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What is Cuda
9

 CUDA = Cudo‘Architecture + Cuda Programing Model
X Developed by NVIDIA Py

X\ Parallel computing on graphics processing units (GPUs)

-



-

~ based on C++

CUDA

- ‘ 2!

Software development kit

Programming language .
| b

~
~
~

S -

Massively parallel
hardware designed



k& cupa language is based on C++ with a
few additional keywords and cqQncepts,
which makes it fairly easy for non-GPU
programmers to pick up

void c_hello(){ __global__ void cuda_hello(){
printf(“"Hello World!\n"); printf("Hello World from GPU!\n");

1 5

J 5

int main() { int main() {
c_hello(); cuda_hello<<<1,1>>>();
return 8; return 9;

}

}



History of CUDA

1989

Pixel Machine

Architecture

Compute Unified Device

2007

GPU was invented

purely fixed-function devices
GeForce 256

1999

CUDA

Compute Unified Device
Architecture
By NVIDIA

OpenCL

CUDA competitor

Apple and the Khronos Group
Not limited to Intel/AMD
CPUs with Nvidia GPUs

2009
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When to use Cuda ?

Lots of data Lots of computations

‘.
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Benefits of Cuda
?

Harnesses the power of
the GPU by using parallel
processing;

Running thousands of
simultaneous reads
instead of single, dual, or
quad reads on the CPU.

Multiple
cores

CPU

| )
Optimized for
Serial Tasks
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GPU
Optimized for Many
Parallel Tasks
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Benefits of Cuda
?

C/C++ is widely used, easy to learn how to %
program for CUDA. .
Most of graphics cards of NVIDIA support CUDA. ] N
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5x 1o 200x ,

Huge increase in processing power over conventional CPU processing. Early
reports suggest speed increases of bx to 200x over CPU processing speed.

Primitive Image Stereo Vision Pedestrian Viola-Jones face  SURF keypoints
processing detection (HOG) detector
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Limi'l'CITionS Of CU DA TT e

Over traditional general purpose computation on GPUs

4

v"»q 5
B ::
L NVLink

Copying between host and device memory may incur a performance hit due to system bus bandwidth

Latency between the CPU and GPU

A single process must run spread across multiple memory spaces

Threads should be running in groups of at least 32 for best performance

CUDA-enabled GPUs are only available from NVIDIA

Unlike OpenCL

14


https://en.wikipedia.org/wiki/OpenCL




Parallel structure



Paradigm

Parallel programming Bock(®,0) | ees  Block(%,0)

Kernel<<<grid, block>>>( )

Parallel Code

Combination of serial and

parallel executions Block M) | see  Block(N,M)

Heterogeneous Architecture 17



Programming
Model

Device = GPU
Host = CPU

Kernel = Functions run on Device

ﬂ!ﬂ More about CUDA kernel

specific functions in CUDA, A kernel can be a function or a
full program invoked by the CPU. It is executed N number of

times in parallel on GPU by using N number of threads

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

,
.

.

Block (1,1)
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Programming
Model

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

,
.

.
.

512, 1024 or 2048 threads in one block
All blocks define a grid

All block execute same program (kernel)
Blocks are independent

Only one kernel at a time




Programming
Model

Compute capability (version)
Technical specifications

10 (11 |12 |13 2.x

Maximum x- or y- dimensions of a grid of thread blocks 65535

Maximum number of threads per block

In our GPU using for experiment

Max of block = 65535
Max of threads each block = 1024 (Compute Capability: 3.5)

20



CUDA Thread

<.
=
A

b
v

pe

%
%

A
A
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Thread Cooperation

> Share memory > powerful feature of CUDA
> All threads run same code

O/
L. %4

Block (1, 1)

Thread (0, 0) | Thread (1, 0) | Thread (2, 0] ‘r}p..;;qtz_,o)
CUDA threads vs CPU threads f
> CUDA thread is lightweight

Thread (0, D
> CUDA use 1000s threads, CPU single, dual, or
quad

Tllreag(].l) ﬂm:E 2,1 Thmagdﬂ.])
Thread (1, 2) n.mgtz. 2)
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Processing Flow

Copy data from Main mem to GPU mem
CPU instructs the process to GPU
GPU execute parallel in each core

Copy result GPU mem to Main mem

Main

'- Copy processing data

' Instruct the processing
Copy the result

Execute parallel
GPU

(GeForce 8800) °

Processing flow
on CUDA
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Processing Flow

Copy data from Main
memory to GPU mem
GPU execute parallel
Copy result GPU mem

to Main mem

cudaMemcpy( d_a, a, SIZE*sizeof(int), cudaMemcpyHostToDevice
cudaMemcpy( d_b, b, SIZE*sizeof(int), cudaMemcpyHostToDevice );
cudaMemcpy( d_c, c, SIZE*sizeof(int), cudaMemcpyHostToDevice );

VectorAdd<<< 1, SIZE »>>>(d_a, d_b, d_c, SIZE);

cudaMemcpy( ¢, d_c, SIZE*sizeof(int), cudaMemcpyDeviceToHost

23



CUDA compiler

GCC/G++ Compiler for Host code
NVCC Compiler for device code
GCC/G++ for linking

C/C++ CUDA
Application

C/IC++
Sources

GCC/G++

GCC/G++

executable

24



Syntax



r :
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Specification

-




#include <stdio.h>

__global__
Void a int *a, int *b, int *c, int n) {

int 1 = threadIdx.x;
__shared__ bool sharedArr[1066];

for (int 1
[




k& cupa language is based on C++ with a
few additional keywords and cqQncepts,
which makes it fairly easy for non-GPU
programmers to pick up

void c_hello(){ __global__ void cuda_hello(){
printf(“"Hello World!\n"); printf("Hello World from GPU!\n");

1 5

J 5

int main() { int main() {
c_hello(); cuda_hello<<<1,1>>>();
return 8; return 9;

}

}
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Function Qualifiers .

invoked from within CPU code -

__global__ ; can not be called from GPU code

must return void

__device__: { called from other GPU functions .

can not be called from CPU code s

__host__ : { can only be executed by CPU _

Called from host ~

30



for (int i = 8; 1 < SIZE; i++) {
a[i] = i

b(i] =

}

add<<<l,'>>>(a,b,c,SIZE);

cudaDeviceSynchronize();

cudaFree(a);
cudaFree(b);
cudaFree(c);




kernel_function<<<M,N>>>(list of ar

M is number of block
N is number of threads each block (size of block)
M*N is number of times that function is executed.



__global__
void add(int *a, int *b, int *c¢, int n)

int 1 =| threadIdx.x;

__shared__ bool sharedArr[106];
for (int i

}

int main() {
int %*a. *b. *c:




CUDA Built-in device variable .

dim3 gridDim  : Dimensions of the grid in blocks
dim3 blockDim : Dimensions of the block in threads
dim3 blockldx : Block index within the grid

dim3 threadldx : Thread index within the block

The thread index i is calculated by the following formula::

1 = blockldx. x * blockDim. x + threadldzx. x

34



. oo
index = blockldx.x * blockDim.x + threadldx.x = 1 * 256+ 0 =]56/\

\ : \;ff

on

threadldx.x threadldx.x threadldx.x -
ONDECODNBECDONNEE - ODDEG
I I

, =
blockldx.x = 0 blockldx.x = 1 blockldx.x = 2 ><




__global__

void add(int *a, int *b, int *c¢, int n)

int 1 = threadIdx.x;

__shared__ bool sharedArr[106];
for (int i = 8; i € n; i++)
c[i] = a[i] + b[i]);
}
int main() {
int *a. *b. *c:




O __shared__ :accessible by all threads in the same bl?)ck.
= __device__ :accessible by all threads.






Example:

Adding two vector a and b .

resulted in vector ¢
with a, b and ¢ have the same size.

|+I=| .
a b C

001
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int main() { #include <stdio.h>
int %a, *b, *c;

int SIZE = 1000000;

__0lobal__
void add(int *a, int

*b, int %c, int n) {

// Allocation memory in devices for a,b and c
cudaMallocManaged(&a, SIZEksizeof(int));
cudaMallocManaged(&b, SIZE¥sizeof(int));
cudaMallocManaged(&c, SIZE*sizeof(int));

// Iteration to do addition
for (int i = 8; i < n; i++)
c[i] = a[i] + b[i];

// Simple initialization

for (int i = 0; i < SIZE; i++) {
afi]l =i;
bli] = i;

}

// Launch kernel on device
add<<<l,1>>>(a,b,c,SIZE);

0 /I Free memory
cudaFree(a);
cudaFree(b);
cudaFree(c);

return 9;



b T d - bbbl

==123

85== NVPR

==12306== Profiling application: ./add_normal

==12306== Profiling result:

GPU activities:
API calls:

Type Time(%)

100.00%
50.29%
49.00%

0.42%
0.19%
0.04%
0.04%
0.00%
0.00%
0.00%
0.00%
0.00%

Time
266.64ms
274.20ms
267.15ms
2.3071ms
1.0519ms
236.00us
213.08us
22.577us
3.6050us
1.8500us
1.2910us

339ns

Calls

R W oW W

Avg
266.64ms
91.401ms
267.15ms
2.3071ms
350.62us
2.4580us
213.08us
22.577us
3.6050us

616ns
645ns
33%9ns

—

OF is profiling process 12305, command: ./add_normal

Min
266.64ms
831.23us
267.15ms
2.3071ms
321.01us

191ns
213.08us
22.577us
3.6050us
235ns
262ns
339ns




int main()

g #include <stdio.h>
int *a, *b, *c;

int SIZE = 1660000;
int THREAD_SIZE = 256;

__olobal__

void add(int *a, int *b, int ¢, int n) {
// Get thread index
int index = threadIdx.x + blockIdx.x * blockDim.x;
if (index < n)

c[index] = a[index] + b[index];

[/ Allocation memory in devices for a,b and ¢
cudaMallocManaged(&a, SIZExsizeof(int));
cudaMallocManaged(&b, SIZEksizeof(int));
cudaMallocManaged(&c, SIZExsizeof(int));

[/ Simple initilization

for (int 1 = 0; i < SIZE; i++) {
Y [
b[i] = i;

}

// Launch kernel function with SIZE/THREAD_SIZE + 1 block
// Each block has THREAD_SIZE threads
add<<<SIZE/THREAD_SIZE + !,THREAD_SIZE>>>(a,b,c,SIZE);

// Free memory
cudaFree(a);
cudaFree(b);
cudaFree(c);

return 8;



==1l831l== NVFKUF

==11831== Profiling application:

==11831== Profiling result:
Type Time(%)

GPU activities: 100.00%
API calls: 98.42%
0.95%

0.39%

0.09%

0.08%

0.05%

0.01%

0.00%

0.00%

0.00%

0.00%

57.537us
262.15ms
2.5211ms
1.0363ms
249.13us
204.57us
145.72us
31.471us
4.1350us
2.2310us
1.4950us

324ns

!
./add_parallel

Calls
1
3

1
3
6
1
1
1
1
3
2
1

Avg
57.537us
87.383ms
2.5211ms
345.43us
2.5950us
204.57us
145.72us
31.471us
4.1350us

743ns
747ns
324ns

Min
57.537us
631.43us
2.5211ms
300.18us

192ns
204.57us
145.72us
31.471us
4.1350us
227ns
402ns
324ns

/



No Parallel

et m g

==12305== NVPROF is profiling process 12305, command: ./add_nornal ==11831== NVPROF is profiling process 11831, command: ./add_parallel

e e m e m————

==12305== Profiling application: ./add_normal ==11831== Profiling application: ./add_parallel
==12305== Profiling result: ==11831== Profiling result:
Type Time(%) Time— Calls Avg Min Type Time(%) Time  Calls Avg Min
GPU activities: 100.80% 266.64ms 1 266.64ms 266.64ms ~ OPU activities: 100.00% 57.537us 1 67.537us 567.537us
API calls: 50.29% Z74.Zoms 3 91.401ms 831.23us API calls:  98.42% 262.15ms 3 87.383ms 631.43us
49.00% 267.16ms 1 267.15ms 267.15ms 0.95% 2.5211ms 1 2.521ims 2.5211ims
0.42% 2.3071ms 1 2.3071ms 2.3071ms 0.39% 1.0363ms 3 345.43us 300.18us
9.19% 1.0519ms 3 350.62us 321.01us 0.09% 249.13us 96 2.5956us  192ns
0.04% 236.00us 96 2.4580us 191ns 0.08% 204.57us 1 204.57us 204.57us
0.04% 213.08us 1 213.08us 213.08us 0.05% 145.72us 1 145.72us 145.72us
0.00% 22.577us 1 22.577us 22.577us 0.01% 31.471us 1 31.471us 31.471us
0.00% 3.6050us 1 3.6050us 3.6050us 0.00% 4.1350us 1 4.1350us 4.1350us
0.00% 1.8500us 3  6léns  235ns 0.00% 2.2310us 3 743ns  227ns
0.00% 1.2910us 2 645ns  262ns 0.00% 1.4950us 2 T4Tns  402ns
0.00% 33%ns 1 33%ns 33%ns 0.00% 324ns 1 324ns 324ns
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#include <stdio.h>

__global__
void add(int *a, int *b, int %c, int n) {

// Interation to addition
for (int i = 8; i < n; i++)
c[i] = a[i] + b[il;
}

int main() {
int *a, *b, *c;
int SIZE = 1800000;

// Allocation memory in devies for a,b and ¢
cudaMallocManaged(&a, SIZE*sizeof(int));
cudaMallocManaged(&b, SIZExsizeof(int));
cudaMallocManaged(&c, SIZE*sizeof(int));

zation

// SImple ini i
i < SIZE; i++) {

til

for (int i = 0;
ali] =

b[i] =

He e
- .

}

// Launch kernel function with one block with one thread
add<<<1,1>>>(a,b,c,SIZE);

// Free memory
cudaFree(a);
cudaFree(b);
cudaFree(c);

return 9;

#include <stdio.h>

_global__
oid add(int *a, int *b, int *c, int n) {
// Get thread index
int index = threadIdx.x + blockIdx.x * blockDim.x;
if (index < n)
cl[index] = alindex] + b[index];

nt main() {
int *a, *b, *c;

int SIZE = 1000000;
int THREAD_SIZE = 256;

// Allocation memory in devices for a,b and c
cudaMallocManaged(&a, SIZE*xsizeof(int));
cudaMallocManaged(&b, SIZExsizeof(int));
cudaMallocManaged(&c, SIZE*sizeof(int));

// Simple ini
for (int

|
nioer

i
al
bl

// Launch kernel function with SIZE/THREAD_SIZE + 1 blod
// Each block has THREAD_SIZE threads
add<<<SIZE/THREAD_SIZE + !,THREAD_SIZE>>>(a,b,c,SIZE);

// Free memory
cudaFree(a);
cudaFree(b);
cudaFree(c);

return @;




Experiment: runtime: 126x

Plus

GPU one thread 0.266s
GPU Parallel 0.000057s

CPU 0.0072s

Quadratic
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Thanks

Nguyén Minh Tri
D6 Tri Nhan
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Solving 1000 ¢
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CPU

* Small models

* Small datasets

* Useful for design space exploration

GPU
* Medium-to-large models, datasets

* Image, video processing
* Application on CUDA or OpenCL

TPU

* Matrix computations

* Dense vector processing

* No custom TensorFlow operations
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CUDA Grid

blockldx (0,0) blockldx (1,0)

blockldx (1,1)

blockDim.x blockDim.x
blockldx (0,2) blockldx (1,2)

>
E
a)
Re)
o

blockldx (2,0)

blockDim x
blockldx (2,1)

blockDim x
blockldx (2,2)

threadldx.x

blockldx‘x =

1
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NVIDIA CUDA Open CL




Sample Code

001

Example: Increment Array Elements

CPU program CUDA program

void increment_cpu(float “a, float b, int N) ___global __ void increment_gpu(filoat “a, float b, int N)
{ {
int idx = blockidx.x * blockDim.x + threadidx.x:
for (int idx = 0; idx<N; idx++) if(ide < N)
alidx] = alidx] + D h—— afidx] = a[idx] + b:
}

void main()
{
dim3 dimBlock (blocksize);

increment_cpul(a, b, N); dim3 dimGrid( ceil{ N / (float)blocksize) );
increment_gpu<<<dimGrid, dimBlock>>>(a, b, N);




-

~

-

®m Language used

o

-

® Library/Tool used

=)

bp/MapRe...

Framework/Tool known but not used

https://www.sciencedirect.com/science/article/pii/S0167819119301759
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