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GPGPU

ÅGPU (Graphics ProcessingUnit)
ïFlexible and powerful processor

ïProgrammability, precision, power

ïParallel processing

ÅCPU
ïIncreasing number of cores

ïParallel processing

ÅGPGPU ïgeneral-purpose computation  
using power of GPU, parallelprocessor
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GPGPU related to rendering
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ÅDeformations

Å Sorting - dynamic alpha-blended particles

ÅCollisiondetection

ÅGlobal illumination

ÅCan be done via shaders, but requires hacking



Serial vs Parallel processing

void process_in_serial ()

{

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

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

}

void process_in_parallel ()

{

start_threads(N, thread);

}

void thread()

{

int i = thread_ID;

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

}
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c[0] = a [0]+ b[0]

c[1] = a [1]+ b[1]

c[N] = a [N]+ b[N]



SIMD

ÅSingle Instruction Multiple Data

ÅPerforming the same operation on multiple data  
points simultaneously

ÅUsage - data processing & compression,  
cryptography, image & video processing, 3D  
graphics

ÅCPU - special instructions + registers

ÅIntel - since 1997, MMX,SSE

ÅAMD ïsince 1998, 3DNow!

ÅIBM ïPowerPC, Cell Processor(PS3)
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SIMD
www.wikipedia.org
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GPU history

ÅPrimarily for transformation, rasterization and texturing

ÅData types ïSIMD processing
ïvertex ï4 x 32bit FP

ïfragment (pixel) ï4 x 8bit FP/integer

ïtexel ï4 x 8bit integer

ÅIncreasing number of processing units (cores, pipelines)
ïSeparate pipelines for vertices and fragmets

ïUnified shaders (2006), 60+ cores

ÅIncreasing programmability of pipelines (shader units)
ïConditional instructions, loops

ïGeneral-purpose programming via new technologies

ÅSupport for 32bit FP texels and fragments
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GPU architecture

ÅGPU ïmulticore processor

ÅBasic computation unit ïCore, Stream  
Core, Stream (Thread) Processor

ÅArray of cores - Streaming Multiprocessor,  
SIMD Engine, Compute Unit
ïSeveral levels of hierarchy

ïShared memory for cores in this array

ïSpecial FunctionUnits

ïPrivate registers, cahces

ïScheduler
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GPU architecture

NVIDIA GeForce 8800Real - time Graphics
MartinSamuelļ²k

9



GPU architecture

NVIDIA GeForce 8800
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Work item

Work-group



GPU devices

ÅRadeon R9 290X4GB
ïCompute units: 44

ïStream Processors:2816

ÅNvidia GeForce GTX Titan6GB

ïStream Processors:2688
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GPU computation model

ÅThread, Work item (SP)
ïOne running computation

ïExecuted on cores

ïLocal memory for one thread

ïKernel ïprogram running on device

ÅWork-group, Thread block (SM)
ïGroup of several threads

ïShared local per-block memory

ïOrganized in 1,2,3 dimensional grids

ïControlled by streaming multiprocessor

ÅGrid of blocks, work-groups per device
ïOrganized in 1,2,3, N dimensionalarrays
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GPU memory model

ÅGlobal memory
ïAccessible by all threads

ïSlow, used with restrictions, bank conflicts

ïPer device - 512-éMB

ÅConstant memory
ïRead-only section of global memory

ïPer device = 64 KB - , cache per SM = 8 KB

ÅLocal, Sharedmemory
ïSharing data between work items (SP)

ïPer SM = 16 KB -

ïFast, used with restriction, synchronization needed

ÅRegisters, Private memory
ïper SM = 16384 -

ïAllocated for each thread separately, Fast
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GPU programming

ÅGraphics API

ÅOpenGL(universal)
ïGLSL

ïCg

ïASM

ïCompute shaders

ÅDirectX (win32)
ïHLSL

ïCg

ïASM

ïDirectCompute

ÅComputing languages

ÅNvidia CUDA(universal)
ïCUDA

ïPTXISA

ÅATI Stream (universal)
ïBrook+

ïAMDIL

ïISA

ÅOpenCL(universal)
ïall devices
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CPU/GPU programming

Real - time Graphics
MartinSamuelļ²k

15



CUDA

ÅCompute Unified Device Architecture

Åparallel computing platform and application programming 
interface

ÅRestricted to NVIDIA hardware

ÅExploiting GPU capabilities more than graphics API
ïunlimited scatter write

ïdirect access to memory

ïutilize shared memory

ÅKernel code based on C

ÅAPI for loading kernel, work with arrays, managing devices

Åhttp://code.msdn.microsoft.com/windowsdesktop/NVIDIA -
GPU-Architecture-45c11e6d

16

http://code.msdn.microsoft.com/windowsdesktop/NVIDIA-GPU-Architecture-45c11e6d
http://code.msdn.microsoft.com/windowsdesktop/NVIDIA-GPU-Architecture-45c11e6d


CUDA
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CUDA C/C++ extension

ÅDevice vs Host code
ïFunction qualifiers: device , host , global

ïVariable qualifiers: device , constant ,

shared

ÅBuilt-in variables
ïthreadIdx ïcoordinates of thread within a block

ïblockDim ïnumber of threads in a block

ïblockIdx ïcoordinates of threadôs block within grid of  
blocks

ïgridDim ïnumber of blocks in grid
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Example - Host part

ÅComputing gradients in 2D one component image
float* d_idata; // device (GPU) input data  
cudaMalloc( ( void**) & d_idata, width* height* sizeof(float));  

float2* d_odata; // device (GPU) output data  
cudaMalloc( ( void**) & d_odata, width* height* sizeof(float2)); 

float* h_idata;
int width, height;
loadImg(ñinput.tgaò, &width, &height, h_idata); // fill source host data by CPU  
cudaMemcpy(d_idata, h_idata, width * height * 4, cudaMemcpyHostToDevice);

dim3 threads( 8, 8, 1); // threads per block
dim3 grid( 1 + (width-1) / 8, 1 + (height-1) / 8, 1); // blocks in grid  
compute_gradient<<< grid, threads >>>(d_idata, d_odata, width, height);  
cudaThreadSynchronize(); // wait for result

float* h_odata = new float[2 * width * height];
cudaMemcpy(h_odata, d_odata, 2 * width * height * 4, cudaMemcpyDeviceToHost);  
saveImg(ñoutput.tgaò,h_odata); 19



CUDA
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width = 24
height = 24 

// threads per block
dim3 threads( 8, 8, 1); 

// blocks in grid 
dim3 grid( 1 + ( width-1) / 8, 

1 + (height -1) / 8, 1); 



CUDA
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width = 24
height = 24

// threads per block
dim3 threads( 8, 8, 1); 

// blocks in grid 
dim3 grid( 1 + ( 24-1) / 8, 

1 + ( 24-1) / 8, 1); 



CUDA
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width = 24
height = 24 

// threads per block
dim3 threads( 8, 8, 1); 

// blocks in grid 
dim3 grid( 1 + ( 24-1) / 8, 

1 + ( 24-1) / 8, 1); 

1 + ỗ23 / 8Ộ= 1 + ỗ2.875Ộ= 3



CUDA

23

width = 24
height = 24 

// threads per block
dim3 threads( 8, 8, 1); 

// blocks in grid 
dim3 grid( 3, 3, 1); 

1 + ỗ23 / 8Ộ= 1 + ỗ2.875Ộ= 3



Example - Device part
global void compute_gradient(float* g_idata, float2* g_odata, const int width, const int height)

{
const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;
if (i >= width || j >= height)

return;
float value = g_idata[i + j * width];  
float prev_x = value;
if (i > 0)

prev_x = g_idata[i - 1 + j * width];  
float next_x = value;
if (i < width-1)

next_x = g_idata[i + 1 + j * width];  
float prev_y = value;
if (j > 0)

prev_y = g_idata[i + (j ï1) * width];  
float next_y = value;
if (j < height -1)

next_y = g_idata[i + (j + 1) * width];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = make_float2(z_dx, z_dy );

}
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CUDA
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width = 20
height = 20 

// threads per block
dim3 threads( 8, 8, 1); 

?

// blocks in grid 
dim3 grid( ?, ?, 1); 



CUDA
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width = 20
height = 20 

// threads per block
dim3 threads( 8, 8, 1); 

?

1 + ỗ20 / 8Ộ= 1 + ỗ2.5Ộ= 3

// blocks in grid 
dim3 grid( 1 + ( width-1) / 8, 

1 + (height -1) / 8, 1); 



Example - Device part
global void compute_gradient(float* g_idata, float2* g_odata, const int width, const int height)

{
const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;
if (i >= width || j >= height)

return;
float value = g_idata[i + j * width];  
float prev_x = value;
if (i > 0)

prev_x = g_idata[i - 1 + j * width];  
float next_x = value;
if (i < width-1)

next_x = g_idata[i + 1 + j * width];  
float prev_y = value;
if (j > 0)

prev_y = g_idata[i + (j ï1) * width];  
float next_y = value;
if (j < height -1)

next_y = g_idata[i + (j + 1) * width];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = make_float2(z_dx, z_dy );

}
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CUDA
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width = 20
height = 20 

// threads per block
dim3 threads( 8, 8, 1); 

// blocks in grid 
dim3 grid( 3, 3, 1); 

1 + ỗ20 / 8Ộ= 1 + ỗ2.5Ộ= 3



Example - Device part
global void compute_gradient(float* g_idata, float2* g_odata, const int width, const int height)

{
const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;
if (i >= width || j >= height)

return;
float value = g_idata[i + j * width];  
float prev_x = value;
if (i > 0)

prev_x = g_idata[i - 1 + j * width];  
float next_x = value;
if (i < width-1)

next_x = g_idata[i + 1 + j * width];  
float prev_y = value;
if (j > 0)

prev_y = g_idata[i + (j ï1) * width];  
float next_y = value;
if (j < height -1)

next_y = g_idata[i + (j + 1) * width];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = make_float2(z_dx, z_dy );

}

29

width = 20
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j = 2
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Example - Device part
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width = 20
i = 3
j = 2
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global void compute_gradient(float* g_idata, float2* g_odata, const int width, const int height)
{

const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;
if (i >= width || j >= height)

return;
float value = g_idata[i + j * width];  
float prev_x = value;
if (i > 0)

prev_x = g_idata[i - 1 + j * width];  
float next_x = value;
if (i < width-1)

next_x = g_idata[i + 1 + j * width];  
float prev_y = value;
if (j > 0)

prev_y = g_idata[i + (j ï1) * width];  
float next_y = value;
if (j < height -1)

next_y = g_idata[i + (j + 1) * width];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = make_float2(z_dx, z_dy );

}



Example ïShared memory
__global__ void compute_gradient(float* g_idata, float2* g_odata, const int
width, const int height){

shared__ float s_data[10][10 ];

const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;

if (i >= width || j >= height)
return;

float value = g_idata[i + j * width];  
s_data[threadIdx.x+1] [threadIdx.y+1] = value;

syncthreads();

float prev_x = s_idata[threadIdx.x+1 - 1] [threadIdx.y+1];  
float next_x = s_idata[threadIdx.x+1 + 1] [threadIdx.y+1];  
float prev_y = s_idata[threadIdx.x+1] [threadIdx.y+1 - 1];  
float next_y = s_idata[threadIdx.x+1] [threadIdx.y+1 + 1];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = float2(z_dx, z_dy);

} 31



Example ïShared memory
__global__ void compute_gradient(float* g_idata, float2* g_odata, const int
width, const int height){

shared__ float s_data[10][10 ];

const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;

if (i >= width || j >= height)
return;

float value = g_idata[i + j * width];  
s_data[threadIdx.x+1] [threadIdx.y+1] = value;

syncthreads();

float prev_x = s_idata[threadIdx.x+1 - 1] [threadIdx.y+1];  
float next_x = s_idata[threadIdx.x+1 + 1] [threadIdx.y+1];  
float prev_y = s_idata[threadIdx.x+1] [threadIdx.y+1 - 1];  
float next_y = s_idata[threadIdx.x+1] [threadIdx.y+1 + 1];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = float2(z_dx, z_dy);

}
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Example ïShared memory
__global__ void compute_gradient(float* g_idata, float2* g_odata, const int
width, const int height){

shared__ float s_data[10][10 ];

const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;

if (i >= width || j >= height)
return;

float value = g_idata[i + j * width];  
s_data[threadIdx.x+1] [threadIdx.y+1] = value;

syncthreads();

float prev_x = s_idata[threadIdx.x+1 - 1] [threadIdx.y+1];  
float next_x = s_idata[threadIdx.x+1 + 1] [threadIdx.y+1];  
float prev_y = s_idata[threadIdx.x+1] [threadIdx.y+1 - 1];  
float next_y = s_idata[threadIdx.x+1] [threadIdx.y+1 + 1];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = float2(z_dx, z_dy);

}
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Shared memory
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0+1-1=0

10Ҏ10 to avoidindex out of bounds



Example ïShared memory
__global__ void compute_gradient(float* g_idata, float2* g_odata, const int
width, const int height){

shared__ float s_data[10][10 ];

const unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;
const unsigned int j = blockIdx.y * blockDim.y + threadIdx.y;

if (i >= width || j >= height)
return;

float value = g_idata[i + j * width];  
s_data[threadIdx.x+1] [threadIdx.y+1] = value;

syncthreads();

float prev_x = s_idata[threadIdx.x+1 - 1] [threadIdx.y+1];  
float next_x = s_idata[threadIdx.x+1 + 1] [threadIdx.y+1];  
float prev_y = s_idata[threadIdx.x+1] [threadIdx.y+1 - 1];  
float next_y = s_idata[threadIdx.x+1] [threadIdx.y+1 + 1];  
float z_dx = next_x ïprev_x;
float z_dy = next_y ïprev_y;
g_odata [i + j * width] = float2(z_dx, z_dy);

}
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Shared memory


