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Vector addition 



Problem statement 

 Addition of two single-precision floating-point vectors. 

 We will create CPU and GPU implementations 
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Implementation on CPU 

// y += x 

void vecAdd(int n, float * x, float * y) 

{ 

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

        y[i] += x[i]; 

} 
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Creating kernel 

__global__ void vecAdd_kernel(int n, float * x, float * y) 

{ 

    int i = blockIdx.x * blockDim.x + threadIdx.x; 

    if (i < n) 

        y[i] += x[i]; 

} 
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Calling kernel 

void vecAdd_gpu(int n, float * x, float * y) 

{ 

    const int threads_per_block = 256; 

    int num_blocks = (n + threads_per_block - 1) / 

threads_per_block; 

    dim3 grid(num_blocks, 1, 1); 

    dim3 blocks(threads_per_block, 1, 1); 

    vecAdd_kernel<<<grid, blocks>>>(n, x, y); 

} 
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Function main… 

int main() 

{ 

    const int n = 1000000; 

    const int repeats = 1000; 

    float * x, * y, * x_gpu, * y_gpu, * y_verify; 

    x = new float[n]; 

    cudaMalloc((void **) &x_gpu, n * incx * sizeof(float)); 

    y = new float[n]; 

    y_verify = new float[n]; 

    cudaMalloc((void **) &y_gpu, n * incy * sizeof(float)); 
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Function main… 

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

        x[i] = float(rand()) / RAND_MAX; 

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

        y[i] = float(rand()) / RAND_MAX; 

 

    cudaMemcpy(x_gpu, x, n * sizeof(float), 

cudaMemcpyHostToDevice); 

    cudaMemcpy(y_gpu, y, n * sizeof(float), 

cudaMemcpyHostToDevice); 
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Function main… 

    LARGE_INTEGER before, after, freq; 

    QueryPerformanceFrequency(&freq); 

    std::cout << std::fixed << std::setprecision(3); 

    QueryPerformanceCounter(&before); 

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

        vecAdd(n, x, y); 

    QueryPerformanceCounter(&after); 

    double cpu_time = (after.QuadPart - before.QuadPart) / 

double(freq.QuadPart); 

    std::cout << "The CPU version took " << cpu_time << " 

seconds.\n"; 
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Function main… 

    QueryPerformanceCounter(&before); 

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

        vecAdd_gpu(n, x_gpu, y_gpu); 

    cudaThreadSynchronize(); 

    QueryPerformanceCounter(&after); 

    double gpu_time = (after.QuadPart - before.QuadPart) / 

double(freq.QuadPart); 

    std::cout << "The GPU version took " << gpu_time << " 

seconds.\n"; 

    std::cout << "Speedup: " << cpu_time / gpu_time << " 

times.\n"; 
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Function main 

    cudaMemcpy(y_verify, y_gpu, n * sizeof(float), 

        cudaMemcpyDeviceToHost); 

    float difference = 0; 

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

        difference += (y[i] - y_verify[i]) * (y[i] - y_verify[i]); 

    if (difference < 1e-5f) std::cout << "Test passed.\n"; 

    else  std::cout << "Test failed.\n"; 

    cudaFree(y_gpu);   delete [] y_verify; 

    delete [] y;  cudaFree(x_gpu);  delete [] x; 

    return 0; 

} 
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Implementation of axpy 



Problem statement 

 Axpy is BLAS level 1 operation 

 

 

 

 t defines type denoted as fp (s — float, d — double, с — 

complex float, z — complex double). 

 Operation is: 

 ∀i ∈ 0..n: y[i * incy] ← y[i * incy] + a * x[i * incx] 

taxpy(int n, fp a, fp x[], int incx, fp y[], int incy) 



Implementation on CPU 

void saxpy(int n, float a, float * x, int incx, float * y, int incy) 

{ 

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

        y[i * incy] += a * x[i * incx]; 

} 
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Creating kernel 

__global__ void saxpy_kernel(int n, float a, float * x, int incx, 

float * y, int incy) 

{ 

    int i = blockIdx.x * blockDim.x + threadIdx.x; 

    if (i < n) 

        y[i * incy] += a * x[i * incx]; 

} 
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Calling kernel 

void saxpy_gpu(int n, float a, float * x, int incx, float * y, int incy) 

{ 

    const int threads_per_block = 256; 

    int num_blocks = (n + threads_per_block - 1) / 

threads_per_block; 

    dim3 grid(num_blocks, 1, 1); 

    dim3 blocks(threads_per_block, 1, 1); 

    saxpy_kernel<<<grid, blocks>>>(n, a, x, incx, y, incy); 

} 
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Function main… 

int main() 

{ 

    const int n = 1000000; 

    const int incx = 2; 

    const int incy = 3; 

    const float alpha = float(rand()) / RAND_MAX; 

    const int repeats = 1000; 

    float * x, * y, * x_gpu, * y_gpu, * y_verify; 

    x = new float[n * incx]; 

    cudaMalloc((void **) &x_gpu, n * incx * sizeof(float)); 
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Function main… 

    y = new float[n * incy]; 

    y_verify = new float[n * incy]; 

    cudaMalloc((void **) &y_gpu, n * incy * sizeof(float)); 

    for (int i = 0; i < n * incx; ++i) 

        x[i] = float(rand()) / RAND_MAX; 

    for (int i = 0; i < n * incy; ++i) 

        y[i] = float(rand()) / RAND_MAX; 

    cudaMemcpy(x_gpu, x, n * incx * sizeof(float), 

cudaMemcpyHostToDevice); 

    cudaMemcpy(y_gpu, y, n * incy * sizeof(float), 

cudaMemcpyHostToDevice); 
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Function main… 

    LARGE_INTEGER before, after, freq; 

    QueryPerformanceFrequency(&freq); 

    std::cout << std::fixed << std::setprecision(3); 

 

    QueryPerformanceCounter(&before); 

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

        saxpy(n, alpha, x, incx, y, incy); 

    QueryPerformanceCounter(&after); 

    double cpu_time = (after.QuadPart - before.QuadPart) / 

double(freq.QuadPart); 

    std::cout << "The CPU version took " << cpu_time << " 

seconds.\n"; 
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Function main… 

    QueryPerformanceCounter(&before); 

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

        saxpy_gpu(n, alpha, x_gpu, incx, y_gpu, incy); 

    cudaThreadSynchronize(); 

    QueryPerformanceCounter(&after); 

    double gpu_time = (after.QuadPart - before.QuadPart) / 

double(freq.QuadPart); 

    std::cout << "The GPU version took " << gpu_time << " 

seconds.\n"; 

    std::cout << "Speedup: " << cpu_time / gpu_time << " 

times.\n"; 

22 



Function main… 

    cudaMemcpy(y_verify, y_gpu, n * incy * sizeof(float), 

        cudaMemcpyDeviceToHost); 

    float difference = 0; 

    for (int i = 0; i < n * incy; ++i) 

        difference += (y[i] - y_verify[i]) * (y[i] - y_verify[i]); 

    if (difference < 1e-5f) 

        std::cout << "Test passed.\n"; 

    else 

        std::cout << "Test failed.\n"; 
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Function main 

     cudaFree(y_gpu); 

    delete [] y_verify; 

    delete [] y; 

    cudaFree(x_gpu); 

    delete [] x; 

    return 0; 

} 
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Individual work 

 Implement axpy for other types of data: double, complex 

single, complex double. 

 Modify axpy kernel so that it will work for any amount of block 

and threads per block. 
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