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Software -Hardware interface

ÅDeveloper Ecosystem

Libraries (ACML, COBRA, etc.)

Tools / dev env. (RapidMind, etc.)

ÅCompiled high level languages

AMD provides various implementations

Developers free to create their own 

ÅDevice independent / portable assembly

Assembly spec provided

ÅDevice specific ISA

Via device specific extensions to CAL and/or HAL

ISA spec provided
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Compute Abstraction Layer (CAL) goals

Expose relevant parts of the GPU as they really are 

Command Processor 

Data Parallel Processor(s) 

Memory Controller 

Hide all other graphics -specific features 

Provide direct communication to device 

Eliminate driver implemented procedural API 

Push policy decisions back to application 

Remove constraints imposed by graphics APIs
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CAL highlights

Memory managed

Donôt have to manually maintain offsets, etc

Asynchronous DMA: CPU ᾘGPU, GPUᾘGPU, GPUᾘCPU

Multiple GPUs can share the same ñsystemò memory

Core CAL API is device agnostic

Enables multi -device optimizations

e.g. Multiple GPUs working together concurrently

Multiple GPUs show up as multiple CAL devices

Extensions to CAL provide opportunities for device specific 
optimization
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CAL example - initialization

static int gDevice = 0;

int main( int argc, char** argv ) 

{

CALresult res = CAL_RESULT_OK;

//  open a cal device and create a context

res = calInit();

CALuint numDevices = 0;

res = calDeviceGetCount( &numDevices );

CHECK_ERROR(r, "There was an error enumerating devices.\n");

CALdeviceinfo info;

res = calDeviceGetInfo( &info, 0 );

CHECK_ERROR(r, "There was an error getting device info.\n");

CALdevice device = 0;

res = calDeviceOpen( &device, 0 );

CHECK_ERROR(r, "There was an error opening the device.\n");

CALcontext ctx = 0;

res = calCtxCreate( &ctx, device );

CHECK_ERROR(r, "There was an error creatint the context.\n");

Initialize CAL

Get the number of devices

Get device 0 info

Open device 0

Create a device context
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CAL example - load modules
// load module

CALmodule module;

res = calModuleLoadFile( &module, ctx, filename );

CHECK_ERROR( res, "There was an error loading the program module.\n" );

NOTE: Modulescan be created òonlineóvia CAL

compiler interface plugins, or òofflineóvia

external tools (compilers,etc)

Load pre-compiled module 

from file
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CAL example - memory allocation

//  allocate input and output resources and map them into the context

CALresource constRes;

res = calResAllocRemote1D( &constRes, &device, 1, 16, CAL_FORMAT_FLOAT4, 0, 0 );

CHECK_ERROR( res, "There was an error allocating the constant resource.\n" );

CALmem constMem;

res = calCtxGetMem( &constMem, ctx, constRes );

CHECK_ERROR( res, "There was an error getting memory from the constant resource.\n" );

CALresource outputRes;

res = calResAllocRemote2D( &outputRes, &device, 1, 

BufferWidth, BufferHeight,         

CAL_FORMAT_FLOAT4, 0, 0 );

CHECK_ERROR(res, "There was an error allocating the output resource.\n");

CALmem outputMem;

res = calCtxGetMem( &outputMem, ctx, outputRes );

CHECK_ERROR(res, "There was an error getting memory from the output resource.\n");

Allocate system (CPU)

resource for constants
Allocate system (CPU)

resource for output buffer

Get handle to actual 

memory
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CAL example - set input values

//  clear the resources to known values

float* fdata;

int* idata;

CALuint pitch;

//  set constant values

res = calMemMap( (CALvoid**)&idata, &pitch, ctx, constMem, 0 );

idata[0] = InputValue;

idata[1] = InputValue;

idata[2] = InputValue;

idata[3] = InputValue;

res = calMemUnmap( ctx, constMem );

res = calMemMap( (CALvoid**)&fdata, &pitch, ctx, outputMem, 0 );

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

{

float* tmp = &fdata[i * pitch * 4];

for (int j = 0; j < 4 * BufferWidth; j++)

{

tmp[j] = OutputValue;

}

}

res = calMemUnmap(ctx, outputMem);

Get a pointer

Unmap when done

Set constants

Get a pointer

Unmap when done

Set memory to known 

value
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CAL example - set inputs

//  setup the program's inputs and outputs

CALname constName;

res = calModuleGetName( &constName, ctx, module, "cb0" );

CHECK_ERROR( res, "There was an error finding the constant buffer.\n" );

res = calCtxSetMem( ctx, constName, constMem );

CHECK_ERROR( res, "There was an error setting the constant buffer memory.\n" );

CALname outName;

res = calModuleGetName( &outName, ctx, module, "o0" );

CHECK_ERROR( res, "There was an error finding the program output.\n" );

res = calCtxSetMem( ctx, outName, outputMem );

CHECK_ERROR( res, "There was an error setting the program output.\n" );

Get the name (location) of the 

symbol in the module

Set the memory to the 

appropriate symbol
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CAL example - run compute kernel

//  get the program entry point

CALfunc func;

res = calModuleGetEntry( &func, ctx, module, "main" );

CHECK_ERROR( res, "There was an error finding the program entry point.\n" );

//  set computational domain

CALdomain rect;

rect.x = 0;

rect.y = 0;

rect.width  = BufferWidth;

rect.height = BufferHeight;

//  run the program, wait for completion

CALevent event;

res = calCtxRunProgram( &event, ctx, func, &rect );

CHECK_ERROR(res, "There was an error running the program.\n");

//  wait for function to finish

while (calCtxIsEventDone(ctx, event) == CAL_RESULT_PENDING);

Wait for it to finish

Run our program

Set compute domain

Get the entry point that we 

care about from module
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CAL example - cleanup & exit

//  cleanup and exit

calCtxSetMem( ctx, constName, 0 );

calCtxSetMem( ctx, outName, 0 );

calModuleUnload( ctx, module );

calCtxReleaseMem( ctx, constMem );

calResFree( constRes );

calCtxReleaseMem( ctx, outputMem );

calResFree( outputRes );

calCtxDestroy( ctx );

calDeviceClose( device );  

Unload module

Release memory

Release context & device
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Using multiple GPUs
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