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20234F E AR (1/3)
_

HERUEE 3.24 EXAScaler
AIST JbPETSAILED IO 45— 17.62 EXAScaler
AIST JbimEtr> 45— 5.96 EXAScaler
& 0.18 EXAScaler
HERUEE 1.28 EXAScaler
RS 3.24 EXAScaler
EASEEES 0.62 EXAScaler
JAXA 3.84 EXAScaler
RAET 0.94 96.96 EXAScaler
EERmE 0.9 EXAScaler
REPKRF 4.23 EXAScaler
HIBHEES 14.75 EXAScaler

REEsER 1.08 EXAScaler
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B NVMe%I!&‘E(PB) HDD¥IEEE(PB)

HIBHmiEE EXAScaler
EZ B EERTE> Y- 0.98 EXAScaler
SRR 9.95 EXAScaler
NEC 1.47 9.2 EXAScaler
NICT 0.71 30.6 EXAScaler
E I RIBAITAR 10.0 EXAScaler
SRR 53.2 EXAScaler
RRIEE 1.6 EXAScaler
OIST 9.12 EXAScaler
RRIEE 0.9 EXAScaler
HIBHmiEE 0.18 EXAScaler
34 Spring-8 0.16 28.76  EXAScaler

I8 R 5.38 EXAScaler
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IR F05¢ 12.96 EXAScaler
2 BDR 2.99 EXAScaler
RIEKRF 9.05 EXAScaler
BRAF HGC 13.53 EXAScaler
BIRAZF ARIM 4.01 EXAScaler
RS 0.99 EXAScaler
HEBEgESE 0.74 EXAScaler
HEMAFARE 0.13 EXAScaler
HERAFAE 2.52 EXAScaler
HEiRFTHES 13.6 EXAScaler
EXZ 1.47 25.5 EXAScaler
RS 6.2 EXAScaler

=13 27.5 PB 384.7 PB
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EE N NVMeMﬁE(PB) HDD#IEEE (PB)
UMK 73.4 EXAScaler
NICT 49.3 EXAScaler
RRAZF HGC 10.56 EXAScaler
R REHFTHLES 1.47 EXAScaler
HEBEghESE 1.47 EXAScaler
HEiRFTHES 6.0 EXAScaler
HiEs 0.74 EXAScaler
HIBHBEE 0.09 EXAScaler
REPKRFE 1.16 EXAScaler
HEiRFTHES 0.19 EXAScaler
LSS 0.22 EXAScaler
RS 0.32 EXAScaler
JCAHPC OFP2 10.0 EXAScaler

=13 14.7 PB 142.9 PB
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5 INA XD TB Hiffi & TLCSSD D RABE
TLC SSD , 15Krpm SAS , 10Krpm SAS
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FINA ADTBH{Hi &£SSD TLC D RABE
TLC SSD, 15Krpm SAS , 10Krpm SAS
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= 2023£ NL-SAS %# 1 ¢ULEIZED
NL-SAS HDD vs SSD Price Sl i
6
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HDD SSD SSD
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HDD vs SSD jH&EE
HHOYARYID Maxiil z{ER
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HDD vs SSD #ip&E3 HDD O#fER% 1 LLEIBAD

HDD vs SSD &3
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HDD (e, SSDIE. #J 82 % fiPESRHYKLN

(¥ 1/5 12E) 0.8
HDD (3 FIREFENCLDEPE RN EN'SAEmNCH
Bh. SSD (& &30 ofAEmIdE BN

SSD OEEAHLIENRE TIHRUIEHRL
TETEDEAREDZENIHD

20194 ~20234 HDD (% SSD KI18fE0AL
ZEA 0

o

.6

o

4

HDD SSD



DDN $#an Update

Roadmap
QLC Storage

ddn



o don ‘A COMPANY
SFA Platforms Roadmap

..2022 Q4 2023 Q4 2024 1H 2025

PCle Gen 4, HDR/200G IB Block (iSER) NVMe-oF™ 200NVX2 SAS4 NVX3
=

SFA200NVX2E SFA400NVX2 SFA400NVX2E SFA200NVX2(E) NVX3
24x NVMe slots 24x NVMe slots, HDR 1B 24x NVMe slots 24x NVMe slots DDRS. PCle G5
HDR / 200GbE E: d: SAS4 HDR / 200GbE E d: SAS4 !
g KOED. bl d/: R R NDR / 400 GbE / OPX 400
SFA400NVX2E
24x NVMe slots
HDR / 200GbE

Expand: SAS3 / SAS4 il e

SE2420
24 Bay NVMe-oF
Expansion Enclosure

ss0024.

SS9024
90 Bay SAS4 JBOD
(24G SAS)

ev. I
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- DDN EXAScaler QLC Flash Solution -

- Single Port QLC Flashz24A$E&AIgER I >I0— > v 2 A SEFEHT
- SEIEFMRIRTHD. BAIEOTIRENAED

DDN ES400NVX2/AI400X2
All Flash EXAScaler J71 L2 A7 L% 2RU THgfit
90 GB/s Read, 65 GB/s Write ZJL—Jwyhk
3M IOPS
YPIB 700TB%Z#E X% TLC Flash =

AM1YFL AR Ethernet FabricZigmk
AL TIRIERER NVMeoF %12t
B —[EESORNE DR TR

DDN SE2420

«  NVMeoF Flash #iisRI>I0—->+

2RUT 720TB LI LiB& oI geRE ==k

4 I>J0->v4ER% T 2.88 PB @ Flash &=%5E17(30TB QLC /)
IOM_E(ZSwitch ChipZz#a&kid dEmbedded Switching Fabric
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- QLC Y ATA AI—=TvMNHEEE -

FIO (EXAClient, 100% Sequential, O_DIRECT, 4 x VM,
41/MR=1, 1 x Pool, 8 x VD)

2 I>/0—-SviirOEaE

TP AE F < 100
Pt 2 m Write m Read
- 41 x QLC R31J 80
© 2 I2I0-JvOIIVERET (48%K) @
LRI DEEE s
2 40
I/0 )X5—=> A=y MERE . 20
Max Read 86 GB/s J
0 _-
Max Write 70 GB/s 128k 1024k 4096k 16384k

10 Size(Byte)
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- QLC SAT A FUHLTF IR %HE -
FIO (EXAClient, 100% RandomRead, O_DIRECT, 4 x
VM, 41/MR=1, 1 x Pool, 8 x VD)

2 I>H0-SriEmotas

A<
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e 21)’7D—>17®7M§$!iﬂ% (487%K) o
EEZ0lER:1E )
s
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- AI400X2 QLC Configurations -

TLC NVMe Drives 24 24 24 24
Max Capacity 732 TB 732 7TB 732 TB 732 TB

QLC NVMe Drives 48 96 120
Raw Capacity 2.9PB 5.9 PB 7.3 PB
Useable Capacity 2.3 PB 4.7 PB 5.9 PB
Effective Capacity* 4.7 PB 9.3PB 11.7 PB

¥ S5T > OO—JviBRISIREEF TH D
HiRk— MURWETREERD

'3 X1 Effective Capacity : EXA6 Client-Side CompressionZFIfH UTEIB & DB S



0O daon

)JATA COMPANY

Machine Learning is Write and Read Intensive

- Analysis of over 23,000 Machine Learning Jobs

Chemistry

Number of Read Calls

iM-10M | 10M-100M

100M-1G

Number of Write Calls

8.63E+05

922.12
1135.22

Comp.Sc.

5.14E+06

421151.22

Earth Sc.

5.57E+05

Fusion

Engineering

Mach.Learn.

4.67E+05

24435.34

80.81

3.90E+05

28126.52

70.07

1.98E+06

6.93E+04

5.49E+05

2.05E+03

1.62E+03

Materials 5.33E+06 7037.46
Physics 1.50E+07 1004.92
Average Number of Calls per Job
| Writes | ' Reads
= <1M Read = 1-10M Read = 10-100M Read = 100M-1G Read
2023 Characterizing Machine Learning I/O Workloads on Leadership Scale HPC Systems = >1G Read « <1M Write = 1-10M Write = 10-100M Write

https://arnabkrpaul.github.io/publications/mascots21.pdf

= 100M-1G Write = >1G Write
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Average Number of Calls per Job

|
= <1M Read = 1-10M Read = 10-100M Read = 100M-1G Read = >1G Read
= <1M Write = 1-10M Write = 10-100M Write = 100M-1G Write = >1G Write
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