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GPGPU
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¢ NVIDA CUDA Learn More about CUDA - NVIDIA
— http://www.nvidia.co.jp/object/cuda_education_jp.htmi
— NVIDIA CUDA programming Guide

. CUDA
— http://www.sintef.no/upload/I1KT/9011/SimOslo/eVITA/2008/seland.pdf

¢ CUDA
— http://tech.ckme.co.jp/cuda.shtml

¢ OpenCL NVIDIA
— http://www.nvidia.co.jp/object/cuda_opencl_jp.htmi

* Weekly
— NVIDIA G80 2007 4 16
http://pc.watch.impress.co.jp/docs/2007/0416/kaigai350.htm
— Khronos GDC GPU CellB.E. OpenCL

2009 3 30 ) http://pc.watch.impress.co.jp/docs/2009/0330/kaigai4d97.htm
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GPU Computing

¢ GPGPU - General-Purpose Graphic Processing Unit
- GPU

¢ CUDA Compute Unified Device Architecture
- GPU NVIDIA GPU

- GPGPU CUDA

4 CPU

2 GPGPU price!!!
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CPU GPU

CPU GPGPU
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NVIDIA GPGPU

¢

multiprocessor

eight Scalar Processor (SP) cores,

two special function units for
transcendentals

a multithreaded instruction unit
on-chip shared Memory

¢ SIMT (single-instruction, multiple-

thre

ad).
The multiprocessor maps each thread to

one scalar processor core, and each scalar
thread executes independently with its

own instruction address and register state.

creates, manages, schedules, and executes
threads in groups of 32 parallel threads
called warps.

Device Memory (Global Memory)
Shared Memory

Constant Cache

Texture Cache

Device

Multiprocessor N

Multiprocessor 2

Multiprocessor 1

Processor 2

Instruction
Unit
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CUDA (Compute Unified Device Architecture)

¢ C programming language on GPUs

¢ Requires no knowledge of graphics APlIs or GPU
programming

¢ Access to native instructions and memory

¢ Easy to get started and to get real performance benefit

¢ Designed and developed by NVIDIA

¢ Requires an NVIDIA GPU (GeForce 8xxx/Tesla/Quadro)

¢ Stable, available (for free), documented and supported

¢ For both Windows and Linux
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CUDA

¢ GPU CPU(host) CO-processor

off-load

— device
— kernel

— host (CPU)
memory

compute intensive

body
device
kernel device
device(GPU)

(1/2)

compute device

kernel

device

host memory device

CPU
1 C PCle

memory

GPGPU

1 L

Graphic
memory




CUDA

| ¢

| ¢

4

(computational Grid)

thread Block
thread block

kernel

kernel

computational Grid block

blockID threadlD

1,2,3

(2/2)

Grid

Block (0, 0) Block (1,0) Block (2, 0)

Block (0, 1y° Block (1,1) “Block (2, 1)

Block (1, 1)
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Element-wise Matrix Add

void add_matrix
( float* a, float* b, float* c, Int N ) {

Int i1ndex;
for C int 1 =0; 1 < Nj; ++1 )
for C int J =0; J <Nj; ++j ) {
index = 1 + J*N;
c[index] = a[index] + b[index];
}
} CUDA program
int main() {
add_matrix( a, b, ¢, N ); __global___ add _matrix
} ( float* a, float* b, float* c, int N ) {
CPU program int 1 = blockldx.x * blockDIim.x + threadldx.x;
int Jj = blockldx.y * blockDim.y + threadldx.y;
Int Iindex = 1 + J*N;
iIT (1 <N&& jJ<N)
c[index] = a[index] + b[index];
The nested for- }
| int main() {
00ps are dim3 dimBlock( blocksize, blocksize ):
replaced with an ————y. dim3 dimGrid( N/dimBlock.x, N/dimBlock.y );
|n1phcn:grui ) add_matrix<<<dimGrid, dimBlock>>>(C a, b, c, N );




< - SM Kernel Grid
(Streaming Multiprocessor) ' jigia| [siocka) [biocka [biocks!
Blockd Block3  Block©  Block 7.
¢ SM gprocessor
4 v
Device with 2 SMs Device with 4 SMs
SM 0 SM 1 SM 0 SM 1 SM 2 SM 3
Blokd, [Blocks | [Blocko [Block [Block? [Biocks
o2 Bock3 | plocks Blocks Blocko  block7
Block 4 Blocks
Block6  Block7
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Number of Compute
Multiprocessors Capability
(1 Multiprocessor
= B Processors)

GeForce GTX 295 2x30 1.3
GeForce GTX 285, GTX 280 30 1.3
GeForce GTX 260 24
GeForce 9800 GX2 2x16 Tesla C1060
GeForce GTS 250, GTS 150, 9800 GTX, 16 - 240 - 1.3CGH
9800 GTX+, 8800 GTS 512 e z
GeForce 8800 Ultra, 8800 GTX 16 ) - 933GFlops ( )
GeForce 9800 GT, 8800 GT, GTX 280M, 14 : 78GFlops ( )
9800M GTX : 102GB/sec
GeForce GT 130, 9600 GSO, 8800 GS, 12 : 187.8W
8800M GTX, GTX 260M, 9800M GT : IEEE 754 /
P - e : PCl Express x16 (PCI-E2.0 )

Tesla 51070 AL Lo

C | Teslacioen ) 30 1.3

Tesla S870 4%16 1.0

Tesla D870 2x16 1.0

Tesla C870 16 1.0

Quadro Plex 2200 D2 2%30 1.3

Quadro Plex 2100 D4 4x14 1.1

Quadro Plex 2100 Model S4 4x16 1.0
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kernel<<<dim3 grid, dim3 block, shmem size>>>(..)

L 4 L >>>”

-~ X Y
—~ X Yy Z

dim3 grid(16 16);

dim3 block(16,16);
kernel<<<grid, block>>>(...);
kernel<<<32, 512>>>(...);
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CUDA
*
1
¢ CUDA CPU
~ CUDA
~ CUDA

. CPU




IOFIRLTRERY ...

Sequential
Execution

Serial code

Parallel kernel

Kernel0<<<>>> ()

Serial code

Parallel kernel

Kernell<<<>>> ()
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Thread
Thread Block N
Grid 0
Block (0, 0)  Block (1, 0) || Block (2, 0)
—
Block (0, 1)  Block (1,1) || Block (2, 1)
Grid 1
Block (0, 0) Block (1, 0)
Block (0, 1) Block (1, 1)
ggggg
Block (0, 2) Block (1, 2)

Per-thread local
memory

Per-block shared
memory

Global memory
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¢ CPU GPU
o CPU GPU
¢ CPU

— cudaMalloc(void ** pointer, size t nbytes)

— cudaMemset(void * pointer, iInt value, size t
count)

— cudaFree(void* pointer)

int n = 1024;

Int nbytes = 1024*sizeof(int);

int *d a = O;

cudaMalloc( (void**)&d a nbytes );
cudaMemset( d _a, 0, nbytes);
cudaFree(d _a);
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— cudaMemcpy(void *dst, void *src, size t
nbytes, enum cudaMemcpyKind direction);
= direction src dst
= CPU
. CUDA

— enum cudaMemcpyKind
» cudaMemcpyHostToDevice
» cudaMemcpyDeviceToHost
= cudaMemcpyDeviceToDevice
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GPU

2
— GPU
— void
- varargs

— static

4 CPU GPU
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¢ global CPU
GPU void
¢ device GPU
CPU

¢ host :CPU

¢ host device

— CPU GPU
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CUDA

¢ global device

— dim3 gridDim;

— dim3 blockDim;

— dim3 blockldx;

— dim3 threadldx;
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__global___ void minimal( int* d_a)

1
}

*d a = 13;

__global ___ void assign( Int* d _a, i1nt value)

InNt 1dx = blockDim_.x * blockldx.x + threadldx.Xx;
d afi1dx] = value;
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__global ___ void assign2D(int* d _a, 1nt w, Int h, Int value)

{
int 1y = blockDim.y * blockldx.y + threadldx.y;
Int 1xX = blockDim.x * blockldx.x + threadldx.x;
Int 1dx = 1y * w + 1X;
d af1dx] = value;

assign2D<<<dim3(64, 64), dim3(16, 16)>>>(...);
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CPU CUDA

void i1nc_cpu(int*a, IntN) _gijrllcc):bgpl)u_(i\rﬁig d, int\N){

! int idx: int idx = blockldx.x* blockDim._x
for (idx =0;idx<N;idx++) +threadldx.x;

a[idx]=a[idx] + 1; iIT (1dx < N)

ks a d[idx] = a d[idx] + 1;
o +

voidmain() void main(Q)

E {

ir-1é_cpu(a, N); _ _ i

} dim3dimBlock (blocksize);

dim3dimGrid(cerl(N/
(float)blocksize));

INnC_gpu<<<dimGrid,
dimBlock>>>(a_d, N);
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//
Int numBytes = N * sizeof(float)
float* h_ A = (float*) malloc(numBytes);

//
// Tloat* d A = 0;
cudaMalloc((void**)&d A, numbytes);

//
cudaMemcpy(d_A, h_A, numBytes, cudaMemcpyHostToDevice);

//
increment _gpu<<< N/blockSize, blockSize>>>(d A, b);

//
cudaMemcpy(h_A, d A, numBytes, cudaMemcpyDeviceToHost);

//
cudaFree(d A);



00453 int mainQ {

float *a = new Float[N*N];

float *b = new float[N*N];

float *c = new float[N*N];

for ( int # = 0; i < N*N; ++i ) {
a[i] = 1.0F; b[i] = 3.5f; }

float *ad, *bd, *cd;

const Int size = N*N*sizeof(float);
cudaMalloc( (void**)&ad, size );
cudaMalloc( (void**)&bd, size );
cudaMalloc( (void**)&cd, size );

cudaMemcpy( ad, a, size, cudaMemcpyHostToDevice );
cudaMemcpy( bd, b, size, cudaMemcpyHostToDevice );

dim3 dimBlock( blocksize, blocksize );
dim3 dimGrid( N/dimBlock.x, N/dimBlock.y );
add_matrix<<<dimGrid, dimBlock>>>( ad, bd, cd, N );

cudaMemcpy( c, cd, size, cudaMemcpyDeviceToHost );
cudaFree( ad ); cudaFree( bd ); cudaFree( cd );

delete[] a; delete[] b; delete[] c;
return EXIT_SUCCESS;



¢ device

— cudaMalloc __device__
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__global __ void kernel(.) __global __ void kernel(.)

{ {

__shared _ float sData[256]; extern _ shared  float sDatal];
s ks

int main(void)

{ int main(void)

{
kernel<<<nBlocks,blockSize>>>(..); "

} smBytes =

blockSize*sizeof(float);
kernel<<<nBlocks, blockSize,
smBytes>>>(..);
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GPU

¢ void _ syncthreads();

— RAW WAR WAW




709539 RINER

NvCC

- C CPU

— API

cudacc g++ cl

cuda
cudart
CUDA

C/C++ CUDA
Application

CPU Code




=

- GPU

¢ GPU
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¢ Constant memory:
— Quite small, <20K

— As fast as register access if all threads in a warp access the same
location

¢ Texture memory:
— Spatially cached
— Optimized for 2D locality
— Neighboring threads should read neighboring addresses
— No need to think about coalescing

¢ Constraint:
— These memories can only be updated from the CPU
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¢ 4 cycles to issue on memory fetch

¢ but 400-600 cycles of latency
— The equivalent of 100 MADs
¢ Likely to be a performance bottleneck
¢ Order of magnitude speedups possible
— Coalesce memory access

¢ Use shared memory to re-order non-coalesced
addressing




709539 RINER

coalesce

* 16
4 :

— 64 - int float

— 128 - int2 float2

— 256 - int4 float4

— float3 align
4

— (Warp base address (WBA))

16*sizeof(type)

— Kk k



Coalesced memory access:
Thread k accesses WBA + k

IHI IHI IHI IHI IH

Coalesced memory access:
Thread k accesses WBA + k
Not all threads need to participate

http://www.sintef.no/upload/IKT/9011/SimOslo/eVITA/2008/seland.pdf



Non-Coalesced memory access: ‘L

Non-Coalesced memory access:
Non-sequential access

Non-Coalesced memory access:

Wrong size of type http://www._sintef.no/upload/1KT/9011/SimOslo/eVITA/2008/seland. pdf



7093539 RERR
Matrix Transpose

i fazfaafar EEEmE
cafezfafer
IEE!I C3,2
£ E3 E3 e
__global ___ void

transpose naive( float *out, float *in, Int w, Iint h ) {
unsigned int xldx = blockDim.x * blockldx.x + threadldx.x;
unsigned Int yldx = blockDim.y * blockldx.y + threadldx.y;

IT ( xldx <w && yldx < h ) {
unsigned iInt 1dx_in = xldx + w * yldx;
unsigned int 1dx out = yldx + h * xldx;

out[idx _out] = in[1dx_in]; read (iIn)
¥ write (out)

}' http://www.sintef.no/upload/IKT/9011/SimOslo/eVITA/2008/seland.pdf
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Read from global mem Write to shared mem Read “transposed" address from SMEM Write to global mem

000102 |«0,15 00(01]|02 |» 015 0,0 | 1,0 | 2,0 |«|150 0,0 10| 2,0 |«]15,0

1,0 11|12 |s|1,15] — [ 10|11 |12 |«[1,15| — 01|11]|21]s|151] — |01 |11 |21 |« 151

15, 0|15, 1|15, 2|s 15,15 15, 0|15, 1|15, 2| 215,15 0,151, 15(2, 15|3 [15,15 0, 15(1, 15|2, 15|+ |15,15

O 16 x 16 thread block
& Matrix 16 X 16
& Write

http://www.sintef.no/upload/IKT/9011/SimOslo/eVITA/2008/seland.pdf
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__global __ void
transpose( float *out, float *in, Int w, Iint h ) {
__shared__ float block[BLOCK DIM*BLOCK DIM];
unsigned int xBlock = blockDim.x * blockldx.x;
unsigned int yBlock = blockDim.y * blockldx.y;
unsigned iInt xIndex XBlock + threadldx.x;
unsigned int ylndex = yBlock + threadldx.y;
unsigned int iIndex out, index_transpose;
IT ( xIndex < width && ylndex < height ) {
unsigned Int index _1n = width * ylndex + xlIndex;
unsigned Int index block = threadldx.y * BLOCK DIM + threadldx.x;
block[1ndex_block] = in[index_in];
Index_transpose = threadldx.x * BLOCK DIM + threadldx.y;
index out = height * (xBlock + threadldx.y) + yBlock + threadldx.Xx;

s
__synchthreads();

IT ( xIndex < width && ylndex < height ) {
out[index _out] = block[index transpose];
+
+

http://www.sintef.no/upload/IKT/9011/SimOslo/eVITA/2008/seland.pdf



‘ Grid Size Coalesced Non-coalesced Speedup\

512 x 512 0.07 ms 033 ms  4.5x%
1024 x 2048 0.79 ms 6.6 ms 8.4x

http://www.sintef.no/upload/1KT/9011/SimOslo/eVITA/2008/seland.pdf
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— 4GB/s PClex161.0 vs. 76 GB/s Tesla C870

— cudaMemcpyAsync(dst, src, size, direction, 0);
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— CPU
— CUDA

¢ cudaMemcpy()

— CPU
- CUDA

¢ cudaThreadSynchronize()
= CUDA
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OpenCL

¢ GPU

¢ NVIDIA C for CUDA

— NVIDIA AMD(ATI) GPU
Broadband Engine(Cell B.E.)

)
4 GPU
CPU

¢ CUDA kernel

CPU Cell
(Larrabee



kernel

OpenCL Neéemory Model

« Private Memory
- Per work-item

* Local Memory
- Shared within a workgroup (16KDb)

* Local Global/Constant Memory
- Not synchronized

Private Private Private
Memory Memory Memory

Work-ltemm Work-ltem Work-ltem

Local Memory Local Memory

Workgroup Workgroup

* Host Memory

GlobalfConstant Memory

- On the CPU omputer Device
Host Memory
Data Parallel
S work-item work-item
S |‘wx ths)., w}r Sy-h&}) [y Sr'*gx’ wy Syhsyi
o 5. 5,0 =10, 9) (5. 5, = (8,1, 0) kernel woid
dp mul (glcbal const float *a,
¥ global const float *b,
HFHEE global float *result)
work-item work-item
MNDRange size G!|r fwy Byrsy . W Bes ) (i, 8,45, w8 45.) {
HER - o2 =10 570 B3OS int id = get global id(0);
e = result[id] = a[id] * b[id];
MNDHange size G,

}

// execute dp mul over “n” work-items
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OpenCL

OpenCL

Context

y ¢ ¢ ¥

Programs Kernels Memory Objects Command Queues

4 —b _ _ $

_ kemel void Images ]I‘ Buffers I]
d l{global t float *a, dp_mul
p_;‘:g con:m:at *b, b CPU program binary arg[0] vaue In
global float *c) ——— Order
dp_mul arg[1] vdue eue
intid = get_global_id{0); GPU program binary Qu '
cfid] = aid] * bfid]; _[2] ;
arg(2) value GPU

Compile code 2ale data ¢ /
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¢ GPGPU
— 1GPU

— kernel local view

- GPU GPU
- GPU -- GPU




