GPU Computing

More on GPU



Graphics Processors

2008...

GeForce 9800 GTX, 128 Stream Proc., 512 MB
GeForce 9800 GX2, 256 Stream Proc., 1 GB

GeForce 9800 GT, 64 Stream Proc., 512 MB

[...]

2009: Tesla ~200 Proc., 4GB

2010: Fermi ~400 Proc., 4GB

2013: Kepler K20, ~2500 Procs., 6GB

2016: Kepler K80, ~5000 Procs.

2016-18: Pascal, Volta, Turing > 5000 Procs., 40 GB
2019-25: Ampere, Hopper, ... > 10000 Procs. 240 GB
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as General Purpose

Pascal 2016:
Quadro P6000 5%

2010: Tesla C1070
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https://www.mdbg.net/chinese/dictionary?page=worddict&email=&wdrst=0&wdqb=laohu#

Peak Floating Point Operations per Second

And Peak Memory Bandwidth for CPU and GPU

Peak Memory Bandwidth (GB/s) Peak Double Precision (GFLOPs)
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Chip to chip comparison of peak memory bandwidth in GB/s and peak double precision gigaflops for
GPUs and CPUs since 2008. Data for Nvidia “Volta” V100 and Intel “Cascade Lake” Xeon SP are
used for 2019 and projected into 2020. From:

https://www.nextplatform.com/2019/07/10/a-decade-of-accelerated-computing-auqurs-well-for-gpus/



https://www.nextplatform.com/2019/07/10/a-decade-of-accelerated-computing-augurs-well-for-gpus/

Input Assembler

Thread Execution Manager
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Load/store

Global Memory
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Parallel Data Cache

Each core
8 functional units
SIMD 16/32 “warp”
8-10 stage pipeline
Thread scheduler
128-512 threads/core
16 KB shared memory

Total #threads/chip

16 * 512 = 8K

These are the physical parameters! The software (“runtime system?”)
sees a “virtual GPU” which is MUCH larger!!

GeForce 8800 GTX:

575 MHz * 128 processors * 2 flop/inst * 2 inst/clock = 333 Gflops



CPU and GPU; from CUDA NVIDIA Developer Zone at
http'//docs nvidia. com/cuda/cuda-c-programming-guide/index.htmI

L1 Cache L1 Cache

“The GPU devotes more transistors to computing”
“favours data parallel operations”

L1 Cache L1 Cache




GPU Structure

https:/Idocs.nvidia.com/cudal/parallel-thread-execution/index.html
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The host issues a succession of kemel invocations to the device. Each kemel is executed as a baich

of threads organized as a grid of thread blocks
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https://docs.nvidia.com/cuda/parallel-thread-execution/index.html

NVIDIA V100 FP32

NVIDIA A100 Tensor Core TF32 with Sparsity
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https://www.nvidia.com/en-us/data-center/tensor-cores/
https://blogs.nvidia.com/blog/2020/05/14/double-precision-tensor-cores/
https://www.nvidia.com/en-us/gpu-accelerated-applications/

CUDA Optimized Libraries: Integrated CPU + GPU
math.h, FFT, BLAS, ... C Source Code

NVIDIA C Compiler

NVIDIA Assembly
for Computing (PTX) CPU Host Code
CUDA Debugger _
Driver Profiler Standard C Compiler

GPU CPU



GPU Computing Applications

Libraries and Middleware

cuFFT
cuDNN CUBLAS VSIPL MATLAB

TensorRT CcuRAND o S::fM t Mathematica
CUSPARSE s

Programming Languages

e Directives
C C++ Fortran Python DirectCompute (e.g. OpenACC)
Wrappers ALk S0

. Hopper... Blackwell ... X \ ~ | CUDA-Enabled NVIDIA GPUs

NVIDIA Ampere Architecture Tesla A Series
(compute capabilities 8.x)

NVIDIA Turing Architecture GeForce 2000 Series Quadro RTX Series Tesla T Series
(compute capabilities 7.x)

(compute capabilities 7.x) AGX Xavier
NVIDIA Pascal Architecture Tegra X2 GeForce 1000 Series Quadro P Series Tesla P Series

(compute capabilities 6.x)
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Python + CUDA = PyCUDA

» CUDA C Code = Strings

» Generate Code Easily
ﬁ pqthon » Automated Tuning
,f » Batteries included:

GPU Arrays, RNG, ...
» Integration; numpy arrays,
» All of CUDA in a modern Plotting, Optimization, ...
scripting language
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» Full Documentation G
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» Free, open source (MIT)

» Also: PyOpenCL
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S https://developer.nvidia.com/cuda-python . e AT
' http:/mathema.tician.de/software/pycuda https://document.tician.de/pycuda/” - g
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