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National Flagship Supercomputer — KISTI-5

Leading R&D Transformation ;2

with Al and HPC q

“NURION" CPU System (Top500 #11 in 2018)

« 25.7 Pflops / 33.88 PB storage resource

« 8,305 KNL Compute Nodes + 132 Xeon Skylake CPU Nodes

« “NEURON" CPU-GPU Integrated System

» Focused on AI/DL computing and GPU-accelerated applications
(official service in July 2019)

« 140 V100s + 120 A100s + 40 H200s + 2 GH200s (BMT servers)
» Total 6.4PFlops & to be expanded to +8 PFlops (FP64) in 2025

NURION (CPU based)

1CPU
(68cores)

NEURON (GPUs based)

8x Intel OPA 24-slot Director Switch
(19x 32P Leaf module/switch)

OPA Switch Group (Intel OPA, Fat-Tree, 50% Blocking)

Intel OPA 48P Edge Switch
x 277 (16Up/32Down)

-
IB Switch Group (Mellanox IB,

Fat-Tree,

50% Blocking)

v ----- \ _F -----
. \\
KNL Compute Nodes \Q/SS&J CPU-onIM CS500
(8,305ea) = (132ea)
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Lustre FS
49x OPA

LNET router

— OPA — IB

[KNL]

1Rack (72Nodes) Infra Node
— 116Racks
(8305Nodes)
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: Leading R&D Transformation .=
Next Generation Supercomputer — KISTI-6 g R e, @,

Courtesy by HPE

wm’hdi! Inmnhki‘ I HewleﬂPackal'd 1 Y | O T O | | e O k

Enterprse

Fnterprise

+600 PF ...,

* 33.6EF(FP8), 16.8EF(FP16)

Computing Node Storage System
HPE Cray EX4000 System HPE Cray Supercomputing Storage System
GPU Rpeqx 988.28 PF (2,084 nodes x 4 GH200$) Over 200 PB Usable Capacity
SlingShot-400 High Performance Interconnect

v Expected Timeline of KISTI-6 Supercomputer

- . - . System Beta Product
Pre-Feasibility Analysis RFI RFP Bidding Selection Installation Service Service
’22.09 '22.12 2412 ’24.12~°25.2 ’25.02~03 ’25.4Q '26.1Q ’26.2Q
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: : Leading R&D Transformation .2
Rapid Change of GPU Architecture g R o Tre. @

Nvidia GPU

Hopper (H100 GPU) Hopper+ (H200 GPU) | [Blackwell (B100) Blackwell Ultra(B100-U)| [Rubin (R100) Rubin Ultra (R100-U)
- FP8 Transformer Engine | |- HBM3e - 8x HBM3e - Enhanced performance - 8x HBM4 - 12x HBM4
- HBM3 Grace CPU Launch - 20 PFLOPS FP4 - Likely Grace refresh - 50 PFLOPS FP4 - 100 PFLOPS FP4
- 72 core Arm CPU GB Superchip Vera Arm CPU Kyber Rack + Vera
e
GH Superchlp

y

- AMD GPU
2022 2023 2024 2025 2026
MI200 (CDNA 2) MI300X (GPU) MI325X MI350 (Expected) MI400 APU
MI250X: HPC/AI -CDNA 3 - HBM3e - CDNA 4 Architecture (Expected)
- Based on 6nm - HBM3 MI300A: CPU+GPU - Advanced Al / HPC -Zen 5 + CDNA 4
(Zen4+CDNA3) capabilities - Next-gen HBM4
- 128GB HBM3 - Higher efficiency
& coherence

* APU (Accelerated Processing Unit) integrates a CPU and GPU onto a single die.
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Leading R&D Transfi tion 2
Memory Bottleneck S it Al and HPC &4

» Accelerators (GPUs) and CPUs are separate < Accelerators (GPUs) and CPUs are integrated
devices, each with their own dedicated memory. into a unified System-on-Chip (SoC).

Memory Allocation : Unified
Data Transfer . Virtual Memory

U PCle bottlenecks CPU-GPU communication

1 GPU can’t access CPU memory directly

QO Complex Programmability / Accelerate CPU-GPU data transfers

U Low CPU Performance per Watt We need a new chip /' Coherent CPU and GPU cache memory
architecture: v Simplify Programmability

' Deliver more performance per Watt

Legacy PCle
Architecture

Yonghwi Kim | Sep. 18, 2025 EANAM10 | 5



with Aland HPC

Leading R&D Transformation ,Q:

Network Bottleneck

« Traditional CPU-GPU data exchange bottlenecks: Affecting network throughput as well

PCle 3.0 x16 Switch Tree

t
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o o
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w c
O—0
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pJeog JoAIeS

8x NVLink 2.0

NVSwitch

NVSwitch
NVSwitch
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NVSwitch
NVSwitch

NVSwitch
NVSwitch

GPU Board 1
GPU Board 2
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NVSwitch
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PCle 3.0 x16 Switch Tree

https://techjunction.co/encyclopedia/nvswitch/

W .~
i
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‘»%/ -

NVSwitch
NVSwitch

PC|GI1 28GB/S‘

Gen5 x16

A

https://developer.nvidia.com/

< NVIDIA.
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GPU-CPU Integrated Architecture

Leading R&D Transformation 2
with Aland HPC q

 Grace-Hopper Superchip (NVIDIA)

900GB/s NVLink-C2C | 576GB High-Speed Memory
4 PF Al Perf | 72 Arm Cores

<ANVIDIA.

16x PCle-5
512 GB/s

()]
L
Ll
o
=~
T =
O
A

______________________________________________________________________________
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CPU LPDDR5X
<= 480 GB

GRACE
CpPU

900 GB/s |

NVLINK C2C

0

HOPPER

GPU

0

18x NVLINK 4
900 GB/s

NVLINK NETWORK

« MISO0A APU (AMD)

24 AMD Zen4 cores | 3 AMD CNDA GPU units
128GB of HBM3

AMDA

< 256 GPUs

<A NVIDIA.
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Two Memory Systems

Leading R&D Transformation ;2
with Aland HPC q

CPU memory system is
optimized for low
latency and deep cache
hierarchy

Run latency-sensitive code on the
CPU, e.g., a linked list

g

Yonghwi Kim | Sep. 18, 2025

CPU Memory System

' GPU Memory System

CPU LPDDR5X GPU HBM
CPU L3 Cache GPU L2 Cache
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |

Grace | Hopper
_CPU B  GPU

NVLink-C2C

CPU and GPU each have full
coherent access to memory

GPU memory system is
optimized for high throughput
and high bandwidth cache

Data- and math-intensive
code on the GPU, e.g., vector
reduction

~=="

<2 NVIDIA
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GH Memory Model

Leading R&D Transformation

with Aland HPC =

> Model (I)

. Local memory pool accesses at link
speeds

‘ b’
S
£ HOPPER
z GPU
2
;
z
[T
CPU GPU
PHYSICAL . GPU-resi dent

MEMORY |

System Page Table
Translates CPU malloc() to CPU or GPU —

X Previous Memory Model

: CPU and GPU have separate memories and page tables.

Yonghwi Kim | Sep. 18, 2025

» Model (Il) » Model (llI)

Simplified Unified Memory via :C2C enabling remote accesses

Address Translation Service (ATS) &
automatic migrations

I ey i
’ | Q . 5
- S ~
< HOPPER 15 HOPPER
- (el V] = GPU
S S
H z
I [
Page A
cPU GPU cPU
PHYSICAL . PHYSICAL PHYSICAL |
MEMORY | - . MEMORY MEMORY | | \ 7 accesses
System Page Table . P page Tabl
——  Translates CPU malloc() to CPU or GPU ~ ———— S g;;e:alf::” e CPU or GPU -
HOPPER
GPU
cPU GPU
PHYSICAL PHYSICAL
MEMORY -
CPU-resident Unmapped MEMORY
access acc_ess
fails!

System Page Table
Translates malloc()

GPU Page Table
Translates GPU
allocations

GPU
PHYSICAL
MEMORY
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Grace-Hopper Programming Model

 Full CUDA support with additional Grace memory extensions

Leading R&D Transformation ;2
with Aland HPC q

Explicit Copy

Application explicitly moves data between CPU
& GPU as needed

CPU Memory GPU Memory

cudaMemcpyH2D()

_____

~ -

S -
-

o R I I -

cudaMemcpyD2H()

Managed Memory

CPU and GPU can access memory on-demand
and data migrated locally for higher BW access

CPU Memory GPU Memory
Page
T - page

-~ -
-------

C2C Path
(Grace)

System Allocated

GPU can access memory allocated from
malloc(), mmap(), etc.

CPU Memory GPU Memory
App Data iitbebbhbbbbbl App Data

GPU access to malloc()
memory

HGX

~60 GB/s PCle Gen5 transfers (H2D/D2H)

Requires migration to GPU

Access possible with explicit call to
cudaHostRegister() at PCle speeds
Requires HMM patch in Linux Kernel

G+H

7x faster transfers, up to 450 GB/s (NVLink C2C)

Migrations not required and faster migrations
when they happen at NVLink C2C speed

cudaHostRegister () not needed; access
at NVLink C2C speeds

Yonghwi Kim | Sep. 18, 2025
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T Leading R&D Transformation .=
Advanced Utilization of HPC Program cading R&D Hranstormatice @4

 Solving scientific problems & Creating innovative technologies

« Through support for large-scale group research

« Based on ultra-large data & simulation

 Using high-performance computing DARWIN project
: $3.5 million (2022~2027, 4.5 years)

« Major strategic fields

Material science Astronomy Kl 23Eeme  KiST] pamememsn
« Life science * Nuclear fusion R D
. : KIS zszee
« ICT Manufacturing technology -
« Meteorology « Natural disaster v E M &y st () Raly L ki
« Self-driving « National defense N
NGy R G ot o e

« What is 'DARWIN'?

« DAZzzling Realization of dWarf galaxies In the Next generation of cosmological HD simulations

« A high-resolution and large volume simulation model to understand the next generation of dwarf galaxy
observational research.

Yonghwi Kim | Sep. 18, 2025 EANAM10 | 11



3 Steps of DARWIN Simulations

Leading R&D Transformation 2
with Aland HPC Q’

Horizon Run 5
2019, 2021

Nurion (KISTI 5th)
# of cores~ 1.7x10°

CPU time ~ 3.8x108
RAMSES-OMP

Ax =1 kpc
3 = 1.0x0.1x0.1 Gpc®

vy 000

1049 cMpc

119 x 127 cMpc?

Yonghwi Kim | Sep. 18, 2025

~65Mpc

BN DARWIN-1

2024 on going

Nurion (KISTI 5th)

# of cores ~ 10°
CPU time ~ 2.2x108
RAMSES-DARWIN-B

Ax = 0.5 kpc
L3 = 653 Mpc3

vv Oooo

! @ cluster

! @ group

¥ MW-like (isolated)
- ® MW-like(cluster)

DARWIN-1

DARWIN-2

2024 ~ 2025

DARWIN-3
2025 ~ 2027

KISTI 5t/6% (x20 R,

RAMSES-DARWIN

Ax = 62.5~125 pc
L3 = 303 Mpc3
Additional physics

vV V.V O

~500x%tc,(DARWIN-1)

Ax=125pc, 62.25pc

DARWIN-2

Upcoming KISTI

6th

RAMSES-DARWIN

Ax = 4~8 pc
L3 = 3~5)° Mpc?
Additional sub-p

YV V.V O

hysics

~500xtc,(DARWIN-2)

DARWIN-3

EANAM10 | 12



- : Leading R&D Transformation
3 Steps of DARWIN Simulations g R o P @)

« Significance of DARWIN project
» Theoretical model to interpret next-generation observations
« High resolution (detailed features) + Precise baryonic physics + Cosmological volume

challenging task in galaxy formation simulation = The next-generation of the cosmological HD simulations

= Large volume and the world’s highest level of resolution: 3-step multi-resolution with Al algorithms

=> Developing code for the CPU-GPU heterogeneous HPC system: Exa-scale Supercomputer

Ax=500pc Ax=125pc, 62.25pc Ax=4-8 pc

1049 cMpc
~65Mpc

! @ clust

! @ group

- MW-like (isolated)
. ® MW-like(cluster) s
' " ® MW/M31 pair §r7

119 x 127 cMpc2 DARWIN-1 DARWIN-2 DARWIN-3

Yonghwi Kim | Sep. 18, 2025 EANAM10 | 13



Code Development History eadmgRE D T and HPC. &

Dominique, A. et al.

MHD Partially parallelized (U. Strasbouirg/CNRS)

on GPU

~CS
oo RAMSES-RHD EMMA Dyablo ML, DL using Al
P‘G\A oV RAMSES-OMP —
“1 ‘l L
° % MPI+OpenMP % i
(x8.5 faster) Imprpvgd
RAMSES & Optimized RAMSES-DARWIN-B | | > RAMSES-DARWIN
% 5"% ﬁ ?
MPI
MPI+OpenMP (x4 faster) MPI+OMP & OpenACC+CUDA
R RAMSES-RTZ P ' pen-+
e,%tr AL Target performance
Y MPI (x2-3 slower) Katz, H. (U. of Chicago) Katz, H. et al. — x40 1 faster (on KISTI 6*)

« Code Structure
« patch/RTZ & PRISM < Original RAMSES + SF, stellar winds, SNe feedbacks (Ia, II) + RT(2)
« patch/DARWIN-B < + Sink (Stars & BHs) + AGN + OpenMP
« patch/DARWIN v1.0 < + new SF/SNe + Chemistry (>12 elements) + partially GPU optimized

- o o o o S O S S S SEE EEE B BEE BEE B GEE BEE EEE GEE BEn B GEE BEn B GEE BEn B BEn Bae B BEe Bae B Bem mee e
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Leading R&D Transf tion ;A
Benchmark Tests A R it Al and HPC. ©4
« Test systems « BMT case in astrophysical environments
« KISTI NURION (25.7 Pflops) « A galaxy cluster region
« #11 in the world in 2018, #75 as of 2024 « IC — 323 Mpc3 with 5123 grids
« 8305 many-core CPU nodes (KNL) e AMR levels = 9 - 16
+ 132 general purpose CPU nodes (Skylake) « # of MPI tasks = 1024
« 100Gbps Omni-path Architecture
» 800GB Parallel Filesystem + EuroHPC/FZJ(JSC) : JEDI (GH200)
« 20PB Lustre filesystem |
Site: EuroHPC/FZJ
Nodes 48
* KISTI GH200/node 4  NVIDIA GH200 Grace-Hopper Superchip
* GPU_based SUb_SyStem Processor/GH 1 NVIDIA Grace (Arm Neoverse-V2), 72 cores,
200: x 120 GB LPDDR5X, 384 GB/s
* > 250 V]-OO & A100 GPUS Accerator/GH 1 NVIDIA HOPPER H100, 96 GB HBMS3, 4 TB/S
200: X
« 10 CPU-only Skylake nodes Interconnect: Quad-Rail NVIDIA InfiniBand NDR200
+ H100 & GH200 test servers (6 nodes) e Vs

CPU-CPU(inter node) 200 GB/S

Yonghwi Kim | Sep. 18, 2025 EANAM10 | 15



Performance — OMP Scalability

Leading R&D Transformation ;2
with Aland HPC q

9000

8000

7000

6000

5000

x1.8

4000

Wall clock time [s]

x2.3

OETC

O Sinks

B Poisson

B RT

O Hydro

m Feedbacks

O Particles

O Refine

x3.7

x4.0

Yonghwi Kim | Sep. 18, 2025

4 8 16
# of OpenMP threads

32 64

Wall clock time [s]

4000

3500

3000

2500

2000

1500

1000

500

O Sinks
O Particles | |

2 4

8

16

32 64

# of OpenMP threads
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GPU Test | - RAMSES-DARWIN

Leading R&D Transformation 2
with Aland HPC q

* Physics parts : OpenMP = OpenACC

« HD solver (Godunov & interpolation)

« Cooling & Heating

* Test systems

» CPU server : KISTI Nurion KNL
 Intel Xeon Phi 7250 / 1 node / 68 cores
» Total 25.3 Pflops / 3.0 Tflops per node
* GPU server : KISTI Neuron A100

* AMD EPYC 2.8G 32x2 cores (5.6 Tflops)
« GPU: 4 x NVIDIA A100 (4 x 9.7 Tflops FP64)

Yonghwi Kim | Sep. 18, 2025

Wall clock time [s]

104

=
()
W

102

10

- | | I T
! Q- x~4
o N O
— h ~§“., ~~‘ ~~~~~ -
F Q. VvV Tl ®-_x-6 @
| | <> '~~__.
- B @-__ |
! - $ .
: i B
: -]
- | @ /< HD Solver — KNL / A100
- | @)/ C&H —KNL / A100
| ] ] ]
1 2 4 8
# of nodes or GPUs
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GPU Test Il — Performance

Leading R&D Transformation 2
with Aland HPC q

» Test environment; KNL, A100 (with AMD EPYC 32x2 cores), GH200

« nvidia_hpc_sdk/24.1;

cuda/12.3; gcc/11.4.1

103

T T T TTT1

102

Wall clock time [s]

10

x4.6

.

I

%xZ.S

DARWIN-3 sample

B KNL

Yonghwi Kim | Sep. 18, 2025

B eryc [ A100

DARWIN-2 sample

[ 1GH200

Wall clock time [s]

103

102

10

CUDA-Aware-MPI

@ /@//A\//A DARWIN-2 — KNL / A100 / /
B/O/Q /) DARWIN-3 — KNL / A100 / /
- ‘ ! ! -
B I ~‘ _
' ' e
-\ N‘::I\v
— TN~ —
SVAS e
a @ \‘A x~3 i
I -V ‘
O« @
B | | | |
1 2 4
# of nodes or GPUs
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GPU Test Il — Multi GPU Performance

Leading R&D Transformation 2
with Aland HPC q

« BMT cases in astrophysical environments
 Single galaxy (point mass) at the center of a cube with 1283 grids, AMR level varies from 27 to 212

« A galaxy cluster in 303Mpc cube with 5123 grids, AMR level varies from 29 to 216

1.E+02
E “®-Nurion - main ®Neuron - main @ JEDI - main
¢-Nurion - ini_phi -¢-Neuron ini_phi -#-JEDI - ini_phi
-Nurion - resi_cg - Neuron - resi_cg - JEDI - resi_cg
fr— .\
1.E+01 ¢
(@) F
o g \\\
2, i
g -
S
=z
O
L D G P Sy
T ——-a ~§ ........ R
é 1.E-01 L D A= §~- ................. P
O [ L O — TN A
; .................. S ¢
................. D G
1'E_02 S <
Point-mass
1.E-03
1 2 8
# of nodes/GPUs
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1.E+03 [

1.E+02 |

1.E+01 |

1.E+00

1.E-01

@ Nurion - main @®Neuron - main @-JEDI - main

¢-Nurion - ini_phi -¢-Neuron - ini_phi -¢-JEDI - ini_phi

‘\‘M‘“”g 4 JEDI - resi_cg
o—_

e
.............................. ‘
R
Galaxy cluster ‘
1 2 ! |
# of nodes/GPUs
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Summary

Leading R&D Transformation Q

with Aland HPC =

« In 2025,
« Dynamics parts
 Poisson solver: cg, mg = CUDA
X I/0O & Load balancing = OpenACC
* Physics parts
« Hydro solver = OpenACC

« Until mid of 2026,
« Dynamics parts
e Mesh structures (AMR build)
=> CUDA (partially OpenACC)
« PM = CUDA (partially OpenACC)
« [/O & Load balancing = CUDA
* Physics parts

* N-body / Tree / RT, Chemistry & etc.

= OpenACC (partially CUDA)
X All hydrodynamic parts = CUDA

Yonghwi Kim | Sep. 18, 2025

Initialization

Adaptive Mesh <

Refinement Build - CPU

o

Memory Allocation GPU
Load Balancing

CIC (cloud-in-cell)
Interpolation
-

uoneigaju) swil

Dark Matter Particle Positions

Density

Multi-grid Force

]
I| Force Calculation
: Calculation

Particles, Sinks(BHs)

Hydrodynamic

A

Gas Density Solver

1

1

1

1

1

: 1

1| Cooling & Heating q Feedback Processes
: * Creation(Stars)

i |

1

|| General Relativity | | Radiative Transfer | Thermo-Chemistry
1

1 I 1 1

L ]

Communication /
1/0

Cell Making,

A4

Time Updating

sa|npojn saisAyd-qns ui syied Aoy

DARWIN-2

® Force calculation of Sinks as BHs

® Light Sources Creation (Pop-III, Pop-II old stars)
® Metal-poor, seeds of BHs in early universe

® AGN activities with Super-massive BHs growth

® Mechanical Jet and thermal feedbacks

Force Calculation of
Sinks as BHs

Light Sources AGN Feedback
Creation - Old Stars Processes

Cooling & Heating

DARWIN-3

® Force calculation of Sinks as newly born STARS
® Light Sources Creation (Pop-II, Pop-I young stars)
® Metal-rich (Cooling & Heating)
2 Thermo-Chemistry
® Supernovae(SNe) feedbacks

® Mechanical and Thermal feedbacks

Force Calculation of Light Sources Creation
Sinks as STARs - Young Stars

SNe Feedback

p Thermo-Chemistry
rocesses

Radiative Transfer

[ cupa

[ ] Hybrid (CUDA+OpenACC)
[ ] OpenACC (partially CUDA)
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Leading R&D Transfi ion 2
Our Steps Towards to the Future g R T A o HPC

High Resolution Various Scale

Observations Various

Large-scale Cos-
mological Model

-> Big data

Various Research
Projects
Internal and

External

Collaborations
Next-generation
of HPCs

Upgraded
Analysis Methods

Parallelization

Thank you
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