dynamics based on exact factorization for NAMD simulation to
account for electron-nuclear correlation in polariton states. As a result, it was found that
the coupling with a mode detuned off resonance with the molecular optical transition
offers a means to considerably increase the excited state decay lifetime and to either
inhibit or slow down the motor's rotation.

* Educational History
Ph.D, Pohang University of Science and Technology (POSTECH) (2005~2011)

- Employment History
Postdoc., Max Planck Institute of Microstructure Physics (2012~2015)
Assistant Professor, UNIST (2015~2020)
Associate Professor, UNIST (2020~Present)
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POSTECH, &ATHESH

Development of Machine Learning Potential for Hf02

HfO2 has emerged as a promising material for various applications due to its excellent
properties. However, although extensive research is underway to apply HfO2 to various
applications, our understanding of the physical and chemical causes leading to its diverse
properties is currently quite limited. To precisely control the physical properties of Hf02
and utilize it in various applications, research on understanding and controlling its behavior
at the atomic level is essential. Although the development of ab-initio and empirical
potential-based molecular dynamics techniques have enabled the prediction of material
behavior at the atomic level, those studies are limited either in predictable system size or in
predictive accuracy. To overcome these limitations, this study develop a machine learning
potential based on crystal graph representation. Comparing the developed machine
learning potential with ab-initio calculations, we confirm that it performs excellently in
predicting energy, force, and atomic charge. Furthermore, molecular dynamics simulation
results based on the developed machine learning potential reveal a structure and atomic
behavior that are very similar to those predicted by ab-initio-based molecular dynamics
simulation results. These results demonstrate that the developed machine learning
potential can accurately reproduce the behavior and properties of Hf02, and thus, it is
expected that this potential can be utilized to understand and predict the behavior of Hf02
in various applications.

* Educational History
Ph.D, University of Florida (2005~2010)

- Employment History
Postdoc. researcher, Lawrence Livermore National Laboratory (2010~2014)
Postdoc. researcher, Oak Ridge National Laboratory (2014~2015)
Assistant Professor, Chonnam National University (2015~2017)
Assistant, Associate Professor, POSTECH (2017~present)
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Device simulation of resistance-based memories by coupling electrothermal
and phase-field models

The phase-field model is a technique used to simulate the evolution of microstructures,
that is, the spatial distribution of different phases in materials. It predicts the temporal
changes in microstructure by numerically solving differential equations. This model can
analyze the influence of factors such as sample shape and processing conditions on the
microstructure.

We have developed device simulations for phase-change memory and resistive memory
by integrating the phase-field model into a finite element solver combined with an
electrothermal model. In both phase-change and resistive memories, the high or low
resistance state is determined by the microstructure of the active material, specifically the
spatial distribution of high- and low-resistance phases.

Switching between these two states involves changing the microstructure of the active
material through the application of an electrical pulse. In this presentation, | will explain our
simulation models and present several case studies.

* Educational History
Ph.D, Northwestern University (2001~2007)

- Employment History
Senior Engineer, Samsung Electronics (2007~2013)
Assistant Professor, Hongik University (2013~2018)
Associate Professor, Hongik University (2018~2024)
Professor, Hongik University (2024~present)
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The Quest for Universal, Bayesian, and Equivariant Ab initio Machine Learning
Potential: Bayesian Atoms Modeling (BAM) package

In recent years, machine learning has transformed numerous scientific disciplines by
tackling key challenges. Machine learning potential offers a promising avenue for
surmounting the stringent limitations on size and speed in atomistic simulations, which are
inherent to ab initio methods.

We develop a universal Bayesian machine learning potential based on equivariant neural
network frameworks. We aim to build a universal machine learning potential that can be
expanded into a general potential for all known compounds and all known electronic states
based on Bayesian approaches.

The goal is to build and apply this general-purpose ab initio machine learning potential to
investigate various complex reactions such as catalysis, electron transfer, nonadiabatic
excited state dynamics, redox chemistry, and surface chemistry.

* Educational History
B.S. Department of Electrical & Electronic Engineering, Pohang University of Science and
Technology (POSTECH) (2007~2012)
M.S. Department of Electrical & Electronic Engineering, Pohang University of Science and
Technology (POSTECH) (2012~2014)
Ph.D., Department of Chemistry, Ulsan National Institute of Science and Technology
(UNIST) (2014~2019)

- Employment History
Postdoctoral Researcher, UNIST, Korea (2019)
Postdoctoral Researcher, ETH Zarich/USI, Switzerland (2019~2020)
Postdoctoral Fellow, University of Cambridge, United Kingdom (2020~2021)
Assistant Professor, Department of Chemistry, Chungnam National University, Korea
(2021~2023)
Assistant Professor, Department of Energy, Sungkyunkwan University, Korea
(2023~present)
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Efficient Density Functional Theory Calculations on GPUs via Mixed Precision
Approach

Single precision (SP) arithmetic offers significant performance advantages over double
precision (DP) arithmetic, especially on graphics processing units (GPUs). However,
adopting the SP in the whole process of density functional theory (DFT) calculations often
fails to meet the required accuracy. For efficient computations, a mixed precision approach
using SP and DP arithmetic with combination can be used.

The key challenge is to use SP appropriately for numerically stable operations with little or
no loss of accuracy. In this study, we demonstrate the effectiveness of the mixed
precision approach in real-space DFT calculations. Particularly, we confirmed that the use
of SP during the preconditioning process within the iterative diagonalization of the
Hamiltonian matrix can contribute to a significant acceleration without losing the accuracy
of the results.

As a result, our results show that this approach is a promising direction for high-
performance electronic structure calculations.

* Educational History
B. S. in Chemistry and Physics (double major) HYU, Seoul, Korea (2015~2019)
Ph. D. in Chemistry KAIST, Daejeon, Korea (2019~2025)

- Employment History
Post doctoral researcher, Div. of National Supercomputing, KISTI (2025~present)

99



WORKSHOP 5

Korea Supercomputing Conference 2025
THE NEXT FRONTIER: HPC with Al and Quantum

13:30~13:35

13:35~13:55

13:55~14:15

14:15~14:35

14:35~14:55

14:55~15:30

15:30~16:00

17:30~18:00

ZHALI3 0HH R

g= (MSh)

rA

=
=

=

i
re

2AaNM

ICH

Of
e
=

=

Uz (

ZXI2H0I1= 2 21t e
ESEERGNN))

FX12Ho1=ed] 202]F A0
ZXIE (KIST)

e 9

[SEPAESE]

Coffee Break

SSHFY LATEY0 YEIH M nFel AN

Friday, September 05, 2025

100



WO R KS H 0 P 5 Korea Supercomputing Conference 2025
THE NEXT FRONTIER: HPC with Al and Quantum

gz

SmES

N

WiE ZVYSHFHE AT HAS/UEH RERS T Y93 HE oMl L

ditE EDESHTH= Y R
SHAHZ FHE. 0l AR H5
01 XItoh= 2t0IE ), 88 T2
Xt ExHY

PURFGPUE Zefet HU 01J15
HHHPC 88 21125 & Otk
Ef 22 J18 AZEY 09

2 H0
I
|0
5 HU
ﬂll?-’
010

P ot o

JRLE ST N AIASIDIC SHE HIHSIS BH=HOR AWSIOR I KM HIS BUA
HIZZS 0| 2201 ZOPE. [HRE 230 5

01 o, 2 1HH I(HIH‘—EE'%4 D208 22, Ay, e, & A

2, & A
OIHTHIOIAGHH Hit HIOIH SE2 ESX Q= Mot 4=XS8S DH6HH HAXOI IS
X HotE +3ot= THYYIE A X Aokt gh

* Educational History

MEstn SHEZst 3t (1996~2000)
MEetn AEHSS! 81t (2002~2004)

22|01 FHNE AEE B3 B (University of lllinois at Urbana-Champaign), USA
(2008~2015)
22| L0 =RHEE AEH S AUt (University of California, San Diego), USA (2006~2008)

- Employment History
Research Engineer, &8 %Xt DM (LIXIE OICIH) #5214 (2004~2006)
Research Scientist, IBM T. J. Watson Research Center, Yorktown Heights NY, USA
(2015~2019)
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* Educational History
B.S., Electrical Eng., Yonsei University

Ph.D., Electrical & Computer Eng., Georgia Institute of Technology

- Employment History
Graduate Intern, Sandia National Labs, Albuguerque, NM
Graduate Co-op, AMD Research, Bellevue, WA
Graduate Co-op, IBM TJ Watson, Yorktown Heights, NY
Graduate Intern, Qualcomm, San Diego, CA
Senior Engineer, Intel, Santa Clara, CA
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