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OSa ka U N |\/6 I’S |ty selected as a Designated National University on Oct.23 2018 ‘ ‘

Under the motto "Live Locally, Grow Globally,"

Osaka University grapples with the challenges of education and research
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Cybermedia Center

Osaka University

Organization

11 Schools with 10 Corresponding Graduate Schools
6 Independent Graduate Schools

6 Research Institutes

2 National Joint-Use Facilities

14 Joint -Use Education and Research Facilities
University Library

2 University Hospitals

World Premier International Research Center (WPI)
Initiative

Institute for Academic Initiatives

Center for Education in Liberal Arts and Sciences

Kyoto
Faculty and staff 6,654
Students
e Undergraduate 15,250 //,/Tokyo
« Graduate 8,054

e



Cybermedia Center eWe®

Cybermedia Center

Osaka University

e a supercomputing center at Osaka University
http.//www.cmc.osaka-u.ac.jp/

* has a responsibility of providing a powerful high-performance computing environment
for university researchers across Japan as a national joint-use facilities.

it
AR RBER7 Vector-typed Supercomputer
WiRAIAERGSR! . SX_ACE
Supercomputer
3» Scalar-typed Supercomputer

« PC cluster system for large-scale
visualization (VCC)

SUPERCUMPUTER USERS | .i - ' .i / S « Osaka university Cybermedia cenTer Over-

ARMHNM 271 201 SERIATBHR 1 .i Lemles) Petascale Universal Supercomputer

Loglu & ,
Login Node Z

CALL FOR

Large-scale Visualization System
» 24-screen Flat Stereo Visualization System

» 15-screen Cylindrical Stereo Visualization
System



http://www.cmc.osaka-u.ac.jp/
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Application example from High-performance Scientific News @

Cybermedia Center

Osaka University

C | ith N ical HPSC NEWS vol.02

osmolo wi umerica e - e

. 08y MIEYS 21—y 3aVICkD
Simulations e

Prof. Kentaro Nagamine ea L
Graduate School of Science, Osaka Univ.
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HPSC vol.2 http://www.hpc.cmc.osaka-u.ac.jpo/en/hpsc-news,/vol02/
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Application example from High-performance Scientific News @

Cybermedia Center

Osaka University

Numerical simulation of flow and water
quality in Osaka Bay

Assit. Prof. Yusuke Nakatani

Graduate School of Engineering, Osaka
Univ.

Simulation of cyclonic circulation Flow by changing lanform
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Clean water /'A.’.‘ Y A S e
S LT~ : Polluted water is not
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HPSC vol.3 http://www.hpc.cmc.osaka-u.ac.jpo/en/hpsc-news/vol03/
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OCTO P U S since Dec. 2017 @IWMQ

Osaka Universi ty

is short for Osaka university Cybermedia cenTer Over-Petascale Universal
Supercomputer.

We were really eager to obtain a Peta-Flops system.

The CMC’ system is difficult to remember. Not fun!
e Vcc, Ace, Hee.. , PCC.

Many Japanese people associate TAKOYAKI with Osaka.

Takoyaki (7- ZBEZX ori8)3) is a ball-shaped Japanese snack made of a wheat flour-based batter
and cooked in a special molded pan. It is typically filled with minced or diced octopus (tako),
tempura scraps (tenkasu), pickled ginger, and green onion.l!l2l Takoyaki are brushed with takoyaki
sauce (similar to Worcestershire sauce) and mayonnaise, and then sprinkled with green laver
(aonor)) and shavings of dried bonito. There are many variations to the takoyaki recipe, for example,
ponzu (soy sauce with dash/and citrus vinegar), goma-dare (sesame-and-vinegar sauce) or
vinegared dashi. _
Yakiis derived from "yakd" (88 <) which is one of the cooking methods in Japanese cuisine, q !
meaning "to fry or grill", and can be found in the names of other Japanese cuisine items such as

okonomiyaki and ikayaki (other famous Osakan dishes) from wikipedia



https://en.wikipedia.org/wiki/Wheat_flour
https://en.wikipedia.org/wiki/Batter_(cooking)
https://en.wikipedia.org/wiki/Octopus
https://en.wikipedia.org/wiki/Tempura
https://en.wikipedia.org/wiki/Tenkasu
https://en.wikipedia.org/wiki/Beni_shoga
https://en.wikipedia.org/wiki/Welsh_onion
https://en.wikipedia.org/wiki/Takoyaki
https://en.wikipedia.org/wiki/Takoyaki
https://en.wikipedia.org/wiki/Worcestershire_sauce
https://en.wikipedia.org/wiki/Mayonnaise
https://en.wikipedia.org/wiki/Aonori
https://en.wikipedia.org/wiki/Katsuobushi
https://en.wikipedia.org/wiki/Bonito
https://en.wikipedia.org/wiki/Ponzu
https://en.wikipedia.org/wiki/Dashi
https://en.wikipedia.org/wiki/Japanese_cuisine
https://en.wikipedia.org/wiki/Okonomiyaki
https://en.wikipedia.org/wiki/Ikayaki
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CPU nodes

DDN SFA14KX™/ '

DDN EXAScaler (3.1PB)

NEC LX 2U Twin2 Server 406 Rh-2 (59: 236nodes)
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Many-core nodes

(intel)
XEON PHI'|
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NEC LX 116Rg-7 (2: 2nodes)
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Mellanox CS7500

: & 648 port EDR InfiniBand Director 1 46 P F I O S
NEC LX 4U-GPU server 108Th-4G (4 node) Switch = p



OCTOPUS > X 5 LKEER ee®

W CPU/ —F A%t 236/ — K (471.24 TFlops) 1
CPU Intel Xeon Gold 6126 (Skylake / 2.6 Ghz, 12 cores) x 2
Memory 192 GB

&5t : 37/ —F (858.28 TFlops)
CPU Intel Xeon Gold 6126 (Skylake / 2.6 Ghz, 12 cores) x 2
Memory 192 GB
Accelerator NVIDIA Tesla P100 (NVLINK) x 4
X=—ay7p/—F &5t 44/ —F (117.14 TFlops)
CPU Intel Xeon Phi 7210 (KNL / 1.3 Ghz, 64 cores)
Memory 192 GB
AKEEEXREESH/ —F &5t: 2/ —F (15.38 TFlops)
CPU Intel Xeon Platinum 8153 (Skylake / 2.0 Ghz, 16 cores) x8
Memory 6TB

KBEER L= &%t : 3.1PB
File System DDN EXAScaler(Lustre)

Size 3.1PB




OCTOPUS Storage/File server O

Cybermedia Center
Osaka University

Ve PODS

NFSICELBT7AILT—ER

EDR Infiniband

0% o 8

ExaScaler 7

AbL—oEHEY—)(
ix DDN 1U Server

g S NFSH—){
X597 —9HY—)T. MDS 2 x DDN 1U Server
2 x DDN 1U Server

ABEBAM—Y : 0SS and OST
1x DDN ES14KX / 5x SS8462 Enclosure
2VM(0SS) / Controller
Dual Controller
4x EDR Infiniband / Controller
410x 10TB 7.2Krpm NL-SAS HDD
40x RAID6(8D+2P) + 10x Hot-spare 1x EDR Infiniband
EREE : 3.1PB (2.8PiB) — 1x 10GBASE-SFP+SR
—— 8Gbps FC

1x DDN EF4024
24x 600GB 15Krpm SAS
22x RAID1 + 2x Hot-spare
M fGinode® : 3148




OCTOPUS Storage/File server eWe®

E.;):Rirmwedio Center
1 DDN#YExaScaler
i e Lustre7 7 A IV AT LAR—X

« 15 v 7 IZ3PBINA
ElBY—1(18R)
NFSH—/x(2&)
MDS (Meta Data Server) 2&)

DDN SS8462

AbhL—2

Iv/a—ox

(OST: Object Storage Target)




DDN SS8462: OST on OCTOPUS eWe®

Cybermedia Center

¢« WUERICBRTYAD RS54 7E2NART2EBERZ L—YTyra—Yy
« E2TOAYERE-—FY FHTRL

» OCTOPUSTI&, 10 TB NL-SAS(7.2krpm) HDD X 821 %= 1 7 v 7 IC¥H,

Multipath Controller I/O
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IO Module A I0 Module B

34 X SAS 34 x SAS
6Gbps 6Gbps

42 x Dual-Port 42 x Dual-Port
HDDs/SSDs HDDs/SSDs

SS846x Internals
Completely Fault Tolerant




OCTOPUS X kL —#8BK eWe®

« SIX /A=Y X ICHTAY, 10K F 47 T EICLUNZRERL Sl
« LUNTRAID6(8D+2P) % # X,

40 LUNSs for

0ST

|
0STO00 0STO01 0ST02 0ST37 0ST38 0ST39

S— — —
vdisk00 vdisk01 vdisk02 vdisk37 vdisk38 vdisk39

E S =
00|00 |00 00|00 |00 |00

‘00 0o|je8| - ©o|E0 68/80]
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RAID6 RAID6 RAID6 RAID6 RAID6 RAID6 Spare
(8D+2P) (8D+2P) | | (8D+2P) (8D+2P) | | (8D+2P) | (8D+2P)
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OCTOPUS: 7 7 AL 2T LR @@

Cybermedia Center
Osaka University

* MDS¥Y —/1: 24 —/3TActive/ . 77AAY—n:RAIDAY FA—-5ZEIC
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Lustre File System 3.1PB (2.8PiB)
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OCTOPUS file system (1) 'WK‘)

« /octfs: mount point as a single file system
« Lutre storage is accessed at /octfs/
from all computing nodes and frontend nodes.

e o T —
/ — -
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- v ’

KNL nodes

Lustre

Frontend nodes



OCTOPUS file system (2) ©M©

Osaka University

 Design goal: Quota design/configuration well-suitable for our user management method
and storage charging policy.

Storage-Charging Policy
« 1 TB disk space is allocated to each application request

How can we use Lustre quota

(T4 R BREBIFIABHEMTITBAE Y XT3, ) functions?
« 1 TB disk space can be added per 3000 JPY/year. (EDESICIF—ZRICE>TRIL—
(F£R93000 1 TBDEMR b L — I %Y K TATRE, ) CREZHRINEN?)
User management
e Application request is done by PI:
an individual or group. ? Mr. Incredible Mr. Incredible, Elastigirl, and Violet
(FREBIEEAD B VN E L — FEAL) T » e share 1 TB storage.
Violet
e Currently, different user-ids are issued ? Applicati :
to a user in the case that the user belongs pplication request form
to multiple application requests. PI:
(BEIZ. B—a—YTh-TdH ? » Dash Dash can use 1TB storage.
B/ IL— 7T T h Y v FET)
Often, some users appear on
e In future, the same account for a user can be P':Syndrome the different application form.

(H%?ﬁ L= _'j_b %E;ﬁ@ EE a8 EI
Mr. Incredible (ZB91%)

shared among different groups. » Members:
(FRRyIC, 12 —9AEED 7 IL—TIC ?
EH&ICLRN)




Partition and Quota Configuration on OCTOPUS @M@

Cybermedia Center

e Partitioning (/\X—7 1+ 3 VI&XTE)
« 2 —YhomefBIE: Joctfs/home/(user id)/
o JIL—work#8is 1 Soctfs/work/(group)/(user id) /

- Quota Configuration(Z # — 2 % F)

& Joctfs
+ /home
/N incredible " @l znzn Project Quota
_____ + /Elastigirl ¢ 10GB % T, (10GB)
ek /Violet g
Pl:
? Mr' |nCredib|e + /W()":L( llllllllllllllllllllllll v,
Q Wy | Ve £ /M. Incredible G :
? Violet : + /Mr. Incredible « . c Quot
. Z Z % 1TB+optiog roup Quota
;  +/Elastigirl P CHIR L 7oL (1TB + option)
. + /Violet s
>:<GI’OLI|I) Quota : LiI’IUX@GI’Oup-}EE:@?\—Q%%UBE?"%)O Y NN NN EEEEEEEEEEEEEEEEER .

77 ANV AT LB TI DR IE ATEE,
XProject Quota ! FIEDT A L7 FUNDT —XAREZHIRT %,
T7ANY AT LRI, T4 L7 8B TERERTERHE
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BB SRS 25 4 1 VCC 20134 A eWe®

Cybermedia Center
Osaka University

e Dynamically Reconfigurable Cluster System

[xnastwms 274 | 201 8EEE HiRFIAEZ (IR

SEoHEAH SWEHN ~I7097T Al BELL
FEE Z—AAOHEG AR HES BfFRAOmEe

CRE-CHZECHRUT AIRTARA—-/I\-OVEa1—9%
BHICBBULVEEDFEFT v

using ExpEther, system virtualization technology from NEC

45 :66/—F

CPU Intel Xeon E5-2670v2(lvy Bridge / 2.5 Ghz, 10 cores) x 2
Memory 64GB

EAGY/LRBDT— SRS
BERBIFTVELN,

APIYTAR ». g
IMTYER t_f v
Z-It-ay¥a-%

OCTOPUS 1.46 PFlops
AN/~ F, 296/~

%) ARIN. CEMATRNE. RGN
B RRRMMRE LDV aL -3
VEHWEW,

SX-# . CPU Intel Xeon E5-2690v4 (Broadwell / 2.5 Ghz, 14 cores) x 2

A== VE2~F

s ace s e Memory 64 GB

BRI EIR
Accelerator NVIDIA Tesla K20  59&

Ty

‘

Flush drive ioDrive2 (365 GB) A&
Storage PCle SAS (36TB) o1&

iy RKBEER ML -
s ASEa s File system NEC ScaTeFS (Scalable Technology File System)
Size 2 PB

http.//www.hpc.cmc.osaka-u.ac.jp/vec-sys/




NEC ScaTeFS for SX-ACE & VCC @M@

® %E%(@VO'U'—/W:X 77_‘—73410‘7_'—7 %i/;jh jﬁi&é‘@'%) <N ml_@ltgl |/Otj(£0)7 4”/?7& Cybermedia Center
ISRV T 7 A VS RF LEERRT £ TR. B—BEAOFREAT ) HAVICEZBURESREE
T—RRELRFICRE L cEEREEMILLIL Y 7MLV RT A

NEC ScateFST2PBMD X kL — < ASX-ACE. VCCIZIE{H

SX-ACE 1536/—Fk (/—KFRi#E#HE IXS) SX-ACE/—F A . 10GbEIF1EI#

64/—F x 1% 280 QFX3500 1ZH#E#E
QFX3500 M 540GbE x 2 ZECHR

24 x2[E# x 40GbE x 24(512/64*3)

VCC 66+3/—K (IB FDR)

£ 2"2"24*40GbE

§/.32p04(106), . A200nt(10G) F i/ 32000t(106)..,.. .. 32000H(10G) i 32P°ft(.1°G) 5 32P°“(1°G.)...§

48*4*10GbE
4port(106G) 192port(10G)
10 Server |10 Server]| .. |10 Server] |10 Server 10 Server |10 Server 10 Serverl 10 Server]|, 10 Server| [10 Server| 10 Server |10 Server
#01 #02 #16 #17 o #31 #32 #33 #34 #40 #41 #47 #48

167 (15é.‘)
NQSIYR&—k EXTHOME$E1, HOME$E#;1 HOME 812
96TB | 1296TB | | 338 4TB || 338 4ATB

WA= 135PR RS - R7R TR
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Cybermedia Center

Osaka University
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DDN Lustre (3PB) for OCTOPUS

ScaTeFS (2PB) for SX-ACE and VCC



ORIC & % HEAEEH eWe®

Cybermedla Center
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« 20185108 18HEAT - hEHE)IC X7 2 —INQSI &£V 3 7H AL <8

o jor—w-r-b8g—-tm-C-021-e—-vv—-F —o output

./ | OCTOPUS

IOR 2.10.3 32 nodes write 30,405 MiB/sec
040 processes g 30,392 MiB/sec
16 nodes, write 28,995 MiB/sec
320 processes 29,631 MiB/sec
8 nodes, write 26,443 MiB/sec
150 processes g 20,772 MiB/sec
4 nodes, write 20,896 MiB/sec
80 processes .4 13,861 MiB/sec

VCC

6,959 MiB/sec
10,224 MiB/sec
9,067 MiB/sec
6,805 MiB/sec
7,138 MiB/sec
8,443 MiB/sec
4,134 MiB/sec
4,284 MiB/sec

(DB )RETD

ERAPTHRELHT DML (read/write5EH60GB/sectd b) % #E:R it DT, VCCHT — &

‘i% < if\\%%?\_&o




ORIC & % HEAEEH eWe®

Cybermedia Center

- 20185108 18HCGERT:BAFE)ICX7 Y2 —INQSI & V23 7B A LT
o jor—w-r-b8g—-tm-C-021-e—-vv—-F —o output

T ocopus

IOR 2.10.3 32 nodes write 25,037.06 MiB/sec
o4O processes o 15,908.67 MiB/sec
16 nodes, write 19,870.49 MiB/sec
S20 processes 10,768.68 MiB/sec
8 nodes, write 14,859.89 MiB/sec
150 processes o4 17,179.97 MiB/sec
4 nodes, write 12,588.92 MiB/sec

80 processes read 4726.19 MiB/sec



ddic & AL EPA @

Cybermeduc Center

ccccccccccc

« 2018F10818HDERAFICAT > 2—INQSII £ V)23 7% AL TEHA
« 7 Ow s #/X“:o] M/;EEL T. 256, 512, 1024MB>D 7 7 1 /L Z write/read
L /=D I — T fEHH)
o Write: dd if=/dev/zero of=3LUSTERDIR/$FILE bs=1M count=2?? conv=rfsync
o Read: dd it=$LUSTERDIR/$FILE of=/dev/null bs=1M count=22?

CE)EESRETO
iz DT, VCCOT — X

3dH < EFTSE,

__ VCC
1 node, 256MB write 1.2 GB/sec 0.33 GB/sec

Lprocess 256MB read 1.6 GB/sec 0.98 GB/sec

512MB write 1.2 GB/sec 0.43 GB/sec

512MB read 1.5 GB/sec 1.00 GB/sec

1024MB write 1.5 GB/sec 0.57 GB/sec

1024MB read 1.5 GB/sec 1.00 GB/sec



MDTest(Z & % 14 8eTHh eWe®

Cybermedia Center

. Unique' &7 01 ZXHMER| 7 7 1 )L 7% A2 ?;EE?;)E%V;)C@T—?

e Shared: &0 XA FE—7 7 1 L& AL

L,/ | OCTOPUS vee

MDTest 1.9.3 32 nodes unique file creation 75,963 op/sec 33,528 op/sec
S PIIEESSES unique file stat 272,689 op/sec 151,143 op/sec

unique file read 212,684 op/sec 271,262 op/sec

unique file removal 106,531 op/sec 44,003 op/sec

shared file creation 64,689 op/sec 2,703 op/sec

shared file stat 139,334 op/sec 28,100 op/sec

shared file read 131,328 op/sec 278,557 op/sec

shared file removal 76,596 op/sec 10,613 op/sec



Summary (£ & &)

« OCTOPUSEZ X 2z ALustre R L —I2DWTHE - #8
« DDN ExaScalerz&ifié LI=XAFL—H—ERDER

« DDN ES14KX, SS8462% ;&H

« IPBZ1T v 7 ICEEBEELS

« 10 TB NL-SAS(7.2krpm) HDD 4101&
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e Partition &Quota Configuration
o MEEERTI
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Expectation and Concern to Lustre (& — %z £42?) @@

uuuuuuuuuuuuuu

- Expansion of functionalities or familiarities with other storage service? (%
BEHLAR & B R b L—CH—E R & DFMMEEIL?)
1. User-Friendly Data Aggregation (57— & &£ £J148E)
« Large data are still immovable like a mountain. "8/ &3 & & lip&IL "

2. Security/Data-protection functionality from not only technological but also ethical and
regulation aspects. (¥ 2 V) F 14 /57— Z {REMEE)
e Security-sensitive data still sits in the outside of our supercomputer environment.

3. For hybrid use of Cloud and on-premises environment

-« Continuous, prompt, and versatile support and information sharing (f##:a9.
BRI DEEEICE LY R— b LIFRER)
e For prompt feedback: Users and administrators can benefit from new technologies and
functionalities.
e For stable system operation: “Never waste researchers’ time and efforts.”



