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CUDA library ecosystem spans many fields

Math, Numerics, Statistics
Dense & Sparse Linear Algebra
* Algorithms (sort, etc.)
Image Processing
® Computer Vision
¢ Signal Processing
* Finance

http://developer.nvidia.com/gpu-accelerated-libraries



NVIDIA CUDA Toolkit Libraries

CUBLAS
CuSPARSE
CUFFT
CuURAND
NPP

Thrust
math.h
system calls

dense linear algebra

sparse linear algebra
discrete Fourier transforms
random number generation
signal and image processing
scan, sort, reduce, transform
floating point

printf, malloc, assert



NVIDIA CUDA Library Approach

* Provide basic building blocks
* Make them easy to use
¢ Make them fast

)

Provides a quick path to GPU acceleration
Enables ISVstofocuson t hei r oOsectr
|deal for applications that use CPU libraries

L)

L)




4x-10x speedups over Intel on single precision

CUFFT CUSPARSE
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cuFFT: Multi-dimensional FFTs

® New features in CUDA 4.1:

® Flexible input & output data layouts for all transform types
*Similar to the FFTW O0OAdvanced Interfaceo
* Eliminates extra data transposes and copies

® APl is now thread -safe & callable from multiple host threads
® Restructured documentation to clarify data layouts
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cuBLAS Dense linear algebra on GPUs

Complete BLAS implementation plus useful extensions

Supports all 152 standard routines for single, double, complex, and double
complex

* New features in CUDA 4.1:

* New batched GEMM API provides >4x speedup over MKL
¢ Useful for batches of 100+ small matrices from 4x4 to 128x128

* 5% 10% performance improvement to large GEMMs



cuSPARSE: Sparse linear algebraroutines

Sparse matrix -vector multiplication & triangular solve
APIs optimized for iterative methods

* New featuresin 4.1:
® Tri-diagonal solver with speedups up to 10x over Intel MKL
* ELL-HYB format offers 2x faster matrix -vector multiplication

y1 T 10 107 yl
Y | = \alpha | 2.0 |3.0 2.0 | + \beta Y2
y3 4.0 3-0 y3

C Ya L 5.0 6.0 '7.0_114.0 ] L Ya |




cURAND Random Number Generation

* Pseudo- and Quasi-RNGs
¢ Supports several output distributions
¢ Statistical test results reported in documentation

®* New RNGs in CUDA 4.1:;
* MRG32k3a RNG
* MTGP11213 Mersenne Twister RNG




NPP: NVIDIA Performance Primitives
Up to 40X speedups

® Arithmetic, Logic, Conversions, Filters,
Statistics, etc.

¢ Majority of primitives 5x to 10x faster than
analogous routines in Intel PP

¢ 1,000 + new image primitives in 4.1

* NPP 4.1, NVIDIA C2050 (Fermi) A
* | PP 6.1, Du al Socket CoreE i 7 920



Thrust: CUDA C++ Template Library

* Template library for CUDA mimics the C++ STL
Optimized algorithms for sort, reduce, scan, etc.
OpenMP backend for portability

¢ Allows applications and prototypes to be built  quickly

® New in 4.1: Boost -style placeholders allow inline  functors

¢ Example: saxpy in 1 line:

thrust::transform( x.begin (), x.end(), y.begin (), y.begin (),a*_1+ 2);



math.h: C99 floating -point library + extras

ABasic +, *, /, 1/, sqrt, FMA (all IEEE 754 accurate for float, double, all rounding modes)
AExponentials: exp, exp2, log, log2, log10, ...

ATrigonometry : sin, cos, tan, asin, acos, atan2, sinh, cosh, asinh, acosh, ...
ASpecial functions: lgamma, tgamma, erf, erfc

AUtility : fmod, remquo, modf, trunc, round, ceil, floor, fabs, ...

AExtras: rsqrt, rcbrt, expl0, sinpi, sincos, cospi, erfinv, erfcinv, ...

* New featuresin 4.1.:
¢ Bessel functions: jO, j1, jn,y0,yl, yn
¢ Scaled complementary error function:  erfcx
® Average and rounded average: _ {u} hadd, {u} rhadd






OpenACCDirectives

Easy to Use

A Add compiler hints to identify loop nests
for acceleration.

Portable

A Single code base works for accelerated

systems and generic CPU multkcore systems.

The OpenACC™ API
QUICK REFERENCE GUIDE

The OpenACC Application Program Interface
describes a collection of compiler directives to
specify loops and regions of code in standard
C, C++ and Fortran to be offloaded from a
host CPU to an attached accelerator, providing
portability across operating systems, host CPUs
and accelerators.

Most OpenACC directives apply to the
immediately following structured block or loop;
a structured block is a single statement or a
compound statement (C or C++) or a sequence
of statements (Fortran) with a single entry point
at the top and a single exit at the bottom.

o
CAPS

==AY

OMP R COMPANY

NVIDIA.
PGl

Version 1.0, November 2011

Alll n I I lend to work within Op enMP organization g Dp ACC
reale n specl mcal that extends OpenMP to pp rator:

© 2011 OpenACC-standard ora all riahts reserved



Directives: Simple Hints for the Compiler

Typical Parallel Code

/ CPU GPU \

i Quickest Path to

Compiler
Hint

Massive parallelism

WWWw.openacc-standard.orq




Directives: An Example

Copy arrays into GPU

I$acc data region copy( A,Anew) memory within data region
iter =0
do while (err > tol .and. iter < iter_max )
fter = iter +1 Parallelize code inside
err=0._fp_kind region
I$acc region
do j=1,m
do i=1,n
Anew(i,j )=.25 fp_kind *( A(i+1,] ) + A(l -1 )&
+A(L ) -D+A( i j+D)
err = max( err, Anew( L )-A(L] )
end do Close off parallel
end do region
I$acc end region
IF(mod(iter,100)==0 .or. iter ==1) print*, iter , err
A= Anew Close off data
end do region, copy data

I$acc end data region back
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NVIDIAParallel Nsight NVIDIACUDAMEMCHECK Allinea DDT with CUDA
for Visual Studio for Linux & Mac Distributed Debugging Tool

NVIDIACUDAGDB TotalView for CUDA
for Linux & Mac for Linux Clusters




NVIDIAParallel Nsight NVIDIA Visual Profiler
for Visual Studio Vampir Trace Collector for Linux & Mac

TAU Performance System Performance API Library Under Development



