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GPUs in supercomputers
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Taken from: Top500 Supercomputer Websites

Found at ówww.top500.orgô, November 2010



Performance per Watt
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Taken from: Bill Dally

In óGPU Computing: To Exascale and Beyondô, 2010



Performance per Watt
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Performance per Watt
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Performance per Watt
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Example applications
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Example: The NVIDIA Fermi GPU
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Example: The NVIDIA Fermi GPU
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Taken from: Michael Garland and David Kirk

In óCommunications of the ACMô, November 2010

ÅHigh off-chip memory bandwidth (~100GB/s)

ÅHigh floating point performance (~1000GFLOPS)

ÅSmall on-chip scratchpads (48KB per SM)

ÅShared L2 data cache (768KB) 



Throughput-oriented architectures
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ÅThroughput-oriented architectures are characterised by:

ÅHardware multithreading

ÅMany simple processing units

ÅSIMD execution

ÅExample throughput-oriented architectures:

ÅGPUs (NVIDIA, AMD, Intel, PowerVR)

ÅIntel Larabee / MIC

ÅSTI Cell Broadband Engine



Hardware multithreading
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ñGPUs are specifically designed to 

execute literally billions of small user-

written programs per second.ò

Michael Garland and David Kirk

In óCommunications of the ACMô, November 2010



Hardware multithreading
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ÅHide latencies through fine-grained hardware 

multithreading:

ÅHide pipeline latencies

ÅHide (off-chip) DRAM latencies
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Hardware multithreading
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ÅHide latencies through fine-grained hardware 

multithreading:

ÅHide pipeline latencies

ÅHide (off-chip) DRAM latencies

ÅCaches for load/store operations to off-chip memory 

are no longer required

Cache

Core Core Core Core

Core Core



Hardware multithreading
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ÅHide latencies through fine-grained hardware 

multithreading

ÅChanges inside a core:

ÅRemove data caches:

- Large register file needed

ÅRemove branch predictor and out-of-order scheduler:

- Thread scheduler needed
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Many simple processing units
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ñAggressively throughput-oriented 

processors, exemplified by the GPU, 

willingly sacrifice single-thread 

execution speed to increase total 

computational throughput across all 

threads.ò

Michael Garland and David Kirk

In óCommunications of the ACMô, November 2010



Many simple processing units
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ÅReduce per core complexity and increase per chip 

throughput by enabling many simple processing 

units
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Many simple processing units
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ÅReduce per core complexity and increase per chip 

throughput by enabling many simple processing 

units

ÅCharacteristics:

ÅNo out-of-order, no branch prediction

ÅSimple execution unit, simple decoder / scheduler

ÅSmall memory sizes
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