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INTRODUCING OPENCLTM 

 
The open standard for parallel programming 

across heterogeneous processors  
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ITôS A MEANY-CORE HETEROGENEOUS WORLD 

ÁMulti-core, heterogeneous computing 

ïThe new normal 

 

ÁMany CPUôs ï 2, 4, 8, é 

 

ÁVery many GPU processing elements ï 100ôs 

 

 

Á1 Application ! 

 

 

CPU 
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WHAT IS OPENCLTM 

CPUs 
Multiple cores driving 
performance increases  

GPUs 
Increasingly general 
purpose data -parallel 

computing  

Graphics APIs 
and Shading 
Languages  

Multi -processor 
programming ï 

e.g. OpenMP  

Emerging  
Intersection  

Heterogeneous  
Computing  

OpenCL TM is a programming framework for heterogeneous compute resources  

ÅIndustry Standard 

ÅOpen Standard 

ÅCross Platform 

ÅMulti-Vendor 

 

 

 

ÅRoyalty Free 

ÅBroad ISV Support 

Source Khronos 
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WHO ARE KHRONOS 

ÁKhronos - Visual Computing Standards  

ïKhronos creates open, multi-vendor standards for Authoring, Accelerating and Accessing 

visual computing  

ïOpen consortium creating standards ñby the industry, for the industryò 

ÁFounded almost ten years ago ï over 100 members - any company welcome  

ïNon-profit with strong commercial focus  

ÁEnabling members and the wider industry to grow market opportunities  

ïCommitment to royalty-free standards  

ÁMake money through enabled products ï not from the standards themselves  

 

Visual Computing ñThe use of graphics, video, imaging, audio and parallel 

processing to enable visually and computationally intensive applicationsò 

Source Khronos 
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OPENCLTM WORKING GROUP 

ÁInitial proposal made by Apple 

ïA broad diversity of industry perspectives 

ïProcessor vendors, application developers, system OEMs, tool vendors, é 

Source Khronos 

http://www.codeplay.com/
http://www.amd.com/
http://www.gshark.com/
http://www.st.com/
http://www.fujitsu.com/
http://www.toshiba.com/
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ÁJune 2011 developer survey 

shows inevitable success and 

adoption of OpenCL 

ÁRespondents ranked most 

popular APIs for Multi-Threaded 

Development 

ÁOpenCL ALREADY #2 in N.A., 

#3 in APAC 

 

 Market data provided by Evans Data Corporation |  June 2011 

DEVELOPERS PREFER OPEN STANDARDS! 
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OPENCLTM PLATFORM MODEL 

ÁOne host plus one or more Compute Devices 

ïEach Compute Device is composed of one or 

more compute units 

ïEach compute unit is made up of one or more 

processing elements 
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Memory management is Explicit  
You  must move data from host -> global -> local é and  back  

ÅPrivate Memory  

ïPer work-item 

ÅLocal Memory  

ïShared within a workgroup   

ÅGlobal/Constant Memory  

ïVisible to all workgroups 

ÅHost Memory  

ïOn the host (CPU) 

Workgroup  

Work -Item  

Compute  Device  

Work -Item  

Workgroup  

Host  

Private 
Memory  

Private 
Memory  

Local Memory  Local Memory  

Global/Constant Memory  

Host Memory  

Work -Item  Work -Item  

Private 
Memory  

Private 
Memory  

OPENCLTM MEMORY MODEL 
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 Global Dimensions:    1024 x 1024 

ï(whole problem space) 

 Local Dimensions:         128 x 128 

ï (work group é executes together)  

1024 

1
0

2
4

 

Synchronization between work-items 

possible only within workgroups using 

barriers and memory fences 

Cannot synchronize 

outside of a workgroup 

ÁChoose the dimensions that are ñbestò for your algorithm 

WORK ITEMS ï AN N-D RANGE 

OpenCL execution model 

ï Define an N-d computation domain 

ï Execute kernel for each point in domain 
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Individual work item 

1 of 1048576 
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EXAMPLE: PARALLELIZING A FOR LOOP 

void  

scalar_mul (const float *a,  

           const float *b,  

           float *c,  

           int  n)  

{  

  int  i ;  

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

    c[ i ] = a[ i ] * b[ i ];   

}  

Scalar  

kernel void  

dp_mul (global const float *a,  

       global const float *b,  

       global float *c)  

{  

  int  id = get_global_id (0);  

 

  c[id] = a[id] * b[id];  

  

} // execute over ñnò work- items  

Data Parallel  

For loop executed n times, 

once for each work item 

Kernel executed n 

times, once for 

each work item 

Get the index of 

the work item 

Compute product 

for each work item 
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OPENCLÊ OBJECTS 

ÁSetup 

ïDevicesðGPU, CPU, Cell/B.E. 

ïContextsðCollection of devices 

ïQueuesðSubmit work to the device 

ÁMemory 

ïBuffersðBlocks of memory 

ïImagesð2D or 3D formatted images 

ÁExecution 

ïProgramsðCollections of kernels 

ïKernelsðArgument/execution instances 

ÁSynchronization/profiling 

ïEvents 

Queue 

Context 

Queue 
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OPENCLÊ FRAMEWORK 

Context 

GPU 

Images 

Memory Objects 

Buffers 

Command Queues 

In 

Order 

Queue 

Out 

Order 

Queue 

dp_mul 

CPU program 

binary 

dp_mul 

GPU program 

binary 

Programs 

__kernel void 

dp_mul(__global const float *a, 

    __global const float *b, 

    __global float *c) 

{ 

    int id = get_global_id(0); 

    c[id] = a[id] * b[id]; 

} 

dp_mul 

arg [0] value 

arg [1] value 

arg [2] value 

Kernels 
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CHOOSING DEVICES 

ÁA system may have several devicesðwhich is best? 

ÁThe ñbestò device is algorithm- and hardware-dependent 

 
ÁQuery device info with: clGetDeviceInfo(device, param_name, *value) 

ïNumber of compute units CL_DEVICE_MAX_COMPUTE_UNITS 

ïClock frequency  CL_DEVICE_MAX_CLOCK_FREQUENCY 

ïMemory size  CL_DEVICE_GLOBAL_MEM_SIZE 

ïExtensions    (double precision, atomics, etc.) 

 
ÁPick the best device for your algorithm 

ïSometimes CPU is better, other times GPU is better 
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SETUP 

Á Get the device(s) 

Á Create a context 

Á Create command queue(s) 

cl_uint num_devices_returned; 

cl_device_id devices[2]; 

err = clGetDeviceIDs(NULL, CL_DEVICE_TYPE_GPU, 1, 

                     &devices[0], num_devices_returned); 

err = clGetDeviceIDs(NULL, CL_DEVICE_TYPE_CPU, 1,  

                     &devices[1], &num_devices_returned); 

cl_context context; 

context = clCreateContext(0, 2, devices, NULL, NULL, &err); 

cl_command_queue queue_gpu, queue_cpu; 

queue_gpu = clCreateCommandQueue(context, devices[0], 0, &err); 

queue_cpu = clCreateCommandQueue(context, devices[1], 0, &err); 

Queue 

Context 

Queue 
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MEMORY RESOURCES 

ÁBuffers 

ïSimple chunks of memory 

ïKernels can access however they like (array, pointers, structs) 

ïKernels can read and write buffers 

 

ÁImages 

ïOpaque 2D or 3D formatted data structures 

ïKernels access only via read_image() and write_image() 

ïEach image can be read or written in a kernel, but not both 
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IMAGE FORMATS AND SAMPLERS 

ÁFormats 

ïChannel orders:  CL_A, CL_RG, CL_RGB, CL_RGBA, etc. 

ïChannel data type:  CL_UNORM_INT8, CL_FLOAT, etc. 

ïclGetSupportedImageFormats() returns supported formats 

 

ÁSamplers (for reading images) 

ïFilter mode: linear or nearest 

ïAddressing: clamp, clamp-to-edge, repeat, or none 

ïNormalized: true or false 

 

ÁBenefit from image access hardware on GPUs 
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ALLOCATING IMAGES AND BUFFERS 

cl_image_format format; 

format.image_channel_data_type = CL_FLOAT; 

format.image_channel_order = CL_RGBA; 

cl_mem input_image; 

input_image  = clCreateImage2D(context, CL_MEM_READ_ONLY, &format,  

    image_width, image_height, 0, NULL, &err); cl_mem output_image; 

output_image  = clCreateImage2D(context, CL_MEM_WRITE_ONLY, &format, 

    image_width, image_height, 0, NULL, &err); 

cl_mem input_buffer; 

input_buffer = clCreateBuffer(context, CL_MEM_READ_ONLY,  

    sizeof(cl_float)*4*image_width*image_height, NULL, &err); cl_mem output_buffer; 

output_buffer = clCreateBuffer(context, CL_MEM_WRITE_ONLY,  

    sizeof(cl_float)*4*image_width*image_height, NULL, &err); 
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READING AND WRITING MEMORY OBJECT DATA 

ÁExplicit commands to access memory object data 

ï Read from a region in memory object to host memory  

Á clEnqueueReadBuffer(queue, object, blocking, offset, size, *ptr, ...) 

ï Write to a region in memory object from host memory  

Á clEnqueueWriteBuffer(queue, object, blocking, offset, size, *ptr, ...) 

ï Map a region in memory object to host address space  

Á clEnqueueMapBuffer(queue, object, blocking, flags, offset, size, ...) 

ï Copy regions of memory objects  

Á clEnqueueCopyBuffer(queue, srcobj, dstobj, src_offset, dst_offset, ...)  

ÁOperate synchronously (blocking = CL_TRUE) or asynchronously 
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PROGRAM AND KERNEL OBJECTS 

ÁProgram objects encapsulate 

ïA program source or binary 

ïList of devices and latest successfully built executable for each device 

ïA list of kernel objects 

 

ÁKernel objects encapsulate 

ïA specific kernel function in a program 

ÁDeclared with the kernel qualifier 

ïArgument values 

ïKernel objects can only be created after the program executable has been built 
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Program 

Compile for 

GPU 

GPU 

code 

Compile for 

CPU 
x86 

code 

kernel void  

horizontal_reflect(read_only image2d_t src, 

                   write_only image2d_t dst)  
{  

  int x = get_global_id(0);  // x-coord  int y = get_global_id(1);  // y-coord  int 

width = get_image_width(src);  float4 src_val = read_imagef(src, sampler,  
                    (int2)(width-1-x, y));  write_imagef(dst, (int2)(x, y), src_val); 
}  

Kernel Code 

Programs build executable code for multiple devices 

Execute the same code on different devices 
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COMPILING KERNELS 

Á Create a program 

ïInput: String (source code) or precompiled binary 

ïAnalogous to a dynamic library: A collection of kernels 

Á Compile the program 

ïSpecify the devices for which kernels should be compiled 

ïPass in compiler flags 

ïCheck for compilation/build errors 

Á Create the kernels 

ïReturns a kernel object used to hold arguments for a given execution 
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CREATING A PROGRAM 

File: kernels.cl  

// --------------------------------- 

// Images Kernel 

// --------------------------------- 

kernel average_images(read_only image2d_t input, write_only image2d_t output) 

{ 

 sampler_t sampler = CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST | CLK_NORMALIZED_COORDS_FALSE; 

 int x = get_global_id(0); 

 int y = get_global_id(1); 

 float4 sum = (float4)0.0f; 

  

 int2 pixel; 

 for (pixel.x=x-SIZE; pixel.x<=x+SIZE; pixel.x++) 

  for (pixel.y=y-SIZE; pixel.y<=y+SIZE; pixel.y++) 

  sum += read_imagef(input, sampler, pixel); 

  

 write_imagef(output, (int2)(x, y), sum/TOTAL); 

};   
 

cl_program program; 

program = clCreateProgramWithSource(context, 1, &source, NULL, &err); 
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COMPILING AND CREATING A KERNEL 

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

if (err) { 

  char log[10240] = ""; 

  err = clGetProgramBuildInfo(program, device, CL_PROGRAM_BUILD_LOG, 

        sizeof(log), log, NULL); 

  printf("Program build log:\n%s\n", log); 

} 

kernel = clCreateKernel(program, "average_images", &err); 
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EXECUTING KERNELS 

Á Set the kernel arguments 

Á Enqueue the kernel 

size_t global[3] = {image_width, image_height, 0};  

err = clEnqueueNDRangeKernel(queue, kernel, 2, NULL, global, NULL, 0, NULL, NULL); 

ÅNote: Your kernel is executed asynchronously 

ƴNothing may happenðyou have only enqueued your kernel 

ƴUse a blocking read clEnqueueRead*(... CL_TRUE ...) 

ƴUse events to track the execution status 

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

err = clSetKernelArg(kernel, 1, sizeof(output), &output); 
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SYNCHRONIZATION: QUEUES & EVENTS 

ÁEach individual queue can execute in-order or out-of-order 

ïFor in-order queue, all commands execute in order 

 

ÁSynchronization between queues 

ïSynchronization supported by Events 

ïMultiple devices each have their own queue 

ïMultiple queues per device 
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SYNCHRONIZATION: ONE DEVICE/QUEUE 
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Kernel 2 

Time 

Kernel 2 waits in the queue until 

Kernel 1 is finished. 

ÅExample: Kernel 2 uses the results of Kernel 1 

Command Queue 
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SYNCHRONIZATION: TWO DEVICES/QUEUES 

Kernel 

1 

Kernel 

2 

GPU CPU 

Explicit dependency: Kernel 1 must finish before Kernel 2 starts 

Output Input 
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SYNCHRONIZATION: TWO DEVICES/QUEUES 
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Kernel 2 

Kernel 2 waits for an event 

from Kernel 1, and does 

not start until the results 

are ready 

Kernel 2 starts before the 

results from Kernel 1 are 

ready 
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USING EVENTS ON THE HOST 

ÁclWaitForEvents(num_events, *event_list) 

ïBlocks until events are complete 

ÁclEnqueueMarker(queue, *event) 

ïReturns an event for a marker that moves through the queue 

ÁclEnqueueWaitForEvents(queue, num_events, *event_list) 

ïInserts a ñWaitForEventsò into the queue 

ÁclGetEventInfo() 

ïCommand type and status 

CL_QUEUED, CL_SUBMITTED, CL_RUNNING, CL_COMPLETE, or error code 

ÁclGetEventProfilingInfo() 

ïCommand queue, submit, start, and end times 
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PROGRAMMING KERNELS: OPENCLTM C 

ÁDerived from ISO C99 

ïBut without some C99 features such as standard C99 headers,  

function pointers, recursion, variable length arrays, and bit fields 

ÁLanguage Features Added to support parallelism 

ïWork-items and workgroups 

ïVector types 

ïSynchronization 

ïAddress space qualifiers 

ÁMany built-in functions 

ïImage manipulation 

ïWork-item manipulation,  

ïMath functions, etc. 
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ADDRESS SPACE 

Å__global ï memory allocated from global address space, images are global by default 

Å__constant ï is like global, but read only 

Å__local ï memory shared by work-group 

Å__private ï private per work-item memory 

Å__read_only ï only for images 

Å__write_only ï only for images 

ÁKernel args have to be global, constant or local. 

ÁCanôt assign to different pointer type. 
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WORKGROUPS 

Åuint get_work_dim () (1 to 3) 

Åsize_t get_global_size (uint dimindx) 

Åsize_t get_global_id (uint dimindx) 

Åsize_t get_local_size (uint dimindx) 

Åsize_t get_local_id (uint dimindx) 

Åsize_t get_num_groups (uint dimindx) 

Åsize_t get_group_id (uint dimindx) 

Ánum_groups * local_size = global_size 

Álocal_id + group_id * local_size = global_id 

Áglobal_size % local_size = 0 
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SYNCHRONIZATION 

Ábarrier()  function. All work-items must reach the barrier before they execute further. It must be 

encountered by all work-items in work-group.  

ÁFlags: LOCAL_MEM_FENCE, GLOBAL_MEM_FENCE ï flush and ensure ordering for local or global 

memory. 

 

Ámem_fence () , read_mem_fence () , write_mem_fence ()  ï ensure memory loads and stores ordering 

within work-item. 
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KERNEL 

get_global_id(0) 

kernel void square(__global float* input,  

                   __global float* output) 

{ 

  int i = get_global_id(0); 

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

} 

36 1 1 0 81 4 16 1 1 81 49 1 4 4 1 81 64 16 1 81 4 0 0 49 64 

input 

output                     36       

i==11 

                          

6 1 1 0 9 2 4 1 1 9 7 6 1 2 2 1 9 8 4 1 9 2 0 0 7 8 
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WORK-ITEMS AND WORKGROUP FUNCTIONS 

input 

get_global_size          26 

get_work_dim 

1 

get_local_size 13 

get_local_id 8 

get_global_id 21 
get_group_id 0 

workgroups 
get_num_groups 2 

6 1 1 0 9 2 4 1 1 9 7 6 1 2 2 1 9 8 4 1 9 2 0 0 7 8 
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DATA TYPES 

ÁScalar data types 

ïchar , uchar,  short, ushort, int, uint, long, ulong 

ïbool, intptr_t, ptrdiff_t, size_t, uintptr_t, void,   

ïhalf (storage) 

ÁImage types 

ïimage2d_t, image3d_t, sampler_t 

ÁVector data types 
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DATA TYPES 

ÁPortable 

ÁVector length of 2, 4, 8, and 16 

ïchar2, ushort4, int8, float16, double2, é 

 

ÁEndian safe 

 

ÁAligned at vector length 

 

ÁVector operations and built-in functions 
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VECTOR OPERATIONS 

ÅVector literal 
int4 vi0 = (int4) -7; 

0 1 2 3 int4 vi1 = (int4)(0, 1, 2, 3); 

-7 -7 -7 -7 
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VECTOR OPERATIONS 

ÅVector literal 
int4 vi0 = (int4) -7; 

0 1 2 3 int4 vi1 = (int4)(0, 1, 2, 3); 

ÅVector components 
vi0.lo = vi1.hi; 

-7 -7 -7 -7 

2 3 -7 -7 
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VECTOR OPERATIONS 

int8 v8 = (int8)(vi0.s0123, vi1.odd); 2 3 -7 -7 0 1 1 3 

ÅVector literal 
int4 vi0 = (int4) -7; 

0 1 2 3 int4 vi1 = (int4)(0, 1, 2, 3); 

ÅVector components 
2 3 -7 -7 vi0.lo = vi1.hi; 

-7 -7 -7 -7 
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VECTOR OPERATIONS 

2 3 -7 -7 0 1 1 3 

ÅVector literal 
int4 vi0 = (int4) -7; 

0 1 2 3 int4 vi1 = (int4)(0, 1, 2, 3); 

ÅVector components 
2 3 -7 -7 vi0.lo = vi1.hi; 

-7 -7 -7 -7 

int8 v8 = (int8)(vi0.s0123, vi1.odd); 

ÅVector ops 

2 4 5 4 

2 4 -5 -4 

vi0 += vi1; 

vi0 = abs(vi0); 

+ 
2 3 -7 -7 

0 1 2 3 
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SUMMARY 

 

AMD Solution  
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OpenCLÊ 
ÁOpen, multi-platform development for 
heterogeneous architectures 

ÁThe power of AMD Fusion: Leverages CPUs 
and GPUs for balanced system approach 

ÁApplication portability across diverse 
systems 

ÁBroad industry support: Supported by -  
AMD, Apple, ARM, IBM, Intel, Nvidia, Sony, 
over 70 more 

ÁAMD is the first company to provide a  
complete OpenCLÊ solution 

ÁMomentum: Strong enthusiasm from 
mainstream developers and application 
software partners 

AMD ACCELERATED PARALLEL PROCESSING 
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AMD APP SDK V2.4  

OPENCLÊ FOR GPUS AND MULTICORE X86 CPUS 

ÁThe Power of AMD Fusion: Developers leverage 
heterogeneous architecture to enable superior                  
user experience 

 
 
 

 

ïComplete OpenCLÊ development platform 

ïCertified OpenCLÊ 1.1 compliant by The Khronos Group 

ïWrite code that can scale well on multi-core CPUs and GPUs 

ïAMD delivers on the promise of support for OpenCLÊ, 
with both high-performance CPU and GPU technologies 

ïAvailable for download now ï includes documentation, samples, 
profilers and developer support 

 


