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Goals of this lecture

Â Motivate you!

Â Trends

Â High performance computing

Â Programming models

Â Course overview
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Trends
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Source: Wikipedia
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Source: Wikipedia



How to increase the compute power?
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Clock Speed!
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How to increase the compute power?
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Clock Speed!
Not an option anymore!
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Evolutions of Processors (Intel)
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Source: Wikipedia/Intel/PCGuide
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Evolutions of Processors (Intel)
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free speedup

parallelism:
work required

~360 Gflop/s

~3 GHz
Pentium 4 Core Nehalem

Sandy Bridge

Haswell

2 2 4 4 4 8 cores

Cores: 8x
Vector units: 8x
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Evolutions of Processors (Intel)
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memory bandwidth (normalized)
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A more complete view
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Source: www.singularity.com Can we do this today?
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High-Performance Computing
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High-Performance Computing (HPC)

Â ŀΦƪΦŀΦ ά{ǳǇŜǊŎƻƳǇǳǘƛƴƎέ

Â vǳŜǎǘƛƻƴΥ ŘŜŦƛƴŜ ά{ǳǇŜǊŎƻƳǇǳǘŜǊέΗ
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High-Performance Computing (HPC)

Â ŀΦƪΦŀΦ ά{ǳǇŜǊŎƻƳǇǳǘƛƴƎέ

Â vǳŜǎǘƛƻƴΥ ŘŜŦƛƴŜ ά{ǳǇŜǊŎƻƳǇǳǘŜǊέΗ

Áά! ǎǳǇŜǊŎƻƳǇǳǘŜǊ ƛǎ ŀ ŎƻƳǇǳǘŜǊ ŀǘ ǘƘŜ ŦǊƻƴǘƭƛƴŜ ƻŦ ŎƻƴǘŜƳǇƻǊŀǊȅ ǇǊƻŎŜǎǎƛƴƎ 
capacity--ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǇŜŜŘ ƻŦ ŎŀƭŎǳƭŀǘƛƻƴΦέ ό²ƛƪƛǇŜŘƛŀύ

ÁUsually quite expensive ($s and kWh) and big (space)

Â HPC is a quickly growing niche market

Ábƻǘ ŀƭƭ άǎǳǇŜǊŎƻƳǇǳǘŜǊǎέΣ ǿƛŘŜ ōŀǎŜ

Á Important enough for vendors to specialize

ÁVery important in research settings (up to 40% of university spending)

άDƻƻŘȅŜŀǊ tǳǘǎ ǘƘŜ wǳōōŜǊ ǘƻ ǘƘŜ wƻŀŘ ǿƛǘƘ IƛƎƘ tŜǊŦƻǊƳŀƴŎŜ /ƻƳǇǳǘƛƴƎέ

άIƛƎƘ tŜǊŦƻǊƳŀƴŎŜ /ƻƳǇǳǘƛƴƎ IŜƭǇǎ /ǊŜŀǘŜ bŜǿ ¢ǊŜŀǘƳŜƴǘ CƻǊ {ǘǊƻƪŜ ±ƛŎǘƛƳǎέ

άtǊƻŎǘŜǊ ϧ DŀƳōƭŜΥ {ǳǇŜǊŎƻƳǇǳǘŜǊǎ ŀƴŘ ǘƘŜ {ŜŎǊŜǘ [ƛŦŜ ƻŦ /ƻŦŦŜŜέ

άaƻǘƻǊƻƭŀΥ 5ǊƛǾƛƴƎ ǘƘŜ /ŜƭƭǳƭŀǊ wŜǾƻƭǳǘƛƻƴ ²ƛǘƘ ǘƘŜ IŜƭǇ ƻŦ IƛƎƘ tŜǊŦƻǊƳŀƴŎŜ 
/ƻƳǇǳǘƛƴƎέ

άaƛŎǊƻǎƻŦǘΥ 5ŜƭƛǾŜǊƛƴƎ IƛƎƘ tŜǊŦƻǊƳŀƴŎŜ /ƻƳǇǳǘƛƴƎ ǘƻ ǘƘŜ aŀǎǎŜǎέ
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Source: www.singularity.com Blue Waters, ~13 PF (2012)

TaihuLight, ~125 PF (2016)

1 Exaflop! ~2023?
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Blue Waters in 2012
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