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« HPCHO[H2 MEZER AIHIAZES SA|H X HES 2A = U & 1ds HETA

2 ETOI0|E{ 0] Ciet Sequential WRITING @ extreme speed / Petabytes

CPU nodes

HPC Workload INPUT DATA  + ALGORITHM — (E('g) ——

GPU nodes

Deep/Machine

Learning INPUT DATA +  HISTORICAL OUTPUT  =————p (C :)) —_—

@ extreme speed

OUTPUT

ALGORITHM
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NEW FORECASTS AND HPC TRENDS
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Forecasted Compound Annual Growth Rate (CAGR) for customer spending 2019 - 2022

12.17%

HPC
Storage

8.7%

HPC
Compute

4.07%

Enterprise Enterprise Enterprise
Networking Storage Compute

Source: Hyperion Research, 2019 Market Results, New Forecasts and HPC Trends, April 2020
HPE Market Model Update, October 2019
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Which of these is your MOST IMPORTANT purchase

Performance

Initial purchase price

Long-term value (TCO)
HPC infrastructure fit
Scalability/upgradability
Architecture
Vendor support

Number and skill set of staff required
Energy efficiency
Recovery/resilience

Longevity of the selected solution
Software support
Network connectivity

Floor space (footprint)

—
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30%

37%
37%
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57%

60%

Top 3
Price/PERFORMANCE

Source: Hyperion Research, The hidden costs of HPC storage, May 2020
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Client/Server

Parallelized Storage

Client/Server °et Client/Server
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Cache/Buffering Solutions

(NVMe Flash) Hybrid Storage Appliance

- NVMe + HDD

JHE & 185

» 1OPS and Throughput

Parallel File Systems
(SSD/HDD)

W Lustre, Spectrum Scale

NAS & Cloud Solutions

ZeroWatt Storage
(HDD)

Performance/Cost

JBOD Storage

Automated Tape Libraries
(Tape Media)

MU & MAS |
» Longevity and Protection Tape Library

Data Volume
—
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e Declustered Architecture

RAID 6 GridRAID/DeclusteredRAID
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Source: Hyperion Research, Special Study: Shifts Are Occurring in the File System Landscape, June 2020
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Lustre Spectrum Scale

T
F r r F Application
EEEE ™ ppppEE
E s m 'm =

TCRAP ar Infinband Metwork

TCPSIF or Infinband RDMA Metwork

Lustre Spectrum Scale

2F U ds > 16ExaByte, Scale-Out unlimited > 8-YotaBytes, Scale-Out unlimited

W 7|Zk 204 O] 4t 20 O A
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ClusterStor e1000

HPC/Al H& o{Ezlo|HA

L] Lustre

MY 7|2k HPC/AI O{ E 20| A X

Spectrum Scale

Of S 20| A 2tH| =

Of S 2t0[A 2tH|Z

Scale-Out HE M 2FA

Scale-Out HE M 24

A ds 82 0.5PB ~ EB g2k ~ 2PB ~

MS: > 10GB/s M5 < xxx GB/s
GPU DirectlO X & L
7|&x| ¢ HPE 845 & RA[E=s HPE {8 += & RAE=s
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1000GB/s ClusterStor e1000

(Lustre)
Q 500GB/s
@
o
©
E 100GB/s
- S
(@
S
qh) 10GB/s
(a
HPFSS
5GB/s (Spectrum Scale)
1GB/s
2PB
— : °
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CLUSTERSTOR E1000

Scale-Out 7|tto| MH

Flash

Unit
(All Flash) (Balanced) ($/GB optimized)
HOIHRR 1-HEE OOlHFR 1-MET HOIHFR 1-MET
o X|CH 80 GB/s read « Z|CH 30 GB/s read « Z|CH 40 GB/s read
«  X|TH 60 GB/s write %[ 30 GB/s write «  X|CH 40 GB/s write

Base rack

- HESZ EKX LN £
(Ethernet, Infiniband &)

Ol S}zl HEH OB /2 AT

—
Hewlett Packard ‘ @2 NVIDIA # 35 $X|: 200Gbps 1’d& W E L3 (1B HDR, Cray Slingshot, 200 GbE), H LDISKFS/GridRAID 7| &
Enterprise | 15
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Extreme Performance Entry level HDD Performance HDD Capacity
SSU-F SSU-D1 SSU-D2 SSU-D4
SSD Performance (write/read) 60 / 80 GB/s
SSD Usable Capacity (3.2TB) 553 TB
HDD Performance 15 GB/s 30 GB/s 40 GB/s
HDD Usable Capacity (16TB) 1.25PB 251 PB 502 PB
Network ports 4 x 200 Gbps 2 x 200 Gbps 2 x 200 Gbps 2 x 200 Gbps

Disk Controller  * Disk Controller

All'Flash Server

Disk Enclosure Disk Enclosure

Disk Enclosure

—

Hewlett Packard ‘ <A NVIDIA.
Enterprise

Disk Controller

Disk Enclosure

Disk Enclosure

Disk Enclosure

Disk Enclosure
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« 1145 NVMe/HDDE O| FO0{ T 50| E 2| = - J 0| N AtF=tel HO|HE|N E 7| 50| M & L T,

o

StIEC|A3 Tiered All Flash
TR N2 7|k A2
Jlustre
/lustre/disk [lustre/flash
5@ @ gé) g@ g@ @ (d’@. g@ g%) . g@ (O"ED (d’@ g@ - sso| |sso :::n: :::n: ssp| |sso| |sso .ﬁr:-. ssp| [sso| |ssp .::n. .qqr:..

A2 52
« X|CH 120 GB/sec (read/write)
« Z|CH 10 PB usable capacity (16 TB HDD)

.l L_
A HlE N5 o

Z9 4 YAHO|A A « Z[CH 1,600 GB/sec (read)
C|A3 Sl NvMe Flash Pool& » 2/t 1,200 GB/sec (write)

Scalable Storage Units (SSU)

4510 A-53HE OO EH 22
7| 50| Ml=& Lt
Cray ClusterStor Data Services

« Z|CH 80 GB/sec
sequential read
24 SSD

SSU-D2 (10U)
« ZICH 30 GB/sec
212 HDD
SSU-D4 (18U)
« Z|CH 40 GB/sec
424 HDD
—
Hewlett Packard ‘ <A NVIDIA.
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Scalable Storage Unit (SSU)

SSU-F (2U)

« Z|CH 60 GB/sec
sequential write
24 55D
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HPFSS(HPE PARALLEL FILE SYSTEM STORAGE)

Flash Storage Server

‘ HDD Storage Server I
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HPFSS > 74 YU M5
HPE Parallel File System Storage
> 2 AEGE 4~32 AEZX | E
> A7[MT| dE: 1~xxx GB/sec

All Flash Hybrid HDD
File System File System File System

4 ~ 4 ~

SSD SSD
Data Tiering Service
—
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HPE Apollo or HPE ProLiant Clusters
(100/200 Gbps interconnect)

Cray Supercomputers
(water-cooled / air-cooled)

Infiniband HDR 200 Gigabit Ethernet

FIOM SR T AT RIS MG I AEn) TERd wRId o

QM8790 Mellanox Quantum™ Cray Slingshot 200 Gbps
HDR Edge 1U Switch: 1U Switch
* 40 x HDR 200Gb/s ports * 64 x 200Gb/s ports
* 80 x HDR100 100Gb/s ports * Ethernet compatible
—
Hewlett Packard ‘ SANVIDIA.
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Cray Slingshot

Cray Slingshot 200 Gbps
1U Switch

* 64 x 200Gb/s ports
32 cables

20
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| I 1| ©overview
shx11253
Alarms osT/I0
MB/s GB/fs
Alarms definitions 191 185
Metadata ops Capacity
fs 168 TB
039 48.37%
Jobs OSsT
38 4 2 0
Health B Logs
v v
snx11242
osT/10
B/fs B/s
0]
Metadata ops Capacity
0) 31.00%
Jobs OST
0/0 12/0
Health Alarms Logs
v

—
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snx11103
osT/10

MB/s

45

Metadata ops
kfs

4.48

Jobs

144

Health 1B

v v

snx11103

osT/1I0

MB/s
463

Metadata ops

kis 4

2.08

Jobs

157 3

Health Alarms

A ©

MB/s

479

Capacity
487 TB

99.85%

OST

4.0

Logs

MB/s

487

Capacity
469 TB

95.00%

OST
40

Logs

edison - Cray Shasta CME 3.2

100%
e Node Status Slingshot
&4 Catanots 300 GBMsec Clobat BW
6,000 O 99.85«
Power Water Temperature
82 6.7 372 54.2

Health  Slingshot Logs
v v

S
osT/I0
B/s B/s
0]
Metadata ops Capacity
: GEELTD
o} 0.00%
Jobs OSsT
(e io) 24 0O
Health Alarms Logs
A ©

bubba - Cray Shasta CME 33

Jobs

1,238 5,241 123,456

76%
Node Status Slingshot
36 Cabirets 140 Clisec Clobat BW
3000 16 99.85
Power Water Temperature
82 6.7 372 3472

Health  Slingshot Logs
v v
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DATA MANAGEMENT > 0]7|& 7t OjO|E &t2| XIS=t

—
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Migrate
*

N

S

e Deep Storage
Primary Storage (POSIX)  Nearline Fast-Mount Cache Object Storeg
* Online, high-performance disk

; High capacity, low cost, Public Cloud
* Flash-based storage tier power-managed disk Tape
Recall
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DATA MANAGEMENT
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DATA MANAGEMENT > HPE DMF

= HPC/Al Compute Cluster

(%) NVMe Flash ]
Hot Data ClusterStor E:;;EEESIZa:kard o
r
Performance il E1000 Lustre CIusterSt.or @ harty
Data Services .
E::;t;ﬁslzackard é?é Hard Drives System Storage

Metadata, Polic —
Fngine, Orchesyation HPE Data Management Framework .. rackarq
Tiered data management Enterprise

Warm/Cold Data [ —= DMF On-Premise Cloud
Capacity &Protection - Tape g@ zero watt =D g:oject C=D gtbject

J4 slorage — orage — orage
—
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DATA MANAGEMENT > DMF O}7 &%

v' HPCJ/AI Job Y ATt O|O|H O] &/M%E At&=}

= =
= =
= =
Flash
== =
= HPC Cluster = Storage
= = — =
= =
HPC Fabric = =
a seE o a a a a a e a
SAN
1’d& HPC/AI 7| E AER|K]| :
ke — =
AEL|X] DMF Engine
—— .
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Cloud or Object

Storage

Zero Watt Storage

Tape Drives
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Gen4 NVMe All Flash / HDD

AEZ|X|
0| T O
. FZ=Ab7|ZEQ Cietot A3 7| 7|89 /0 SAIX| &
PNPSIES 9<Ic-|lc-)r—x|ﬁ—)|§ - sequential and random I/O
- write and read-intensive 1/0O
7|=X|#
A
ClusterStor
E1000
Q7|7 0t d-s1t g0l
ASE 185 SEOYA[AH 7|8
H EQ - Lustre
-”_T:Iﬂ - Spectrum Scale
* 200Gbps Infiniband HDR
* 200 Gbps Cray Slingshot
« 100/200 Gb Ethernet H| O] &
X2
— GridRAID / Declustered RAID / DMF
Hewlett Packard ‘ <A NVIDIA.

Enterprise
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HPE STORAGE REFERENCE

OAK RIDGE

National Laboratory

~10 TB/sec
> 700 PB

éw Fériniiiﬂer > 4 TB/sec
——— 30 PB (All Flash)
2.5 TB/sec

u Lawrence Livermore
~ 400 PB

National Laboratory

Argonne & IR

1 TB/sec
~200 PB

Cray ClusterStor E1000

Hewlett Packard
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