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GPU Architecture
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GPGPU vs. CPU
 Wasn't always viable due to missing functionality...

 Programming is significantly different
– More restrictive

 Shared memory? Distributed memory?

 What application properties favor GPU over CPU?



4

GPU Clusters
 Becoming more and more mainstream
– Why?

 Not without problems
– Development
– Job scheduling
– Resource Management
– Security

 Kindratenko, et. al., “GPU Cluster for High-
Performance Computing”, 2010
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GPU Clusters
 Three primary components:
– Hosts
– GPUs
– Interconnect

 Bandwidth considerations?
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GPU Clusters
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GPU Clusters
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GPU Clusters
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Power Consumption
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Bandwidth
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HPLinpack
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Cluster Management
 Resource allocation is usually intended for CPUs...

 The systems are also NUMA-like
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Development Tools
 A few options available:
– Abstract libraries
– Lightweight toolkits
– Autogenerated kernels

 Which should be used and when?
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Development Tools
 Tool comparison:
– CUDA
– OpenCL
– PGI x86+GPU Compiler
– CUDA + MPI
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Example Applications
 TPACF

 NAMD

 DSCF
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DSCF
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Conclusions
 CUDA still needs some work

 Need an efficient way to reuse legacy MPI code
– Scheduling
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GPU Speedup
 If GPUs are so great, why not use them for               
      everything?
– 10X – 1000X speedup

 Are they really that great?

 Lee, et. al., “Debunking the 100X GPU vs. CPU 
Myth”,    2010
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Goals
 Examining GPU performance claims

 Optimization techniques for CPU and GPU

 How does architecture affect performance?
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Kernels
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Compute Platforms
 CPU: Intel Core i7
– Quad core
– 3.2GHz
– Hyperthreading
– SIMD Units
– 32kb/256kb/8MB caches

 Nvidia GTX280 GPU
– 1.3GHz
– Hundreds of cores
– Small caches/memory
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Compute Platforms
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Compute Platforms - Features
 Processing Element

 Cache Size / Multi-threading

 Bandwidth

 Other differences
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Performance
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Performance Analysis
 Bandwidth

 Flops

 Cache

 Gather / Scatter

 Reduction / Synchronization

 Fixed Function
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Hardware Optimizations
 CPU

 GPU
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Hardware Recommendations
 Bandwidth

 Flops

 Cache

 Gather / Scatter

 Reduction / Synchronization

 Fixed Function
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Conclusions
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