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LLNL aggregate ANL Mira (#3) ¥ DKRZ Mistral (#33) TACC Stampadez (117} o
& & A ALRS Hazel Hen (#8) Sunway Taig\.ight (#1) Q LANL Astra (flash
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TACCS 46 iz Dai
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IpMcxe ) IRcE (;zn)d,a Redsky(#10)  NASAPleiades (#7) -\ l DKRZ Mistral (#33) - ENI HPCA (#13) o
NCSA Tungsten (#4 NERSC Franklin (#9) 7Y Tp— \. NCSA BlueWaters 1o1AL Pangea (# =l PACS Oakforest (#9) - NSCC Tianhe-2A (#4)
® U Big Red (#42) @ CEATeraloo(we) A Kaust Shaheen If (#7) TAOCSmmpades (2}
LLNL Thunder (#2) ORNL Jaguar (#2) Bl iTech Tsubame 2 (#5) T ORNL 71 NUDT Tianhe-2 (#1) \ KISTI NURION 10
TACC Lonestar (#12) & ) [ ANL Theta (#16)
Sandia Red Sky (#10) Il A lelo (#6) (W] HLRS Hazel Hen (#8)
& PNNL HPCS2 (#5) NCSA Abe (#14) -
MRy @ ORNL Kraken (#8) NOAM-@3e (¥32) n’ C S fuDen et -
LLNL iken
LLNL BIue;ene/L (#1) TiTech Tsubame 1 (#7) [™] = LANL Astra (flash)
- R mmger(i)  NSCTanhe-1A (1) Capacity ~1.38x per year
- Sandia Red Storm fs2 (#6) Ml CEA Tera 10 (#19) pecTonestar (#12) T T T 1
' PNNL NWEFS2 NERSC Franklin (#9)
Sandia Red Storm (#6 /. .’TU Big Red (#42)
DOD ERDC Sapphire (#31) LSU Queen Bee (#23)
NCSA Tungsten (#4) . l
‘ ! LLNL Thunder (#2) NCSA Abe (#14) - | L o1
LLNL MCR (#3) :
. ~ « ~V
- HDD Capacity: ~1.32x per year = Network Speed: ~1.32x per year
200MB/s Quadrics Elan3 HDR IB 20GB/s
120GB 200GB 320GB 640GB 2TB 3TB 4TB 6TB 12TB 16TB - 001

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Source: Rock Hard Lustre, Nathan Rutman, Cray (with updates for recent years); Disk Drive Prices (1955-2019), John C. McCallum

283 . [Lustre:The Next 20 Years(:RD20£F)] . ISC19. Andreas Dilger
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Al & Analytics Web/Cloud

EBRIT o~w—4 v bR L 2_025&6: ‘i_‘lﬁ?ﬁ@ﬁ‘:‘jﬁiﬁﬁ\@ BENICENTA bz —vryT—XEEY—FT—%

20254 1=$258 (USD) TAN7 77 IS

Sz = o 2025F|CIFA R —F v b

5% DAl R T L A \ - .

L\%o c‘: :% ‘iéfﬁ%%%%g _-U-T _ ﬁ Ligoo%o)iEEéjJD Difficulty Accessing Data

7= 8 O F E A HE FESa A
DIEDRE—
~ 0

Government/Academia Enterprise at Scale

$150B (USD)IRIEACovidle 7 — X BEIC 55 1F 2 Rig iR

ELEDER D /-8 (ZF A o 7272 TA%H T —R7T 7 L Y —F—RiE

71_&,( ‘/7_“7770)HPC’C‘ —lzzd)%é L:Eﬁo 9*%?“—\\&@501&

& 7% zlzi/;jﬁkﬁ’;f—‘ “Data is the critical ingredient of Al projects, DAL — F TR

—s - . and data access and data visibility are major

T —X ﬁ¢¢ﬁ17%@5@§$ concerns for Al adopters” — 451 Research ,, EVRRT—4&

mYes, we are unable to get access to the required data

Yes, we cjor*swdo:at)h: difficulty
st 2020 2025
*451 Research — Al & Machine Learning Infrastructure 2020 *inside Big Data
© 2021 DDN &




SSD Expands, but HDD Does Not Die - Gairrz‘neroddn
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o TNETIT~25%THRE L T = 2020 EDODNANDR— ZXSSDOAFE I X O HIEZ10-
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NVMeEEEE (TB) HDDYERE (PB) 774NV AT L
RErT 43.4 | EXAScaler
RRAZHGC 307.2 36.1 | EXAScaler
ERAFEREE L 2 — mdx 2027.52 35.784 | EXAScaler
HRAPIERER > % — Westeria/BDEC-01 1413.12 34.176 | FEFS
KRKZFEY A 8= XF 4 74— SQUID 1536 26.88 | EXAScaler
EEERTHRAMER(AIST) ABCI2.0 529.9 14.4 | EXAScaler
E L EBERZEFA(NIES) GOSAT/GOSAT-2 7AY z 7 b 13.87 | EXAScaler
B{LZMHAFEASpring-8 5.6 | EXAScaler
EEEFFAT(NIG) DDBJ 4.816 | EXAScaler
AHEKRFEFHMEKIRIEW AT (ISEE) 4.14 | EXAScaler
FrE 3.1 | EXAScaler
IEERBSHTEEE(NICT) 3.09 | EXAScaler
E474 = PZE DRI VA 0% 3.0 | EXAScaler
ERME 161.28 1.62 | EXAScaler
RHREFR 1.58 | EXAScaler
JERESEIRFIF MK FERASZ JAIST) 322.5 EXAScaler
B{LZHFEAR-CCS 307.2 EXAScaler
ERMELE 276.48 EXAScaler
ERAMZE 161.28 EXAScaler
ERREMZE 161.28 EXAScaler
ERAME 88.32 EXAScaler
&t 7.29PB 231.6PB
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NVMe#pEBARE (TB) HDD¥#®EZRE (PB) 774NV RT L
Eie 67.0 | EXAScaler
RRAFIEHREL L %2 —lpomoea-01 34.4 | EXAScaler
e 19.58 | EXAScaler
EHRBEMFEE(NICT) 88 12.9 | EXAScaler
RRAZEHGC 9.0 | EXAScaler
EXE 6.00 | EXAScaler
EEMLERE 2.56 | EXAScaler
EEMLERE 1.8 | EXAScaler
Eie 1.58 | EXAScaler
PRERIE AT AR FEBEAZ(0IST) 1.5 | EXAScaler
EEMLERE 1.2 | EXAScaler
ERREES 1000 0.13 | EXAScaler
EERMLERE 737.28 EXAScaler
&5t 1.73PB 157.7PB
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NVMeZEFE LR HDDEF L8
18.00 16.83 600.00
500.00 iﬁﬁiﬁia)
14.00 206. 4PB’°‘¢,
12.00 400.00
@ o
\Tn;ﬂ 10.00 \TH;H 296.03 781""‘
If OB 300.00
€400 - 7.29 i 231.56
& 2.21Z &
6.00 200.00 157.65
4.00 3.32
1.74 100.00
200 “
0.00 “ 0.00
202034 2020E4E — JAXA  2021FEE 2022F%E 20204 2020EiE - S5 20214 2022F 5%
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New “X2” Platform

0O don

ES200NVX2 ES400NVX2

T e

e -

Class / Controller

2U All NVMe Platform, Active/Active Dual Controller

CPU

2x lce Lake CPUs

4x Ice Lake CPUs

NVMe

24 Drive (

PCl Gen 4)

NVMe Performance

~46GB/s, 1.5M IOP/s

~90GB/s, 3M IOP/s

HDD

2022 Q3LLEE : Max 360 Drive (4x SAS4 90Slot Enc)

2021 Q3LAB% : Max 360 Drive (4x SAS3 90Slot Enc)
2022 Q3LLBE : Max 900 Drive (10x SAS4 90Slot Enc)

HDD Performance

2022 Q3L : ~46GB/s

2021 Q3LAB% : ~40GB/s
2022 Q3LLBE : ~90GB/s

Connectivity

HDR IB (200Gb/100Gb) (4)
Or 100/200 GbE (4)

HDR IB (200Gb/100Gb) (8)
Or 100/200 GbE (8)

© 2021 DDN
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ES400NVX2 SAS-3 Expansion Option (2021~2022 1H)

© 2021 DDN

ESA00NVX2 SAS3

Platform ES400NVX2 SAS-3

NVMe

Slots 24
Capacity 368 TB

max (raw) (15.36TB NVMe)

SAS Chassis 4
Slots 360

Capacity 6.4 PB

max (raw) (18TB HDD)

100% NVME without use of SAS expansion is also supported

0O dan
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Planned X2 SAS-4 Expansion Options (2022 Q3L1&) Odon

ES200NVX2 ESA00NVX2

ES200NVX2 SAS-4 Platform ES400NVX2 SAS-4
24 24 24 NVMe 24 24 24
Slots
732 TB 732 TB 732 TB Capacity 732 TB 732 7TB 732 TB
(30TB NVMe) TR (30TB NVMe)
1 2 4 SAS Chassis 6 8 10
90 180 360 Slots 540 720 900
1.8PB 36PB 7.2PB Capacity 108 PB 14.4PB 18 PB
(20TB HDD) max (raw) (20TB HDD)

© 2021 DDN 100% NVME without use of SAS expansion is also supported .



559024 ENCLOSURE g 99N

Up to 90 3.5” HDD

SAS4YR—bxTvoO—o%

5 Independent

— Fan Modules
s e Rail Kits
Chassis Redundant 4U
Disk Slots 90 top accessible 3.5” drive slots, SAS-3 (12G)
PSU/Cooling 4 PSUs (2+2 redundant), 5 Independent Fans
Monitoring LCD displays for providing system status

Per drive activity LEDs

IO Modules 2x 10 Modules. SAS-4 (24G)

4x 4 lane SAS 24Gb Mini SAS HD ports on each 10
Module

© 2021 DDN 16



Hyper Fast Al & HPC Data Storage Oddn

All Flash/ 7 x—=> X
ES400NVX2-NVMe (Sequential 10, O_DIRECT=1, sync)

80.0
HARRRA L — N
« Over 90GB/s for reads 50.0 -
« Over 65GB/s for writes 222 = Read
20.0
10.0
0.0

1/0 Size (Byte

B/W (GB/sec)
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ES400NVX2 HDD Performance (HDD/w SAS3)

ES400NVX2 HDD Performance(1MB, Buffered, Write) ESA400NVX2 HDD Performance(1MB, Buffered, Read)
60,000 250 60,000 250
50,000 — 0,000
—

, A\\ 200 5 , . 200
“» @ @ »
~ ~
40,000 D 40,000 3
2 150 £ 2 150 =
m &) m ® > @)
= 30,000 5 = 30,000 5
= = = =
= 100 £ = 100 &
20,000 X~ 20,000 ~
2 @
A A

10,000 I I >0 10,000 I II 50

0 I 0 l 0
82(2x41) 122(2x61) 164(4x41) 244(4x61) 328(8x41) 82(2x41) 122(2x61) 164(4x41) 244(4x61) 328(8x41)
Number of Disk(Disk Configuration) Number of Disk(Disk Configuration)
mmm Chunksize=256k mmm Chunksize=2MB =#=DiskEff(256K) —e=DiskEff(2MB) mmm Chunksize=256K mmm Chunksize=2MB =—e=DiskEff(256K) —e=DiskEff(2MB)

Chunksize : RAID® Chunksize
DiskEff : Disk 14<& 7= 1) D 14£&E
Writel$Parity 249 O Write e % (F 53 2 7=, MHRED 1.265% DiskAE Tk L 7-1E

o ReadlItEBE%# Disk A TR L 7-f& 18
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EXAG6D F 5 e BE
Lustre2.14% R—RX & L 1=#tEXAScaler/x—< 3 VEXA6Z U ) —R

exad

Performance

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

« Client-side file Encryption
fscrypt APIIZ & 27 7 4 VESBLICH G, T4 L2 b - Ay 7L XRIO
) 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
IOPSHRELRT 7V r—avofEm L R—7 4 L2 FUATinode D REEZBA-BFashSEHD
MDT% B&ryIcFIA

© 2021 DDN 20



Lustre 2.14 — Community~® =

2021/2 GA

OS support
« RHEL 8.3 servers/clients
 RHEL 8.3/SLES15 SP2/Ubuntu 20.04 clients

2.12.x

% < DFTI%BE

* Client-side Data Encryption (LU-12275)
* OST Pool Quotas (11023)

* DNE Auto Restriping (LU-11025)

http://wiki.lustre.org/Release 2.14.0

© 2021 DDN
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Interop/upgrades from 2.13 and latest Lustre

0O dan

Number of Commits Aeon

Oracle
55
1 SUSE 25eagate Amazon
Mellanox 1. Other 4 Uberi 5  ,1oc,
Inte] LLNL11

CEA7
= ORNL
Yﬁ

DDN-Whamcloud
657

Google 1

Fujitsu 1

Data courtesy of Dustin Leverman (ORNL)

21
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Lustre Striping O ddn

” ” AN
root@Qubuntul804-1:~# 1lfs setstripe -c -1 /ai200xl/shared-file < -c -1 CijEfffa)()STv

root@ubuntul804-1:~# 1lfs getstripe /ai200x1l/shared-file

/ai200x1/sharedfile
lmm stripe count: 4 P2 P3 P4 P5
lmm stripe size: 1048576
lmm pattern: raid0 Y W ¥
lmm layout gen: 0 shared-file || 1y 1|v|/|—<1‘|v| M | | 1M 1|\./|£‘\1A|v| 1M
lmm stripe offset: 1
obdidx objid objid group >1 S2 S3 >4
1 2 0x2 0
3 2 0x2 0 objl obj2 obj3 obj4
0 2 e : 4> > A S
2 2 0x2 0
OSTO OST1 OST2 OST3
Z7AERH > R b FA THDIFE OST
F72 7 MIWTIHREDHRE —_— ) — —

© 2021 DDN % OST : Object Storage Target 22
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00000060
Y «— A  —a A —a
1M || IM 1M || 1M IM || IM 1M || 1

Lustre OverStriping

root@ubuntul804-1:~# 1lfs setstripe -C 8 /ai200x1l/shared-file-0S
root@ubuntul804-1:~# 1fs getstripe /ai200xl/shared-file-0S
/ai200x1/shared-file-0S

lmm stripe count: 8

lmm stripe_size: 1048576
lmm pattern: raid0,overstriped %
lmm layout gen: 0 shared-file-0OS M
lmm stripe offset: 0
obdidx objid objid group S]. 82 83 S4 85 86 87 88
0 4 0x4 0
2 4 0x4 0
1 4 0x4 0 obj1 || obj2 obj3 || obj4 obj5 || obj6 obj7 || obj8
3 : 0x4 0 — N S N —
0 5 0x5 0 N N~ 1 N~ A N
2 5 0x5 0
. ; 0x5 5 OSTO OST1 OST2 OST3
3 5 0x5 0

OverStriping#&geic & > TOSTHUULED R b 5 14 T8 % R7E

ooy, UEEIRTY FT I b ERICB T BESEER X OST : Object Storage Targzest



Striping vs Over Striping £ ge b B O ddn

12D7 7ANCER7ACRTT7 72X L8O HEELLE

Striping vs OverStriping (8 x OST)
ES7990(160 x HDD, 2 x 0SS, 8 x OST)

18000 m Write )
1ﬁ2 = Read « 320747k, 5127k R
£ 12000 - 1MB, Single Shared File
% 10000 #ior/src/ior -w -r -C -g -i 3 -vv -s 13000 -b 1m -t
5__3 8000 1m -a POSIX -e
3 6000 c ANFATHU Y F8LHI2THEK
= 4000
2000

8 512
StripeCount

© 2021 DDN 24



LustrelZ BT B ES1L Odon

e 11— R —XR:
o BA—YVDOEEDT AL MIICEEND 7 7 A4 ILICKT BHEEZ M A4

« J—JL:

o V74TV FBLNY—NETT—XIRE Client —
o IRTET —XDIRE Applications
o fscrypt kernel APHZZEHL ExAScaler Cliont

« extd, F2FS, and UBlFSL’CTﬁ}Eﬁéﬂ’CL\%APl

« EARJFEEA]: Page CachelE&E¥N3PagelzZ7 V7T A MNT—2%258T
o fscrypt —H AR—2Y — L% HH

« LustrelcH |} B EE

o BEltDAE

* Lustre Client(Z TEBRIICWritelF IChES 1. ReadlFIZiE =1L = £k
o TALZ MUIZHEITERY —D@ELGE

. fscrypt:L PIAR—%Z{FE>7-3T L LWIOCTLOHR—

c T hIv oSl TFR DI

© 2021 DDN 25




Lustre Client Encryption — bandwidth performanceoddn

Bandwidth performance - Write Bandwidth performance - Read
IOR - 32 threads - fpp - sequential IOR - 32 threads - fpp - sequential
12000 12000

10000 10000
8000 800!
W baseline @ 600 m baseline
M no encryption M no encryption
a i M encryption
2000 encryption 400
2000 200
0
4k 16k 256k M am 16M 4k 16k 256k M am 16M

o

MiB/s
g
MiB/s
o

o

o

0

10 size 10 size

© 2021 DDN 26



WX DDNE(Distributed Namespace Environment) Odaon

e 214 1D Lustreld 2 2D X 4 7DDNEZ B KR — k

o Remote Directory(DNE1) & Striped Directory(DNE2)
o WINHLENIICERTE CZDNE1 & DNE2DETE $ Al BE

Striped dir

A A— .
CE— )
—

Remote Directory

Striped Directory

7 s mxdir 10 fg:gggﬁ%ﬂﬂ # Ifs mkdir —c 4 /ai200x1/striped-dir

# Ifs mkdir —c 4 -D /ai200x1/ striped-dir

© 2021 DDN 27



DNE Auto Rebalancing (2.14 &) O don

[root@vexall ~]# Ictl get_param mdt.*.enable_dir_auto_split
mdt.*.dir_split_count mdt.*.dir_split_delta

_— — mdt.ai200x1-MDT0000.enable_dir_auto_split=1
N N mdt.aiZ00x1-MDTO0000.dir_split_count=50000
mdt.ai200x1-MDT0000.dir_split_delta=2
MDTO MDT1
A enable_dir_auto_split=1(Auto rebalancing) B3 DIF A
_ _ B—7 4 L7 b UANTinode#Aldir_split_countZ B8R 7B h 5
dir_split count im0~ ~ dir_split_deltalCE D =EHOMDTICBERIICHELE N5
v v

BEZRETEIIETTALIZMNIDHAMXDKRELLD
BIICEHOMDTICBEIRICH I LIEEES 1L 2 <

© 2021 DDN 28



Hot Pools O don

X hL—F— LD Tiering% £31

Lustre Clients NI
ll a ¢ s l, 3 o ClientiZHot poolic7 7 A L EEEAH

lamigoldHot Pool® 7 7 1 LD MDS
I0—X4 Ry M ER e lamigo
<min-age> & D 5

lpurgeld /=2 FBF 7TV b 2RFH
Hot Pool D2 = fEISi H* 5 EfE (%age) % T[E|
>7=-5bHot Poold#* 7 =7 + %HIR

EXHEEZERT 5 £ THRE

Hot Pool

Flash OST
<min-age>N7 7 4 LHgEShEHh - =154,
lamigold 7 7 41 L ® X 5 —% Cool PoolIC{ERT %
& 5 0SSIcf8R

0ST 0ST 0ST = Cool Pool
B B N HDD OST

© 2021 DDN 29



OST Pool Quota

UID, GIDICXt L Tinode#s &/
UORED Quotaik EH AIEE
Userl: 30GB

Userl:
10GB(pooll)

0O don

BEDT A LI M) T77AILIE
S NL7=Project-IDIZXt L Tinode# &
L UPREDQuotaikE A AIHE

Project-IDIZ"Ifs project <dir>"T:&E

User2: 20GB  Groupl: 50GB

Projectl: 100GB
1 Projectl: 50GB(pool2)

EFNIAER S N7=0ST

P_oolL:N};;CUID, GID Lustre Filesystem 400GB

IZXT 9 B ABEDQuota

X TE D AT HE

OSTl POO”ti;'C“ g 0STO 0ST1 0ST2 0ST3

pool_create/pool_a

tfevdpas 100GB 100GB 100GB 100GB
OST pooll : 200GB OST pool2 : 200GB

12D7 74NV RTALISRET 3ER ST /54 RA(HDD, NVMe) &I
©2021 DDN ZhZNO0ST Poolz1ERk L T. E%4 %QuotaikEnJ&E 30



Hot Nodes Odon

c VFZATPYIFOA—ANRPIL—EDAVTIL— 7YV
o LATVIDHEIR, 2y b7 =2 F77 14y 7 DEIE
- DAX(Direct Access) AJHEZLNVDIMM T NA RE¢AL T L — 3 ¥
- Read¥ & U'WriteDZ B L F v v & 1 &1t
o Read Only* ¥ vy atYK—F —

Client VFS Interface W ~ Client VFS Interface }
« 71— 70 —2F0RBICTERE Normal cache 10| | Tnormal DAX 10
o =2 747 bTOT—2DEBEFHA o EWIVE © @
o T—RDEHZEHICT, I0LHEFAHD Releasi\FetCh l
- S8 WA/ A WES Z@ﬁ%&ﬂﬁ L(’Lustre Cllent j’ Lustre Clien

3
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Bandwdith (MB/sec)

Single Stream Performance(IOR) O addn

IOR(O_DIRECT, 256GB File), Lustre StripeCount=8, StripeSize=1MB
# mpirun -np 1 ior -w -r -t $t -b 256g -e -0 $DIR/file --posix.odirect

Single Stream Performance(Write) Single Stream Performance(Read)
18,000 18,000
EXAS

16,000 16,000

14,000 14,000

12,000 /g 12,000
2
m

10,000 s 10,000
=

8,000 g 8,000
<

6,000 o 6,000

4,000 4,000

2,000 2,000

0 0

im 2m 4m 8m 16m 32m 64m 128m 256m Im 2m 4m 8m 16m 32m 64m 128m 256m
io size(Byte) io size (Byte)
IR o a LE
B—7'0+4 X /DirectlOt%#E
© 2021 DDN
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JLUG 2021

« 2021128108 (%)

T A vEHE

e M/ BBRLIAAKRIZTEST I https://www.jlug.info/
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