g 7% BIK[E) _ERY M REAR

T A =
WS4 SE 0 =
CLUG2020




LustreHia&Z

Meta d ata
Archive OSTs Transparent Tiering to

o, HDD Object Storage Targets (OSTs) (Erasure Coded) Multiple Clouds
| |

Object Storage

Servers
(~1000’s)

-L.-l % oy o] ==
= .
viclaldlad

o = = =

{10

%X(((O E

“100's)

Transparent
migration

Local data
processing

ARCHIVE

WAN
I I I N . B . N I e
e r— I Irl [
Bi-directional om  ooom

N
Lustre Clients (~100,000+) Local NVMe OSTs (Burst Buffer) Policy Engine,

NVMe MDTs
on client net Local on client network Data Transfer Nodes
Datasets NMVe/NVRAM

(remote) sync




[EREFI R SRR

10? { === DRAM BW / CPU socket

e Network BW / cable
PCle BW / 16 lanes

- Storage BW / device

Bandwidth [GB/s)
o -
? e

.
o

-
o

1995 2000 2005 2010 2015 2020

- TEEEHbEk

s ERREIFI ERIE T e K

- NILEeeFFIugRYSE/ N FET
- ZRAFPWRNEZMERTS

- FEEEERBIZNburst bufferfys |\

Performance

Disks and
Enclosures

Storage HBA/
@% Controller NIC

NAS
Servers

Cluster
Network

31Dd

3154

NIC

4

Performance falls with each

/ component added to the pipeline

Components in the Storage Pipeline

: jﬁ [EHES

ZEKaT iJrJ:EE,“%pSm_JﬁE
o RFEARXBIEFR
. %ﬂb@#ﬁﬂz E&%}}Lu
IBIRAAZ B EL




AT AE=XEEH

- AT =MEERN
» BERURFARS R
- EAEHFERERE
+ FETREIRRRERAEFHA
-+ IREAIR LB

- RFETHY
. SERISIRREAATS
. ARV A
. BRI
. BEHIEEIET




neuronfs3 {4 E %

SFA200NV
22 x 7.68TB NVMe SSD

NFS Server 1
IBx12

ik client i Y o ~ 10GbE

R =1 EDR Switch

EDR client

SFA7990-1 SFA7990-2 SFA7990-3 SFA7990-4
244 x 12TB NL-SAS HDD 244 x 12TB NL-SAS HDD 244 x 12TB NL-SAS HDD 244 x 12TB NL-SAS HDD
6 x 340TB OST 6 x 340TB OST 6 x 340TB OST 6 x 340TB OST
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[root@ossl ~]# ipmitool lan print 1

Set in Progress
Auth Type Support
Auth Type Enable

IP Address Source

IP Address

Subnet Mask

MAC Address

SNMP Community String
IP Header

BMC ARP Control
Default Gateway IP
Default Gateway MAC
Backup Gateway IP
Backup Gateway MAC
802.1q VLAN ID

802.1q VLAN Priority
RMCP+ Cipher Suites
Cipher Suite Priv Max

Bad Password Threshold

: Set Complete

: NONE MD2 MD5 PASSWORD

: Callback : MD2 MD5 PASSWORD
: User : MD2 MD5 PASSWORD
: Operator : MD2 MD5 PASSWORD
: Admin : MD2 MD5 PASSWORD
: OEM : MD2 MD5 PASSWORD
: Static Address

; public
: TTL=0x00 Flags=0x00 Precedence=0x00 T0S=0x00
: ARP Responses Enabled, Gratuitous ARP Disabled

192.168.202.1

: 00:00:00:00:00:00
: 0.0.0.0

: 00:00:00:00:00:00
: Disabled

* O

1,2,3,6,17,8,11,12

: XaaaXXaaaXXaaXX

Invalid password disable:
Attempt Count Reset Int.:

User Lockout Interval
[root@ossl ~]# §

X=Cipher Suite Unused
c=CALLBACK

u=USER

0=0PERATOR

a=ADMIN

0=0EM
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[root@mdsl ~]# ipmitool lan print 1

Set in Progress

IP Address Source

IP Address

Subnet Mask

MAC Address

SNMP Community String
IP Header

Default Gateway IP
802.1g VLAN ID

RMCP+ Cipher Suites
Cipher Suite Priv Max

Bad Password Threshold
[rootemdsl ~]#

: Set Complete

: TrapAdminl2#$
: TTL=0x40 Flags=0x40 Precedence=0x00 T0S=0x10
: 192.168.202.1

: Disabled

: 1053523517

: XuuaXXXXXXXXXXX

X=Cipher Suite Unused
c=CALLBACK

u=USER

0=0PERATOR

a=ADMIN

0=0EM

; Not Available
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Performance Summary (GFlops)

Size LDA

1000 1000
2000 2000
5000 5008
10000 10000
15000 15000
18000 18008
20000 20016
22000 22008
25000 25000
26000 26000
27000 27000
30000 30000
35000 35000
40000 40000
45000 45000

Size LDA

1000 1000
2000 2000
5000 5008
10000 10000
15000 15000
18000 18008
20000 20016
22000 22008
25000 25000
26000 26000
27000 27000
30000 30000
35000 35000
40000 40000
45000 45000
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Average Maximal
109.2182 134.5450
324.9850 326.4865
769.1879 770.0566
1170.0965 1171.2522
1308.8422 1314.0134
1345.2404 1347.0602
1325.2502 1326.5203
1353.8134 1354.4346
1364.7605 1366.0153
1390.4541 1390.8984
1394.1431 1394.1431
1399.6139 1399.6139
1404 .2392 1404.2392
1421.0432 1421.0432
1413.5212 1413.5212
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Average Maximal
108.3144 131.4180
331.2943 334.2311
720.9302 731.4904
1076.9516 1077.0350
1196.3285 1197.9165
1218.0870 1219.6041
1179.8618 1186.2357
1210.6233 1212.8187
1221.0362 1221.7839
1240.2725 1241.1304
1242.5168 1242.5168
1242.9255 1242.9255
1248.1088 1248.1088
1260.9434 1260.9434
1254.0228 1254.0228

4
4
4
4
4
4
4
4
4
4
4
i
1
1
1
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Residual checks PASSED Residual checks PASSED

End of tests End of tests

Done: Wed Apr 8 22:48:53 CST 2020
[root@mdsl linpack]# §

Done: Wed Apr 8 22:49:53 CST 2020
[root@mds2 linpack]# B
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Raw Device Performance
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gcrPuas-1:~2 Japplications/benchbin/openmpid@3/bin/mpirun prefix /fapplications/benchbin/ snmpido3/

tfile hostfile 10 8ppn /applications/b Wwin/ior mp1403/bin/mdtest 3OO -d

Jant /neuronfs/dirl/8/ant /neuronfs/dir2/8/ant uronfs/dir3/g8/ant/neuronfs/di /dirs/B/ent /neur

started at 04/20/2020 00:22:29

kK(s) on 10 node(s)
23/bin/mdtest

adtest 9.3 was launched with 480 total t
Command line used: fapplications/benchbin/ior w opermpi
“/mnt /neuronfs/dirl/@/mnt /neuronfs/dicr2/@8/mnt /neuronfs/dir3/@/ant /neuronfs/dirda/@/mnt /neuronfs/dirs/g/ant /ne 1fs/dire/8/mnt /ne
mnt /ne ) dirl

233.6 TiB d FS: @ 32760.2 Mi Used Inodes:

Inodes:
480 tasks, 3840000 files

SUMMARY rate: (of 1 iterations)

Operation Min

230389, 246 23¢ .

427271, A427271.569
241235 J 241235,.133
File removal 99.012 9.012
Tree creation : 8 128.28 128,284

230389.2
stat : Aa2727
241235.133

0.000
0.000
0.000

File read

Tree removal - .9 11.

finished at 84,

1&Z427K/s

mca btl openib allow ib true

mca btl openib if

/8/mnt/neuronfs/d

dir7/g8/mnt/neur

include mlxS 0:1

irs/

allow-run
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root@CPUA4-1:~# time iozone -1 -i @ -i 1 -r 16m -5 32g -t 24 -+n -F /mnt/neuronfs/iz@1 /mnt/neuronfs/iz@2 /mnt/neuronfs/iz@3 /mnt/neuronfs/iz@4 /mnt/neuronfs/iz@5 /mnt/neuronfs/iz@6
one: Performance Test of File I/0
Version $Revision: 3.429 §
Compiled for 64 bit mode.
Build: linux-AMD64

Contributors:william Norcott, Don Capps, Isom Crawford, Kirby Collins
Al Slater, Scott Rhine, Mike Wisner, Ken Goss
Steve Landherr, Brad Smith, Mark Kelly, Dr. Alain CYR,
Randy Dunlap, Mark Montague, Dan Million, Gavin Brebner,
Jean-Marc Zucconi, Jeff Blomberg, Benny Halevy, Dave Boone,
Erik Habbinga, Kris Strecker, Walter Wong, Joshua Root,
Fabrice Bacchella, Zhenghua Xue, Qin Li, Darren Sawyer,
Vangel Bojaxhi, Ben England, Vikentsi Lapa.

Run began: Sun Apr 19 16:23:33 2020

0 DIRECT feature enabled
Record 16384 kB

File size set to 33554432 kB

No retest option selected

Command line used: iozone -I -i @ -i 1 -r 16m -s 32g -t 24 -+n -F /mnt/neuronfs/iz@1 /mnt/neuronfs/iz@2 /mnt/neuronfs/iz@3 /mnt/neuronfs/ize4 /mnt/neuronfs/iz@5 /mnt/neuronfs/izee
Output is in kBytes/sec

Time Resolution = ©.000001 seconds.

Processor cache size set to 1624 kBytes.

Processor cache line size set to 32 bytes.

File stride size set to 17 * record size.

Throughput test with 24 processes

Each process writes a 33554432 kByte file in 16384 kByte records

Children see throughput for 24 initial writers =]111257087.0@ kB/sec
Parent sees throughput for 24 initial writers = 8842593.05 KB/SeC
Min throughput per process = 389401.34 kB/sec

Max throughput per process = 558291.19 kB/sec

Avg throughput per process = 463571.12 kB/sec

Min xfer = 23756800.00 kB

1XZ11GB/s
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[Summary] Results files in /mnt/neuronfs/october/toaster/results/2020.05.16-14.56.51

[Summary] Data files in /mnt/neuronfs/october/toaster/datafiles/i0500.2020.05.16-14.56.51
: time
: time
: time
: time
: time
: time
: time
: time
: time
: time
: time
: time

[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]
[RESULT]

[SCORE] Bandwidth 3.

BW
BW
BW
BW
IOPS
IOPS
IOPS
IOPS
IOPS
IOPS
IOPS
IOPS

phase
phase
phase
phase
phase
phase
phase
phase
phase
phase
phase
phase

ior_easy write
ior_hard write
ior_easy read
ior_hard_read
mdtest easy write
mdtest_hard write
find
mdtest easy_ stat
mdtest hard_stat
mdtest easy delete
mdtest _hard_read
mdtest _hard delete
09495 GB/s : IOPS 155.021 kiops

coNOuUuV A WNEPWDNEPR

hosts = 18, ppn =4

46.
0.
.032
0.
150.
71.
1538.
257.
226.
.441
89.
38.
: TOTAL 21.9039

41

101

719
073

654
855
388
440
597
377

394
068

GB/s
GB/s
GB/s
GB/s
kiops
kiops
kiops
kiops
kiops
kiops
kiops
kiops

301.00 seconds
1033.48 seconds
342.67 seconds
115.68 seconds

331.
302.

46.
194.
.42
492.
241.
568.

95

42
58
54
09

86
63
85

seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds
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» Hero bandwidth

* \Write and read

» Anti-hero bandwidth

* \Write and read

» Hero metadata

* Create, stat, delete

» Anti-hero metadata

* Create, stat, read, delete

» And a namespace search
* Search created files

geometric
mean

final
score

geometric | _ | bandwidth
mean score

geometric | | metadata
mean B score

it
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# information io500
list institution system storage vendor filesystem client | client | data | score bw md
id type nodes | total -

procs GiB/s | KIOP/s

1 | isc20 Intel Wolf Intel DAOS 52 1664 Zip | 1792.98 | 371.67 | 8649.57

2 sc19 WekalO WekalO on AWS WekalO WekalO 345 8625 Zip | 938.95 | 174.74 | 5045.33

Matrix

3 | isc20 TACC Frontera Intel DADOS 60 1440 Zip | 763.80( 76.31 | 7449.56

4 | isc20 Argonne National Presque Argonne National DAOS 16 o544 Zip | 537.31 | 108.19 | 2668.57
Laboratory Laboratory

5 sc19 | National Supercomputing Tianhe-2E Mational University of Lustre 450 5280 Zip | 45368 | 20943 | 98278
Center in Changsha Defense Technology

6 |isc20 KISTI NURION DDM IME 2045 2045 Zip | 28245 | 51559 | 154.74

7 | isc20 Oracle Cloud BeeGFS on Oracle Oracle Cloud BeeGFS 270 3240 Zip | 267.25 | 293.05 | 24373
Infrastructure Cloud Infrastructure

8 sc19 MWVIDIA DGX-2H SuperPCD DDN Lustre 10 400 Zip | 24950 (| 8697 | 71576

g sc19 University of Cambridge Data Accelerator Dell EMC Lustre 128 2048 Zip | 229045 | 13125 40113

10 | sc19 CEA Tera-1000 DDN Lustre 128 4096 Zip | 21026 8101 | 54574

11 | isc20 JCAHPC Oakforest-PACS DDN 512 4096 Zip | 175.85 | 348 95 8662

12 | isc20 EPCC NextGENIO NextGenlO (BSC & GekkoF3 10 280 Zip | 15230 2483 | 93412
JGU)

13 | isc20 DDN AlA00X DDN Lustre 40 1280 Zip | 137.03 | 46.84 | 400.84

14 | isc20 CSIRO bracewell Del/DDN Lustre 10 400 Zip 99.64 | 39.90 | 24851

15 | isc20 Johannes Guienberg MOGON I JGU (ADA-FS)& BSC GekkoFS 10 160 Zip 96.46 11.61 | 801.60
University Mainz (NEXT GenlO)
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