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*출처: National Museum of United States Air Force

“Traditionally, scientific insights are developed using experiments and developing theories. Experiments are 
observation of physical processes, sometime done under special circumstances, that allow people to obtain a 
better understanding of what happens and how it happens.”
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What shall we do, if this process fails?
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- Too small or too large scale
- Too severe or too extreme
- Too complex, Too dangerous
- Too expensive

- Too complex
- Deficiency of data

- Too complex
- Too large scale-difference
- Large deformation

- Too large computational cost



Maximizing Rationalism

Maximizing Empiricism
How scientists
address these 
issues. Physics-Based Approach

Data-Driven Approach



Data-Driven Approach
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Which one is better?

(이성)(직관)



Safety Analysis Code =

Physical Theory+ Empirical Models

The key is

how to harmonize them 

to maximize performance.

=
Cost

Product Quality



High Performance 
Computing (HPC)

A computeB results
A

B

Serial Processing

A

compute

B

Results  A

Results  B

Parallel Processing

“ High performance computing (HPC) is the ability to process 

data and perform complex calculations at high speeds. “  (NetApp)
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High-Performance 
Computing
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“The performance of semiconductors that drive artificial 

intelligence more than doubles every two years＂

Nvidia Corp. co-founder 

Jensen Huang



CPU vs. GPU

Operation



CPU vs. GPU (Computing Power)



A General-Purpose Graphics Processing Unit (GPGPU) is a graphics processing 

unit (GPU) that is programmed for purposes beyond graphics processing.



Graphics Processing Units (GPUs) have become increasingly important in
engineering and science due to their ability to perform complex parallel
computations at high speed. They are used extensively in simulation and
modeling, artificial intelligence and machine learning, image and video
processing, and high-performance computing. The use of GPUs is expected to
continue to grow in these fields as researchers and engineers seek faster and
more efficient ways to process data and perform complex computations.

Applications of GPU





Versatile
Computational

Solutions
For Nuclear Systems and Safety 

About Us
Our laboratory develops innovative & versatile computational 
solutions for developing nuclear systems and enhancing 
nuclear safety empowered by state-of-the-art technologies. 

1 professor
1 research professor

15 PhD students
9 MS students

5 undergraduate students



Meshless Method



On-going
Researches

WCSPH, ISPH, EISPH, ALE, IBM 등의 다양한 SPH 수치해법을 단일 솔버로 통합

ALE-SPH 기반의 Adaptive Meshless CFD 기술 개발

대규모 다중 GPU SPH 해석을 위한 동적부하균등 알고리즘 개발 및 고도화

SPH 기반의 대규모 도시 내 유동 시뮬레이션 기술 개발

LBM 기반의 실시간 대규모 도시 내 유동 시뮬레이션 기술 개발

Lumped Parameter Model 기반의 MCCI 해석코드 개발 및 검증

[코드개발 / 수치해법 개발 / 고성능컴퓨팅]

[물리모델 개발 / 모델링 / 역함수 모델]

열유동 및 구조해석을 연계한 IVR-ERVC 통합 해석기술을 개발

SPH를 이용한 FFRD 모델링 기술 개발

SPH를 이용한 파이로 공정 중 Electrolytic Oxidation Reduction 해석 및 최적화

SPH 기반 충격파-구조 상호작용 모델링 기술 개발 및 검증

SPH를 이용하여 Bubbly Flow 모델 구현 및 Boiling 모델 구현

LES 기반의 SPH 난류모델 고도화

SPH-DEM 연계를 통한 MCCI 시 Debris 거동 모델 개발 및 고도화

SPH-DEM-MC 연계를 통한 Pebble Bed Reactor 열유동 상세해석기술 개발

X-Pinch Plasma 현상을 모의할 수 있는 물리모델 및 수치해법 개발

SPH를 이용하한 3-D Printing 모델링 기술 구현

SPH를 이용한 Microfluidics 모델링 기술 개발

LDM 기반의 고성능 오염물 대기확산모델링 기술 개발 및 고도화

메타휴리스틱 및 인공지능 기반의 최적화 알고리즘을 활용한 방사능물질 선원항 평가기술 개발

[창의설계 / 최적화]

무격자 기반 위상 최적화 및 진화 디자인 기술 개발

인공지능을 이용한 진화 디자인 기술 개발
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Pelletized fuel

Crushed fuel

Reduction basket 
(Karell et al., 2002)

Loading material
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Back trajectory method is a numerical modeling technique
used to determine the path that an air parcel has traveled
from its source to its current location.

Back Trajectory - CWT

Ensemble Kalman Inversion (EKI) / Genetic Algorithm (GA) / Particle Swarm 
Optimization (PSO) / Machine Learning (ML)



Number of populations = 50

Fining Optimal Distribution of Materials for 
Minimizing Average Temperature

Heat 
Sink

Uniform 
Heat 

Generation



Fining Optimal Distribution of Materials for 
Minimizing Average Temperature



2-D Dynamic Load BalancingMulti-GPU Parallelization with Domain 
Decomposition

Single core
Sequential compute

Thousands of cores
Parallel compute

2. Multi-streaming & Multi-threading

3. Particle-wise Parallelization1. Domain Decomposition

allocation





Summary & Conclusion



Thank you! 
kes7741@snu.ac.kr
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