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What is this all about

• Paradigm change in scientific computing
• Frequency scaling is over, we are now scaling cores
• Memory wall continues to get worse

• Many-core fine-grained parallel architectures
• 100s of cores, 1000s of threads in flight in parallel
• SIMD characteristics

• It has started
• 4-core commodity CPUs by AMD and Intel are abundant
• AMD RV770: 800 stream processing units
• NVIDIA GT200: 30 multiprocessors with 8+3 processing cores each
• Do you know how your code scales with 100s of cores?

• GPUs are getting faster, faster
• 1 TFLOP/s and 160 GB/s on a single GPU
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What is the GPU good at?

• Data-parallel processing
• The same computation is executed on many data elements in parallel
• Low control flow overhead

• High arithmetic intensity
• Many calculations per memory access

• Throughput-oriented architecture
• Hardware keeps 1000s of threads in flight simultaneously
• Latency of an individual operation (especially memory access) is HIGH
• Thread scheduler hides latencies for maximum throughput
• No need for cache hierarchies
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CPUs vs. GPUs
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CPUs vs. GPUs

Kayvon Fatahalian and Mike Houston: 
A closer look at GPUs, 
Communications of the ACM,           
Vol 51 No 10, October 2008
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Peak performance
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Memory bandwidth

GeForce GTX 280: 140 GB/s

Current high-end
model: GTX 285, 

1.04 TFLOP/s, 
160 GB/s
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Outline

• GPU computing evolution (~30 minutes)
• Why GPUs need to be fast
• The graphics pipeline
• Evolution towards programmability
• The first wave of GPGPU: 2003-2006
• Example architecture: GeForce 6800 Ultra (2004)
• Consolidation with DirectX 10?

• CUDA introduction (~60 minutes)
• CUDA parallel hardware architecture
• CUDA programming model
• Code walkthrough
• Libraries
• Tool chain and OpenCL
• Tesla compute hardware
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Outline

• CUDA performance tips and tricks (90 minutes)
• Hardware
• Memory optimizations
• Execution configuration optimizations
• Instruction optimizations
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Further reading

• http://gpgpu.org/developer
• Recommended reading
• Simple tutorial codes
• Links to conference courses

• http://www.nvidia.com/cuda
• Toolkit and driver downloads
• CUDA SDK
• CUDA library of results
• Developer forums
• ...
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