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Equation of Solver

* Target of equation
— Variables : 4 (u, v, w, pressure)
— Equations : 3
— Cannot solved

* Virtual Pressure
— u, v, W A|AF (Law of conservation of mass)
— Pressure value 7 : Poisson Equation
- 70% of total work time
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Poisson Equation =7 o4&

* Poisson Equation
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2 E T : Laplace’s equation
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Poisson Equation®] & =7 o4&

» Explicit Method
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Project Process

Project Process Case
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Project Process Project Process

CUDA Porting
Memory Allocation =78 H|O|E QIX}z} ot~ T2 — CUDA
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Test — Curve Fitting

Pre-Test

* Time — Linear Curve Fitting
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Test — Curve Fitting Pre-Test

* Time — Exponential Curve Fitting
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Test — Curve Fitting

Pre-Test

* Time Increase — Linear Curve Fitting
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Test — Curve Fitting

Pre-Test

* Time Increase — Exponential Curve Fitting
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Default Process

Work

Original

float *x, *y, *z .... ;

x = malloc(sizeof(float) * I);
y = malloc(sizeof(float) * m);
z = malloc(sizeof(float) * n);

void Poisson_SOR(void)
{

Int cell;

for(int i=0; i<cell; i++)
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Default Process Work

CUDA

float*g X, *g vy, *g_z ....;

g_Xx = new_malloc(sizeof(float) * I);
g_Yy = new_malloc(sizeof(float) * m);
g_z =new_malloc(sizeof(float) * n);

// Poisson.cu I}&loj| Mol =

extern void Poisson_SOR_CUDA(float *, float *, float *);

void Poisson_SOR(void)

{
int cell, length[3]

I X, Y, Z boundary size from cell value — multiple calculation
length[0] = ...; length[1] = ...; length[2] = ...;

Poisson_SOR_CUDA(cell, length[3], g_X, sizeof X, g_y, sizeof vy, g_z, sizeof 2z);
}

To be continued...
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Default Process Work

 Load A to the device

float *x_c = cudaMalloc(x_size);
cudaMemcpy(x_c, X, size);

float *y_c = cudaMalloc(y_size);
cudaMemcpy(y_c, v, size);

float *z_c = cudaMalloc(z_size);
cudaMemcpy(z_c, z, size);

[l d1tgf& GPUERE &0r27| 2[s ZH|siF=& X}
float *result_c = cudaMalloc(size);
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Default Process

Work

* Compute the execution configuration

dim3 dimBlock(BLOCK_SIZE, BLOCK_SIZE);
dim3 dimGrid(lengh[0]/ dimBlock.x, length[1]/ dimBlock.y);

o Launch the device computation

Poissong_SOR_Device<<<dimGrid, dimBlock >>> || « 2 50

(x_c, y_c, z_c, result_c); I i
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Default Process Work

* Read result from the device

cudaMemcpy(result, result_c, size, cudaMemcpyDeviceToHost);

o Free device memory

cudaFree(x_c);
cudaFree(y_c);
cudaFree(z_c);
cudaFree(result_c);
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Default Process Work

* Device Function

__global__ void Poisson_SOR_Device(int cell, float* x_c, float* y_c, float* z_c, float *result_c)

{
int bx = blockldx.x; int by = blockldx.y;

int tx = threadldx.x; int ty = threadldx.y;

int aBegin = wA * BLOCK_SIZE * by;

int aEnd = aBegin + wA - 1;

int aStep = BLOCK_SIZE;

for (int a = aBegin; a <= aEnd; a += aStep)

{

Lsyncthreads();
}

*result = ....;
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Special Process

Work

CPU Logic

Data - Global Memory
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Special Process Work

CPU Logic Data GPU Logic
Tansfer

Data — Device Memory

Data - Global Memory

Data
Tansfer
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Special Process Work

CPU Logic

While()

{
for(:; 3) GPU Logic
{

}
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Special Process Work

* Why “while loop” in CPU?

* loop conditiong |&& & GILC}
- Thread Zj=& 0O|2| 0| &t

» GPU Process is in blocking status about 10 — 15
seconds
- Timeout exception 244

» Not Parallel Process - GPUO|Al AH2|g L7t gle
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Optimization Work

* Asynchronous Method AIE

» Global — Device 7t2| &2 Memory Transfer2 QI3 &
o g}

» 372 £2|=l Routine?td| 2 Memory Sharing& 9|3t

—
OI-H

2% A4S w4 - 2 30 % 0|4
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Optimization Work

for (inti=0;1<2; ++i)

{

cudaMemcpyAsync(inputDevPtr + i * size, hostPtr + | * size, size,
cudaMemcpyHostToDevice, stream(i]);

for (inti=0;1<2; ++1)

{
myKernel<<<100, 512, 0, stream[i]>>> (outputDevPtr + i * size,
InputDevPtr + 1 * size, size);

}

for (inti=0;1<2; ++1)

{
cudaMemcpyAsync(hgstPtr + i * size, outputDevPtr + i * size,
size,cudaMemcpyDeviceToHost, stream(i]);

}

cudaThreadSynchronize();
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Implicit Loop Why not faster & Future work

* Implicit Loop2| A — Parellelize A| £}0| CIE24| LI &

— Boundary Condition check : Loop Parallelize
- WY olMof S X g

- @M/ 810514 S Explicit Loopd H&
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Serialized Memory Access Why not faster & Future work

* Non-Serialized Memory Access

— Boundary Condition Check& &5} Memory Serialize

£ 23
— Texture Fetch S CUDAO1|A-| AE&SHE CFE Memory
Access MethodE& HE%I0 H~ M2 S 3FA T

. ST Al Z{T} QF 30% SEAL O At
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CH22F Memory Why not faster & Future work

+ (HEE Memory & & Z = 310l & If
— ALY Z Q3 Datalte 22|80 M4

Host Memory2} Device Memory 72| Memory Transfer
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