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KISTI Supercomputing Center

 The National Supercomputing Center in Korea

* Provide computational resources and its support to R&D communities in Korea
* Nurion (KISTI-5): CPU system, Neuron: GPU system

e KISTI-6 production will start in 2023
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KISTI-5 Procurement & Deployment

"15.06 O Data Center Building constructed
’15.07.07 Q Approved from Preliminary feasibility study
"16.03 © RFland BMT Code release

'16.10~12 © 1%t Bidding

2 Bidding KISTI Facility PUE 1.35

Cray Inc. won the bid and Tech/Price Negotiation

'17.02~05

o
17.06~07 O
'17.08 O Contract finalized (49M USD)

Pilot system(16nodes) delivered

’17,12~’18_46 Main system delivery and deployment

18.05~09 © BMT, Functional and Stability Test
’18.07~10 O Early Access on Pilot system
’18.10~11 O Main system Beta service
. Cray CS500 25.7PFlops
'18.12~  © Production
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KISTI-5 Compute Nodes

@ The Largest KNL/OPA based commodity cluster System

Rpeak 25.7PFlops, Rmax 13.9PFlops

¢

Compute
nodes

8,305 KNL Computing modules, 116 Racks, 25.3PF

YV V VYV V VY

x4 DMI2 to PCH
36 Lanes PCle* Gen3 (x16, x16, x4)

"MCDRAM ||| MCDRAM  KNL

3TFlops Peak, ~0.2 Bytes/Flops, R EE
96GB (6x16GB) DDR4-2400 6 channel RAM, | el )
16GB HBM (460GB/s) Ij ool Bl o

1x 100Gbps OPA HFI, 1x On-board GigE Port S i

1x Xeon Phi KNL 7250, 68Cores 1.4GHz, AVX512

I €oc (embedded DRAM controller)
(integrated memory controller) -no( egrated 1/0 co

)

CPnl;;joer;ly 132 Skylake Computing modules, 4 Racks, 0.4PF

YV V VYV V

2x Xeon SKX 6148 CPUs, 2.4GHz, AVX512
192GB (12x 16GB) DDR4-2666 RAM

1x Single-port 100Gbps OPA HFI card

1x On-board GigE (RJ45) port
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KISTI-5 Storage System
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KISTI-5 OPA Interconnect

OPA Switch Group (Intel OPA, Fat-Tree, 50% Blocking)
#8

#1 #2 #7

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

Intel OPA 48P Edge Switch
X 277 (16Up/32Dow

\x fl ...... L. #Fzso ...... Q ~ R \ =3 #22 N
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AR MER 1EN B8N

Service Nodes
(Qty 23)

KNL Compute Nodes CS500 CPU-only Nodes CS500

v
(Qty 8,305=25.3PF) Oty 132=0.4PF)
DDN IME

«  1x Intel KNL 7250 - Burst Buffer IRIFERAS

X Inte « 2xIntel SKL 6148 80x OPA ExaScaler

(3.06TF_LOPS/node peak) _ (3.072TFLOPS/node peak) vorts 49xog§A

* 6x16GiB DDR4-2400 DIMM(96GIB) || . 124 16GiB DDR4-2666 DIMM(192GiB) .
°  IXintelORATEIGEREE - 1x Intel OPA 100Gbps HF! -
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2:1 Blocking OPA Interconnect

K# K# K# K# K# K# K# K# K# K# K#  K# K# K# K# ]I_(O%

1 2 3 4 33 34 35 36 65 66 67 68 97 98 99

K# K# K#
K# eoe K# K# K# eee  K# 01 102 LLIIPW

5 6 28 37 38 60 69 70 92

K# K# K# K#

K# K# K# K# K# K# K# K# K# K# K# K# 125 126 127 128

29 30 31 32 61 62 63 64 93 94 95 96
32 downlinks

32 downlinks 32 downlinks

32 downlinks

[
48port OPA Edge SW #1 486port OPA Edge SW #2 48port OPA Edge SW #3 48port OPA Edge SW #4

16 uplinks (2links x8)

°
16 uplinks (2links x8) 16 uplinks (2links x8)

//‘

16 uplinks (2links x8)

= —— =7

2 links to each
Edge SW

2 links to each
Edge SW

2 links to each
Edge SW

2 links to each
Edge SW

768port OPA
Core SW#1

768port OPA
Core SW#1

768port OPA
Core SW#1

768port OPA
Core SW#1
w/ 19x Leaf

w/ 19x Leaf w/ 19x Leaf

w/ 19x Leaf

2 links to each
Edge SW

2 links to each 2 links to each 2 links to each

e

16 uplinks (2links x8) 16 uplinks (2links x8) 16 uplinks (2links x8)

48port OPA Edge SW #26 48port OPA Edge SW #26 48port OPA Edge SW #26 48port OPA Edge SW #27 48port OPA Edge SW #27
4 (XX ) 8 9 0 1

15 downlinks

23 downlinks 15 downlinks 15 downlinks

115 116 117 118

S# S# S#
eoe

119 120 132

2 links to each
Edge SW

768port OPA
Core SW#1

w/ 19x Leaf

2 links to each

16 uplinks (2links x8)

Kit Kit oo Kit S# S# St# S# St# S# St S# S# S# St# S#

838 8(2)9 820 18 19 20 21 50 51 52 53 82 83 84 85

S#

S# S# oo S# S# S# eoe S# st oo S# S# S# *ee 110
1 2 13 22 23 45 54 77 86 87

St St Sk S#
S#S# Sk S#SES# s S# S SESESE )y g5 193 114

14 15 16 17 46 47 48 49 78 79 80 81

32 downlinks 32 downlinks 32 downlinks 32 downlinks

48port OPA Edge SW #261 48port OPA Edge SW #262 48port OPA Edge SW #263 48port OPA Edge SW #26
4

16 uplinks (2links x8) 16 uplinks (2links x8) 16 uplinks (2links x8) 16 uplinks (2links x 8)

2 links to each
Edge SW

2 links to each
Edge SW

2 links to each
Edge SW

K: KNL Compute Node (x 8305)

S: SKL CPU-Only Node (x 132)

V: Service Node (x23)

IME: IME Node (x40, 2x HCA/node)
LV: Storage Service Node (x 9)

E: ExaScaler Storage (x 40)

768port OPA
Core SW#1

768port OPA
Core SW#1
w/ 19x Leaf

768port OPA
Core SW#1

w/ 19x Leaf w/ 19x Leaf

2 links to each 2 links to each

Edge SW

2 links to each
Edge SW

16 uplinks (2links x8) 16 uplinks (2links x8)

48port OPA Edge SW #27 48port oPA Edge SW# 277
6

14 downlinks 13 downlinks

E# E#

18- 18-

16 uplinks (2links x8)

(YY)
15 downlinks

19-  19-




Category

Benchmark Performance Result

Features

# of nodes

Score

World Ranking

HPL

Large-scale Dense Matrix Computation
Used for Top500

8,174(KNL)
+ 122(SKX)

13.93PF

31st (Jun 2021)

HPCG

Large-scale Sparse Matrix Computation
Similar to normal user applications

8,250(KNL)

0.39PF

227 (Jun 2021)

Graph500

Breadth-First Search,
Single-Source Shortest Paths

1,024(KNL)

337GTEPS

1,456GTEPS

11% (Jun 2021)
4t (Jun 2021)

10
10
10
10
10
10
10
10

10500

Various |O Workloads

Certificate |5 HPCG

10-500 Performance Certification

NOVEMBER 2018
This Certificate is awarded to: I O (;"".}$13
Korea Institute of Science and Technology Information (KISTI) I O "
to be ranked #2 in the 10-500 E*;;
I O and PI.Lopfs
Iosoo Nov 2018 |O
o I O i e Bty Pt dmnsd
[ [

N N e .8 e 5%
http:Hio500.org/list/18-11/ I O R e @ ke

2,048(KNL)

282.45

500 CERTIFICATE

12t (Jun 2021)

Nurion

Korea Institute of Science and Technology

Nurion - Cray CS500, Intel Xeon Phi 7250 68C 1.4GHz, Intel Omni-Path
Korea Institute of Science and Technology Information, Korea, South
& ranke

amang the World's TOPS00 Supercomputers

n the Graphs00 BFS Ranking of Supercomputers with

on the 17th GraphS00 list published

or high performance cor

Congratulations from the Graph500 Executive Committee

Information
s ranked

1048.86 GE/s on Scale 37

mputing age and
analysis(SC'18). Dallas. TX on November 13, 2018
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e
Neuron

e GPU system in KISTI (1.24 PFlops in 2020)
— Intel Xeon lvy Bridge (IVY), Skylake (SKL), NVIDIA K40, V100
— 12 GB (K40), 16GB, 32GB (V100) GPU memory
— Mellanox FDR, EDR InfiniBand

e Extends system size in every year

— GPU servers with NVIDIA A100 in 2021 (0.93 PFlops)
— New storage in 2021

e Testbed for KISTI-6
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Performance Test on Nurion and Neuron
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-
Performance of Applications on Nurion and Neuron

* Preliminary feasibility study for KISTI-6

Prepare benchmark candidate and expected performance for KISTI-6
— Update performance results with recent MVAPICH?2 library
— Do similar performance test on Neuron if possible

Benchmarks
— OSU Micro-Benchmarks (OMB)
— NAS Parallel Benchmarks (NPB)

Applications
— Direct Numerical Simulation — Turbulent Boundary Layer (DNS-TBL)
— Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS)
— CosmoFlow

Experimental environment
— Intel Fortran/C++ compiler 19.1.2
— MVAPICH2 2.3.6
— NVIDIA CUDA 10.0
— MVAPICH2-GDR 2.3.4

®  Korea Institute of

1 2 CK iST l Science and Technology Information

uuuuu



OMB: Collective communication on Nurion
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13

For the verification of the MVAPICH2 2.3.6 installation
Collective communications on 2 — 2048 nodes (Message size: 64 bytes)
Similar performance compared to MVAPICH2 2.3.1
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OMB: P2P & Collective communication on Neuron

32768 262144 2097152

32768 262144
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osu_bcast osu_alltoall osu_allgather
1000 10000 10000
. __ 1000 __ 1000
El E) E
> = >
2 & 100 g 100
2 2 2
5 10 5 5
10 10
1 1 1
1 8 64 512 4096 32768 262144 1 8 64 512 4096 32768 262144 1 8 64 512 4096
Message size (Byte) Message size (Byte) Message size (Byte)
—8—MVAPICH22.3  —@—MVAPICH2-GDR 2.3.4 —8—MVAPICH22.3  —®— MVAPICH2-GDR 2.3.4 —8— MVAPICH22.3  —@—MVAPICH2-GDR 2.3.4

 P2P inter-node communications on 2 GPU nodes (V100)
e Collective communications on 4 GPU nodes (V100)
e Better performance on small message compared to MVAPICH?2
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NPB: NAS Parallel Benchmarks on Nurion

BT (Block Tri-diagonal solver) SP (Scalar Penta-diagonal solver) LU (Lower-Upper Gauss-Seidel solver)
60 30 40
50 25 ) 35
30
10 20
—— 25
= L — e
E 30 E 15 .2 20
20 10 - 12
= 10
10 5 5
0 0 0
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Nodes Nodes Nodes
—&— MVAPICH22.3.1  —8— MVAPICH2-X 2.3rc3 MVAPICH22.3.6 —&— MVAPICH22.3.1  —8— MVAPICH2-X 2.3rc3 MVAPICH22.3.6 —8— MVAPICH22.3.1  —8— MVAPICH2-X 2.3rc3 MVAPICH2 2.3.6

 Benchmarks are derived from computational fluid dynamics applications
 Experimental environment

— Evaluation on 256-1296 nodes on normal queue (cache mode)
— Problem Class = F (Grid size: 2560 X 2560 X 2560), strong scaling
— 1 OpenMP thread, PPN = 64, 16384-82944 MPI processes

* Performance evaluation

— MVAPICH2 2.3.6 is 3% - 10% faster on NPB benchmark compared to MVAPICH2 2.3.1
— MVAPICH2 2.3.6 shows better performance on the small number of nodes
— MVAPICH2-X shows better performance on the large number of nodes (XPMEM)
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DNS-TBL

e Direct Numerical Simulation — Turbulent Boundary Layer*
* Velocity solver and pressure solver (Application of turbulent flow)

Solve the continuity and incompressible Navier-Stokes equation
— Second-order finite difference scheme on the 7-point stencil
— Discretized into hepta-diagonal matrix in 3D, and broke into 3 tridiagonal matrices

— Transformed pressure Poisson’s equation into a single tridiagonal matrix by 2D FFT

e Optimized code for Intel® Xeon Phi™ Processor, Fortran, FFTW 3.3.7 library

@), : (1 + AeM )< (1 + Aed2 )% (1 -+ A ™ = RHS,
X / 4 U/ = i = N ok o
A L (1+46M;: You_"= RHS, (7 + 20 Pu,” = 6u (£ +4eM3, )ou™ = 6u;
- L $ ui—l/‘;m"?::f ------ 6u1,1,1) a7 (1,1,9) au™(1.1,1)
E; k — N 11 /:’/ .l .lek u, 1 Thead 0 1aur21,9) Thead 0 f 1 5u*(1,2,9) Teaddf |5m,12)
S =ENEN ' 9% i L Y 6uz(31,1) au°(1,3,9) au”(1,13)
< Turbulent boundary layer {/ u’”# Thead ] Jmu2y) i Twead { 15,7(2.1,1)
U . Veur22.1) wu22,1) 212) [
6ur'(32,1) 6u;(2,3,1) u"(2,1,3)
(b) From %riodic boundary condition Thread 2
64333 6u;’3.33) | 0u™(333) |
' o . au’"(1,33)
SO N I N \ 5(331) / e
N N Vs /& Thread 1
1 ) _-Thread 0 , o
. N \ & " ., s —Threa J J
D _ " v ) 3 " )_,\' Nou(113) ) 1_' N\, =Thread 2 _.)_'
I+, = (1+4M7) x ([+4iM3) % (1+4:m7) +0lAr?) =7 2% || Mhread 1 2%

KISTY st
* J-H. Kang and Hoon Ryu, Acceleration of Turbulent Flow Simulations with Intel Xeon Phi(TM) Manycore Processors (IEEE CLUSTER 2017) € sy 0ot Techmoony iomation




DNS-TBL: Experiment Results on Nurion

DNS-TBL DNS-TBL
300 300
250 0 250
= o
g 200 E 200
'_
= 150
F 150 2
- 2 100
v [+
(TN
50 0
0 64 128 256 64 128 256 64 128 256
0 50 100 150 200 250 300 MVAPICH2 2.3.1 MVAPICH2-X 2.3rc3 MVAPICH2 2.3.6
Nodes Nodes
—8— MVAPICH2 2.3.1 —8— MVAPICH2-X 2.3rc3 MVAPICH2 2.3.6 W Velocity(u) solver W Pressure(p) solver Update u & p Others

 Experimental environment
— Evaluation on 64-256 nodes on normal queue (cache mode)
— 8193 X 401 X 8193 grids, 800 Reynolds number, 10 time step, strong scaling
— 8 OpenMP thread, PPN =8, 512-2048 MPI processes

* Performance evaluation
— MVAPICH2 2.3.6 shows better performance on velocity and pressure solver
— Similar performance results on update velocity and pressure and others
— MVAPICH2 2.3.6 shows better performance on DNS-TBL
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LAMMPS

* Large-scale Atomic/Molecular Massively Parallel Simulator*

* Molecular dynamics simulator

 Rhodo benchmark: Rhodopsin protein in solvated lipid bilayer
e Pair, Bond, K-space, Neighbor, Output, Modify, and others

* Version: 3Mar20

*S. J. Plimpton et al., Particle-Mesh Ewald and rRESPA for Parallel Molecular Dynamics Simulations IGIST} foree mtiute o
MR

l ience an nformation
(SIAM Conference on Parallel Processing for Scientific Computing, 1997) L wwe Sclce and Teenalogy Informatio
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LAMMPS: Experimental Results on Nurion

Rhodo benchmark (10 x 10 x 10, 32M atoms) Rhodo benchmark (64 nodes, 64 ppn)
" 16 160
)
3 140
1]
E & 120
z 2 100
© 80
‘E __..;::::"'-’ - %
v T 60
s g
= < 40
) I I

B I h
0 10 20 30 40 50 60 70 0 ] | [ I o
Nodes Pair Bond Kspace  Neigh Comm OQutput Modify Other
—8— MVAPICH2 2.3.1 —@— MVAPICH2-X 2.3rc3 —8— MVAPICHZ2 2.3.6 B MVAPICHZ 2.3.1 B MVAPICHZ2-X 2.3rc3 B MVAPICHZ 2.3.6

* Experimental environment
— Evaluation on 2-64 nodes on normal queue (cache mode)
— 10X10X10 with 32M atomes, strong scaling
— 1 OpenMP thread, PPN = 64, 128-4096 MPI processes
* Performance evaluation
— MVAPICH2 2.3.6 is 1% - 5% faster on LAMMPS compared to MVAPICH2 2.3.1
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LAMMPS: Experimental Results on Neuron

Rhodo benchmark (8 x 8 x 8, 16M atoms)

18
16
14
12
10

8

0 1 2 3 4
Nodes

Millions of atom-timesteps
/ second

[T LN T )

—8—NVIDIAV100_1 —@—NVIDIAV100_2

 Experimental environment
— Evaluation on 1-3 V100 GPU nodes
— 8X8X8 with 16M atomes, strong scaling
— 1 OpenMP thread, PPN = 20 for CPU part

* Performance evaluation
— It shows some performance gain and scalability even in small problem
— Hard to fit large problem on V100 HBM memory
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CosmoFlow Benchmark on Neuron and Neuron

e MLPerf HPC v0.5

* Nurion: KNL 64-1024 nodes

* Neuron: 4x V100 1-4 nodes

* Network: 3D CNN

e Dataset: cosmoUniverse 2019 02 4 (2.1 TB)
 Local batchsize: 1, 4

elu

ropout + leaky relu

3

o
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Co
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1
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CosmoFlow Benchmark CosmoFlow Benchmark

:
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* A. Mathuriya et al., CosmoFlow: using deep learning to learn the universe at scale IGIST} foree mtiute o _
. . . . . Science and Technology Information
(International Conference for High Performance Computing, Networking, Storage, and Analysis, 2018) (s




e
Conclusion & Future Plan

* Additional performance improvements with MVAPICH2 version upgrade
— There was performance improvements due to MPlI communication improvement.
— It could be reflected in the performance prediction of KISTI-6

* Neuron on MVAPICH2-GDR

— Due to the system scale, MPI communication performance has less effect on the application
performance compared to Nurion.

— Additional experiment will be proceed after the system extension is completed

* Prepare benchmark candidates for KISTI-6
— HPC in-house codes are quite difficult to test due to program porting issues

— Although HPC application has been ported to the GPU, there is a limit to performing large-
scale tasks due to the GPU memory capacity

— ML applications is already good fit to GPU system
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