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Problem statement

a Matrix multiplication of two rectangular matrices: C = AB
Q Sizeof Aismxn, sizeof Bisn xk
a m, n, k are multiples of 16




Naive algorithm




Implementation on CPU

void mmult(int m, int n, int k, const float * a, const float * b,
float * C)

{
for (int1=0; 1 <m; ++i)
for (int] =0; ] <k; ++))
{
cli*k+j]=0;
for (intl=0; | <n; ++I)
cli*k+j]+=afi*n+I]*b[l *k+]j]; // c(i,)) +=a(i, I) *
b(l, J)

}
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Creating kernel

__global  void mmult_kernel(int m, int n, int k, const float * a,
const float * b, float * c)

{

Int 1 = blockldx.x * blockDim.x + threadldx.x:
Int ] = blockldx.y * blockDim.y + threadldx.y;
float sum = 0O;
for (intl1=0; | <n; ++I)
sum+=a[i*n+ 1] *b[l *k +j]; // sum +=a(i, |) * b(l, j)
cli *k +j] =sum; // c(i, ]) = sum




Calling kernel

void mmult_gpu(int m, int n, int k, const float * a, const float * b,
float * C)

{

dim3 blocks(m / BLOCK_SIZE, k / BLOCK _SIZE);
dim3 threads(BLOCK_SIZE, BLOCK_ SIZE);
mmult_kernel<<<blocks, threads>>>(m, n, k, a, b, c);




Function main...

Int main()

{
const int m = BLOCK_SIZE * 12, n = BLOCK_SIZE * 8, k =
BLOCK_ SIZE * 14;

const int repeats = 10;

float * a = new float[m * n];

float * a_gpu;

cudaMalloc((void **) &a_gpu, m * n * sizeof(float));
float * b = new float[n * K];

float * b_gpu;

cudaMalloc((void **) &b_gpu, n * k * sizeof(float));




Function main...

float * ¢ = new float[m * k];

float * c_verify = new float[m * k];

float * c_gpu;

cudaMalloc((void **) &c_gpu, m * k * sizeof(float));

for (int1=0;1<m*n; ++i)

a[i] = float(rand()) / RAND_MAX;
for (int1=0;1<n*Kk; ++i)

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

T
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Function main...

cudaMemcpy(a_gpu, a, m * n * sizeof(float),
cudaMemcpyHostToDevice);

cudaMemcpy(b_gpu, b, n * k * sizeof(float),
cudaMemcpyHostToDevice);

LARGE _INTEGER before, after, freq;
QueryPerformanceFrequency(&freq);
std:.cout << std::fixed << std::setprecision(3);

T
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Function main...

QueryPerformanceCounter(&before);

for (int 1 = 0; I < repeats; ++1)
mmult(m, n, k, a, b, ¢);

QueryPerformanceCounter(&after);

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

std::cout << "The CPU version took " << cpu_time <<"
seconds.\n\n";

T
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Function main...

QueryPerformanceCounter(&before);
for (int 1 = 0; I < repeats; ++1)

mmult_gpu(m, n, k, a_gpu, b_gpu, c_gpu);
cudaThreadSynchronize();
QueryPerformanceCounter(&after);

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

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

seconds.\n":

std::cout << "Speedup: " << cpu_time / gpu_time << "
times.\n";

T
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Function main...

cudaMemcpy(c_verify, c_gpu, m * k * sizeof *c_gpu,
cudaMemcpyDeviceToHost);
float difference = 0;
for (inti=0;i<m*K; ++i)
difference += (c|i] - c_verify[i]) * (c[i] - c_verify[i]);
If (difference < le-5f)
std:.cout << "Test passed.\n";
else
std:.cout << "Test failed (diff =" << difference << ").\n";
std:.cout << "\n";
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Function main

cudaFree(c_gpu);
delete [] c_verify;
delete [] c;
cudaFree(b_gpu);
delete [] b;
cudaFree(a_gpu);
delete [] a;
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Block algorithm




Analysis of naive algorithm

QO Each thread reads a row of matrix A and a column of matrix B,
overall 2n numbers.

QO Thread block reads overall 2n * BLOCK _SIZE? numbers.

A To compute a block of matrix C sized BLOCK_SIZE x
BLOCK SIZE it is only required to read BLOCK_SIZE rows of A,
and BLOCK _SIZE columns B, that is only 2n * BLOCK_SIZE
numbers.

Q This observation is a key to block algorithm.

T



Block algorithm
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Creating kernel...

__global  void mmult_kernel opt(int m, int n, int k, const float *
a, const float * b, float * ¢)

{

Int 1 = blockldx.x * blockDim.x + threadldx.x:

Int | = blockldx.y * blockDim.y + threadldx.y;

shared  float a_block|[BLOCK SIZE][BLOCK SIZE];
__Shared__ float b_block[BLOCK_ SIZE][BLOCK_SIZE];
float sum = 0O;
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Creating kernel

for (intp=0; p<n/BLOCK_ SIZE; ++p) {

a_block[threadldx.x][threadldx.y] =afi*n+ p *
BLOCK_SIZE + threadldx.y];

b_block[threadldx.x][threadldx.y] = b[(p * BLOCK_SIZE +
threadldx.x) * k + |];

__syncthreads();
for (int1 = 0; | < BLOCK_SIZE; ++l)

sum += a_block[threadldx.x][l] * b_block]l][threadldXx.y];
__syncthreads();

}

cli *k +j] =sum; // c(i, ]) = sum

Y
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Calling kernel

void mmult_gpu_opt(int m, int n, int k, const float * a, const float
* b, float * c)

{

dim3 blocks(m / BLOCK_SIZE, k / BLOCK _SIZE);
dim3 threads(BLOCK_SIZE, BLOCK_ SIZE);
mmult_kernel opt<<<blocks, threads>>>(m, n, k, a, b, c);

21



Modification on function main...

QueryPerformanceCounter(&before);
for (int 1 = 0; I < repeats; ++1)

mmult_gpu_opt(m, n, k, a _gpu, b_gpu, c_gpu);
cudaThreadSynchronize();
QueryPerformanceCounter(&after);

double opt_gpu_time = (after.QuadPart - before.QuadPart) /
double(freq.QuadPart);

std:.cout << "The optimized GPU version took " <<
opt_gpu_time << " seconds.\n";

std::cout << "Speedup: " << cpu_time / opt_gpu_time << "
times.\n";




Modification on function main

cudaMemcpy(c_verify, c_gpu, m * k * sizeof *c_gpu,
cudaMemcpyDeviceToHost);
difference = 0;
for (inti=0;i<m*K; ++i)
difference += (c[i] - c_verifyl[i]) * (c[i] - c_verify][i]);
If (difference < le-5f)
std:.cout << "Test passed.\n";
else

std::cout << "Test failed (diff =" << difference << ").\n",

T
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Individual work

a Modify block algorithm so that each thread computes several
elements instead of 1.

a Empirically find optimal block size.

A Implement Strassen matrix multiplication algorithm using the
developed block algorithm implementation for small enough
matrices. Compare performance of Strassen and block
algorithms depending on matrix size.
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