GPU: CUDA Programming Model



Introduction

* GPU

— A highly parallel multithreaded many core
processor

* CUDA

— A parallel programming model and software
environment that exposes and helps to implement
the inherent parallelism in a program
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Software Level Abstraction
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*A group of threads form a block

*Every thread operates on a specific
data element

*Every thread block should be capable

of executing independently

*Threads within a block can synchronize

and depend on each other

Special CUDA Variables
1. blockldx: block Id
» (blockldx.x, blockldx.y)
2. threadldx: thread Id within a block
» (threadldx.x, threadldx.y, threadldx.z)

address = blockldx.x * blockDim.x + threadldx.x

blockdim: number of threads in a block



{

int

float C[H] [M])

int i threadIdx.x;
int j = threadIdx.y;
Cr[i1[31 = &[i113]1 + BIi1[3]1:

main()

// Esernel invocation
dim3 dimBlock (N, N);

mathdd<<<l, dimBlock>»>>(A, B, C):

Example

__global woid mat2dd(float A[N] [N], float B[N] [N],

__global woid mat2dd(float A[N] [N], float B[N] [H],

1

int

float C[N] [H])

int i = blockIdx.x * blockDim.x + threadIdx.x;
int j = blockIdx.y * blockDim.y + threadIdx.y;
if (i « M &8 j < W)

clill3] = a[11[3] + BIill[3];

main()

[/ Eernel invocation

dim3 dimBlock ({16, 16);

dim3 dimGrid((N + dimBlock.x — 1) / dimBlock.x,
(N + dimBlock.y — 1) / dimBlock.y);

matlidd<<<dimGrid, dimBlock>>> (&, B, C);



Memory Abstraction

Thread
f = > e emory Local Memory: slow and uncached
Thread Block | .
W‘ > Per D oy Shared Memory: fast and cached
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Global Memory: slow and uncached

Grid 1
Global memory
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ggggg Others
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— 2. Constant shared memory
3. Texture Memory
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C Program

Sequential
Execution
Serial code Host g
1. Implement data parallel chunks of code in the
Parallel kernel Device .
kerne10<<<>>0 | || om0 device (GPU).
Block (0, 0) | Block (1,0) | Block (2, 0) 2. Implement serial code in the host
» Example?
N et 3. If host code is independent, it can be
executed in parallel with the device code.
Serial code Host g
Parallel kernel Device
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GPU Architecture

Device One multiprocessor executes one thread
Hultiprocessor block
. 1. Zero overhead for thread scheduling
i s 2. Single Instruction thread synchronization
Multiprocessor 1 » _synchthreads()

3. Lightweight thread creation

SIMT: Single-instruction, multiple-thread

Instruction
Unit

- 1. Ensure lower flow control
2. Develop code with high arithmetic
i intensity




A Simple Example

// examplel.cpp : Defines the entry point for the console application.

//

#include "stdafx.h”

#include <stdio.h>
#include <cuda.h>

// Kernel that executes on the CUDA device
__global  void square array(float *a, int N)
{
int idx = blockIdx.x * blockDim.x + threadIdx.x;
if (idx<N) a[idx] = a[idx] * a[idx];

// main routine that executes on the host
int main(void)
{
float *a_h, *a d; // Pointer to host & device arrays
const int N 1@; // Number of elements in arrays
size t size = N * sizeof(float);
a h = (float *)malloc(size); // Allocate array on host
cudaMalloc((void **) &a d, size); // Allocate array on device
// Initialize host array and copy it to CUDA device
for (int i=@8; i<N; i++) a h[i] = (float)i;
cudaMemcpy(a d, a h, size, cudaMemcpyHostToDevice);
// Do calculation on device:
int block size = 4;
int n blocks = N/block size + (N¥block size == @ ? 0:1);
square_array <<< n_blocks, block size >>> (a_d, N);
// Retrieve result from device and store it in host array
cudaMemcpy(a h, a d, sizeof(float)*N, cudaMemcpyDeviceToHost);
// Print results
for (int i=@; i<N; i++) printf("%d %f\n", i, a_h[i]);
// Cleanup
free(a_h); cudaFree(a_d);



Example: Matr

void Mul (const float* 4,

°
int ha,
float* C)

int size;

'
.-';

Float®

—

Load & and B to the

Ad;
ha +

cudaMalloc ( (void*¥*) &Ad,

size wh * gsizecf (float);

size) ;

cudaMemcpy (Ad, A, size, cudaMemcpyHostToDevice);

|1;

WA * wB * sizeof(flocat);

size
cudaMalloc ( (void**) &Bd,
E,

size) ;

cudaMemcpy (Bd, size, cudaMemcpyHostToDevice);

'/ BAllocate C on the device
float* Cd;

- =

sizgeof (float

wB *
cudaMalloc ( (void**) &Cd,

} -

size) ;

3ize

// Compute the execution configuration assuming
o
i

dim3

the matrix dimensions are multiples of BLOCE
dimBlock (BLOCK SIZE, BLOCKE SIZE);

dim3 dimGrid(wB / dEﬁBlo:k.x, ha / dimBlock.y);

¥
i

Muld<<<dimGrid,

Launch the device computation
dimBlock=>>> (&d, Bd, wi,

// Bead T from the device
cudaMemepy (C, Cd, size, cudaMemcpyDeviceToHost);
// Free device memory

cudaFree (ad) ;
cudaFrees (Bd) ;

cudaFree (Cd) ;

=

IZ

int wk,

E

X Multiplication

int wB,



global woid Mauld{float®* &, float* B, int w&, int wB, float®* )

i

SY Block index
int bx = blockTdix _x;
inmt by = blockIdx.y;

A Thread index
int tx = threadId

= .36 7

inmt ty = threadIdx.y;
FY Index of the first sub-—-matrix of & processed by the block
int aBegim — wiA * BLOCK SIZE * by;

Sy Index of the last sub-—-matrix of A processed by the klock
inmt aEnd = aBegin + wA — 1

AS Step size used to iterate through the sub-—matrices of A
int asStep = BLOCEK SIZE;

AY Index of the first sub-—matrix of B processed by the block
int bBegin = BLOCK STIZE * bx;

AS Step size used to iterate through the sub-—matrices of B
int bStep = BLOCK SIZE * wB;

FY The element of the block sub-—matrix that is computed
A by the thread
float Csukb = 0;

A Toop over all the sub-—matrices of A and B reguired to
FY compute the block sub-—-matrix

for (int a — aBegin, b — bBegin;

a == aEnd;

a += aStep, b += bsStep) {

/Y Shared memory for the sub-—matrix of &
shared float As[BIL.LOCK SIZE] [BLOCEK SIZE]:

/Y Shared memory for the sub-—matrix of B
shared float Bs |[BIL.LOCK SIZE] [BL.OCEK SIZE];

£ Load the matrices from global memorwy to shared memorwy;
/Y esach thread loads one element of sach matrix

As[ty]l [tx] = Ala + wiA * ty + t=x];
Bs[tyl[tx] = Bl[b + wB * ty + t2x]:
£ Synchronize to make sure the matrices are loaded

syncthreads () ;

Multiply the two matrices together;
f esach thread computes one =lement

S of the block sub-—matrix

for {(imt k = 0; k < BLOCK STIZE; ++k)
Csub +—= aAs[tyl[k]l] * Bsl[k] [tx];

/' Synchronize to make sure that the preceding
computation is done before loading two new

/Y sub-matrices of A and B in the next iteration
_ syncthreads () 7

AY Write the block sub-matrix to global memory;
£ =ach thread writes one element

int € = wB * BLOCK SIZE * by + BLOCEK SIZE * bx;
Clec + wB * ty + t=x] = Csub;



