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OpenCL:
Open standard 

•Driven by Apple (comes 
standard in Snow Leopard)

•NVIDIA, AMD, Intel, IBM (Cell)

•Exposes a consistent, GPU-like 
interface to any multicore 
system
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Heterogeneous, 
Open

• Can work with various 
hardware

• IBM Cell, AMD processors, ATI 
cards, NVidia cards, Intel 
processors

• Multi- and Many- core

• SC09 demo: parallel CFD 
running on all of the above at 
once in same program, using 
MPI to tie them together
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All is not roses
• Code may be portable, but 

performance isn’t

• (Autotuning?) 

• For short-term future (~32 
cores, cache-coherent), 
OpenMP is going to be the 
way to go for multicore CPUs
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All is not roses
• You pay for all that extra 

generality:
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Quick 
Reference Card
• Page 6

• Only touches on C++ 
bindings, etc.

• Necessary and inevitable 
consequence of generality.

• But works, and works a lot of 
places
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Text

(OpenCL: Work Item)

(OpenCL: Work Group)

(OpenCL: 
Local Memory)

(OpenCL: 
Private Memory)

(And OpenCL)v
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CUDA vs 
OpenCL 

terminology
• Since maps to similar 

hardware, basic concepts the 
same

• Some terminology changes; 
some better, some worse.

CUDA OpenCL

Thread Work Item

Block Work Group

Device Mem Global Mem

Constant Mem Constant Mem

Shared Mem Local Mem

Local Mem Private Mem
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CUDA vs 
OpenCL kernel 

code
• Since maps to similar 

hardware, basic concepts the 
same

• Some terminology changes; 
some better, some worse.

CUDA OpenCL

__global__ __kernel

__device__ (function)  

__constant__ __constant

__device__ (mem) __global

__shared__ __local

Local Mem Private Mem

__syncthreads() barrier()
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CUDA vs 
OpenCL kernel 

code
• Functions rather than 

variables for place in grid

• “global work size” and “local 
work size” vs 
blockDim*gridDim and 
BlockDim

• get_global_id() calculates 
global position for you

CUDA OpenCL

gridDim get_num_groups()

blockDim get_local_size() 

blockIdx get_group_id()

threadIdx get_local_id()

- get_global_id()

- get_global_size()
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CUDA

OpenCL
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CUDA
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OpenCL
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More general - 
more verbose

• CUDA makes simple things 
simple - easy to do with fixed 
view of hardware

• OpenCL doesn’t.   But more 
complicated situations are 
exactly the same; learning 
curve steep, but short.

• Let’s step through this (new 
OpenCL 1.1 C++ bindings a 
little nicer)
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Have to do 
something

like this in CUDA
for multiple GPUs
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Doesn’t have 
to be a GPU!
“Host” could
be a “device”
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Have to compile,
build program and
identify kernels 
within the program!
Allows real 
heterogenaity; also,
run-time rebuilding
of program
(CUDA can now do
this too)
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As a result of run-time
“device” compilation,
build the main program
just with normal compiler,
link appropriate OpenCL
libraries.
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Malloc, Memcpy 
can be done in one
step.
Can give many 
options (eg, 
READ_ONLY for 
input values).
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Have to manually marshal 
arguments to kernel launch.
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Have to manually marshal 
arguments to kernel launch.
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Copy-back, cleanup not that 
different
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Resources
• PyCUDA/PyOpenCL 
• http://mathema.tician.de/software/pycuda

• Does a lot of the tedious 
initialization stuff for you 

• Can focus on getting efficient 
kernels

• Can move to C/C++ later
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CUDA
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OpenCL
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Resources

•NVidia (http://www.nvidia.com/object/cuda_opencl_new.html )

•Mac Research ( http://macresearch.org/opencl)

•Apple (http://developer.apple.com/ )

•Book ( http://www.fixstars.com/en/company/books/opencl/ )

•AMD ( http://developer.amd.com/zones/OpenCLZone )

http://www.nvidia.com/object/cuda_opencl_new.html
http://www.nvidia.com/object/cuda_opencl_new.html
http://macresearch.org/opencl
http://macresearch.org/opencl
http://developer.apple.com
http://developer.apple.com
http://www.fixstars.com/en/company/books/opencl/
http://www.fixstars.com/en/company/books/opencl/
http://developer.amd.com/zones/OpenCLZone
http://developer.amd.com/zones/OpenCLZone
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Directives-Based 
GPGPU Programming:

PGI Accelerator
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OpenACC

• CAPS, Cray, PGI, NVidia
• OpenMP for GPU
• Take existing 

proprietary compilers, 
find a minimal common 
feature set, implement

• Summer 2012

http://www.openacc-standard.org/

http://www.openacc-standard.org
http://www.openacc-standard.org


CITA|ICAT

PGI Accelerator

• Builds on strong 
OpenMP, vector 
performance

• On SciNet ARC: 
module load 
use.experimental pgi http://www.pgroup.com/resources/accel.htm

http://www.pgroup.com/resources/accel.htm
http://www.pgroup.com/resources/accel.htm
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#pragma acc

• Define code region, data region, scheduling.
• In some cases, (esp Fortran) #pragma acc 
region + static analysis can do some pretty 
amazing things
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32 !$acc region
33         do j=1,N
34             c(:,j) = 0.
35             do k=1,N
36                 do i=1,N
37                     c(i,j) = c(i,j) + a(i,k)*b(k,j)
38                 enddo
39             enddo
40         enddo
41 !$acc end region
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$ pgf90 -Minfo=all,accel -fast -ta=nvidia,cc2.0 -o matrixf-gpu matrixf.f90

     30, Memory zero idiom, array assignment replaced by call to pgf90_mzero8
     31, Loop not vectorized/parallelized: too deeply nested
     32, Generating copyout(c(1:n,1:n))
         Generating copyin(b(1:n,1:n))
         Generating copyin(a(1:n,1:n))
     33, Loop is parallelizable
     34, Loop is parallelizable
         Accelerator kernel generated
         33, !$acc do parallel, vector(16) ! blockidx%y threadidx%y
         34, !$acc do parallel, vector(16) ! blockidx%x threadidx%x
         Generated 3 alternate versions of the loop
         Generated vector sse code for the loop
     35, Loop carried reuse of 'c' prevents parallelization
     36, Loop is parallelizable
         Accelerator kernel generated
         33, !$acc do parallel, vector(16) ! blockidx%y threadidx%y
         35, !$acc do seq(16)
             Cached references to size [16x16] block of 'a'
             Cached references to size [16x16] block of 'b'
         36, !$acc do parallel, vector(16) ! blockidx%x threadidx%x
         Generated 3 alternate versions of the loop
         Generated vector sse code for the loop
         Generated 2 prefetch instructions for the loop
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Data clauses

• #pragma acc copyin()  - copies in 
array (or subarray) from host-kernel

• copyout() - copies out data
• copy() - in and out
• local() - GPU-local array, doesn’t need to 

be copied
• region - one or more kernels
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$ pgf90 -Minfo=all,accel -fast -ta=nvidia,cc2.0 -o matrixf-gpu matrixf.f90

     30, Memory zero idiom, array assignment replaced by call to pgf90_mzero8
     31, Loop not vectorized/parallelized: too deeply nested
     32, Generating copyout(c(1:n,1:n))
         Generating copyin(b(1:n,1:n))
         Generating copyin(a(1:n,1:n))
     33, Loop is parallelizable
     34, Loop is parallelizable
         Accelerator kernel generated
         33, !$acc do parallel, vector(16) ! blockidx%y threadidx%y
         34, !$acc do parallel, vector(16) ! blockidx%x threadidx%x
         Generated 3 alternate versions of the loop
         Generated vector sse code for the loop
     35, Loop carried reuse of 'c' prevents parallelization
     36, Loop is parallelizable
         Accelerator kernel generated
         33, !$acc do parallel, vector(16) ! blockidx%y threadidx%y
         35, !$acc do seq(16)
             Cached references to size [16x16] block of 'a'
             Cached references to size [16x16] block of 'b'
         36, !$acc do parallel, vector(16) ! blockidx%x threadidx%x
         Generated 3 alternate versions of the loop
         Generated vector sse code for the loop
         Generated 2 prefetch instructions for the loop
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Data clauses
• #pragma acc for parallel(N)  - 

breaks loop up between blocks, with 
blocksize N

• #pragma acc for vector(N) - 
parallelizes loop over threads in block, with 
vector size Nregion - one or more kernels

• unroll - force unrolling; kernel - force 
separate kernel
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double jacobi(double **restrict a, const int N, const int niters) {

    const double w0 = -15./6., w1 = 4./3., w2 = -1./12;
    double **restrict tmp = twodMalloc(N,N);
    double maxchange;
    #pragma acc data region copyout(tmp[0:N-1][0:N-1]) \
                            copyin(a[0:N-1][0:N-1]) \
                            copyout(maxchange)
    {
    for (int iter=0; iter<niters; iter++) {
        maxchange = 0.;
        {
        #pragma acc region 
        for (int i=1; i<N-1; ++i)
            for (int j=1; j<N-1; ++j) {
                tmp[j][i] = w0*a[j][i] +
                      w1 * (a[j-1][i] + a[j][i-1] +
                            a[j+1][i] + a[j][i+1]) +
                      w2 * (a[j-1][i-1] + a[j+1][i-1] +
                            a[j+1][i+1] + a[j-1][i+1]);
                double change = fabs(tmp[i][j] - a[i][j]);
                maxchange = fmax(maxchange, change);
            }

        #pragma acc region 
        for (int i=0; i<N-1; ++i)
            for (int j=0; j<N-1; ++j)
                a[j][i] = tmp[j][i];
        }
    }
    }
    twodFree(tmp);
    return maxchange;
}
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double jacobi(double **restrict a, const int N, const int niters) {

    const double w0 = -15./6., w1 = 4./3., w2 = -1./12;
    double **restrict tmp = twodMalloc(N,N);
    double maxchange;
    #pragma acc data region copyout(tmp[0:N-1][0:N-1]) \
                            copyin(a[0:N-1][0:N-1]) \
                            copyout(maxchange)
    {
    for (int iter=0; iter<niters; iter++) {
        maxchange = 0.;
        {
        #pragma acc region 
        for (int i=1; i<N-1; ++i)
            for (int j=1; j<N-1; ++j) {
                tmp[j][i] = w0*a[j][i] +
                      w1 * (a[j-1][i] + a[j][i-1] +
                            a[j+1][i] + a[j][i+1]) +
                      w2 * (a[j-1][i-1] + a[j+1][i-1] +
                            a[j+1][i+1] + a[j-1][i+1]);
                double change = fabs(tmp[i][j] - a[i][j]);
                maxchange = fmax(maxchange, change);
            }

        #pragma acc region 
        for (int i=0; i<N-1; ++i)
            for (int j=0; j<N-1; ++j)
                a[j][i] = tmp[j][i];
        }
    }
    }
    twodFree(tmp);
    return maxchange;
}

All pointers
need to be restrict
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double jacobi(double **restrict a, const int N, const int niters) {

    const double w0 = -15./6., w1 = 4./3., w2 = -1./12;
    double **restrict tmp = twodMalloc(N,N);
    double maxchange;
    #pragma acc data region copyout(tmp[0:N-1][0:N-1]) \
                            copyin(a[0:N-1][0:N-1]) \
                            copyout(maxchange)
    {
    for (int iter=0; iter<niters; iter++) {
        maxchange = 0.;
        {
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                      w2 * (a[j-1][i-1] + a[j+1][i-1] +
                            a[j+1][i+1] + a[j-1][i+1]);
                double change = fabs(tmp[i][j] - a[i][j]);
                maxchange = fmax(maxchange, change);
            }

        #pragma acc region 
        for (int i=0; i<N-1; ++i)
            for (int j=0; j<N-1; ++j)
                a[j][i] = tmp[j][i];
        }
    }
    }
    twodFree(tmp);
    return maxchange;
}

A data region can
contain multiple
code regions
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double jacobi(double **restrict a, const int N, const int niters) {

    const double w0 = -15./6., w1 = 4./3., w2 = -1./12;
    double **restrict tmp = twodMalloc(N,N);
    double maxchange;
    #pragma acc data region copyout(tmp[0:N-1][0:N-1]) \
                            copyin(a[0:N-1][0:N-1]) \
                            copyout(maxchange)
    {
    for (int iter=0; iter<niters; iter++) {
        maxchange = 0.;
        {
        #pragma acc region 
        for (int i=1; i<N-1; ++i)
            for (int j=1; j<N-1; ++j) {
                tmp[j][i] = w0*a[j][i] +
                      w1 * (a[j-1][i] + a[j][i-1] +
                            a[j+1][i] + a[j][i+1]) +
                      w2 * (a[j-1][i-1] + a[j+1][i-1] +
                            a[j+1][i+1] + a[j-1][i+1]);
                double change = fabs(tmp[i][j] - a[i][j]);
                maxchange = fmax(maxchange, change);
            }

        #pragma acc region 
        for (int i=0; i<N-1; ++i)
            for (int j=0; j<N-1; ++j)
                a[j][i] = tmp[j][i];
        }
    }
    }
    twodFree(tmp);
    return maxchange;
}

This is recognized
as a reduction and
implemented 
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double jacobi(double **restrict a, const int N, const int niters) {

    const double w0 = -15./6., w1 = 4./3., w2 = -1./12;
    double **restrict tmp = twodMalloc(N,N);
    double maxchange;
    #pragma acc data region copyout(tmp[0:N-1][0:N-1]) \
                            copyin(a[0:N-1][0:N-1]) \
                            copyout(maxchange)
    {
    for (int iter=0; iter<niters; iter++) {
        maxchange = 0.;
        {
        #pragma acc region 
        for (int i=1; i<N-1; ++i)
            for (int j=1; j<N-1; ++j) {
                tmp[j][i] = w0*a[j][i] +
                      w1 * (a[j-1][i] + a[j][i-1] +
                            a[j+1][i] + a[j][i+1]) +
                      w2 * (a[j-1][i-1] + a[j+1][i-1] +
                            a[j+1][i+1] + a[j-1][i+1]);
                double change = fabs(tmp[i][j] - a[i][j]);
                maxchange = fmax(maxchange, change);
            }

        #pragma acc region 
        for (int i=0; i<N-1; ++i)
            for (int j=0; j<N-1; ++j)
                a[j][i] = tmp[j][i];
        }
    }
    }
    twodFree(tmp);
    return maxchange;
}

Note funny loop
ordering
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double jacobi(double **restrict a, const int N, const int niters) {

    const double w0 = -15./6., w1 = 4./3., w2 = -1./12;
    double **restrict tmp = twodMalloc(N,N);
    double maxchange;
    #pragma acc data region copyout(tmp[0:N-1][0:N-1]) \
                            copyin(a[0:N-1][0:N-1]) \
                            copyout(maxchange)
    {
    for (int iter=0; iter<niters; iter++) {
        maxchange = 0.;
        {
        #pragma acc region 
        for (int i=1; i<N-1; ++i)
            for (int j=1; j<N-1; ++j) {
                tmp[j][i] = w0*a[j][i] +
                      w1 * (a[j-1][i] + a[j][i-1] +
                            a[j+1][i] + a[j][i+1]) +
                      w2 * (a[j-1][i-1] + a[j+1][i-1] +
                            a[j+1][i+1] + a[j-1][i+1]);
                double change = fabs(tmp[i][j] - a[i][j]);
                maxchange = fmax(maxchange, change);
            }

        #pragma acc region 
        for (int i=0; i<N-1; ++i)
            for (int j=0; j<N-1; ++j)
                a[j][i] = tmp[j][i];
        }
    }
    }
    twodFree(tmp);
    return maxchange;
}

Multid loops must
be rectangular
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Cannot appear in 
compute region:

• jumps out of region
• non-inlinable function calls
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Compiler feedback

• non-stride-1 access (uncoallesced)
• loop schedule (can be overridden)
• inferred data movement
• lack of parallelization due to - required 

privitization, data dependency
• Not enough feedback here!
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accellmath

•#include <accelmath.h>
• fast GPU math library (exp, sin, cos...)
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accel.h

•#include <accel.h>
•Gives you access to 
acc_get_num_devices(), 
acc_set_device_num()

• Can also set by environment variable
• Each thread/MPI task can set own device
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OpenACC

• Version 1.0 this summer (12.8)
• Early betas now available
• OpenACC-inspired features now part of a 

technical report proposed for OpenMP 4.0
• Still need to understand what’s going on 

under the hood (CUDA) to make code fast


