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Scientific and high-performance computing (today)



High-performance 

computing
ÅHPC stands for scientific 

parallel computing on a 

high-performance system

ïSystems listed on the 

Top500 list





HPC through the ages
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Current HPC trends

ÅPetaflop/s (1015 operations/s) systems

ïCommodity Linux clusters occupying a great share of 

the Top500 list

ïTop spots taken by tightly-packed non-commodity 

systems

ÅPower consumption: both a driver and a limiting 

factor

ÅNovel technologies (ñacceleratorsò) offer the 

promise of a quantum leap

ï#2 and #3 in Top500

ÅñData avalancheò



Petascale Era Opportunities...





Materials science

ÅNew materials

ïDesign of meta-materials

ïHydrogen storage

ÅNew methods for 

catalysis

ïIndustrial processes

ïAir and water 

purification

ÅDesign of devices 

from first principles



Life sciences

ÅNext-generation sequencing techniques

ÅIdentifying genomic variants associated with 

common complex diseases

ÅUnderstanding the natural 

development of diseases

ÅSimulated surgeries

ÅLarge scale protein folding



Earth sciences

ÅLong term climate modeling

ïCoupling atmospheric, ocean and land models

ïUnderstanding and predicting the climate change

ÅHigh-resolution 

weather forecasting

ïPredicting extreme 

weather conditions

ïDistrict-scale 

forecasts



éand challenges



Power problem

ÅTotal system power is the most significant 

obstacle in the HPC future

ïElectricity is expensive

ïLargest supercomputers consuming already 

megawatts

ïResponsibility issues ïglobal warming, ecological 

footprint of power plants etc.

ÅCooling challenges makes building of machine 

rooms difficult and expensive

ÅFlops/W



HPC strategies

Multicore Road

ÅCores not getting faster, 

processor speed 

improving by adding 

cores 

ÅEvermore cores in 

processors within same 

power envelope

Accelerator Road

ÅSpecialized parallel HW 

for floating point

ÅMore flops per node, less

pressure on MPI scaling

ÅMore flops/Watt

#1 Jaguar Cray XT5

#2 Nebulae Nvidia Fermi

#3 Roadrunner IBM Cell

#4 Kraken Cray XT5

#5 Jugene IBM BlueGene/P



Jaguar

ÅCray (USA)

Å#1 Top500

ïLinpack: 1.75 Petaflops

ïPeak: 2.3 Petaflops

Å18 688 nodes

ï2x AMD Opteron 2435 

(Istanbul 6-core at 2.6 

GHz)

Å7 MW

Nebulae

ÅÅDawDawning (China)ning (China)

Å#2 Top500

ïLinpack: 1.27 Petaflops

ïPeak: 2.98 Petaflops

Å4640 nodes

ï2x Intel X5650 (6-core at 

2.67 GHz)

ï1x Nvidia Fermi C2050

Å2.55 MW
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The Information Explosion

ÅScientific data doubles every year

ïcaused by successive generations 

of experimental instruments+ 

exponentially faster computing

ïPetascale computing deals with

exabytes of data

ÅChanges the nature of scientific computing

ÅCuts across disciplines (eScience)

ÅIt becomes increasingly harder to extract 

knowledge



An overview on emerging technologies
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Streaming Multiprocessor 

architecture
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Peak performance per 

socket

Gflop /s (double precision) with CPUs and GPUs
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(Near) Future product



Power efficiency

(Near) Future product

Gflop/s /W (double precision) with CPUs and GPUs
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PGI Fortran
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