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Total HPC Revenue by OS

IDC: Linux Clusters 74% of HPC Market
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Typical overnight job — single thread

1999: Desktops

read = 10 min compute = 14 hrs write = 35 min 5% 1/O
IR UTOHETIEOaTONORMIZ—ET, MWHNEICLST, FE/OLETRSH DI
2004: SMP Servers B ERINDERELTONET ...
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
el 10 min 26 min 35 min 63% I/O
i

EE: IOMEHSICEL T, EREM L PH LR EDHELALNEVWSEBIRGEETOHRETHY . EED
CAETODL VT N3 DIIOMBESELIZASL—av LR TIEHYELA.
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High Performance Interconnect
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A-Class —_—
14000 20M Cells /
= Z0Dfth (NFS) VJ)UIN— (NFS) £
Z0fth (PanFS) VJJUIN— (PanFS) (i ra
12000 1 8 % Wy ‘ %
= . L1
N
688 '
Number of cells
10000 19921,786
Solver
CGS, Steady
8000 [terations
ppun— 500 total iterations - data
save after every 70 iters
6000 3 2 % Each solution outout (50 total)

1,500 MB
- 1044 Ay

488
4000 Ay
(500 oz orm prE<naicoT. Y
2000 5085 - IVIN—BBDBDLLENKRELED
A,

|
— P LAY —)LDFER GENSIEBDHMEEELS)

2326 |

2350 MSNOMNIRS: & [C K DIEMFIETE L DEIEAT
325 (32a7) g8

643% (64 7)
1283%| (1282 7)
CDMBEETHBIEPanasastt &1 TINRDN 17 >TIADIOSRIIITN (PO4837) ERIFFL TEHAILIEMEETT,

File Systems -- Panasas,: 7 shelves, 35 TB storage; (F /L&, AXGhEE#M T F— /L 2.8GB/sec D/V> FIE)
NFS: Dell 2850 File Server, 6 x 146 GB SCSl drives, RAID 5 RE—S5 TN SR T LD
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= Znfth (NFS) =\ )LIN— (NFS)
ZDt (PanFS) VJ)UIN— (PanFS)

20000

15000 Number of cells
16,930,109
Solver
CGS, Single Precision
0 lterations
300 total iterations -
data save after every 100 iters
Total solution output

48 GB

MHE (DPH) DAELBBICH ST, EY
IVIN—BBDBDLLENKRELED
y
P LS —)VDFER GENSIEDOMEEEELS)
v
MHNOMNIRTS £ IC K DIFMFITEER D DEFID
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5000

6415 (643F)

1285 (1283 F)

256 @4 (256 3 F)

C DM EEFHBIZPanasastt &1 > TNADN 12 TINHDISRIIRTL (P04837) EFIFL THAIL/IEMEETT,
File Systems -- Panasas,: 7 shelves, 35 TB storage; (F >z /LZ/&. AXGbEE#M T F—H /L 2.8GBlsec D/V> FIE)
NFS: Dell 2850 File Server, 6 x 146 GB SCSl drives, RAID 5 RE—S5 TN SR T LD



FLUENT 12 [28 115

750M Cell ETILDFEMT

Source: Dr. Dipankar Choudhury Technical Keynote of the European @
Automotive CFD Conference, 05 July 2007, Frankfurt Germany FLUERT

ANSYS CFD 12.0: Core Area Advances (I)

750 million cell FLUENT 12 case

o iFIALIEH (80GB pdat file)
T U)jﬁﬁ”@fﬁwgﬁéfﬁ Intel IB cluster, Panasas FS
— ﬁ;kmfguo N5 D j(lTlE?:;'l‘ﬂE 512 cores Serial I/0 Parallel I/0
R L 11X =mp Read 1708s 157s
_ _ — » I —
AT—SEUT4 DAL 13 X w—mp Write 4255 335s

RE—S TN SR TFLIE L
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But What About 1/0?

« |/O requirements can also be demanding

— Typical file sizes (per simulation) range from 200 MB to
1GB

« Simulation files on the leading edge can be 10-20 GB per
simulation

— Trend is toward more file saving
« Checkpointing (5-10 data writes per simulation)
+ Time-varying solutions (100’s of data writes per simulation)

— Read/write times can be significant
« And become a bottieneck if done in serial on large clusters

« JYBRICT—EDESHLZTY (Fz v iK1 )
+ FEFHEENDR I

ANSYS o Soorenr

Source: Bar“t-)‘l_—lhtch-ingls" Presentation at SC06, Nov 2006, Tampa, FL ,;7_5,%9,?;1\;(#11%#



FLUENT: Serial I/0O (6.2) vs.

Parallel I/O (6.4/12-beta)

u 64-way m 128-way 192-way
S0000 1 s S SXZBAC
XUy MML?
£ YL DO
37500 1O SRR 5 Mﬁ?
SHERTIC e .
"‘ i = PanFSI.
25000 = ° Serial 1/0 I

\Q\HL’CMEM
L DHEEERE(
g 19237)

.
]

Elapsed Time in Seconds

12500
— K£YBLDIO
— CEXRor—3>
° S TILIERE
e, FEH
6.2 - Serial I/0
PanFS - 1 Write “
ANSYS PanFs - 100 Writgl
S FLUENT Panasas & A [ L SiisdEE D g1 #9745 A] L

90 M Cells _ ]
Source: Barb Hutchings Presentation at SC06, Nov 2006, Tampa, FL Ro—5 TN X T AL LA



CD-adapco

+ MYPANASAS  * TAKE A PRODUCT TOUR  * CONTACT PANASAS

panasas /;

Accelerating Time to Results™

=

Panasas and CD.adapco Partner to Advance CAE Productivity
» Press Releases Panasas Paraliel Storaye Heralds Breakthvounh Performance with CO-adapco Software

» Press Kit FREMONT, Calf —March 10, 2008— Panasas, Inc., the clobal leader in parsllel storage solutions for the

» Recent Articles High Performance Computing market, announced today that & forged a strategic alliance wih <
Compouter Akded ineerng (CAE) market keader CO-adapco. Recant certification of CD-adapco's

R.CD and CCM+ Computationad Fluid Dynamics (CFD) software on Panasas® ActiveStor

lel storage dellvers new and significant performance advantages for a broad ranges of CAE
simufations. The industry beneft iz faster time to solution, which alows uorrl FR—
wihin the automotive, aerospace, turoo machinery, oll and gas, and other | Sntoi o
procuctive and more profisble. Galnlng CAE PrOdUCtIVIty

W|th CD adapco & Panasas

Panasas Parallel Storage Solutions
Demonstrate Substantial Performance and
Workflow Gains for STAR-CD Simulations

The combination of scalabie STAR application software &g Panasas parallel storage for
Linux® clusters has demonsiraied new and significant produclivity advantages foe CD-adapeo
‘customens. Recent tests demonstrae STAR €O woekfiaw benuits mat include perioamance
£AIns In 1} BRometry pArITNINg; 2) Smuaton scalability; 3) and 6-MArEINg of rasults.
The tests also show GramaTic #ProUeMEnts in Cost-performance.

» Upcoming Events

» Webinars

g FEATURE ARTIGLE PArieid OXquIng

08 5 w7 (€ AT G

g e e et =i
S by ey v e b

RO, PO 8 1 O 0 e
oy
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Car
80 2M Cells 4M Cells
i ﬂ/ ’ 1800
—~ 60 =
2] 2]
ke / °
C C
S 50 :
@/ i E},‘: 1200
o 40 o
E =
= 30 (=
20 600
10
Total-Time Total-Time
0 CPU Time:.. 0 CPU Time
PanFS DAS NAS PanFS DAS

NAS

PanasasDRYrI—ORA—U K, FALIMTRAYFR-AN—U LRIFE D EREETRLTLNVS
PanFSONFSIZH T 5BAEX, ET N YA XN KEGEZELYBEEICLS
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E1) 5%

Discipline ISV: Software
CFD ANSYS: FLUENT
CD-adapco: STAR-CD
CD-adapco: STAR-CCM+
Metacomp: CFD++
Acusim: AcuSolve
ANSYS: CFX
CSM Explicit LSTC: LS-DYNA
Impact ABAQUS: ABAQUS/Explicit
ESI: PAM-CRASH
Altair: RADIOSS
CSM Implicit ANSYS: ANSYS
- Structures  MSC.Software: MD Nastran

ABAQUS: ABAQUS/Standard

Scalability (cores-per-job)

2008

24 — 48
24 — 48
32 - 64
32 - 64
32 - 64
32 - 64

32 - 64
32 - 64
32 - 64
32 - 64

04 - 06
04 - 06
04 - 06

2009

32 - 64
32 - 64
48 — 64
48 — 64
48 — 64
48 — 64

48 - 64
48 - 64
48 - 64
48 - 64

04 - 06
04 - 06
06 -12

2010
64 — 96
64 — 96
64 — 96
64 — 128
64 — 128
64 — 96

64 — 96
64 — 96
64 — 96
64 — 96

06 -12
04 - 08
08 — 24

Parallel I/0 Status
Y -v12in g3 08
Y —v3.26, v4.2 in g2 08
Y -v2.xin g4 08
Y —-v6.xinql 08
Y —v5.x, need to test
N — plan to follow FLUENT

N — no plans announced
N — no plans announced
N — no plans announced

N — no plans announced

Y & N — scratch, not results
Y & N — scratch, not results

Y & N — scratch, not results

RGT—S TN R T LI R
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Abaqus S4b TOMEBERREE

(intel

Intel ENDEAVOR Xeon Cluster

Location: Intel HPC Customer Enabling Center, Dupont ,WA

Vendor: Intel; 80 nodes; 640 c ores; 18 GB memory per node

CPU: Intel Xeon (Nehalem) QC, 2.8 GHz, 8 cores per node

Interconnect: Infiniband

File Systems: Panasas PanFS; Lustre on DDN; Local disk

Operating System: RHEL Linux v5.2

« ENDEAVOR File Systems and Storage

— PanFS: 2 Shelves AS6000 (1+10 and
2+9), 38 TB FS; network connected

Local FS:
Ext2

a0

through 10GigE switches and IB router, ~ per disk
1.2 GB/s Panasas:
16 client iozone DDN/Lustre:
— Lustre: DDN storage, 100 TB FS, ~ 5 1180 MB/s write 16 client iozone
GB/s 1260 MB/s read 5390 MB/s write

— Local FS: Ext2 FS, 370 GB SATA drive, 3370 MB/s read

80 MB/s per disk

RT—S TN R T LI R



ABAQUSEEAR LV FT— (S4k):

SOV 3 JikEE

Abaqus/Standard 6.8-3: Comparison of PanFS vs. Local FS Ext2 2 \
SIMULIA
B PanFS )
Single Job Scalability 8 to 32 Cores; Memory 90% B Local ES Qn_tﬂ

5000 T—*""f'

4000 -

Lower 5M DOF
is ngine Block

better

NOTE: PanFS
advantage over
Local for single
node case when

Total Time in Seconds

|0 is heavy - in
the same range
for 2-4 nodes
when job goes
32 in-memory

16
Number of Cores

RT—S TN R T LI R
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TILF O3 TiERE

Abaqus/Standard 6.8-3: Comparison of PanFS vs. Local FS Ext2

Total Time in Seconds

Average Times for 8 Jobs, Each 16 Cores; Mem 90%

2000

1500

1000 Average of 8 Jobs

Average of 8 Jobs

500 pa nasas‘ ,/‘

8 Jobs x 16 Nodes x 128 Cores

B PanFS

M Local FS Qn_til

Lower

better

S |

SIMULIA

is

5M DOF
Engine Block

NOTE: PanFS

and Local FS
difference ~ 5%

Average Times for 8 Jobs | Each Job on 2 Nodes | Each Job on 16 Cores | Total 128 Cores

RGT—S TN R T LI R



CAE7 T H5—3>0M

RITHEE S T

CAELST AURTDIL T I3 DERITHYE (R5T—35E)T1£10)

A FLUENT
. CFD CFD
High (Steady) STAR-CD (Unsteady)
Y CSM Explicit

CSM Explicit

(Lagrangian)

CSM Implicit

(Direct Freq)

(Statics) ABAQUS/Standard CSM Implicit
(Modal Freq)

Level of Solver Scalability

Low MSC.Nastran

Y

I I I I
0.1 1 10 100 1000

Low Level of Run-Time I/O Intensity High

RGT—S TN R T LI R



CAE7 T H5—3>0M

RITHEE S T

CAERT A MTDL T V23T DETHEHE (RT—35E1)T71£10)

FLUENT

High STAR-CD

Example: Unsteady CFD increases I/0O 100x!

LS-DYNA
ABAQUS/Explicit

ANSYS
ABAQUS/Standard
Low MSC.Nastran

Level of Solver Scalability

Y

I I I I
0.1 1 10 100 1000

Low Level of Run-Time I/O Intensity High

RGT—S TN R T LI R
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Panasas and Rocks Visualization Cluster
Collaborators: SU — Panasas — Dell — Cisco — UCSD/Clustercorp

The Leading Source for Global News and Information Covering the Ecosystem of High Productivity Computing / November 15, 2006

Location: HPCC at Stanford, managed by Dr. Steve Jones in
support of Flow Physics and Computational Engineering Group| j § IVERSITY @

The Rocks Rolls used for the project:

Visualization:
Viz Roll (from EVL and the Rocks Cluster Group)
EnSight DR Roll (from CEl, Roll by Clustercorp)
ParaView Roll (from ParaView.org, Roll by Clustercorp)

Storage:
Panasas Roll (from Panasas, Roll by Clustercorp)

Networking:
Topspin IB Roll (from Cisco, Roll by Clustercorp)

General:
Kernel, Base, HPC, OS, Web-Server, Ganglia, Java and Service Pack (from the Rocks Cluster Group)
PBS Roll (from the University of Tromso)

Full Article: http://www.hpcwire.com/hpc/1098852.html
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