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1999: Desktops

= Typical overnight job — single thread
read = 10 min compute = 14 hrs write = 35 min 5% I/O
FE: UTOHETIIO T DIOKMIE—ET, WHLEIZL>T, FEI/ONIEERS DR
2004: SMP Servers I EMENBERELTLET ...
8-way I/O significant
10 min 1.75 hrs 35 min 30% I/O

2009: HPC Clusters

32-way 1/O-bound — growing bottleneck
| 10 min 26 min 35 min 63% I/0
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University of Cambridge
HPC Service, Darwin Supercomputer

* Univ of Cambridge DARWIN Cluster
— http://www.hpc.cam.ac.uk
Vendor:

— Dell ; 585 nodes; 2340 cores; 8 GB per node; 4.6
TB total memory

CPU:

— Intel Xeon (Woodcrest) DC, 3.0 GHz / 4MB L2
cache

Interconnect:

— InfiniPath QLE7140 SDR HCAs; Silverstorm 9080 bt :
and 9240 switches, |

File Systems:

— Panasas PanFsS -- 4 shelves AS3000 XC, 20 TB // \
capacity; \

— NFS — Chelsio T310 10Gb ethernet NIC, PERC

5/E RAID Dell MD 1000 SAS 10TB capacity LOE::ZFS
« Operating System: ~80 MB/s
— Scientific Linux CERN SLC release 4.6 per disk Danasas:

4 Shelves,~ 1 GB
Cluster Scalability of Implicit and Implicit-Explicit LS-DYNA Simulations Using a Parallel File System Shelves, G /S

Stan Posey, Bill Loewe, Ph.D.Panasas Inc, USA Paul Calleja, Ph.D.University of Cambridge, Cambridge, UK
7th European LS-DYNA Conference
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" Z0ith " ETEALE

NYFIT—IET/— CYLLIEG
*LS-DYNA v971 Implicit

*6 nested cylinders (#5.& #&A)
921,600 Y U v FEF

1,014,751 / — K~
*3,034,944 (¥ ;Y w I X ¥ X)
FERERFRIX 7 Z (1) [Factor(2),
Solvers(2), Force Comp(4)

PanFS Local FS
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ISV Software Model Size #Cores Advantage
AN FLUENT 12 111M Cells 128 > 2x vs. NAS
FEFLUENT v
@ STAR-CD 4.06 17M Celis 256 1.9x vs. NAS
s CD-adapco
STANEORD  CDP 2.4 30M Cells 512 1.8x vs. NAS
Stanford
p? Abaqus/Std 6.8-3 5M DOFs multi-job 1.4x vs. DAS
SIMULIA
SIMULIA
AN ANSYS 11 SP1 Suite 16 “best NAS ”
ANSYS
g s7c  LS-DYNA 971 3M DOFs 16 equal to DAS

AR Livermore Software

Tochnology Corp. L ST C
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Boeing Company N\ BOEING
CAG & IDS, Locations in USA

- FIAA=E
— HPCO S RAEZ AT LTOHOFHHA
- FERIZZLDAI—HYDHRALGCAEY 1 =
L—r3ay
» CFD (Overflow; CFD++; FLUENT)
« CSM (MSC.Nastran; Abaqus; LS-DYNA)
« CEM (CARLOS)

« HPCU AT L
— Linux? 3 X% (~36007 At vyHa7)+
Cray X1 (51270t v+ 7)
— Panasas PanFS, 112 storage systems, >

8 X Linux x86_64 2 X Cray X1

900 TBs
o FHAEME
- BWRT—ZEYTaLEH 3T, &
MA—FDkARGEIT—oO—FIZxT 5
R 7T ALTE

Panasas 116 Shelves, 900 TB



;‘:f/'ﬂ,l[/// TSNS £
— g /.’// .,’ P i .

PansasiEHAEH

PanasasD iR FAEH
o NTUINITFAILVATLINEREH
— &{é)_%@?@ﬁ%t’)a?‘t*ﬁ%ﬂ@’)aﬁ@IIOMIE’&‘IEH%l:?)]ﬁﬂ(@
Al Ae
— VAT LEAERTELMONV IO E K
« “Production-Ready” Y')Ja1—3>
— BANB S TESIZEEFENDAVE 1 —3IRE Tl A A & F| FA A &8
— %Eﬁ?ﬁ"ﬁ‘%f“/ZTA?b\Z’T—77)lx
— VATLDERDEZEERIIZEITAIEE
= ULvel T \
. TCOﬁIJ,Dz o e
- BAQRAM (QFETA4T4AVKR—FRIM) 2{‘:,{:5'92?,‘3‘;};5‘;‘.?53
— GbE,10GbE, InfiniBand7 & ME4R A% Data Center
- EHERMIES

High Performance Computing
Enterprise Storage and Servers



Rmo4 >

PANASAS ACTIVESTOR
PARALLEL STORAGE CLUSTERS

B IEFE 2HEREE
To2—F54 IFJSRT
X A

o BRE
o N2 FIEOXKIEZE M Eni-tEee

— TN ST EaR
, v hotigert S G b E &k

i HF}:CTIVESCALE OPERATING ENVIRONMENT

NFS/CIFS  oObjectRAID  Tiered pant‘J

VR TLIBEARH



900000°
Performance Module

Iy FR Ty TafgE
TL—RF7—F70F+

DirectorBlade g |
X — T e o o StorageBlade

FITIL D FF—SUE
CH> Ry FO—2 .
RTYF (FT¥3>) 3 7 GbE, 10GbE
N o = Ry FO—=DX1wF
/Wy FUEDa =) &3 RN
EFR/Nv IRy T |

JIRIEER
v KXy 7ojEE

RT—STNERTLAIBEARH



= Panasas ActiveStor
AF—STVAL—SFP—XT9F %

Bt GB/sec

R P5 TN R FLIBLH



¢ X
X E X

¢ X

o
FARI’I’Y‘

FARI’I’Y‘
PAFII'I"‘(‘PARI'I'Y‘

Vertical Parity
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InfiniBand Interconnect
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10GbE Switch
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Compute node Panasas
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Compute node D—oEs
HEEE
Compute node S O0—/\ L FE—LXN—Z
SYOONITPLINERTA
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Computer node + Local Disk RAID
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