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My background

« High Performance Computing Center Stuttgart, HLRS *)

— Department ,Software & Systems*”
» Head of ,Parallel Computing — Training and Application Services*

« HPC Challenge
Benchmark Suite

* /O benchmarking
(b_eff_io)

» Optimization of collective
MPI communication

 Hybrid programming
(MP1+OpenMP)

- Parallelization projects
(HPC Europa)

* Profiling

« Parallel Programming
Workshop

* Online
http://www.hlrs.de/organiza
tion/par/par_prog_ws/

slides + audio
» 14 days program
» Class room courses with

programming exercises in
Stuttgart, Dresden, Kassel,
Manno, Garching, Julich,

~ 300 participants/year

« 3" party software

« CFD:
CFX, FIDAP, FIRE,
GAMBIT, GRIDGEN, ICEM-
CFD, FLUXEXPERT,
FLUENT, POLYFLOW,
STAR-HPC, SWIFT

» Structural mechanics:
ABAQUS, ANSYS, Hyper
Works, LS-DYNA,PERMAS

» Chemistry:
GAMESS-US, GAUSSIAN,
MOLPRO02002, MOPAC 6,
TURBOMOLE

*) founded in 1996 as the first federal HPC computing center in Germany
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Supercomputers

NEC SX-g =
(576) |

= NEC SX-6
(48)

F|Ieserver

CE?/ Users

4

Bull Appro NEC Cray
Azusa (16) zx6000 (16) NovaScale (16) (40) (416) (256)
s —~— — ¥ ~ —
SUN Fire 6800
(96) IA64 (48) IA32 (446)  Opteron (256)
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NEC SX-8 at HLRS
o

« CPUs:
— 16 GF / CPU (vector)
— 8 CPUs / node
— 72 nodes = 576 CPUs
— 9.216 TFlop/s peak totally
— 8.928 TFlop/s Linpack

 Memory:
— 9.2 TB memory (16 GB/ CPU)
— 512 GB/s memory bandwidth per node

« Internode crossbar Switch:
— 16 GB/s (bi-directional) interconnect bandwidth per node

 Disks:
— 160 TB shared disks

N, Balance / HPC Challenge Benchmark  Rolf Rabenseifner H I_ R
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SX-8 CPU Block I

O 16GHopsper(PU

Vs Opetin
> LoialOpein

L Multiplikation |

R onShi i

© NEC HPCE, 2005

CPU: 2 GHZ frequency, 90nm-CU technology

4 vector units in parallel
— 4 vector add
— 4 vector multiply

> 8 x2 GHz = 16 GFlop/s
per CPU

} 8 units )

— 4 vector divide / square root } Not counted for peak performance
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NEC SX-8

0 System Architecture

64 GB/s memory
bandwidth per CPU

Optical cabling used
for internode

connections
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NEX SX-8 Technology |

« Serial signalling technology to
memory, about 2000
transmitters work in parallel

© NEC HPCE, 2005

« 8000 I/O pins per CPU chip

« Multilayer, low-loss PCB board
(replaces 20000 cables of SX-
6 node)

= N
a3 & 4 d

« Very compact packaging

© NEC HPCE, 2005
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HLRS at Stuttgart m I

High-Performance Computing-Center Stuttgart
Hoéchstleistungsrechenzentrum Stuttgart (HLRS)
at University of Stuttgart

Platforms:
— NEC SX-8/576 (9.216 TFlop/s peak, 8.923 TFIop/s Llnpack)
vector system, May/June 2005 3 ‘ Pk —_—

— NEC SX-6/48 (0.55 TFlop/s peak)
vector system, April 2004

— |A32, IA64, Opteron clusters

Online-Proposals for NEC SX:

— www.hirs.de
—> HW&Access —> Access
—> proposal
- quota & time frame is project oriented
- member of the HLRS Steering Committee - two reviewers

—> test account (Schnupperaccount with small quota)

= NEC SX-6 (48)
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Performance Evaluation with the HPCC Benchmarks as a
o Guide on the Way to Peta Scale Systems

« How HPC Challenge Benchmark (HPCC) data can be used to analyze
the balance of HPC systems
» Details on ring based communication benchmarks

« Resource based ratios

* Inter-node bandwidth and

* memory bandwidth

* versus computational speed

+ Comparison mainly based on public HPCC data

« Towards Peta scale computing

+ Total cost of ownership
* Programmability

+ Usability

« 1/0

« Conclusions
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Application areas & HPC Challenge Benchmarks

o
high
PTRANS HPL
STREAM DGEMM
> CFD Radar X-section
'c—; Computational Fluid Dynamics
ks
I Application areas I
S
» TSP DSP
Traveling Salesman Problem Digital Signal Processing
RandomAccess FFT
low Temporal locality high
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Computational Resources & HPC Challenge Benchmarks
0o

HPL

(Jack Dongarra)

CPU

computational

speed
Computational
resources
Node Random & Natural
Memory Interconnect Ring
STREAM bandwidth bandwidth Bandwidth & Latency
(John McCalpin) (my part of the
HPCC Benchmark Suite)
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Random & natural ring bandwidth & latency
o

« Parallel communication pattern on all MPI processes @)

— Natural ring 0000000000 ©

— Random ring Uw

« Bandwidth per process
— Accumulated message size / wall-clock time / number of processes
— On each connection messages in both directions
— With 2xMPI_Sendrecv and MPI non-blocking = best result is used
— Message size = 2,000,000 bytes

« Latency
— Same patterns, message size = 8 bytes
— Wall-clock time / (number of sendrecv per process)

Balance / HPC Challenge Benchmark  Rolf Rabenseifner H I_ R
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Inter-node bandwidth on clusters of SMP nodes
o

« Random Ring

— Reflects the other dimension of a Cartesian domain
decomposition and

— Communication patterns in unstructured grids

— Some connections are inside of the nodes

— Most connections are inter-node

— Depends on #nodes and #MPI processes per node

,QJ £ f D
— Accumulated bandwidth

:= bandwidth per process x #processes
— ~= accumulated inter-node bandwidth x (1 —1/#nodes )

—_—

Balance / HPC Challenge Benchmark  Rolf Rabenseifner
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Bisection bandwidth
(o]

« Definition of Bisection Bandwidth:
— Dividing the machine into two halves

— Calculating the total (bi-directional) communication bandwidth
on all links between both halves

— Minimum over all partitioning into halves
—> Theoretical bisection bandwidth

* j.e., bandwidth across smallest cut that divides network into two halves

« Automatic measurement of the bisection bandwidth
— Is time consuming
— Due to “all partitioning” is not scalable!

Smallest cut
 On more than 10 nodes: (with only 3 links)

— Random ring bandwidth is a
good approximation of a bisection bandwidth benchmark

N, Balance / HPC Challenge Benchmark  Rolf Rabenseifner H I_ R
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Balance Analysis with HPC Challenge Benchmark Data

o]
« Balance can be expressed as a set of ratios
— e.g., accumulated memory bandwidth / accumulated Tflop/s rate
 Basis
- Computational Speed
- Inter-node communication
- Memory bandwidth
« Be careful:
— Some data are presented for the total system
— Some per MPI process (HPL processes)
— i.e., balance calculation always with
accumulated data on the total system
% Bal / HPC Chall Benchmark  Rolf Rab if T
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Balance between Random Ring Bandwidth (network b/w)
o-and HPL Benchmark (CPU speed)

10000 1000 —B—MNEC X5 crossbar f SX-8 2.0 GHz
... ratio ta HPL —O—Cray X1 /MSP
—O— Cray X 1E / MSP
—— Cray XT3 Red Storm f Opteron
< Cray XD1 f Opteron
. @— S| MUMAlINK f ltanium
—#— |[BM HFS/Federation / Power 4+/5
100 AN

absolute valueiand ...

1000

- 8 - |IEM Blue Gene/l (base)

—3— [EM Elue Genedl (optimized)
—#—Rackable / InfiniBand SilverS f Opteron
I

)
0} s
5 =
2 T
£ -
= 8
_'.E_' o
k<) £
: 3 10

= 4
E § _E ] o <> o76 CPUs
m 7 = ©° - 103508 CPLUs
2 0 - o
= o .
& 1007 0o o024 CPUs
_§ i SE - [——e—e 240 CPU:
5 ] EC 'IEI e X1
[ 2 10 MO08 _ ot .
z 1 :'c% amo B5536 CPUs
2 10 = | *Ratio measures balance between
£ ] =\ inter-node communication and
L] - . .
2 ] £| computational speed (Linpack). \a 55535 CPUs

| <| It varies between systems by a
Status Feb. 6, 2006 factor of ~20.
1 T IIIII'II T T T TTTT 1 T T LI B B B I T LI B I B B R | TT T T T TTTT
O VLinpack (HPL) 1 0.1 Linpack (HPL) 10 100 1000
TFlopls TFlopis [}

Measurements with smaller #CPUs on XT3 and SX-8 courtesy to Nathan Wichmann, Cray, CUG 2005, and Sunil Tiyyagura, HLRS.
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Balance between Random Ring Bandwidth and CPU speed

o
140 Same as on previous slide, |

1 . —B— MNEC X5 crosshar f S¥-8 2.0 GHz
:g‘ T \ but Ilnear "an —+— Cray X1/ MSP
£ ) \ —— Cray X1E / MSP i
=l i —&— Cray » T3 Red Storm / Opteron
I - < Cray XD/ Opteran
E . \ .\% @ SGI MUMAlINK / tanium
2 100 —e— |BM HPS/Federation / Power 4+/5 -
E i - $4 - IBM Blue Geneil (hase)
= : —E&— |EM Blue Gene/L (optimized)
§ E‘ an —#—Rackahle / InfinliBand Sikvers. f Opteron [
E = T @ nnn CPUs: largest measured configuration
g% : O x®.% Gflop/s/CPU: HPL Performance
i:% % 60 76 CPUs, 13.9 Gflop/s/CPU
E @ - \{Z 10350 CPUs, 3.2 Gflop/s/CPU
2 - 52 MSPs, 9.5 Gflgprs'MYP
£ 40 : C
3 ] N
= | ¥ - . D024 CPUs, 4.6 Gflop/s/CPU
g 20 —————————@10240 CPUs, 5.7 Gflop/s/CPU
E . 3.6 Gflop/s/CPU M "B . |

1 1008 msps\@saaa CPUs, 1.2 Gflop/s/CPU

0 1 Status Feb. §, 2006 119 (%ﬂup.-"s.-’MSF ~————F465536 CPUs, 4.0 Gflop/s/CPU
0,1 1 10 100 1000
Linpack {HPL)
TFlopis

Measurements with smaller #CPUs on XT3 and SX-8 courtesy to Nathan Wichmann, Cray, CUG 2005, and Sunil Tiyyagura, HLRS.
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Balance between memory and CPU speed

o High memory bandwidth ratio

10 . on vector-type systems 1 —#—NMNEC X5 crosshar / 5.8 2.0 GHz
nnn CPUs: largest —0— Cray A1 FMSP

wcx Gloprs/CPU:. (NEG SX-8, Cray X1 & X1E), —— Cray X1E [ MSP

but also on Cray XT3. —&— Cray XT3 Red Storm / Opteron
| | < Cray xD1 f Opteron
@ S0 MUMAlNK / tanium
F!'E CPUS —— |BM HFPS/Federation / Power 4+/5
13.9 Gﬂupfs-’CFLl ui 'E = |Bhf’1 Blue GeﬂefL (bESEJ

—f4— |BEM Blue GeneflL (optimized)

2 L‘D— 1008 M5Ps —#—Rackable / InfiniBand Silvers ./ Opteron
S 252 M3Ps 11.9 Gflopis/MSF |

o= 9.5 Gflop/s/MSP & 10350 CPUs, 3.2 Gflop/siCPU

£ o——9 - -

0 17 . 10240 CPUs, 5.7 Gflop/s/CPU

@ ] 128 CPUs BAA36 CPUs

% . O 3.9 Gflop/s/CPU 1.2 Gflop/s/CPU 5535 CPLUs

= . o &4 4.0 Gflop/siCPU

3.9 Gflop/sfCPU
(2024 CPUs, 4.6 Gflop/s/CPU

Accumulated Parallel STREAM Triad f Linpack HPL (ratio)

[
i * Balance: Variation between
| @ systems only about 10.
0.1 StatusFleh.E,IEDD!a AT : RS T : s e e s : SR SRR
0,1 1 Linpack (HPL) 10 100 1000
TFlopis B

Measurements with smaller #CPUs on XT3 and SX-8 courtesy to Nathan Wichmann, Cray, CUG 2005, and Sunil Tiyyagura, HLRS.
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Balance between Fast Fourier Transform (FFTE) and CPU
o

100 X

;

B5536 CPLUs nnn CPUs: largest measured configuration
Gflop/s/CPU || xx.x Gflop/s/CPU: HPL Performance

b8 10350 CPUs, 3.2 Gflop/s/CPU

10240 CPUs, 5.7 Gflop/s/CPU

.

876 CPUs
13.9 Gflop/s/CPU

Global FFTE / Linpack HPL {ratio)
GFlopis I TFlopis

10 ] g ooodh CPLUs
4 “4.!] Gﬂupfs-’CF"ll.l
] e oo | —B—NECIXS crossbar / $X-6 2.0 GHz
oot P —— Cray X1/ MSP
2024 CPUs —— Cray X1E / MSP
i . 20 4.6 Gflop/s/CPU
* Ratio ~20. —e— Cray XT3 Red Storm / Opteron
- ] < Cray AD1 S Opteron

@— S| MUMALINK f tanium
—a— BEM HPS/Federation / Power 4+/5
- # - |IBEM Elue Genell (base)
—E3— BM Elue Gene/L (optimized)
| status Feb 6, 2006 —x—FRackable / InfiniBand Silvers . f Opteron

0,1

10 100 1000

Linpack (HPL)
TFlopls

Measurements with smaller #CPUs on XT3 and SX-8 courtesy to Nathan Wichmann, Cray, CUG 2005, and Sunil Tiyyagura, HLRS.

Slide 19 of 37 — Hdochstleistungsrechenzentrum Stuttgart (HLRS) — Rolf Rabenseifner |



Balance between Matrix Transpose (PTRANS) and CPU

—— Cray » T3 Red Storm / Opteron
< Cray XD f Opteron

100 E .
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i wi.% Gflop/s/CPL. HPL Performance

4 I
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®
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0 g 1 —O— Cray X1/ MSP \
pd T . L.
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|_
o

systems larger than 30.

i - - |
@— S NUMALINK { tanium 536 CPUs, 1.2 Gflop/s/CPU

—i— |BEM HPS/Federation § Power 4+/5
1 - 8 - |BM Blue Genell (base) Cl2024 CPUs
—E3— BM Elue Gene/L {optimized) 4.6 Gflop/s/CPU \EEESE -
—#— Rackable / InfiniBand SilverS. f Opteron 4.0 Gﬂupfs-?CPU
1 StatuaFnlab.E,IEDDEIIHHI : S , ——TTTT . — T T T T
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Measurements with smaller #CPUs on XT3 and SX-8 courtesy to Nathan Wichmann, Cray, CUG 2005, and Sunil Tiyyagura, HLRS.
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PetaFlop/s Systems Estimations
o
E.g., with commodity processors:

 An estimate:

2 GHz clock rate — f
* - - : op/s systems foreseen
4 floating point operations / cycle __ | .+ within the BlueGene project

" 8 CPU-cores per chip - and in the Japanese project
* 2 chips per SMP node « for the years 2007 — 2010

* 32 SMP nodes per cabinet
* 300 cabinets
= 1.23 PFlop/s theoretical peak perfoghance with 153,600 CPUs

« With 240 W/Chip (i.e., 30 W/CPU) Costs:
> 15.4 KW / rack * 5k$ per node * 9600 nodes =
: 48 Mio.$ hardware
= 4.6 MW in total « 4.6 MW * 5 year * 365 day/year
* 24 h/day * 0.114 $/kWh") =
= 23 Mio.$ for 5y power consum.

N, Balance / HPC Challenge Benchmark  Rolf Rabenseifner
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Total Cost of Ownership
o

* Including also maintenance

« - operational costs may be
50% of total cost of ownership

* i.e. hardware only 50%

Mean Time Between Failure

« 18,200 multi-CPU chips
-> MTBF ~ 7 days

Costs:

* 5 k$ per node * 9600 nodes =
48 Mio.$ hardware

« 46 MW * 5 year * 365 day/year
* 24 h/day * 0.114 $/kWh =
23 Mio.$ for 5y power consum.

(better than BlueGene/L with 65536 dual-CPU chips?)

N, Balance / HPC Challenge Benchmark  Rolf Rabenseifner
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Real Platforms
(o]
USA

« |IBM BlueGene/... technology:
— 1 PetaFlop/s expected end of 2007 / early 2008

« Based on Cray XT3 technology:

— At Oak Ridge National Lab (ORNL)
» Late 2006: single-core CPU (25 Tflop/s) - dual-core (50 Tflop/s totally)
* Planned upgrades: 100 Tflop/s (late 2006), 250 Tflop/s (in 2007)
« With ‘Baker’ technology: 1 Pflop/s (late 2008)

UK
« HECTor

« April 2007: 50-100 Tflop/s > 2009: 100-200 Tflop/s > 2011: 200-400 Tflop/s
Japan

« RIKEN Yokohama Inst.: 4808 MDGRAPE-3 (230 cfiopis) = 1.1 PetaFlop/s

« June 20, 2006 — Press Release of Installation
» Special purpose system for molecular dynamics

Slide 23 of 37 Hdchstleistungsrechenzentrum Stuttgart
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Balance

« Estimates range from 100,000 to 1,000,000 processors
» Inter-node communication may become critical bottle-neck

* Memory bandwidth is also tough
with, e.g., 8 cores x 4 floating point units per chip

« On vector systems, caching will be necessary to overcome the
problem that n-point-stencil data is n times reloaded from memory

« Today, variation of balance factors are in a range of
— 20 < inter-node communication / HPL-TFlop/s

— 10 < memory speed / HPL-TFlop/s

— 20 < FFTE / HPL-TFlop/s

— 30 < PTRANS / HPL-TFlop/s

- The value of 1 HPL TFlop/s may be reduced by such balance
factors




Programmability

0o

B

MPI works on such numbers

Balance / HPC Challenge Benchmark  Rolf Rabenseifner
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Bandwidth typically used with a small amount of neighbors
for coarse grained domain decomposition

Global latencies should appear only in collective MPI routines

Collectives should internally be at least tree or butterfly based
- O(log(#processors)),
l.e., latency only doubled from 1,000 to 1,000,000 processors,
i.e., from O(10) to O(20)

Most MPI optimizations can be done based on current MP| standard
- lightweight MPI is not necessary




Programmability (continued)
o

« Hardware is always a cluster of SMP nodes
« Hybrid (mixed model) MPI+OpenMP involves additional problems:
— Typical programming style:
Master-only = MPI outside of OpenMP parallel regions
— Is one CPU per SMP node able to saturate the inter-node network?
— Is this still valid with 16 CPUs per SMP node?

* Must application domain decomposition be matched on
inter-node network topology?

* Overhead in MPIl and OpenMP - reduced speed-up

For further reading:

* Rolf Rabenseifner: Hybrid Parallel Programming on HPC Platforms.
In proceedings of the Fifth European Workshop on OpenMP, EWOMP '03, Aachen, Germany,
Sept. 22-26, 2003, pp 185-194.

Balance / HPC Challenge Benchmark  Rolf Rabenseifner
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Mismatch problems between hybrid hardware (cluster of
o SMP) and hybrid programming (MPI&OpenMP)

Topology problem [with pure MPI]
Unnecessary intra-node communication [with pure MPI]

Inter-node bandwidth problem [with hybrid MPI+OpenMP]
Sleeping threads and [with masteronly] Next slide
saturation problem [with pure MPI]

Additional OpenMP overhead [with hybrid MP1+OpenMP]

— Thread startup / join
— Cache flush (data source thread — communicating thread — sync. - flush)

Overlapping communication and computation [with hybrid MPI+OpenMP]
— an application problem - separation of local or halo-based code
— aprogramming problem - thread-ranks-based vs. OpenMP work-sharing
— aload balancing problem, if only some threads communicate / compute

=» no silver bullet

%

Balance / HPC Challenge Benchmark  Rolf Rabenseifner
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— each parallelization scheme has its problems
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Ratio on several platforms

IBM SP and SR 8000

3 Masteronly: Pdre MPI
MPI cannot saturate

25 /.\‘\‘\' is faster

1 inter-node bandwidth /

[\
!

—
(63
!

—
|

O
o1
|

0

ratio T_hybrid_masteronly / T_pure_MPI

Message size (used with pure MPI on each CPU or
MSP)

1E+2 1E+3 1E+4 1E+5 1E+6

-@-IBM SP 8x16 CPUs,
1 CPU Masteronly

—— SGI 03000 16x4 CPUs,
1 CPU Masteronly

A Hitachi SR8000 8x8 CPUs,
1 CPU Masteronly

—O0— Pure MPI,
horizontal + vertical

——Cray X1 8x4 MSPs,
1 MSP Masteronly

——NEC SX6 gimem 4x8 CPUs,
1 CPU Masteronly

Cray X1 and NEC SX are well
prepared for hybrid
masteronly programming

Further information:
www.hlrs.de/organization/par/par_prog_ws/
- [23] MPI on hybrid systems / MPI + OpenMP

H

L R | S

Cray X1

and SGl results are preliminary




Measurements: Thanks to
Bern Mohr, ZAM, FZ Liilich

\

Multiple inter-node communication paths: IBM SP

0o

Accumulated bandwidth per SMP node

[MB]

Inter-node bandwidth per SMP node, accumulated over its CPUs,”)
on IBM at Juelich (32 Power4+ CPUs/node,
FederationSwitch with 4 adapters per node)

1400
——16x16 CPUs, Hybrid
More than 4 CPUs e Multiple,12/16 CPUs Stride 1
1200 | per no_de needed o —+—16x16 CPUs, Hybrid Multiple,
to achieve full /é\,/O\Z;S 6/16 CPUs Stride 1
1000 | inter-node 04 )d\g/i/ ©— 16x16 CPUs, Hybrid Multiple,
i 4/16 CPUs Stride 1
bandwidth A AN
800 - 2A—16x16 CPUs, Hybrid Multiple,
With 3-4 CPUs 3/16 CPUs Stride 1
similar to M —o— 16x16 CPUs, Hybrid Multiple,
600 - 2/16 CPUs Stride 1
o - -¢ - 16x16 CPUs.Hykhrid Multiple,
400 -9 2/16 CPUs Stride 4
—6—16x16 CPUs, Pure MPI,
200 | horizontal + vertical
—8— 16x16 CPUs, Hybrid
Masteronly, MPI: 1 of 16CPUs
0 T T T T T
1E+02 1E+03 1E+04 1E+05 1E+06 The second CPU doubles the

N, Balance / HPC Challenge Benchmark

Message size (used with pure MPI on each CPU)
Rolf Rabenseifner
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*) Bandwidth per node: totally transferred bytes on the
inter-node network / wall clock time / number of nodes

accumulated bandwidth

But only if second process is
located on CPU connected
with 2nd adapter!



Programmability (continued)
o

« Load balancing in multi physics codes
« With mixtures of several types of grids

» Doing ALL in parallel is hard

« Omitting all serial parts (e.g. some 1/0O) is crucial and hard
on 1,000,000 processors

For further reading:

* Rolf Rabenseifner, Alice E. Koniges, Jean-Pierre Prost, and Richard Hedges:
The Parallel Effective I/0 Bandwidth Benchmark: b_eff io.
In Christophe Cerin and Hai Jin (Eds.), Parallel I/O for Cluster Computing,
Chap. 4. (pp 107-132), Kogan Page Ltd., Feb. 2004, ISBN 1-903996-50-3.

Balance / HPC Challenge Benchmark  Rolf Rabenseifner
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Usability
o

« Systems should be still available to a large user community

Only a few are using the total system

Many are using some smaller parts

« Ease of use is crucial for the future of super-computing

« What is the benefit from new parallel programming models
on real complex applications?
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I/O — a comparison

« SGI Altix BX2 at
NAS/NASA
,Columbia®,

512 CPUs node
1/0 peak
=1.6 GB/s

« NEC SX-8
at HLRS,
576 CPUs

I/0O peak

=14.4 GB/s
(only half of the 1/0O

system)
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I/O aspects
o]

« Coffee-cup rule:
write/read systems’ memory to/from disk in 10 min

— Recommended for balanced systems
— e.g., NEC SX-8:

« 9.2 TB memory / 14.4 GB/s I/0 bandwidth = 640 sec = 10.7 min
* 5.3 min expected with full I/O system

* Real system usage:
— Several applications are running
— |/O should be done asynchronously

— Good caching can
» achieve high peak I/0 bandwidth on application level.
+ Bandwidth independent from application I/O chunk sizes.
» By using sustained hardware I/O bandwidth asynchronously.
* (At least for writing check-points)
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I/O on peta scale systems
o]

« Expectations:
— 1 PetaFlop/s system

« Should have 1 PB memory, but too expensive,
- only 0.25 PB memory expected

— Coffee-cup rule:
+ 0.25 PB /600 sec =416 GB/s

— With 140 MB/s LUNs (consisting of 8+1 disks):
» 3,000 LUNs = 27,000 disks
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Conclusions

0o

e

Balance / HPC Challenge Benchmark  Rolf Rabenseifner
Slide 37 of 37 Hdchstleistungsrechenzentrum Stuttgart H L R S

HPCC is an interesting basis for
+ benchmarking computational resources
« analyzing the balance of a system
» scaling with the number of processors
» with respect to application needs

HPCC helps to show the strength and weakness of super-computers
Future super computing should not focus only on PFlop/s in the TOP 500

* Memory and network bandwidth are as same as important
to predict real application performance

Usability for broader user community
* Important for wide acceptance of the benefit of super-computing

Benefit of new programming models for a large community
and their real applications?

Peta scale computing is starting now!




