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Introduction

CUDAs atool to turn your graphics card into
a smallcomputing cluster

L (n6l alwayseasyto use, but theboostit
may provide to your processing power coulg
make itworthwhile.

This Is @oractical applicationoriented
softwaretalk to present somaedeason how
to gain somecheap accessiblgrocessing
power when you need It.



Overview ﬁ%

A What isCUDA
A What can useit for?
A Somethingpractical




What is CUDA?

nat I1Is a GPU?
nat 1Is CUDA?
nat can it do?
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What is a GPU?

A GraphicsProcessingJnit (GPU)

A Fastandspecializedor graphics

A Good withpictures Good withpolygons
A Parallel Pipelined







General Computing

with Parallelization++

A GPUevolution has brought us to the place where
theseparallel pipelines can executarbitrary
Instructions

A Why is this especialiyteresting? g4

192 Cores 960 Cores

2 Cores (GTX260) (Tesla S1070)




What i1s CUDA?

A CUDASs ac/c++
interfaceF 2 NJ b £“5 L 1 Q3&
graphics cards Block (0,0 stomk (1.0

A A way to givelata ’( "

andinstructionsto S | e

the card toprocess i i
in parallel
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Example

Int  main()

{

/| Kernel invocation
vecAdd <<<1, N>>>(A, B, C);

}




Benefits of CUDA

A Parallel = fast

A Tightlycoupledthreads and memory
A Programmable with tike syntax

A Independentof CPU

A Low hardwarecost
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The Bad News

A Takegime to learn

A Takegime to code

A Takegime to code fast

A Multithreaded applications can beard
A Is oftennot worth it




What Can We Use it For?

CUDA is good for some things
Bad for others.

CUFFT

CUBLAS

Conjugate Gradient



Good Stuff %%

A Linear Algebra

AFFT

A Independentoperations (parallelizable)
A BIGproblems

A Timeintensiveproblems




Bad Stuff %%
A Small Problems
A Quick Problems

A Problems that take a long time but we
R2Yy QU Ol Nb




Toys that Come with CUDA %%

A CUBLAS linear algebra package for
executing matrix/vector operations.

A CUFFT A library for calculatingD, 2D,
and3D Fast Fourier TransformBE)




CUFFT %%

l.al 1S I /! CC¢ aGtftly
2. Move data to the card
3. Execute the Plan on the data

CUFFT 2D

Median Time For Various Size Arrays
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CUBLAS

CUDABasicLinear AlgebraSubprograms (CUBLAS)

1. Level 1: Vector Operations (norms, inner
oroduct, max, min, add, subtract)

2. Level 2: MatrixVector Operations (matrix
vector, multiply, outer product)

3. Level 3: matrbmatrix operations

With various support for dense, symmetric,
and banded matrix forms.




Conjugate Gradient

An iterative method to
solve the equation

AX=Db

Where A Is symmetric
and positive definite.

function [x ,count] = conjgrad(A,b,x0)
% Conjugate Gradient from Wikipedia:
% http://en.wikipedia.org/wiki/Conjugate_gradient

count =0;

r=b - A*O;
W= -T;

z= A*w;

a= (r"*w)/(w*z);
Xx= X0 + a*w;
B=0;

for i=1:size(AL);
r=r - a*z;
if (norm(r) <1e -10)
break ;
end
B = (r'*z)/(w'*z);
W= -r+ B*w;
Z = A*w;
a = (r"w)/(w*z);
X=X+ a‘w;

count =count + 1;
end




Conjugate Gradient

1000 2000 4000 8000 16000
Precision Method 250 500 1000 2000 4000

MATLABConjGrad(D) 2931 22.221 Memory
Double

MATLABSlash(D) 4.448 34.266 Memory

MATLABConNjGrad(S) 1.604 11578  89.143
Single

MATLABSIash(S) 2.506 18.87 -
Single CUDAConjGrad 0.7110 2.599 10.20

Comparison of Methods
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Other Projects orCudaZone ﬁ%




