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Background
 HPC systems used to use specially designed chips

 Personal computing changed a lot of things

 Now, changes in PC directly affect HPC
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Background
 Personal computing has shifted focus

 Other important factors as well
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Considerations
 Average U.S household uses ~1-2 kW per day

 PC left running all day (active, high end PC)
– ? kW per day
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Reducing Power Consumption
 Frequency Scaling
 Parallel Scaling
 GPUs
 Power Gating
 Clock Gating

 Power per transistor is dropping

Mobile CPUs for HPC?
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Heat Dissipation
 Common:
– Air Cooling
– Liquid Cooling (water)
– Heat Sinks

 Not so common:
– Liquid Submersion
– Thermoelectric
– Phase Change
– Nitrogen / Helium / Freon
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Thermoelectric
 Heat flux between the junction of two materials

 Pros
 Cons

 Common Usage:
– Satellites
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Liquid Submersion
 Submerge the components in thermally conductive liquid
– Must not be electrically conductive!

 Variety of dielectrics shown to work:
– Mostly specialized, but don't have to be

 Not used much in practice
– But picking up steam...
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Tsubame KFC
 2992 CPU Cores
– All submerged in mineral oil

 > 4.5 GFLOPs / Watt

 Why Japan?
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Tsubame KFC
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Hot Water Cooling
 Idea: The temperature of the components is much         
   greater than room temperature

 Don't cool the water first!

 Advantages

 IBM SuperMUC, eBay data centers
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HPC Cooling
 Fans, water, heat sinks
– Scale is much bigger, though

 Why?
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Measurement
 It is easy to reduce power consumption in a computer

 Performance is still a huge factor

 FLOPS / Watt

 SWaP
–  Performance / (Space * Power)
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Green 500
 Similar to TOP500 – based on FLOPS / Watt

 FLOPS achieved using Linpack

 Watts
– Average power consumption over LINPACK run
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Green 500
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Green 500
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Conclusion
 Power consumption is becoming increasingly important

 Variety of cooling systems available
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