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CUDA Accelerated Libraries <

NnVIDI

* Advantages of using these libraries
* Already parallelized
* Already implemented
* Already debugged
* Already optimized

Disadvantages of using these libraries

NVIDIA provides a handful of libraries and there ar e also a
number of 3 " party libraries already in existence.



NVIDIA CUDA Libraries nviDi

Applications CUFET
CUBLAS
CUSPARSE
Libm (math.h)
NVID-IA CURAND
Libraries
NPP

documentation for all NVIDIA libraries:
ittp://developer.nvidia.com/nvidia-gpu-computing-documentation




\NVIDIA CUDA Libraries rf,%

CUDA Toolkit includes several libraries:

CUFFT: Fourier transforms
CUBLAS: Dense Linear Algebra
CUSPARSE : Sparse Linear Algebra

LIBM: Standard C Math library
CURAND: Pseudo-random and Quasi-random numbers
NPP: Image and Signal Processing
Thrust : STL-Like Primitives Library
Several open source and commercial ~ libraries:
MAGMA: Linear Algebra - OpenVidia: Computer Vision
CULA Tools ™. Linear Algebra - OpenCurrent: CFD
CUSP: Sparse Linear Solvers - NAG “: Computational Finance
CUDPP: Parallel Primitives Library
And more...



. . W
Disclaimer rf,%

| am not an expert on all of these libraries
In fact, many of these libraries | have never used

Today’s Goals

Provide an overview of various libraries and their features but not
necessarily how to use them.

For details on how to use them | suggest reading th e libraries
documentation.



CUFFT Library Vi)

CUFFT is a GPU based Fast Fourier Transform librar vy
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CUFFT Library Features nviok

Algorithms based on Cooley-Tukey (n= 22 3b 5¢ 7d) and Bluestein
Simple interface similar to FFTW

1D, 2D and 3D transforms of complex and real data

Row-major order (C-order) for 2D and 3D data

Single precision (SP) and Double precision (DP) tra  nsforms

In-place and out-of-place transforms

1D transform sizes up to 128 million elements

Batch execution for doing multiple transforms

Streamed asynchronous execution

Non normalized output: IFFT(FFT(A))=len(A)*A



CUFFT In 4 easy steps nviD!

Step 1 — Allocate space on GPU memory

Step 2 — Create plan specifying transform configuration like the size
and type (real, complex, 1D, 2D and so on).

Step 3 — Execute the plan as many times as required,  providing the
pointer to the GPU data created in Step 1.

Step 4 — Destroy plan, free GPU memory




Example CUFFT Program

main()
{
cufftHandle plan;

cufftComplex *idata, *odata;
int i;

cudaMalloc((void**)&idata, sizeof(cufftComplex)*NX*NY);
cudaMalloc((void**)&odata, sizeof(cufftComplex)*NX*NY);
for( i=0; iSNX*NY; i++) {
idata[i].x = (float)rand() / (float)RAND_MAX;
idata[i].y = (float)rand() / (float)RAND_MAX;

<

NnVIDI

I* Inverse transform the signal in place */
cufftExecC2C(plan, odata, odata, CUFFT_INVERSE);

I* Destroy the CUFFT plan. */
cufftDestroy(plan);
cudaFree(idata);
cudaFree(odata);

return 0;




CUBLAS Library



CUBLAS Features



Using CUBLAS

cublas.h



Calling CUBLAS from C




Calling CUBLAS from FORTRAN



SGEMM example (THUNKING)

! Define 3 single precision matrices A, B, C

! Initialize A, B and C

I Call SGEMM in CUBLAS library using THUNKING inter  face (library takes care of
I memory allocation on device and data movement)

I Call SGEMM in host BLAS library



SGEMM example (NON-THUNKING)

I Initialize A, B and C

! Copy data to GPU

! Call SGEMM in CUBLAS library

! Copy data from GPU



GEMM Performance
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Changes to CUBLAS API in CUDA 4.0



CUSPARSE




CUDA Libm features



Improvements



CURAND Library



CURAND Features

http://www.|statsoft.orq/v08/i14/paper




CURAND use



Example CURAND Program: Host AP




Example CURAND Program: Run on CPU




Example CURAND Program: Device API




Example CURAND Program: Device API




CURAND Performance
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NVIDIA Performance Primitives (NPP)



Image Processing Primitives



Thrust

host_vector device_vector

sort



Thrust Example

/I generate 32M random numbers on the host

/I transfer data to the device
/Il sort data on the device (846M keys per sec on Ge Force GTX 480)

/I transfer data back to host



Algorithms

for each ,transform , gather , scatter
reduce , inner_product |, reduce by key
Inclusive_scan , Inclusive_scan_by key

sort , stable sort |, sort by key



hrust Algorithm Performance
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Thrust on Google Code

http://code.google.com/p/thrust/




3 Party Libraries

MAGMA Linear Algebra (Dense)
CULA Tools* Linear Algebra (Dense)
CUSP Linear Algebra (Sparse)
CUDPP Parallel Primitives Library
OpenCurrent CFD

NAG* Computational Finance

And many more...



Questions?



