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GPUs and GPGPU 

 
In the late 1990s and early 2000s, the computer industry responded to the demand for highly realistic computer video games and video 

animations by developing extremely powerful graphics processing units or GPUs. 

 
These processors, as their name suggests, are designed to improve the performance of programs that need to render many detailed images. 

 

 
One of the biggest difficulties faced by the early developers of GPGPU was that the GPUs of the time could only be programmed using 

computer graphics APIs, such as Direct3D and OpenGL. 
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GPU architectures 
 

 

 

 

In a typical SIMD system, each datapath carries out the test x[i] >= 0. Then the datapaths for which the test is true execute 

x[i] += 1, while those for which x[i] < 0 are idle. Then the roles of the datapaths are reversed: those for which x[i] >= 0 

are idle while the other datapaths execute x[i] = 2. 
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Heterogeneous computing 

 

Writing a program that runs on a GPU is an example of heterogeneous computing. 

Field Programmable Gate Arrays or FPGAs, and Digital Signal Processors or DSPs. FPGAs contain programmable 
logic blocks and interconnects that can be configured prior to program execution. 

 
DSPs contain special circuitry for manipulating (e.g., compressing, filter- ing) signals, especially “real-world” 

analog signals. 
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CUDA hello 

 

 

CUDA is a software platform that can be used to write GPGPU programs for heterogeneous 

systems equipped with an Nvidia GPU. 
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$ nvcc -o cuda_hello cuda_hello.cu 

If we want to run one thread on the GPU, we can type 
$ ./cuda_hello 1 

and the output will be 

Compiling and running the program 



 Department of CSE, ATMECE, Mysuru  

 

 

Threads, blocks, and grids 

 

Hello: 

Hello <<<1, thread_count > > >(); 

 

 

Hello <<<2, thread_count / 2 >> >(); 

If thread_count is even, this kernel call will start a total of thread_count threads, and the 

threads will be divided between the two SMs: thread_count/2 threads will run on each SM. 

(What happens if thread_count is odd?) 
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There are a number of versions of the CUDA API, and they do not correspond to the compute 

capabilities of the different GPUs. 
 

 

 

 

Name Ampere Tesla Fermi Kepler Maxwell Pascal Volta Turing 

Compute 

capability 

8.0 1.b 2.b 3.b 5.b 6.b 7.0 7.5 

GPU architectures and compute capabilities. 

 

 

 

Nvidia compute capabilities and device architectures 
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Vector addition 

 

We’ll initialize x and y on the host. Then a kernel can start at least n threads, and the ith thread will add 

z [ i ] = x [ i ] + y [ i ]; 

 

 

float ∗x , ∗y , ∗z ; 

 

After allocating and initializing the arrays, 

we’ll call the kernel, and after the kernel completes execution, 

the program checks the result, frees memory, and quits. 
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Returning results from CUDA kernels 
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CUDA trapezoidal rule I 
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Initialization, return value, and final update 

To deal with the initialization and the final update (Items 1 and 5), we could try to select a single thread—say, thread 0 in block 0—to carry out 

the operations: 

 

 

int my_i = blockDim . x blockIdx . x∗+ threadIdx . x ; 

if ( my_i == 0 ) { 

h = ( b−a )/ n ; 

 

trap = 0 . 5 ∗ ( f ( a ) + f ( b )); 

} 

. . . 

if ( my_i == 0 ) 

trap = trap ∗h ; 
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CUDA trapezoidal rule II: improving performance 
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Performance 
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The remaining codes for the warp sum kernel and the shared memory sum kernel are very similar. First warp 0 

computes the sum of the elements in warp_sum_arr. Then thread 0 in the block adds the block sum into the total 

across all the threads in the grid using atomicAdd. Here’s the code for the shared memory sum: 

 

 

if ( my_warp == 0 ) { 

if ( threadIdx . x >= blockDim . x / warpSize ) 

warp_sum_arr [ threadIdx . x ] = 0.0; 

blk_result = Shared_mem_sum ( warp_sum_arr ); 

} 

if ( threadIdx . x == 0 ) atomicAdd ( trap_p , blk_result ); 
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 Thank you  


