KISTI 7+ ARE 5=27|

Ol O] S
H = =20
SRS ATY BAATHEY R
Zt 2| &, jhkang@kisti.re kr

16 May 2018, 7HArIR}2 Jjeraie

A [e) A
-rEél T-IE-'ET

KNS Spring Conference


mailto:jhkang@kisti.re.kr

FIHE RS AH| AME]

37| EHTLHE

CHEZHIO|E 5 2 AHIE]

kBT | SALO|H QFH HIE

| AkTrEtS R MIE]

A MapstEHZE

HEFEZHEHE

#LZFY LS CME]




aw KISTI I ZAFE HAL

15t Supercomputer in Korea | | 15t Large-scale cluster in KISTI | 0]

Aem— A ON
W‘". * EE
ﬁo < =
Cray-2S Cray T3E _ ‘dﬁ
1988.11 ~ 1993.1 g .
1997.6 ~ 2002.12 PLUTO(128cpus) IBM e1350 cluster (512cpus) 5;‘3" oc7428cﬂlrl§:fr 5[32 s cluste‘)r
2002 ~ 2008 2004.1 ~ 2008.9 s 600 cores
- 9~ 2010.2 -

Gommodity Gl USterasystems

Cray €90
1993.11 ~ 2001.5

NEC SX-6
2003.2 ~ 2009.9

NEC SX-5
2001.5 ~ 2008.9

HP SMP IBM p690 (4nodes) IBM p690+ (17nodes) IBM p595 (10nodes) IBM p595 (24nodes)

20005 ~ 2002.1 ~ 2008.9 2003.7 ~ 20089 2008.1 ~ 2009.10 ~
SIVPXGIIStErSYstems

1997 2000 2001 2002 2003 2008 2009
131GF 242GF  786GF 5.2TF 8.6TF 29.9TF 360TF

1988
2GF

1993
16GF

| 15t CAVE in Korea

| High-end visualization |

CAVE & SGI Onyx3400 Visualization Cluster HP visualization cluster

2002.4 ~ 2004.10 ~ (892 cores, 109 GPUs)
2008, ~
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(u—: Current KISTI-4 system, Tachyon Il, was procured in 2009 and served for 8 years.

E———

2011 2012 2013 2014 2015 2016

Ranking of Tachyon2 in Top500

1 l ll @ Tachyon | (retired)

IBM p595 (5.9TF)
2007.9 ~ 2015.12

(8.4 years) IBM p595 (30.7TF)
20096 ~2015.12
(6.7 years) Sun C48 (28.2TF)
2008.1 ~2016.4
(8.4 years)

Sun C48 (300TF
Tachyon2 had been ranked 14t in Top 500 of Nov. 2009, unzoogfg ~ :

but was out of Top 500 rankings in 2016. (8.5 years)
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Operating cost beyond the residual value Increase of replacement due to hardware failure

100 §o
50
_80 N | 2
S . Residual value E 40
260 | | S =
= £ o\°30
> g~
© (°}
540 a
3 Yearly § o
ol operating 10

cost

Infiniband
Cable

] Storage
Disk

Increased waiting time due to limited resources Insufficient infrastructure supply to demand

Memory Others

—_ —_
N (6]

(Vo)
Pflops

Waiting hours
(o)}

Universe
and
origin

Earth Manu-

Bio,
medical Science facturing
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High speed computing network (>100 Gbps per node)

=2
=

=
=

II I CPU I I 2-socket III I 2-socket
II (+accel.) CPU III CPU
Burst buffer I Burst Burst Burst
=0.8PB buffer buffer buffer
>=0.8 TB/s
Storage
>=12 PB,.
>=300 GB/s
r I
IB EDR datamover (Optional)
| | |
Policy Engine Datamover [ ¢ ¢+ ¢ | Datamover
| | |
Space <= 1,500 m? Storage network (SAN/Ethernet/IB)
Power <=8 MW )
7 hY
Disk cache Disk storage Tape storage
8
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’15.06 » Building construction completed

’15.07.07 » Preliminary feasibility study approved

’16.03 » RFl and BMT announcement

’16.07 » RFP and transfer to PPS (5 EE)
16, 10~12

'17.01

» Bidding

» Failure in bidding and RFP modification
'17.02~05
'17.06~07

’17.08

» Bidding

» Cray winning bid and negotiation
» Contract (49M USD)

‘17.11 » Pilot system(16nodes) delivery completed
17.12 » Main system delivery started

'18.01~02
18.03~04 » Software installation and system setup

A T . , Performance: 25.7PFlops
18.05~06 ¢ » BMT verification and system inspection

’'18.07~09 9 » NOA and early access 9

» Main system construction

O 0 QO OO QOO0 === =0




10



Main System
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Compute Node (Cray CS400 — 8,304)

Pilot -> Testbed

Compute
Node

.J

J 000

[ ] \

|

000|

+ 1 x Intel KNL (3.06TFLOPS/node peak) « 2 x Intel SKL 6148 (3.072TFLOPS/node peak)
* 6 X 16GiB DDR4-2400 DIMM(96GiB) * 12 x 8GiB DDR4-2666 DIMM (96GIB)
+ 1 x Intel OPA 100Gbps HFI » 1 x Intel OPA 100Gbps HFI

CPU Node (Cray CS500 -132)

Intel Omni Path High-Speed Interconnect

Intel Omni Path Network

| wos || mos | | oss || oss |

LSJ Burst
Buffer

_——

/Home

MDT
MDS MDS |

/Home: Usable 625TB
/Apps: Usable 625TB

[Apps

Usable 20.37PB .
M

Tape Storage

10PB Size

| MDS || MDS | | 0SS eeal 0SS | | MDS || MDS | | 0SS | ees | 0SS | |DataMover 000 DataMoverl Management
Scheduler
e - —
W - | FC Storage Network |

Cloud
Fabric

Login

Vaccine

Kernel Dump

L

Multi-Purpose
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Theoretical performance 25.7PF = 25.3PF CS400 (KNL) + 0.4PF CS500 (SKL)

Ccmfj‘;t;"g Cray 3112-AA000T(2U enclosure), 8,305 KNL Computing modules

1x Intel Xeon Phi KNL 7250 processor
96GB (6x 16GB) DDR4-2400 RAM

YV V VY VY

( C';g;gs"y Cray 3111-BA000T(2U enclosure), 132 Skylake Computing modules

2x Intel Xeon SKL 6148 processors
192GB (12x 16GB) DDR4-2666 RAM
1x Single-port 100Gbps OPA HFI card
1x On-board GigE (RJ45) port

YV V VYV V
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20PB SFS@300GB/s, 10PB Archiving i

> Global scratch: 20PB, 0.3TB/s

(DDN ES14KX 9ea, 360 x 8TB disk each)
» Home and application directory 1PB
» NVMe Burst Buffer: 0.8PB, 0.8TB/s

(IME240 40ea 19 NVMe SSD each)
» Cray TSMSF and IBM TS4500

Compute

—
Burst Buffer —
40xIME240 —
800GB/s,800TB @
Raw » ~-
V—A@ _‘ e
== »> = BETES
= = — = Scratch =
¥ 7§ ==
= == 300GB/s, 20.3 PB — |
=== R i
"’l' ili ::I'f P'] iL '!’_'4 {I —
— = = . =
gement
E= Home & Apps Scrawch B ServelS o =
=== ES14KX Metadata Home & Apps S ak
i‘;;cxas/ Over 1 PB Metadata
I oPA
— R A [E—
- a1x 2x MDS
= . =
e - S NLsas 960
OSS/OST MDT 95
DDN ES14KX + DDNSFA7700X SSD

> Intel OPA High-speed interconnect switch
274x 48-port OPA edge switches
8x 768-port OPA core switches

» Bandwidth: 12.3 GB/sec

» Bisectional Bandwidth : 27 TB/sec

» 10716 BER(Bit Error Rate), Adaptive routing

(Qty 8,305)
DDN Lustre
- 1xIntel KNL (3.0 . 2 xIntel SKL6148 oot S
peak) (3.072TFLOPS/node peak) A A

- 6 Xx 16GiB DDR4-2400

+ 1 x Intel OPA 100Gbps HFI

z *\ = z,;x\ b ”
m N
RDHXx
Cooling DDN IME
Burst

- 12 x 16GiB DDR4-2666 DIMM
(192GiB)
- 1 x Intel OPA 100Gbps HFI

rts
DIMM(96GIB) -

13
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@ Enabling cost-effective high-performance computing

Unique features of Knights Landing

TILE e CHA

- Many-core with low-clock speed 1w
— 68 cores with 1.4GHz (7250 processor) i

- High-bandwidth memory(HBM)
~ 16GB on-chip memory with ~400GB/s

- 512bit vector unit
— Processing 8 double-precision calculations simultaneously

36 Tiles
connected by
2D Mesh
Interconnect

VMrEMZZ2>IN AJ00 W

misc

- High theoretical peak performance \m;

W i I
. MCDRAM Package MCDRAM MCDRAM
— 3TFlops per processor, twice of 20-core SKL processor T T —%

But...

- Smaller size of L2 cache per core
~ 0.5GB/core, half of SKL processor, 1GB/core

- No L3 cache
- Insufficient amount of HBM, 0.23GB/core

14



& Knights Landing 45 ™7} _

KNL testbed Tachyon2

Number of nodes 16 Number of nodes 3200
Xeon Phi KNL 7250, Xeon Nehalem X5570,
Processor model 1.4 GHz, 68 Processor model 2.93GHz, 4*2
cores/node cores/node
On-package HBM 16 GB/node
96GB/node, DDR4 Main memory 24 GB/node, DDR3

Main memory (16 GBx6 channels)

Intel Omni-Path

Interconnect Architecture (OPA) Interconnect Infiniband 4x QDR
Theoretical Theoretical

3TFlops / node
performance ps / performance LG lete e

KNL mode

- Cluster mode : Quadrant mode
- Memory mode: Cache mode / Flat mode (HBM and DRAM)
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High Performance Linpack

. ——— Theoretical f 20l I Cache mode
| —&— Cache mode ! Flat mode(HBM)
| —&— Flat mode(HBM) 60 F M il -

10%}

Efficiency(%)
w B
o o

Performance(GFlops)
S

—_
o

o

103

1.00 e .1.c.)1 . . . -
Number of nodes L Number of nodes

Cache mode and flat mode with HBM show almost same performance

1.8TFLops / node is obtained for both memory modes

Efficiency, the ratio of measured performance to theoretical performance is ~60%

16
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High Performance Conjugate Gradient

— Theoretical : I Cache mode
5 [—8—Cache mode ' [ 1Flat mode(HBM)
@ 107 f—o— Flat mode(HBM) 2t [ Flat mode(DRAM) 1
o —— Flat mode(DRAM) 1 - _
S 10% k S
] 9
c )
2 10° S 1
S L]
L 102 0.5} H JH H -
1 — i . 0 11 |
10 10° 10" 1 2 4 8 16
Number of nodes Number of nodes

HPCG performance is much lower than theoretical performance: ~51GFlops / node
Efficiency, the ratio of measured performance to theoretical performance is ~1.7%

Cache mode and flat mode show quite large performance difference = HPCG highly
depends memory bandwidth.

17
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Other Open-source
3.9%

ConjGrad
8.5%
CEUSSE
Gromacs .0%
3.9%

.l% I..

1.5% Agri 2. 1fV RAMSéﬁDGEm Quantum Espressd_LAMMPS
1.8% % 320 3.2% 3.3%

- Top10 applications occupy ~61% of workload

Other commercial
7.2%

MITgcm Other in-house
0.3% 14.8%

CFX
0.4%
WRF

0.5%

MFDn

0.6%
Gadget_/

FHI- AIMS
0.8%

ECHAM6
0.9%

CP2K
1.1%

- Top20 applications occupy ~72% of workload

18



Electron structure of [PdCI4]2-,
88 electrons and def2-TZVP basis set

Gaussian

Quantum
Espresso

Gromacs

LAMMPS

WRF

OpenFOAM

Sparse linear
algebra

Sparse linear
algebra

N-Body

N-Body

Structured grids

Structured grids

Quantum
mechanics

Quantum
mechanics

Molecular
dynamics

Molecular
dynamics

Weather
modeling

Fluid dynamics

Electron structure of gold supercell,
112 Au atoms and 800 bands

Solvated Alcohol dehydrogenase(ADH),
134K ADH and 1,563K water atoms

Rhodopsin protein in lipid bilayer,
616K rhodopsin and 407K water atoms

Regional model for east-asia,
1501 x 1201 grids and 25 vertical layers

Lid-driven cavity flow, 80x32x32 grids

19
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a» 7{CH=A| Al - Capability computing

O

|

Exaflops Large-Eddy & -

Simutation (LES)

adfet

Sub-Model B
Petaflops  Development w“\&s
Direct Numerical Methy!
Teraflops  simutation ONS) eor JOR =
oo . Methyl
. Eluu-:xg, le'vv:\fwlfv Mdb Butancate N
Gigaflops  Fleme Simulations ) A Turbulent Flame
Butanol Experiments
Quantum chemical
\ i < \
Kinetics Simulations \(J\'t‘h Di-methyl Ether ")
W
o Ethanol Mechanism Validation
Experiments
Ethylene ,Sh N N
Slethone Laminar Flame/ignition
Syngas Experiments "
y Hydrogen \ Chemical Kinetic \
¥ e q Experiments 0 4
';!’-,':7.'
705
¥
& LK
=
WK Y
% - ¥
,éz SRS
oy .

 FullFarth

Turbulent transport
tokamak model

Global MHD
tokamak model

4 b Simulator
10 {Japan)

"~

10
= Cray C90

Effective sustained speed in equiv. gigaflops
=

100 = Cray P ’

1980

1000 NERSC
[*— SP3 processors

16 processor

. "L"_érge"ﬂ
~present.day
”.-experiments

;ﬁéll present-day

i | experiments

rning

Plasmas
(ITERFIRE)

1990 2000

2010 7?7

Calendar Year

g3t

21AIetS

CAMS5 25-km sjAtE B 30t A|E2{|0]M £l
-> 100 TB H|O|E{ At=
-> 21215 7|4 O[HIE EtM T Q
(NERSC CORI &£ 15 PF A% St 2017)
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