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CUDA Parallel Paradigm

Scale to 100s of cores, 1000s of parallel threads

Transparently with one source and same binary

Let programmers focus on parallel algorithms

Not mechanics of a parallel programming language

Enable CPU+GPU Co-Processing

CPU & GPU are separate devices with separate memories
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C with CUDA Extensions:  C with a few keywords

void saxpy_serial(int n, float a, float *x, float *y)

{

for (int i = 0; i < n; ++i)

y[i] = a*x[i] + y[i];

}

// Invoke serial SAXPY kernel

saxpy_serial(n, 2.0, x, y);

__global__ void saxpy_parallel(int n, float a, float *x, float *y)

{

int i = blockIdx .x* blockDim .x + threadIdx .x;

if (i < n)  y[i] = a*x[i] + y[i];

}

// Invoke parallel SAXPY kernel with 256 threads / block

int nblocks = (n + 255) / 256;

saxpy_parallel <<<nblocks, 256>>> (n, 2.0, x, y);

Standard C Code

Parallel C Code
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CUDA Programming Effort / Performance

Source: MIT CUDA Course 6.963
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Compiling C with CUDA Applications

void serial_function(é ) {

...

}

void other_function(int ... ) {

...

}

void saxpy_serial(float ... ) {

for (int i = 0; i < n; ++i)

y[i] = a*x[i] + y[i];

}

void main( ) {

float x;

saxpy_serial(..);

...

}
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Compiling CUDA

NVCC

C/C++ CUDA

Application

PTX to Target
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Compiling CUDA

NVCC

C/C++ CUDA

Application

PTX to Target
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NVCC & PTX Virtual Machine

EDG

Separate GPU vs. CPU code 

Open64

Generates GPU PTX assembly

Parallel Thread eXecution (PTX)

Virtual Machine and ISA

Programming model

Execution resources and state

EDG

C/C++ CUDA

Application

CPU Code

Open64

PTX Code

ld.global.v4.f32  {$f1,$f3,$f5,$f7}, [$r9+0];
mad.f32           $f1, $f5, $f3, $f1;

float4 me = gx[gtid];
me.x += me.y * me.z;
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GPU Computing Applications

GPU Computing Software Libraries 

and Engines

CUDA Compute Architecture

Application Acceleration Engines (AXEs)
SceniX, CompleX,Optix, PhysX

Foundation Libraries
CUBLAS, CUFFT, CULA, NVCUVID/VENC, NVPP, Magma

Development Environment
C, C++, Fortran, Python, Java, OpenCL, Direct Compute, é


