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Problem statement




Problem statement

A Dirichlet problem for 2D heat equation

Ju(x,y,t
(aty )= Au(x,y,t) + f(x,y,t)
a<x<b, c<y<d, 0<t<T

U(X,y, O) — uO(x'y)
u(a,y,t) = @1y, t), u(b,y,t) = p,(y, t)
u(x,c,t) = @3(x,t), u(x,d, t) = @,(x,t)




Problem statement

a Uniform grid with steps AX, Ay and At
0 Denote v, — grid value in point (x;, y;) at k-th time moment.
a We will use explicit scheme for numerical integration:

v(k+1)ij
= U(k)ij + At
K), . _ 94,k K, .
v 1+1j 2v L +v 1-1j
* (f(xi'yj) T A2
N v =200 4 v(k)ij—l)
Ay?




Problem statement

a We will compute iteration by iteration in time.
a Computations within one time iteration are independent

a For simplicity assume boundary conditions are stationary (do
not depend on time).

A In this case on each time step we can only update internal
values.
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Implementation on CPU...

float f(float x, float y)

{
return 0.05f* x * x + 0.001f *y *y * y;

[l newV(i, j) = f(x, y) + v(i, ) +

[l dt*((vi+21,)-2*v(i,]) +v(i-1,))/dx*2+

/] V@i, j+21)-2*v(i, ) +v(i, |- 1))/ dy*2),

void step(int nx, int ny, float dx, float dy, float dt, float a, float c,
const float * v, float * newV)

{
T




Implementation on CPU

for(inti=1;i<nx-1; ++i)
for(intj=1;j<ny-1;++)
{
float x = a + 1 * dx;
floaty = c + | * dy;
newV[i*ny +j]=Vv[i*ny +|] +dt* (f(x,y) +
(V[(1+ 1) *ny + )] - 2.00*v[i *ny + ] + v[(i- 1) *ny +]])
/[ (dx * dx) +
(Vi*ny +(+1)]-2.00*vi*ny +]]+v[i*ny+(-1)])
[ (dy * dy));

}
Y
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Implementation on GPU




Creating kernel...

__device__ float f gpu(float x, float y)

{
return 0.05f* x * x + 0.001f *y *y * y;

[l newV(i, j) = f(x, y) + v(i, ) +
[l dt*((vi+1,))-2*v(,)) +v(i-1,])/dx" 2+
/] (v(i,j+1)-2*v(i,]) +Vv(,]-1))/dy"2),
__global__ void kernel(int nx, int ny, float dx, float dy, float dft,
float a,
float c, const float * v, float * newV)

Y
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Creating kernel

Int i =1 + blockldx.x * blockDim.x + threadldx.x;
Int ] = 1 + blockldx.y * blockDim.y + threadldx.y;
f(I<nx-1)&& (<ny-1))
{
float x = a + 1 * dX;
floaty =c + | * dy;
newV[i *ny + ] = v[i * ny + ] + dt * (f_gpu(x, y) +
(V[(1+ 1) *ny +]]-2.00*v[i*ny + ] + V[(i- 1) *ny + ]) /
dx*dx) + (V[i*ny+(j+1)]-20f*v[i*ny +j]+Vv[i*ny +(-1)]
[ (dy * dy));

}
Y
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Calling kernel

void step_gpu(int nx, int ny, float dx, float dy, float dt, float a,
float c, const float * v_gpu, float * newV_gpu)

{
const int threadsX = 16;
const int threadsY = 16;
dim3 blocks(threadsX, threadsY);
dim3 grid(((nx - 2) + (threadsX - 1)) / threadsX,
((ny - 2) + (threadsY - 1)) / threadsY);

kernel<<<grid, blocks>>>(nx, ny, dx, dy, dt, a, ¢, v_gpu,
newV_gpu);

}
T
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Function main...

Int main()

{

const float a = 0O;

const float b = 1;

const float ¢ = 2;

const float d = 3;

const int nx = 500;

const int ny = 500;

float dx = (b - @) / (float)(nx - 1);
float dy = (d - ¢) / (float)(ny - 1);
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Function main...

float dt = 1e-7f;

INnt num_time_steps = 100;

float * v = new float[nx * ny];

float * v_gpu;

cudaMalloc((void **) &v_gpu, nx * ny * sizeof(float));
float * newV = new float[nx * ny];

float * newV_gpu;

cudaMalloc((void **) &newV_gpu, nx * ny * sizeof(float));
float * v_verify = new float[nx * ny];
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Function main...

for (inti=0; 1< nx; ++i)
for (intj = 0; ] < ny; ++))
{
v[i * ny + J] = 0.0f;
newV][i * ny + |] = 0.0f;
}

cudaMemcpy(v_gpu, v, nx * ny * sizeof(float),
cudaMemcpyHostToDevice);

cudaMemcpy(newV_gpu, newV, nx * ny * sizeof(float),
cudaMemcpyHostToDevice);




Function main...

for (int1 =0; 1 < num_time_steps; ++i)
{
step(nx, ny, dx, dy, dt, a, c, v, newV);
float * tmp = v,
V = newvV;
newV = tmp;
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Function main...

for (int1 =0; 1 < num_time_steps; ++i)
{
step_gpu(nx, ny, dx, dy, dt, a, c, v_gpu, newV_gpu);
cudaThreadSynchronize();
float * tmp = v_gpu;
V_gpu = newV_gpu;
newV_gpu = tmp;
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Function main...

cudaMemcpy(v_verify, v_gpu, nx * ny * sizeof(float),
cudaMemcpyDeviceToHost);

float difference = 0;
for (int idx = 0O; idx < nx * ny; ++idx)
difference += (v[idx] - v_verify[idx]) * (v[idX] - v_verify[idX]);
difference = sqrtf(difference);
const float eps = 1e-5f;
If (difference < eps)
std:.cout << "Test PASSED.\n";
else
std:.cout << "Test FAILED.\n";

T
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Function main

cudaFree(v_gpu);
delete [] v_verify;
delete [] v;
cudaFree(newV_gpu);
delete [] newV;,

return O;
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Individual work

A Create implementation with 1D indexes.
a Implement boundary conditions.
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