Neural Networks using
CUDA and OpenMP




VMD/NAMD Molecular Dynamics
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Evolved machines
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GPUZ?

Graphics Processing Unit
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Why use GPU?

o AMEL ;367 GFLOPS vs. 32 GFLOPS
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Why so tast GPU?
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Geforce 7800 GTX

R 8 vertex Engines
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Streaming Multiprocessor
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What i1s “"CUDA"?

"Compute Unified Device Architecture;

2007/02 CUDA Beta Z|= & 7/f

2007/07 CUDA 1.0 AN S|

2007/11 CUDA 1.1 &4

S X CUDA 2.0 Beta 374




What 1s "CUDA"? (continue.)

General purpose programming model
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Driver Optimized for computation
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CUDA Advantages over Legacy GPGPU

Ao Bl UﬂEEI S

o ME

OOD
®

_I_

SR 81 47| Ihs
e
|22/0) A GIO|E|E 2l0] ®EIHs

= 1
rMEsE FTLU S

22 E27ts
x4 Be

L
Ll
1=
=3
=

rO rr E aln
19 oy ko rulcl

EEE
L”_E

S
a

rlo

| XlAI .LL|9_ I:IAl:l
JEH“'APIOH olgt @HF|EZ U2




Environment

Geforce 8A|2|= O|AO| = ZIE
Windows

e Visual Studio 2003 or 2005

e Visual Studio 2008 42 7| X| & 0™
Linux

» Redhat Enterprise Linux3.x, 4.x or 5.x
e SUSE Linux Enterprise Desktop 10-SP1
e OpenSUSE 10.1 or 10.2
» Ubuntu 7.04

\YF-Te
» OS X 10.5.2




CUDA Programming Model

e Kernel = GPU
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Thread and Block IDs

e Block ID : 1D or 2D
e Thread ID : 1D, 2D, or 3D

Block (1, 1)
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CUDA Memory Spaces

e HEZ2] EFE Hot
Register : R/W M| E
Local Memory : R/W Mg E
Shared Memory : R/'W &5
Global Memory : R/W grid
Constant Memory : R/O grid

Texture Memory : R/O grid

e Host

e Global, Constant, and Texture
Memory : R/W

(Device) Grid
Block (0, 0) Block (1, 0)

Shared Memory Shared Memory

Registers Registers Registers Registers

Thread (0, 0) Thread (1, 0) | Thread (0, 0) Thread (1, 0)

Local Local Local Local
Memory Memory Memory Memory

Global
Memory

Constant
Memory

Texture
Memory




Arrays of parallel threads

threadID |o

float x = input[threadID];
float ¥y = func{x) ;
ountput[threadID] = ¥




Thread Blocks
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Thread Block 0 Thread Block 1 Thread Block N - 1

threadIDI“‘z:"EB 1/ 2| 3|4|5|¢s [ o] 1] 2] 3] 4] 5] s] 7]

float x = float x = float x =
input[threadID] ; input[threadID] : input[threadID] :
float ¥ = func(x): float ¥ = func(x): mEm float y = func(x):
output[threadID] = y: cutput[threadlID] = ¥ cutput[threadID] = ¥:




Examples

Increment Array Elements
Neural Networks




Example : Increment Array elements

CPU program

void increment_cpu(float *a, float b, int N){
for (int idx = 0; idx<N; idx++)

alidx] = a[idx] + b;
}

void main(){ CUDA Program

_global__ void increment_gpu(float *a, float b, int N){

increment_cpu(a, b, N); . _
int idx = blockIdx.x * blockDim.x + threadldx.x;
if (idx < N)

alidx] = a[idx] + b;

}

void main(){

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

}




Example : Increment Array Elements

NIjo| @A EZ 717l HEa0| b E3}7]

N=16, blockDim = 42t 7|8 st™H

blockldx.x=0 blockldx.x=1 blockldx.x=2 blockldx.x=3
blockDim.x=4 blockDim.x=4 blockDim.x=4 blockDim.x=4
threadldx.x=0,1,2,3 threadldx.x=0,1,2,3 threadldx.x=0,1,2,3 threadldx.x=0,1,2,3
1dx=0,1,2,3 idx=4,5,6,7 1dx=8,9,10,11 idx=12,13,14,15

int idx = blockDim.x * blockldx.x + threadldx.x;
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Kinds of Neural Networks

SEEER R

Hopfield network

Counterpropagation
network

ART model

Perceptron
Multilayer Perceptron

Competitive learning
SOM




Multilayer Perceptron
04
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Multilayer Perceptron Model
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MLP Implementation

On Multi—core CPU

-

Meural Net using CUDA

~

First Layer
Matrix

Multiplication

First Layer
Sigmoid
Calculation

Second Layer
Matrix
Multiplication

Second Layer
Sigmoid
Calculation
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Using OpenMP
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What I1s "OpenMP"?

"Open Multi-Processing

1997/08 FORTRAN 1.0 &

1998/08 C/C++ 1.0 &




Why OpenMP?
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OpenMP Preference (later
VS2005)

CommandDemo Property Pages

LConfiguration: |Active(Dehug] * | Platform: | Active(Win32) "| | Configuration Manager... |

- Common Properties Disable Language Extensions
a4 Configuration Properties Default Char Unsigned
General Treat wechar_t as Built-in Type
Debugging Force Conformance In For Loop Scope Yes
a CfC++ :
General OpenMP Support
Dptimization
Preprocessor
Code Generation
Language =
Precompiled Heade [
Output Files
Browse Information
Advanced
Command Line
- Linker
- Manifest Tool
- XML Decument Genera
- Browse Information
- Build Events
- Custorm Build Step

i '

I

Disable Language Extensions
Suppresses or enables language extensions.  (/Za)




Thread Model




Fork-Join Model




Parallel Section(for)




Parallel Section(sections)




Using Neural Network

#pragma omp parallel sections{
#pragma omp section{
intyl =y + count*INPUT_WIDTH/(mWidth-10);
Int x1 = x + (count*INPUT _WIDTH)%(mWidth-10);
GetConfigMatrix( x1, y1, inputl);
}

=

#pragma omp section{
int y4 =y + (count+3)*INPUT_WIDTH/(mW.idth-10);
int x4 = x + ((count+3)*INPUT_WIDTH)%(mWidth-

GetConfigMatrix(x4, y4, input4);
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Time Complexity

M only CPU

M only CUDA

OpenMP

571 x 785 1152 x 1546

only CPU 7422 20781

only CUDA 1.297 5.276

OpenMP 0.443 1.755




Time Complexity

320 x 240

211.337883
172477705
22.578802

571 x 785
only CUDA

1297 439413
1060.368847
138.018651

1152 x 1546

5276.016612
4309.192536
561.050059

320 x 240 571 x 785
using OpenMP
8792664 443150434

€1.771808 283.248134
25.70983 157.273309

1152 x 1546

1755.72871
1114155969
630.935123
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GPU implementation of neural networks
International Journal of Pattern Recognition, Vol.
37, Issue 6, Pages 1311-1314, 2004, SCIE

CUDAR} OpenMPE& 0| &%t
Computer Congress 2008(2008
CHel), 280




