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TSUBAME2.0 Nov. 2010 w/ NEC/HP

» 2.4 PF Next gen multi—-core x86 + next gen GPGPU
» 1432 nodes, Intel Westmere/Nehalem EX
» 4224 NVIDIA Tesla (Fermi) M2050 GPUs
» 100,000 total CPU and GPU “cores” , High Bandwidth
» 0.7 Petabyte/s aggregate mem BW,

» Effective 0.3-0.5 Bytes/Flop, restrained memory capacity
(95TB)

» Optical Dual-Rail IB-QDR BW, full bisection BW(Fat
Tree)
» 200Tbits/s, Likely fastest in the world, still scalable

» Flash/node, “200TB (1PB in future), 660GB/s |/0 BW
» >71 PB IB attached HDDs, 15PB Total HFS incl. LTO tape

» Low power & efficient cooling, comparable to TSUBAME
1.0 (CIMW) ; PUE = 1.28 (60% better c. f. TSUBAME1)

» Virtual ization and Dynamic Provisioning of Windows HPC




Storage problems in Cloud-based SCs

» Support for Various |I/O workloads
» Storage Usage
» Usability

» Various HPC apps. run on TSUBAME2.0
» Concurrent Parallel R/W /O
MPI1 (MPI-10), MPI with CUDA, OpenMP, etc.
» Fine-grain R/W 1/O
Checkpoint, Temporal files
Gaussian, etc.
» Read mostly I/O
Data-intensive apps, Parallel workflow, Parameter survey
Array job, Hadoop, etc.
» Shared Storage
» 1/O concentration




Storage Usage

» Data life cycle management
» Few users occupy most of storage volumes on
TSUBAME1.0
Only 0.02 % of users use more than 1TB of storage volumes

» Storage resource characteristics
HDD : ~ 150MB/s, 0.16 $/GB, 10 W/disk
SSD: 100 ~ 1000 MB/s,
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Tape : ~ 100MB/s, 1.0 $/GB, @fa_“ :
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» Seamless data access to SCs
» Federated storage between private PCs, clusters in lab and
SCs
» Storage service for campus like cloud storage services

» How to deal large data sets

» Transfer big data between SCs

» e.g.) Web data mining on TSUBAME1
NICT (Osaka) — TokyoTech (Tokyo) : Stage-in 2TB of initial
data
TokyoTech — NICT : Stage-out 60TB of results
O Transfer data via the Internet : 8days
O Fedex?




TSUBAMEZ2.0 Storage Overview
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» ex.) DAGMan, Pegasus, Dryad, GXP Make, etc.

» MapReduce
» ex.) Google MapReduce, Hadoop, etc.
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MapReduce (Hadoop)
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® run Map - Reduce tasks on the TaskTracker nodes

TSUDOOP
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(@ acquire computing nodes using PBS Pro /
/
@ invoke JobTracker and TaskTrackers via PBS Pro \ I /
A Y /
v ¥

@ submit a MapReduce job to the JobTracker
! LUSTRE

me
Il @ run tsudoop script by user j“ M L,JJ

® direct IO to Lustre FS
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MapReduce
for GPU-based Heterogeneous Clusters

Problems :

* Map Task Scheduling for efficient execution
— Depends on running task characteristics and underlying environments

» Hybrid Map Task Scheduling
— Automatically detects map task characteristics by monitoring
— Scheduling map tasks to minimize overall MapReduce job

execution time Tatal Job Time on TSUBAME
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G App

ZiCo

sorrocie B -

[_REE N

Binary R i
H E E T oo
......................... e mﬁ - WL
i CERhe | I'Mm
ECO
- 4— IIII

LEns i 'EH.I'I " e ' 4
I’ 2o
Lol GPU GPU B R R TITE R AR

cens B

o

_____________ s s vt (1,93 times faster than the Hadoop
original schedulin

H
Ix]




KRR T—24%F

Grid Storage RENKEI: REsources liNKage for E-sclence

» RENKEI Cloud PoP : Point of Presences

» High-performance data transfer service for e-Science

Seamless data access between SCs/CCs
O w/ Grid security, Authentication
Multi-protocol data access
O scp, gridftp, gsiscp

0 164TB of Gfarm FS




RENKEI-PoP
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Storage Federation in RENKEI Cloud

SINET3 L3VPN/CSI-Grid 10Gbps

» A single system image by using Gfarm FS

» File movement & replication between RENKE|PoPs via
SINET3

» GSlbased user authentication
» Account integration with SCs (TokyoTech etc.)
» RENKEI-PoP account
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Gfarm27 7 A LV AT 4 DATA FARM
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% echo -n 3 | gfxattr -s / gfarm.ncopy
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Samba VFS for Gfarm
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Debian packaging

Y—2Z Ay ir—=ii: gfarm (2.3.0-5)

B e N W= s

1
Lxmmm chenl=
i'l.ulm won ke e Ol B b eim

Fam metmcan s

Qfad
Ciwmn b ey
ralanm e
Deowzboomme: = kes For e Glarm Plcssnion
Bafenmdl
Hamdme blranes i e dlanm ieessden

Ffbay gfarm BE M w s —2

T agueeze (] sk |

farm 18 4 50020
Dabian Gk

Gfarm® & A E 4
» InTrigger (IERIERFHA TS

v kD7 H—L4)

» [FTETREKXR, BIAEK, FRK, RRERX, NI,

HIK, BfAX BIEX,
BX, AMXK, AIX
» Gfarm2Z 7 A LA T L
y ARF—A2H—/\ (MDS)

REK, #HEXK, Ik

IR K/—F°

» 1485, 239/ — K, 146 TBytes ey
» RTT~50msec o J -
®
S | o [ |

» —FLUEREREP ! !
% gfdf -a

1K-blocks Used Avail Capacity Files
119986913784 73851629568 46135284216 62% 802306




[0as/suonesad()]

A8 F— B IBRAEERE sk

_________________________________________________________ 15 nodes
FSETREXR
4000 6 nodes
3500 Mﬁies 16 node§ “1'0 nodes l
RX i VU
SN P 9
2000 ERX Ar D l MW\/ I /
oo 11 nodes;\f/\/ V\J UU | 1
3,500 ops/sec
1000 Nt
500 16 nodes/'
ol

________ ==& 85228885

1GBONT 7 A LEA - AR
% 30000 -
% 10 nodes
o 25000 p—
8 16 nodes Read
"~ 20000 Ak ol

Tao 9 nod’/s// [ESETREX
15000 nk 2 nodes y 6 nodes

13 nodes

IEBX

10000 ——ttnodes B
NIl 11 nodes -
16 nodes Write

5000




1GBOXEF T 7 M ILFtA14E6E

= 5,166 MByte/sec
Y
S 5000
m 4
7
@ I
2 4000 j" * [} R. 1\1\
XX b
3000 8 nodes 8 nodes
EAX | J VA
2000 8 nodes 8 nodes B HRK
8 nodes
1000 N P C XiexX
8 nodes
\%
0 : . . . . . . . .
— © — © — © — © — © — ©
~— — N N o™ o™ < < [fe] w0
e =)y | "

RENKEI-PoP_Lt T ) GfarmT — A §5 £ 14 RE

» MontageT—42 t v b ZGfarmTiRE L =BD R )L—
Ty b EEA
» % RENKEI-PoPh i titech~ gfrep T 8 24 1k B

» B—D 7 AT —nA T GEEM) T

—. @ 14GB
LCEmE LR /N0 ==
B 6756&
gfarm#& gL .

promrsy 235 B4 X 292B

— = X 27MB
gfarm mds EEAY— @RTK :f:;z: S
gfarmfs CS-Grid %5 REN'T:E:-: T ACOKE
L ARG ERER

MEAN i TR o s 00 et S——
i

BIE/INTA— gfaam T 7+ )L b
2

R[] =L




. Gfarm
I Network

==5torage
200 750
600
0

titech? osaka nii
Sender Slte

Throughput (MBp
-y
(=]
]

» titech2, NIIT(XStorage Write 4 RE(Z 12 1%

RENKEI-PoP %3 51iH|

» FIFAMEEMR 7/ LXE] OT—2&EmEER L
LT

» http://www.genome-sci.jp/

» IBEDNAY -4 U HIZKYREDNEEFHMB-HE
MB)T—A2 Z/\—X FHICERL, T—2R—X1k. &
mEF, BK#) BHKX, RIKTHEF

» AR T— 4@ ooy b

» BRRAML—VICHIERT 2 EHERKICERELT
fi# 4T

>

[RHMHHW?@H%%%,/vnvémmmhb—ﬁamm

J




» ANAVDA M L—DDE%E
» TSUBAME2.0D X F L— U ERLD #BA

» RIRET — 2 MIBER DOERE
» TSUBAME2.0L TO F—4 LEBEHEDE

» KRBT — 3 FHE
» RENKEFPOP — HPCID R k L— U~




