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// assume 'class' is a collection of 'student' objects

foreach(student in class)

{

    // assume getGrades() returns a collection of integer grades

    grades = student.getGrades();

    sum = 0;

    count = 0;

    // iterate through each grade, adding it to sum

    foreach(grade in grades)

    {

        sum += grade;

        count++;

    }

    // cache the average grade in the student object

    student.averageGrade = sum / count;

}



task calculateAverageGradeForStudent( student )

{

    // assume getGrades() returns a collection of integer grades

    grades = student.getGrades();

    sum = 0;

    count = 0;

    // iterate through each grade, adding it to sum

    foreach(grade in grades)

    {

        sum += grade;

        count++;

    }

    // store the average grade in the student object

    student.averageGrade = sum / count;

}
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__kernel void                                                     // [1]

PreScanKernel(                                                    // [2]

    __global float *output_data,

    __global const float *input_data,

    __local float* shared_data,

    const uint  group_index,

    const uint  base_index,

    const uint  n)

{

    const uint group_id = get_global_id(0) / get_local_size(0);   // [3]

    const uint group_size = get_local_size(0);

    uint local_index = (base_index == 0) ? mul24(group_id,        // [4]



                               (group_size << 1)) : base_index;

    uint4 address_pair = GetAddressMapping(local_index);          // [5]

    LoadLocalFromGlobal(shared_data, input_data, address_pair, n);

    PreScanGroup(shared_data, group_index);

    StoreLocalToGlobal(output_data, shared_data, address_pair, n);

}

__kernel

clSetKernelArg
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CL_DEVICE_TYPE_GPU device_type clGetDeviceIDs 1 num_entries



// declare memory to hold the device id

cl_device_id device_id;

// ask OpenCL for exactly 1 GPU

cl_int err = clGetDeviceIDs(

        NULL                   // platform ID

        CL_DEVICE_TYPE_GPU,    // look only for GPUs

        1,                     // return an ID for only one GPU

        &device_id,            // on return, the device ID

        NULL);                 // don't return the number of devices

// make sure nothing went wrong

if (err != CL_SUCCESS)

{ ... }

clGetDeviceIDs

clCreateContext

cl_context clCreateContext (

   0,              // a reserved variable

   numDevices,     // the number of devices in the devices parameter



   &devices,       // a pointer to the list of device IDs from clGetDeviceIDs

   NULL,           // a pointer to an error notice callback function (if any)

   NULL            // data to pass as a param to the callback function

   &err            // on return, points to a result code

);

NULL

OpenCL.framework/cl_ext.h

clCreateCommandQueue

clCreateCommandQueue

ComputeCommands = clCreateCommandQueue (

        ComputeContext,        // a valid OpenCL context

        ComputeDeviceId,       // a device associated with the context

        0,                     // a bit field to specify properties    [1]

        &err,                  // on return, points to a result code

);
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// OpenCL kernel that computes the square of an input array

const char *KernelSource = "\n" \

"__kernel square(                                                       \n" \

"   __global float* input,                                              \n" \

"   __global float* output,                                             \n" \

"   const unsigned int count)                                           \n" \

"{                                                                      \n" \

"   int i = get_global_id(0);                                           \n" \

"   if(i < count)                                                       \n" \



"       output[i] = input[i] * input[i];                                \n" \

"}                                                                      \n" \

"\n";

ComputeProgram = clCreateProgramWithSource (

        ComputeContext,                // a valid OpenCL context

        1,                             // the number of strings

        (const char**) &KernelSource,  // an array of strings            [1]

        NULL,                          // array of string lengths        [2]

        &err,                          // on return, points to a result code

);

NULL

NULL
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clCreateProgramWithBinary

ComputeProgram = clCreateProgramWithBinary (

     ComputeContext,           // a valid OpenCL context



     numDevices,               // the number of devices                       [1]

     &devices,                 // a pointer to the list of device IDs         [2]

     (const size_t*) &lengths, // an array of the sizes of the binaries       [3]

     (const void**) &binaries, // an array of program binaries

     &binaryStatus,            // on return, points to result for each binary [4]

     &err,                     // on return, points to a result code

);

clGetDeviceIDs
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clBuildProgram

 iError = clBuildProgram (



   program,                     // a valid program object

   0,                           // number of devices in next parameter

   NULL,                        // device list; NULL for all devices

   (const char*) &buildOptions, // a pointer to a string of build options

   NULL,                        // a pointer to a notification callback function

   NULL                         // data to be passed as a parameter to the

                                //  callback function

);

clBuildProgram

clGetProgramBuildInfo

clBuildProgram clGetProgramBuildInfo

// create the opencl program from an inline source code buffer (KernelSource)

cl_program program = clCreateProgramWithSource(context, 1, (const char **) &

    KernelSource, NULL, &err);

// make sure that the program object was created successfully

if (!program)

{

    printf("Error: Failed to create compute program!\n");

    return -1;

}

// build the program executable

cl_int err = clBuildProgram(program, 0, NULL, NULL, NULL, NULL);

// check for errors

if (err != CL_SUCCESS)

{

    size_t len;



    // declare a buffer to hold the build info

    char buffer[2048];

    printf("Error: Failed to build program executable!\n");

    // get the details on the error, and store it in buffer

    clGetProgramBuildInfo(

      program,              // the program object being queried

      device_id,            // the device for which the OpenCL code was built

      CL_PROGRAM_BUILD_LOG, // specifies that we want the build log

      sizeof(buffer),       // the size of the buffer

      buffer,               // on return, holds the build log

      &len);                // on return, the actual size in bytes of the

                            //   data returned

    // print out the build errors

    printf("%s\n", buffer);

    exit(1);

}

CL_PROGRAM_BUILD_LOG

clGetProgramBuildInfo

clBuildProgram
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clGetKernelWorkGroupInfo

CL_KERNEL_WORK_GROUP_SIZE NULL

local_work_size

clGetDeviceInfo CL_DEVICE_MAX_WORK_ITEM_SIZES

clGetKernelWorkGroupInfo

CL_KERNEL_WORK_GROUP_SIZE



local_x local_y local_z

clGetDeviceInfo(CL_DEVICE_MAX_WORK_ITEM_SIZES)

local_x*local_y*local_z

clGetKernelWorkGroupInfo(CL_KERNEL_WORK_GROUP_SIZE)

global_ local_

clGetKernelWorkGroupInfo

clGetKernelWorkGroupInfo

uint ComputeEngine::getEstimatedWorkGroupSize(

   const char *acKernelName,

   uint uiDeviceIndex)

{

   KernelMapIter pkKernelIter = m_akKernels.find(acKernelName);

   if(pkKernelIter == m_akKernels.end())

   {

       printf("Compute Engine: Failed to retrieve kernel for work group

                                                    size estimation!\n");

       return 0;

   }

   if(uiDeviceIndex >= m_uiDeviceCount)

   {

       printf("Compute Engine: Invalid device index specified for

                                         work group size estimation!\n");

       return 0;

   }

   size_t iMaxSize = 0;

   size_t kReturnedSize = 0;

   cl_kernel kKernel = pkKernelIter->second;



   int iError = clGetKernelWorkGroupInfo(

     kKernel,                      // the kernel object being queried

     m_akDeviceIds[uiDeviceIndex], // a device associated with the kernel object

     CL_KERNEL_WORK_GROUP_SIZE,    // requests the work-group size

     sizeof(iMaxSize),             // size in bytes of return buffer

     &iMaxSize,                    // on return, points to requested information

     &kReturnedSize);              // points to actual size of info returned

   if (iError)

   {

       printf("Compute Engine: Failed to retrieve kernel work group info!\n");

       ReportError(iError);

       return 0;

   }

   return iMaxSize;

}

__kernel void                                      //[1]

PreScanKernel(

    __global float *output_data,

    __global const float *input_data,

    __local float* shared_data,

    const uint  group_index,

    const uint  base_index,

    const uint  n)

{ ... }



...                                                 //[2]

int PreScan(

    size_t *global,

    size_t *local,

    size_t shared,

    cl_mem output_data,

    cl_mem input_data,

    unsigned int n,

    int group_index,

    int base_index)

{

    unsigned int a = 0;

    int err = CL_SUCCESS;

    err |= clSetKernelArg(

       ComputeKernel,            // a valid kernel object

       sizeof(cl_mem),           // the size of the parameter value

       &output_data);            // a pointer to the parameter value

    err |= clSetKernelArg(ComputeKernel,  0, sizeof(cl_mem), &input_data);//[3]

    err |= clSetKernelArg(ComputeKernel,  1, shared,         0);

    err |= clSetKernelArg(ComputeKernel,  2, sizeof(cl_int), &group_index);

    err |= clSetKernelArg(ComputeKernel,  3, sizeof(cl_int), &base_index);

    err |= clSetKernelArg(ComputeKernel,  4, sizeof(cl_int), &n);

    if (err != CL_SUCCESS)

    { ... }

    err = CL_SUCCESS;

    err |= clEnqueueNDRangeKernel(

      ComputeCommands,         // a valid command queue

      ComputeKernel,           // a valid kernel object

      1,                       // the data dimensions                   [4]

      NULL,                    // reserved; must be NULL

      global,                  // work sizes for each dimension         [5]

      local,                   // work-group sizes for each dimension   [6]



      0,                       // num entires in event wait list        [7]

      NULL,                    // event wait list                       [8]

      NULL);                   // on return, points to new event object [9]

    if (err != CL_SUCCESS)

    { ... }

    return CL_SUCCESS;

}
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blocking_read CL_TRUE clEnqueueReadBuffer

clEnqueueReadImage

clFinish

clEnqueueBarrier mem_fence

read_mem_fence write_mem_fence

clWaitForEvents clEnqueueWaitForEvents

clGetEventInfo

clEnqueueReadBuffer

clEnqueueReadImage
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clCreateBuffer

    memobjs[0] = clCreateBuffer(context,

                              CL_MEM_READ_ONLY | CL_MEM_USE_HOST_PTR,

                              sizeof(cl_float4) * n, srcA, NULL);

    if (memobjs[0] == (cl_mem)0)

    {

        clReleaseCommandQueue(cmd_queue);

        clReleaseContext(context);



        return -1;

    }

    memobjs[1] = clCreateBuffer(context,

                              CL_MEM_READ_ONLY | CL_MEM_COPY_HOST_PTR,

                              sizeof(cl_float4) * n, srcB, NULL);

    if (memobjs[1] == (cl_mem)0)

    {

        delete_memobjs(memobjs, 1);

        clReleaseCommandQueue(cmd_queue);

        clReleaseContext(context);

        return -1;

    }

   memobjs[2] = clCreateBuffer(context,

                                CL_MEM_READ_WRITE,

                                sizeof(cl_float) * n, NULL, NULL);

    if (memobjs[2] == (cl_mem)0)

    {

        delete_memobjs(memobjs, 2);

        clReleaseCommandQueue(cmd_queue);

        clReleaseContext(context);

        return -1;

    }

NULL

CL_MEM_USE_HOST_PTR

CL_MEM_COPY_HOST_PTR

CL_MEM_USE_HOST_PTR

CL_MEM_COPY_HOST_PTR



CL_MEM_USE_HOST_PTR

CL_MEM_ALLOC_HOST_PTR

clCreateBuffer NULL

clEnqueueWriteBuffer

 ● clEnqueueReadBuffer

 ● clEnqueueWriteBuffer

 ● clEnqueueCopyBuffer

clEnqueueRead* clEnqueueWrite*

clEnqueueCopy*

blocking_* CL_TRUE



__kernel

clSetKernelArg

clEnqueueNDRangeKernel

clSetKernelArg

square

__kernel square(

    __global float* input,

    __global float* output,

    const unsigned int count)

{

    int i = get_global_id(0);

    if(i < count)

        output[i] = input[i] * input[i];

}
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clCreateImage2D

ComputeEngine::createImage2D(

    const char* acMemObjName,

    MemFlags eMemFlags,

    ChannelOrder eOrder,

    ChannelType eType,

    uint uiWidth,

    uint uiHeight,

    uint uiRowPitch,

    void* pvData)

{

    uint uiChannelCount = getChannelCount(eOrder);

    if(uiChannelCount == 0)

        return false;

 // set the image format properties and option flags

    cl_image_format kFormat                        ;

    kFormat.image_channel_order = (cl_channel_order) eOrder;



    kFormat.image_channel_data_type = (cl_channel_type) eType;

    cl_mem_flags kFlags = (cl_mem_flags) eMemFlags;

    int iError = CL_SUCCESS;

    cl_mem kImage = clCreateImage2D(

          m_kContext,         // a valid OpenCL context

          kFlags,             // option flags                  [1]

          &kFormat,           // image format properties       [2]

          (size_t)uiWidth,    // width of the image in pixels

          (size_t)uiHeight,   // height of the image in pixels

          (size_t)uiRowPitch, // scan-line pitch in bytes      [3]

          pvData,             // pointer to the image data

          &iError             // on return, the result code);

    if(kImage == 0 || iError != CL_SUCCESS)

    { ... }

    m_akMemObjects[acMemObjName] = kImage;

    return true;

}
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CL_RGBA

NULL 0

// assume that each channel is represented with in CL_RGBA / CL_UNORM_INT8 format

num_channels_per_pixel = 4;

image_width = ... ; // the width of the image

channel_size = sizeof(uint8);

pixel_size = channel_size * num_channels_per_pixel;

image_row_pitch = image_width * pixel_size;

clCreateImage3D

 ● clEnqueueReadImage

 ● clEnqueueWriteImage



 ● clEnqueueCopyImage

clEnqueueRead* clEnqueueWrite*

clEnqueueCopy*

blocking_* CL_TRUE

__kernel

clSetKernelArg

clEnqueueNDRangeKernel

clSetKernelArg

foo

__kernel void foo (

    read_only image2d_t imageA,

    write_only image2d_t imageB)

{

    ...

}
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image2d_t image3d_t
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#include <fcntl.h>

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include <math.h>

#include <unistd.h>

#include <sys/types.h>

#include <sys/stat.h>

#include <OpenCL/opencl.h>

////////////////////////////////////////////////////////////////////////////////

// Use a static data size for simplicity

//

#define DATA_SIZE (1024)

////////////////////////////////////////////////////////////////////////////////

// Simple compute kernel that computes the square of an input array.       [1]

//



const char *KernelSource = "\n" \

"__kernel square(                                                       \n" \

"   __global float* input,                                              \n" \

"   __global float* output,                                             \n" \

"   const unsigned int count)                                           \n" \

"{                                                                      \n" \

"   int i = get_global_id(0);                                           \n" \

"   if(i < count)                                                       \n" \

"       output[i] = input[i] * input[i];                                \n" \

"}                                                                      \n" \

"\n";

////////////////////////////////////////////////////////////////////////////////

int main(int argc, char** argv)

{

    int err;                          // error code returned from api calls

    float data[DATA_SIZE];            // original data set given to device

    float results[DATA_SIZE];         // results returned from device

    unsigned int correct;             // number of correct results returned

    size_t global;                    // global domain size for our calculation

    size_t local;                     // local domain size for our calculation

    cl_device_id device_id;           // device ID

    cl_context context;               // context

    cl_command_queue queue;           // command queue

    cl_program program;               // program

    cl_kernel kernel;                 // kernel

    cl_mem input;                     // device memory used for the input array

    cl_mem output;                    // device memory used for the output array



    // Get data on which to operate

    //

   int i = 0;

    unsigned int count = DATA_SIZE;

    for(i = 0; i < count; i++)

        data[i] = ...;

    ...

    // Get an ID for the device                                    [2]

    int gpu = 1;

    err = clGetDeviceIDs(NULL, gpu ? CL_DEVICE_TYPE_GPU : CL_DEVICE_TYPE_CPU, 1,

                                                         &device_id, NULL);

    if (err != CL_SUCCESS)

    { ... }                                                        //      [3]

    // Create a context                                            [4]

    //

    context = clCreateContext(0, 1, &device_id, NULL, NULL, &err);

    if (!context)

    { ... }

    // Create a command queue                                              [5]

    //

    queue = clCreateCommandQueue(context, device_id, 0, &err);

    if (!queue)

    { ... }

    // Create the compute program from the source buffer                   [6]

    //

    program = clCreateProgramWithSource(context, 1,

                            (const char **) & KernelSource, NULL, &err);

    if ( program)

    { ... }



    // Build the program executable                                        [7]

    //

    err = clBuildProgram(program, 0, NULL, NULL, NULL, NULL);

    if (err != CL_SUCCESS)

    {

        size_t len;

        char buffer[2048];

        printf("Error: Failed to build program executable\n");             [8]

        clGetProgramBuildInfo(program, device_id, CL_PROGRAM_BUILD_LOG,

                                          sizeof(buffer), buffer, &len);

        printf("%s\n", buffer);

        exit(1);

    }

    // Create the compute kernel in the program we wish to run            [9]

    //

    kernel = clCreateKernel(program, "square", &err);

    if (!kernel || err != CL_SUCCESS)

    { ... }

    // Create the input and output arrays in device memory for our calculation

    //                                                                   [10]

    input = clCreateBuffer(context,  CL_MEM_READ_ONLY,  sizeof(float) *count,

                                                                  NULL, NULL);

    output = clCreateBuffer(context, CL_MEM_WRITE_ONLY, sizeof(float) *count,

                                                                  NULL, NULL);

    if (!input || !output)

    { ... }

    // Write our data set into the input array in device memory          [11]

    //

    err = clEnqueueWriteBuffer(queue, input, CL_TRUE, 0,

                                   sizeof(float) *count, data, 0, NULL, NULL);



    if (err != CL_SUCCESS)

    { ... }

    // Set the arguments to our compute kernel                           [12]

    //

    err = 0;

    err  = clSetKernelArg(kernel, 0, sizeof(cl_mem), &input);

    err |= clSetKernelArg(kernel, 1, sizeof(cl_mem), &output);

    err |= clSetKernelArg(kernel, 2, sizeof(unsigned int), &count);

    if (err != CL_SUCCESS)

    { ... }

    // Get the maximum work-group size for executing the kernel on the device

    //                                                                   [13]

    err = clGetKernelWorkGroupInfo(kernel, device_id, CL_KERNEL_WORK_GROUP_SIZE,

                                                      sizeof(int), &local, NULL);

    if (err != CL_SUCCESS)

    { ... }

    // Execute the kernel over the entire range of the data set          [14]

    //

    global = count;

    err = clEnqueueNDRangeKernel(queue, kernel, 1, NULL, &global, &local,

                                                              0, NULL, NULL);

    if (err)

    { ... }

    // Wait for the command queue to get serviced before reading back results

    //                                                                   [15]

    clFinish(queue);

    // Read the results from the device                                  [16]

    //

    err = clEnqueueReadBuffer(queue, output, CL_TRUE, 0,

                                sizeof(float) *count, results, 0, NULL, NULL );



    if (err != CL_SUCCESS)

    { ... }

    // Shut down and clean up

    //

    clReleaseMemObject(input);

    clReleaseMemObject(output);

    clReleaseProgram(program);

    clReleaseKernel(kernel);

    clReleaseCommandQueue(queue);

    clReleaseContext(context);

    return 0;

}

clEnqueue

__kernel



clGetProgramInfo

clCreateProgramWithBinary

clCreateProgramWithSource

clCreateKernelsInProgram

CL_TRUE blocking_write

0

local

local

clFinish

output result

CL_MEM_WRITE_ONLY






