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C What is CUDA?

@z r‘\IlDlA® CUDA® is a parallel computing platform and programming model invented by NVIDIA.
It enables dramatic increases in computing performance by harnessing the power of

‘ :U DA the graphics processing unit (GPU).
® * http://www.nvidia.com/object/cuda_home_new.html#sthash.1HgbToYO.dpuf

K] '5L Image System Laboratory



2019-04-10 <ANVIDIA.

C What is CUDA?

CPU Vs. GPU

CPU GPU
Multiple Cores Thousand of Cores
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C What is CUDA?

CPU Vs. GPU

CPU GPU
Multiple Cores Thousand of Cores

GPGPU : C-eneral ~urpose Craphic ~rocessing ' /nit
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C What is CUDA

Floating point Operation per second for the CPU and GPU
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C What is CUDA
GPGPU Programming Models

<ANVIDIA.

CUDA

C++ AMP

Accelerated Massive Parallelism
with Microsoft: Visual C++-

D,
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Installing CUDA 7.0 with VS 2013

ISL Browser

' https://developer.nvidia.com/cuda-zone

<ANVIDIA CUDA ZONE  Getting Started  Downloads  Training  Ecosystem  Forums

OpenACC Toolkit Now Available

Get started with accelerated directives today

About CUDA Getting Started CUDA Week In Review
All about the NVIDIA CUDA parallel First steps for getting started in parallel

computing platform computing

GPU Computing

Tools & Ecosystem : Academic Collaboration

From accelerated cloud appliances to - Partner with NVIDIA to advance parallel g
profiling tools, a gold mine of information ¢ computing education and research i\

Alex Z. @alexzitt 30Aug A
The power of cuDNN is

all around us, stay tuned ;)

| CUDA Downloads Resources

Get the latest and greatest version of the Materials and links especially for GPU o W?ng st st
_ Prof Paul Bonnington of

CUDA Toolkit > ti fessiona velope - . : 1
CUDA Toolkit Computing professionals and developers ! introduces the microscope of 21st

century
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ISL Browser

<> C

Installing CUDA 7.0 with VS 2013

<ANVIDIA.

[ https://developer.nvidia.com/cuda-downloads

SANVIDIA CUDA ZONE  Getti ed ) s Training

CUDA 7 Downloads

Check out:
* CUDA 7 Performance and Webinar
* An informative webinar by Ujval Kapasi, NVIDIA's CUDA Product Manager
. , another technical blog on Parallel Forall.

If you find any issues please [requires membership of the

Please Note: There is a recommended patch for CUDA 7.0 which resolves an issue in the cuFFT library that can lead to incorrect results for certain inputs sizes
less than or equal to 1920 in any dimension when cufftSetStream|(] is passed a [e.g., one created using the cudaStreamNonBlocking ) of
flag of the CUDA Runtime API or the flag of the CUDA Driver API).

CUDA Toolkit 7.5 Release Candidate Now Available For All Developers

Documentation
Version Network Installer Click Local Installer

Windows 8.1 (8.0MB] (939MB)
Windows 7

Win Server 2012 R2

Win Server 2008 R2
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C Installing CUDA 7.0 with VS 2013

Visual Studio Settings
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C Installing CUDA 7.0 with VS 2013

Visual Studio Settings

get izatio 'Hrnaqel_l_nhun’rTa ke target:
Targn:ts.F-ath,ﬁv.lE:|J|I|:||._u lizationswlc targets
TargetsPath)#BuildCu ations®masm.targets
TargetsFath)wBuildCu '

ShaderGraphCo nharu’rTaE.h' targ.. $(VCTargetsPath)#BuildCustomizations#ShaderGraphContentTask

11 ’SL Image System Laboratory



2019-04-10

Visual Studio Settings

cuda.lib;cudart.lib;%:{AdditionalDependencies)
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Installing CUDA 7.0 with VS 2013

12

<ANVIDIA.

cublas.lib
cublas_device.lib
cuda.lib
cudadeuvrt.lib
cudart.lib
cudart_static.lib
cufft.lib
cufftw.lib
curand.lib
cusparse.lib
nppc.lib

nppi.lib

npps.lib
nvblas.lib
nvcuvid.lib
nvrtc.lib

\___ OpenCL.lib

’SL Image System Laboratory
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C Installing CUDA 7.0 with VS 2013

Unsupported Features

]
Unified Memory

¥ 32-bit x86 Linux Systems !

NVLink

iR Maxwell
12 ‘ :

¥ Red Hat Enterprise Linux 5 and CentOS5

] Kepler

SGEMM / W Normalized

Dynamic Parallelism

¥ Tesla Architecture

) | 489 Fermi
|2 Tesla FP64
CUDA

2008 2010 2012 2014 2016

@ Certain CUDA Features on 32-bit and 32-on-64-bit Windows Systems

Running 32-bit applications on Tesla and Quadro products
Using the Thrust library form 32-bit applications
32-bit version of the CUDA Toolkit scientific libraries, including cuBILAS, cuSPARSE, cuFFT, cuRAND and NPP

32-bit version of the CUDA samples
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C Basic of CUDA

Terminology Fermi Architecture

Host : The CPU and its memory SM (AE2|Y HEIZ2HIM)

Az 23 E2 Az 2AF2
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C Basic of CUDA

Directives

Host to Device

Return type is void, Not allow Recursion

Device to Device

Host to Host

Graphic Card Memory Allocation

cudaError_t cudaMalloc(void** devPtr, size t cout)
cudaError_t cudaFree(void* devPtr)

cudaError_t cudaMemcpy(void* dst, const void* src, size t cout, cudaMemcpyKind kind)
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Thread, Block, Grid
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C Basic of CUDA

Kernel Function

~_global  void kernel << <Dg, Db, Ns, S >> > ();

Dg(Dimensions of the grid) : type dim3
Db(Dimensions of the block) : type dim3

Ns(Number of bytes shared memory dynamically allocated /block) : type size t

S(associated cudaStream t)

ex) _ global  void kernel << <1, 512 >> > (int a, int, b, int ¢);

llllll |
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C Basic of CUDA

Kernel Function

~_global  void kernel << <Dg, Db, Ns, S >> > ();

Dg(Dimensions of the grid) : type dim3
Db(Dimensions of the block) : type dim3

Ns(Number of bytes shared memory dynamically allocated /block) : type size t

S(associated cudaStream t)
ex) _ global  void kernel << <8, 64 >> > (int a, int, b, int c);

SM

|
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C

Example

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

int i = threadldx.x;

if i<n)

{

}

cli] = afi] + bfil;

int main()

{
int *a, *b, *c;
int*d_a, *d_b, *d_c;

a = (int *)malloc(SIZE*sizeof(int));
b = (int *)malloc(SIZE*sizeof(int));
¢ = (int *)malloc(SIZE*sizeof(int));

cudaMalloc(&d_a, SIZE*sizeof(int));
cudaMalloc(&d_b, SIZE*sizeof(int));
cudaMalloc(&d_c, SIZE*sizeof(int));
for (inti=0; i< SIZE; ++i)
{

afi] =1i;

b[i] = i;

c[i] =0;

Basic of CUDA

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

VectorAdd <<< 1, SIZE >>>(d_a, d_b, d_c, SIZE);
cudaMemcpy(c, d_c, SIZE*sizeof(int), cudaMemcpyDeviceToHost);
for (int1=0; 1< 10; ++i)

{

printf(“c[%d] = %d\n"

}

free(a);
free(b);
free(c);

cudaFree(d_a);
cudaFree(d_b);
cudaFree(d_c);
return O;

<ANVIDIA.

i, ci]);
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C Applications

Backlight Compensation Test Program

Backlight_Compensation_Test

EBacklight Compensation

e @ @ 00 @ O OO ¢

Image Cam Equalization Equalization  BEHE BEHE Open CV Gamma 55R  MSR | Modified SANGM 5-Refinex || _ _ _
Open  On [Still) [Sequence] [5till] [Sequence) | method Correction Retinex Fusion Gamma Correction
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C Applications
Classes of BCT

CHistManager

—+ Calc_Histogram | void Calc_Histogram(Mat Image, float* fHist, int colorcode);

—+ Calc_Hist_Eqg |void Calc_Hist_Eq(Mat Image, Mat& Output, float* fHist, float* Trans, int colorcode, int nStart, int nEnd);

—+ Calc_Hist_Eqg3 | void Calc_Hist Eqg3(Mat Image, Mat& Output, float* fHist, float* Trans, int colorcode, int nStart, int nEnd);

—+ Hist Visual | void Hist_Visual(Mat Image, Mat& Output, int colorcode);

CAvgStdGamma

—+ Calc_Avg_Std | void Calc_Avg_Std(Mat Image, float &average, float &sigma);

—+ Gamma_Correction | void Gamma_Correction(Mat Image, Mat& Output, float gamma);

21 EL Image System Laboratory
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C

Classes of BCT

CRetinexManager

Applications

—+ Calc_SSR | void Calc_SSR(Mat Image, Mat& Output);

—+ Calc_MSR | void Calc_MSR(Mat Image, Mat& Output, float Rweight, float Gweight, float Bweight);

void Calc_Sretinex(Mat Image, Mat& Output, float a, float b, float t);

—¢ Calc_SANGM

void Calc_ SANGM(Mat Image, Mat& Output);

—¢ Calc_SRFA

void Calc_ SRFA(Mat Image, Mat& Output);

22
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C Applications
Classes of BCT

GammacuManager.cu

{Thread __global  void Gamma_for(uchar* Im, int h, int w, float gamma);

CGammacuManager

—+ Gamma_cuCorrection | void Gamma_cuCorrection(Mat Image, Mat& Output, float gamma, float& time);

23 lsL Image System Laboratory
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C Applications
Classes of BCT

HistuManager.cu

+ Thread1 | __global__ void cuHistCalc(uchar* Im, float* fHist, float h, float w);

{ Thread2 | global void cuHistEg(uchar* Im, float* fHist, float* Trans, float h, float w, int nStart, int nEnd);

CHistcuManager

+ Calc_Hist_Eq | void Calc_Hist_Eq(Mat Image, Mat& Output, float* fHist, float* Trans, int nStart, int nEnd);

—+ Calc_Histogram | void Calc_Histogram(Mat Image, float* fHist);

24 ISL Image System Laboratory
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C

Example — Histogram

Applications

void CHistcuManager::Calc_Histogram(Mat Image, float* fHist)

{

float h = Image.size().height;
float w = Image.size().width;
uchar *Im = Image.ptr<uchar>(0);

uchar *d_Im;
float *d_fHist;
size_t SIZE = h*w;

cudaMalloc((void**)&d_Im, SIZE*sizeof(uchar));
cudaMalloc((void**)&d_fHist, (size t)256 * sizeof(float));

cudaMemcpy(d_Im, Im, SIZE*sizeof(uchar), cudaMemcpyHostToDevice);
cudaMemcpy(d_fHist, fHist, (size_t)256 * sizeof(float), cudaMemcpyHostToDevice);
cuHistCalc <<< 65535, 512 >>> (d_Im, d_fHist, h, w);

cudaMemcpy(Im, d_Im, SIZE*sizeof(uchar), cudaMemcpyDeviceToHost);
cudaMemcpy(fHist, d_fHist, (size_t)256 * sizeof(float), cudaMemcpyDeviceToHost);
cudaFree(d_Im);

cudaFree(d_fHist);

<ANVIDIA.

__global__ void cuHistCalc(uchar* Im, float* fHist, float h, float w)

{

int i = blockDim.x*blockldx.x + threadldx.x;

if (i < h*w)
{

atomicAdd(&(fHist[Im[i]]), 1);
}

25
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C Applications

Race Condition

D,
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C Applications

Race Condition

D,
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C Applications

Atomic Operation
Arithmetic

atomicAdd() computes (old + val), and stores the result back to memory at the same address

atomicSub() computes (old - val), and stores the result back to memory at the same address

atomicExch() computes swap(old, val), and stores the result back to memory at the same address

atomicMin() computes Min(old, val), and stores the result back to memory at the same address

atomicMax() computes Max(old, val), and stores the result back to memory at the same address

atomicinc() computes ((old >= val) ? val : (old-1)), and stores the result back to memory at the same address
atomicDec() computes (((old == 0) | (old > val)) ? val : (old-1)), and stores the result back to memory at the same address

atomicCAS() computes (old == compare ? val : old), and stores the result back to memory at the same address

28 ISL Image System Laboratory
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C Applications

Atomic Operation
Bit

atomicAnd() (old & val), and stores the result back to memory at the same address

atomicOr()  (old | val), and stores the result back to memory at the same address

atomicXor() (old # val), and stores the result back to memory at the same address

29 EL Image System Laboratory
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C

Example — Gamma Correction

void CGammacuManager::Gamma_cuCorrection(Mat Image, Mat& Output, float gamma)

{

float elapsed_time_ms = 0.0f;
cudaEvent _t start, stop;

cudaEventCreate(&start);
cudaEventCreate(&stop);
cudaEventRecord(start, 0);

cvtColor(lmage, Image, CV_RGB2YCrCb);
split(lmage, m_vecChannel);

IIYCrCb

int h = Image.size().height;

int w = Image.size().width;

uchar* Im = m_vecChannel[0].ptr<uchar>(0);

uchar* dev_Im;

cudaMalloc(&dev_Im, h*w*sizeof(uchar));

cudaMemcpy(dev_Im, Im, h*w*sizeof(uchar), cudaMemcpyHostToDevice);

Gamma_for <<<65535, 512>>> (dev_Im, h, w, gamma);

cudaMemcpy(Im, dev_Im, h*w*sizeof(uchar), cudaMemcpyDeviceToHost);
merge(m_vecChannel, Output);

cvtColor(Output, Output, CV_YCrCb2RGB);

cudaFree(dev_Im);

lications

<ANVIDIA.

__global__ void Gamma_for(uchar* Im, int h, int w, float gamma)

{

const int idx = blockldx.x * blockDim.x + threadldx.x;

float inv_gamma = 1.f / gamma;
if ((idx <w*h))
{
Im[idx] = Clipping(pow((Im[idx] / 255.f), inv_gamma) * 255.f + 0.5f);
}

30
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lications

C A

Gamma Correction Results

Trial Normal Function CUDA Function
- 1 0.102687 0.014429
e 2 0.101979 0.015645
3 0.102959 0.015179
4 0.109468 0.014846
5 0.104883 0.014513
6 0.102613 0.014487 16 0.101665 0.014718
7 0.101135 0.01484 17 0.102031 0.014338
8 0.101176 0.014149 18 0.101583 0.01496
9 0.104109 0.014452 19 0.102474 0.014493
10 0.101946 0.01418 20 0.101204  0.0014437
11 0.102001 0.015072 21 0.100953 0.014219
12 0.101744 0.015184 22 0.101229 0.014535
13 0.102265 0.0143 7% 0.101547 0.014537
14 0.100986 0.014198 24 0.10177 0.014708
15 0.101596 0.014725 25 0.10201 0.014421
26 0.101805 0.014247
27 0.101574 0.01591
28 0.101128 0.014228
29 0.103729 0.014163
30 0.100847 0.01403
31 ISL Image System Laboratory
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Thank you for your attention




