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NVMepEBARE (TB) HDD¥®E A £ (PB) 77ANWVVRAT LA

ERiE 67.00 | EXAScaler
AT 59.60 | FEFS

REBKRZE 40.00 | EXAScaler
RRERAPIEHREL L %2 — Ipomoeall 34.40 | EXAScaler
ERREEE 24.90 | EXAScaler
ERiE 19.58 | EXAScaler
NEC 1474 18.43 | EXAScaler
NICT UCRI 88 12.90 | EXAScaler
KK Pegasus 9.60 | EXAScaler
RRAKZEXEWRAR 6.10 | EXAScaler
E#R-CCS 5.00 | EXAScaler
FHeEE 3.33 | EXAScaler
RERER 3.20 | EXAScaler
IR AIP 2.98 | EXAScaler
IERf CBS 2.98 | EXAScaler
RERER 2.56 | EXAScaler
FEREREMARFR 2.40 | EXAScaler
ERiE 2.34 | EXAScaler
ERE{fE 2.30 | FEFS
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NVMepEBRE (TB) HDD#¥®& = (PB) Z77ANVYRT A
RE&ER 1.80 | EXAScaler
FREEMRRFR 1.58 | EXAScaler
OIST 1.50 | EXAScaler
RERER 1.28 | EXAScaler
RERER 1.20 | EXAScaler
RERER 1.00 | EXAScaler
RERER 0.86 | EXAScaler
REF 0.85 | EXAScaler
NAIST 0.84 | EXAScaler
RERER 0.80 | EXAScaler
FEr 0.70 | EXAScaler
RE&ER 0.63 | EXAScaler
ERiE 1000 EXAScaler
RERER 737 EXAScaler
RE&ER 368 EXAScaler
JAXA 350 EXAScaler
ERiE 177 EXAScaler
EER{LE 135 EXAScaler
EBESEEHE 76 EXAScaler
&t 4.41PB 332.64PB
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NVMe#pEBARE (TB) HDD#®E&E (PB) 774NV AT A
X4 944 91.30 | EXAScaler
FHeEE 53.20 | EXAScaler
NICT Cinet 706 30.60 | EXAScaler
A Spring-8 154 28.50 | EXAScaler
AISTILEET S 2L DK Y £ > & — (RFF) 17.00 | EXAScaler
RRAFHGC 16.00 | EXAScaler
FHerEE 8.92 | EXAScaler
AIST 5.97 | EXAScaler
RitKZE 5.90 | EXAScaler
RRERAKE 27U T7NAERY Y —FE>» %2 —(ARIM) 4.00 | EXAScaler
REF 2.98 | EXAScaler
RERER 460 1.62 | EXAScaler
EREMHZEXE 1.60 | EXAScaler
RERER 1.20 | EXAScaler
B EEEMEZ > 2 —(NCCHD) 1.00 | EXAScaler
RERER 737 EXAScaler
REPKRZE 4000 EXAScaler
&t 7.00PB 269.79PB
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New “X2” Platform
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ES200NVX2 ES400NVX2

e -

T EE

Class / Controller

2U All NVMe Platform, Active/Active Dual Controller

CPU

2x lce Lake CPUs

4x Ice Lake CPUs

NVMe

24 Drive (PCIl Gen 4)

NVMe Performance

~45GB/s{ k, 1.5M IOP/s

~90GB/s, 3M IOP/s

HDD

N/A Max 900 Drive (10x SAS4 90Slot Enc)

HDD Performance

N/A

~80GB/s

Connectivity

HDR IB (200Gb/100Gb) (47— F)
Or 100/200 GbE (47R—})

HDR IB (200Gb/100Gb) (87 K— F)
Or 100/200 GbE (87K—F)
{24 F5F : NDR200 IB (87K— F)

© 2022 DDN
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NVMe Slots 24
Capacity 732 TB

$59024 qty 2

Slots 180 NVMe Slots 24
Capacity 3.2PB Capacity 732 TB
559024 NVMe Slots 24
aty Capacity 732 TB
Slots 360
Capacity 6.4 PB 559024 qty 5

Slots 450

Capacity ~ 8.0PB NVMe Slots 24

Capacity 732 TB

$S9024 qty 8
100% NVME without use of SAS expansion is also supported. Slots 720 NVMe Slots 24

Capacity is maximum raw device capacity based on 30TB NVMe flash and : Capacit 732 TB
18TB SAS HDD. SAS SSD (up to 30TB) can also be used in $59024. CapaCIty Lelre P Y
559024 gty 10
Slots 900

© 2022 DDN Capacity 16 PB 1
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2x DC

S$S90247 4+ RV TV A=Y v, 0OEXDF 74 72 NARRLSEEX b Up to 90 3.5” HDD
L= /A—Y % TY, SSD. SASOEEF 74 7% BIERRETH Y. 1/0
NRRHLEHTAVER—FV FHPRRIELENTEY X7,

2x ESM

5 Independent
Fan Modules

Rail Kits

Kmittx
Yy— 4U / 90 Drive
Z2Ay MK 90 (3.5inch/2.5inch)
IOEYa—b 2x I0EY 2 —Jv, SAS4(24Gb)

4x 4lane SAS 24Gb Mini SAS7K—F/I0OEY 22—

MiEFZ747 SSD, SAS, NL-SAS
RE7 7~ S5x BHE7 7~
BiR 4 x 1300W TREIF (2+2)
Ty FR7y THREBSE FZ47. BR. 5877~
LCD Display Status, Power, Environmental Monitoring
LED Power, Status, Monitoring, Drive Activity

© 2022 DDN 11



SFA Drive Lineup
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NVMe (STD/SED)
(up to 15TB) gen3

SAS SSD (SED)
(up to 30TB)

SAS 10TB

SAS 14TB

SAS 18TB

© 2022 DDN

..2021 Q3 2021 Q4

NVMe (SED) NVMe (FIPS)
(up to 15TB) gen4 (up to 30TB) gen4

SAS SSD (FIPS)
(up to 30TB)

2022 Q1 2022 Q2 2022 Q4

NVMe (SED) NVMe (FIPS)
(up to 30TB) gen4 (up to 15TB) gen3

NVMe
SAS
SAS SSD (SED)
Flash
HDD

SAS 20TB SAS 22TB

eV
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ES400NVX2 Flash Performance O ddn

ES400NVX and ES400NVX2

40 x EXAScaler(Lustre) Client IOR(FPP, 10size=64m, ODIRECT=1)
1 x Gold 5218 90
96GB DDR4(2666MHz)
1 x IB-HDR100
Cent0S8.1 (4.18.0-147.e18.x86_64) 80 m Write
Mellanox OFED-5.1-2.5.8.0
70 ® Read
o
...... é 60
)
IB-HDR100 9_ 50
N
)
S 40
3
IB-HDR200 £ 30
o0
ES400NVX2 20
DDN EXAScaler(Lustre)
_ 4 x VM(0SS/MDS)
: 20 x 3.84TB NVMe 10
4 x IB-HDR200
0

ES400NVX ES400NVX2

© 2022 DDN 13



ES400NVX2 HDD Performance O ddn

ES400NVX2 SAS4 HDD Performance

80,000
mAN—=T b 70,000
70GB/s%H#BZ % AIN—Ty hIEEE ©
60,000 o
S
50000 3
=SB EER £
. - 40,000 5
5 DOES400NVX2T20PBIC B 5 ER =
BT ieft 30,000
20,000
251 BB A R
= UL eI R 10,000

TV —vaviiwlc, K747

H1-1)1T0MB/s%# B2 27 714 R I ——ee ey

T LL AL DOMREMNR % RI] 2 4 8
Enclosure Count
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DDN EXAScaler QLC Flashy ) 2 —> 3 ~

« QLC FlashZ24AEEHAgeR T o 0 — v 2 R RARES(20234%&H)
o 2024F|ChT v —YvEEREYR—MNFE

DDN ES400NVX2/Al400X2

All Flash EXAScaler7 7 4 JLY R T L% 2RU TR
90GB/s Read, 65GB/s Write X )L— T k

3M IOPS

T00TBZ# Z ATLCFlash& &

A A v F L A% Ethernet FabricZ &Rk
S EE TIEEIE L NVMeoF 124
BE-EBEADLHVTEELEREER

DDN SE2420
¢ NVMeoF Flash#isdR T >/ O—T+

e 2RUTT20TBUL L BEHAIREL S & EHE K

« 4T O— v iERT2.88PBAOQLC FlashBE #E18

« 10M_E[ZSwitch ChipZ &9 $Embedded Switching Fabric

© 2022 DDN 15
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SE2420 : ES400NVX2 NVMeoF#nsk > 7 A —3

- DDNHRRET 2 5ZBEQLCZER L 7= L WNVMeoF{iskRT /70— ¥
o BARATY 7 O— viER(2023)
o ERASBI VI O—¥iERK(2024)
o 245TvoO—YviEBREYR—FFE

Real-Time, Many-Core RAID
Engine

Full Implementation of Real-Time
Storage OS, Interrupt-Free;
Massively Parallel /0 Delivery
System

High Density Flash

24 QLC SSDs per enclosure
30TB initially, moving to
60TB

Parallel multi-channel
rebuilds

Super fast rebuilds for large
SSDs

© 2022 DDN

ReACT Cache Management

Real-Time I/0O Data-Aware Cache
Optimizer, Small I0s use Mirrored Battery
Backed Cache (Write-Back), Large &
Streaming I/Os Dynamically use Write-
Through

No Single Point of Failure,
Zero Midplane Design

No External Switching - Storage
Fusion NMVe Fabric
Highly-Over-Provisioned Backend
RAIDed Fabric Withstands Failures of
Drives, Enclosures, Cables, etc

Data Protection on disk
T10 Pl Type 2

16



DDN NDA ONLY - CON3E3'IJ—\L
SE2420: NVMe Device = Ethernet Fabric n

Ethernet Switch Chip on IOM
g SE2420

VIR —MQLCR T4 7

.....

S 25Gbps Ethernet

Interposer converts 1x4
NVMe to 2x 25GbE

© 2022 DDN 17



SE2420 - Front/Rear View

Power,
health,
locator

LEDs

Fan/PSU ‘

© 2022 DDN

24 U.2 QLC Flash Drives

__ SwitchModuleA

T ===l

~___ SwitchModuleB
N — = _

+ ]lg [;[:[HEHE:

QSFP 28/56 ports supporting 100/200GbE

0O don

2RU

Mgmt Port

Console Port

18



fae - BBEMICS L RBa R O

TLC Flash QLC Flash Hybrid

Best IOPS & Throughput per rack

63M IOPS by 21x ES400NVX2
1.89 TB/s READX/L—7 |
1.26 TB/s WRITER JL—"v k
YIERE 15PB Flashtgi,

Best Price per Flash TB

12M IOPS by 4x ES400NVX2

360 GB/s READZ/L—7v |

240 GB/s WRITEXJL—7 v k
IBARE 26PB Flash?83

Best Price per TB

IERE 19.8PB HDD%E1E, 0.7PB Flasht&igiby 1x ES400NVX2
80 GB/s READX/L— 7" k

65 GB/s WRITEZRJL—7"v b

NIV \L NI AR BV

© 2022 DDN 19
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EXAG6D F 5 e BE
Lustre2.14% R— R & L 7=$1EXAScaler/x—< 3 YEXAGZIEFEY Y — XK

exad

Performance

Security - Compliance
- YVUNRL vy FEEDMLE "15GB/sec”

« Client-side file Encryption
fscrypt APlIZ & 37 7 4 LEESLICHES, F4L 2k - Ay 7L RIO
) Bifif TSt %2 BRI EE Direct IOB¥. Server, ClientBl T7 7 4 VlockZ{ThiHEWIZ & TH—/1"AY F
%#HIB& L{ELatency7 7 R % £,

« Lustre Over Striping
OSTHUU LD X | 7 4 7# % SRERBE—Single Shared File D EER £

Cache Management Efficiency
« OST Pool Quota

« Hot Pools
NVMe OST. HDD OSTR®Tiering% £} 1207 7FANVRTLICRETS3EA ST /54 X(HDD, NVMe)
« Hot Nodes BIZZNZNOST PoolzfERk L T, £7% % QuotaixE AIHE
4547 roa—hnzbL—o% Cachet LRI ¢ Auto Directory Split
IOPSHAREL T 7V Ir—arynitEnmL Rl—7 4 L2 ) ATinode DR EMEE BRI -IFah SEHD
MDT#% B&1ry B
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Lustre 2.15 - Community~oa> rUEa2—2 3>

i DDN/WhamCIOUdeT_7O\/\/_Z7°|:|’tfzC\:_ \\/ Lines of Code Lustre 2.15
- RTCDAVTFVABEBEZToTVWET
SuSE /

« DDNiF5|EHE 4 -7y —X (A32=74)
LustreD XAy Ay PYE2—X—TF

« OpenSFSIZ2AMAARMEE I —YREOZER/D =D
DT7H—FZ7L%RBELET

« EOFSHAZET ZI—0Ov/STHOI—HYLE
« DDN/WhamcloudFED 7> 7 Tch1—Y =&

® Aeon = Amazon Atos = CEA Cornelis Networks
m DDN-Whamcloud = EMC m GSI = HPE/Cray = U

= Intel mLLNL m Linaro = Nvidia ORNL

m Other SUSE m Sanger m Seagate m Stanford

© 2022 DDN 22



Hot Pools - S81BEX 7 4 77 D&

= S (2 TS

EXAScaler7 7 A IV R T LEDX ML — 77— ILEO BEIERE{L % EIR

« EXAScaleriZOSTO&E £ V) #Pool& L TEERIEE

« Flash/Z (Hot Pool) »» > HDD/JZE (Cool Pool) ~® 77
G AR EWNWTFAILOEEYA L —> gV
7 iR

e Cool Pool L7 7 v XBEEAFZ W7 7 14 L& Hot
PoolicBBI~A 7L — 3> %2

) 77’(}l/|:_ I*Tf'J :/_

 Lustre®File Level Replication(FLR)#&gEA R — X

« FHEDERICEHE T. HDDA= & Flash{4gE
7 SR (2 (E

« 12— |IHot PoolsD iz BT 5 Z & A < FH
AJBE

© 2022 DDN 3 OST(Object Storage Target) : 7 7 4 LT — X & 1&HN

g 1 1 s o P

=

0O don

»

TIRADL W7 74— FRY —IC
AIEHDDT —ILICHE &KV, "y bFI77AMIL%E

COOL = —————
(HDD) = LI

L]
L]

! Hot PoollIZ S 5—/\v ¥

—

—

EXAScalerlz 7 7/ I)LE— kAR o—[ZHE
DE, HEMICT—2 M3 E—%Flash/E
[CYERK/EIBR L. RET IV ERESNET7
AL ZFlashBIZ#EFLET
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EXA6 Hot PoolsZE3E

T 74 )LZEHot PoollZEZAH ’ ?

lamigo lamigo
lpurge lpurge lpurge lpurge

lamigoldHot PooldD 7 7 1 JL
DY A=A Ry N EER Q
<min-age> B[] O Fidl 157 18 G lpurgeld/N\—F B34 T2 F%EXF v > Hot PoolDZE
changelog changelog > & fhlgi A¥freelo D EXE B (%age) % T[E > 7= 5 Hot Pool D 7
-- 7Y 17 b REIR
. 7e = FEE Al freehi D EX TE 1 (Yage) Z FHEIR T 5 £ THlriit

lfs mirror split -d <fast pool>

Fl
'/{

Hot Pool (Flash) A
. lamigol& 7 7 £ REEMF L read-only 7 7M1 ILET U &
<min- age>0)FaE]7 AILHEREES G ST 'é:\ lamlgolg: ZHEEIEES A — LR E X AHHIE L vread-write T 7 A
774D F—%Cool PoollZfEAL Y % & 5 OSSICIER e LEZIS—Nws LET
lfs mirror extend -N -p <HDD pool> v v v Ifs mirror extend -N -d <fast pool>

Cool Pool (HDD)

© 2022 DDN 24
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Hot Pools®d X R — X &I

- BMEFREEHI & FREELOIZ & B2 Hot Pool OST(FlashZB)hro D7 7 A /= > F

—@- y N

FastXF v o +/8—2 >4

— — — ¥ _ | FREELO (default=50% free)

SlowR F v v4+/—I 5

REpUEL, NV IEL ‘ Used

Hot Pool

e FREEHI& FREELOIL. JHEIN/-XAR—XDETIZE <, HotPool(FlashER)D 7 1) —XR—X D
HEenLET
o FREEHIIZ > X T LsHHot Pool(FlashEB) H 5 Cool Pool(HDDER)AND 7 7 A IL 2 T — 1) » 7 %#Fta (RRFICHot
Poolh o 7 7 AN E/NR—IVFT B 7 —ZAR=—ADLR)ILVZRLET

o FREELOIZRF ¥ 7O RDBRAELHRE 7YY —XAR—XDLRNILERLET
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Hot Pools& &3&18 IF D {1 #H &
 Hot Pool(Flash&R) ® Spil & & Spill Pool

Ifs setstripe

SpillEHfE 77+ b

10% free = 90% used v BfFEHot7 74 VADEEAH

7 Y \
@ —
e w |
m| = FREELOF 7 # b b
2 E 50% free
Wl =
| &
gé v . - v_
o
:a Used
4
Hot Pool(FlashZp)
© 2022 DDN

IC & 3B EH8E]E
-E 1G -c 1 -p ddn_ssd --comp-flags=prefer -E 16G -c 4

0O don

-E eof -c 40 -p ddn_hdd /mnt/testfs

HRDNEZ W7 7 1 )L(spillover),
BE7ECool 7 7 1 JL,
KEBET77ANADEEAR

Used

Cool Pool(HDD#B) = Default Spill Pool

26



EXAScalerd® &L X X 57 — X e

File statARL —< 3 DiE

EXAScaleriFile statA~L —> 3 v A&kEL, ftb
HICEEART2EU LD MREZER L F L7,

stat ahead#geiC & V. &g L 7ostatA L —2 3
v %EXAScalerZ 74 7 v b AR L. BB Dstat
FARL—2 a3 VEBEDTHRITL CEERLEEE -
TWEY
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Metadata Benchmarks

m 2x Al400X2 SC22 mWEKA mvast

https://i0500.0rg/submissions/view/30
https://io500.0rg/submissions/view/555 27
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