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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(… ) {

...

}

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

Compiler

G80 … GPU 

Target code

PTX Code

CPU Code
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Compiling CUDA

NVCC

C/C++ CUDA

Application

PTX to Target

Compiler

G80 … GPU 

Target code

PTX Code Virtual

Physical



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, …
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Fortran

PGI Accelerator Compiler

For Fortran and C

Uses compiler directives

NOAA F2C-ACC

Converts Fortran codes to CUDA C

Some hand-optimization expected

FLAGON

Fortran 95 Library for GPU Numerics

Includes support for cuBLAS, cuFFT, CUDPP, etc.
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C with CUDA 3.0

Unified addressing for C and C++ pointers

Global, shared, local addresses

Enables 3rd party GPU callable libraries, dynamic linking

One 40-bit address space for load/store instructions

Compiling for native 64-bit addressing

IEEE 754-2008 single & double precision

C99 math.h support

Concurrent Kernels
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PyCUDA / PyOpenCL

Slide courtesy of Andreas Klöckner, Brown University

http://mathema.tician.de/software/pycuda

http://mathema.tician.de/software/pycuda
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Java: jCUDA

http://www.hoopoe-cloud.com/Solutions/jCUDA/Default.aspx

Courtesy of Company for Advanced Supercomputing Solutions, Ltd.

http://www.hoopoe-cloud.com/Solutions/jCUDA/Default.aspx
http://www.hoopoe-cloud.com/Solutions/jCUDA/Default.aspx
http://www.hoopoe-cloud.com/Solutions/jCUDA/Default.aspx
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CUDA.NET

Courtesy of Company for Advanced Supercomputing Solutions, Ltd.

http://www.hoopoe-cloud.com/Solutions/CUDA.NET/Default.aspx

http://www.hoopoe-cloud.com/Solutions/CUDA.NET/Default.aspx
http://www.hoopoe-cloud.com/Solutions/CUDA.NET/Default.aspx
http://www.hoopoe-cloud.com/Solutions/CUDA.NET/Default.aspx
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OpenCL.NET

Courtesy of Company for Advanced Supercomputing Solutions, Ltd.

http://www.hoopoe-cloud.com/Solutions/OpenCL.NET/Default.aspx

http://www.hoopoe-cloud.com/Solutions/OpenCL.NET/Default.aspx
http://www.hoopoe-cloud.com/Solutions/OpenCL.NET/Default.aspx
http://www.hoopoe-cloud.com/Solutions/OpenCL.NET/Default.aspx
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Summary 

Solution Approach Availability

CUDA C + Runtime Language Integration NVIDIA CUDA Toolkit

Fortran Auto Parallelization PGI Accelerator

OpenCL Device-Level API Khronos standard

DirectCompute Device-Level API Microsoft

PyCUDA API Bindings Open source

jCUDA API Bindings Freely Available

CUDA.NET API Bindings Freely Available

OpenCL.NET API Bindings Freely Available


