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%% set up training dataset

cifarFolder = 'cifarl@Train’

categories = {'Cars', 'Trucks', 'BigTrucks', 'Suvs', 'Vans'},

imds = imageDatastore(fullfile(cifarFolder, categories),
'LabelSource’', 'foldernames');

imds = splitEachLabel(imds, 508, 'randomize'),; % we only need 500 images per class
imds.ReadFcn = @readFunctionTrain;

%% load reference network
net = alexnet;
layers = net.Layers;

%% modify network
layers = layers(l:end-3);

layers(end+1l) = fullyConnectedLayer (64, 'Name', 'special_2');
layers(end+1l) = reluLayer;

layers(end+1l) = fullyConnectedLayer(5, 'Name', 'fc8_2 ');
layers(end+1l) = softmaxLayer;

layers(end+1l) = classificationLayer();

%% train!

options = trainingOptions('sgdm',
'LearnRateSchedule', 'none’',...
'InitialLearnRate', .0001,...
'MaxEpochs', 20, ...
'MiniBatchSize', 128);

myConvnet = trainNetwork(imds, layers, options);
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opts = trainingOptions('sgdm', ...
'"MaxEpochs', 100, ...
'MiniBatchSize', 250, ...
'InitiallLearnRate', 0.00005,
'ExecutionEnvironment', 'auto'

) ;

Training time per epoch
AlexNet CNN
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MATLAB is more than 4x
faster than TensorFlow
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'ExecutionEnvironment', 'multi-gpu' );
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® 1 GPU(Batch-size: 256, learning rate: 0.00125)
m 2 GPU(Batch-size: 512, learning rate: 0.0025)
m 4 GPU(Batch-size: 1024, learning rate: 0.005)

Multiple GPU support

'ExecutionEnvironment’',

R,

4\ MathWorks

'parallel’

Training on the AWS (EC2)

)



| 4\ MathWorks
AR REIE SR

SEERRRE AT :

Deep Dream  ility

© RS AL ANEIRIEIR
- WFERHGIWITEFS

1]
o 20 40 B0 80 100 120 140 160 180 200

K

¥

FERTH

L

A

MATLAB EXPO 2018 6



4\ MathWorks

{EFHGPU Coder#{TafE

‘ MiTLAB'

GPU Coder #&GPUMCPULMMEHITEE

!

TR i ARM Compute
Mo o= B
SRR S Wk ElR AL BN (S A BT
REZS, HEET s
N v EiRTE, HERMAZE FFT, %, Efi%
[ | ,_177\’::1?3:;';,,.,« =
- | ﬁ%ﬁé nir= \‘\._ T
Et TensorFlow{ 5% MIAFEMETEECPUR FFTitELLCPUR20E
EEMXNetig 24 601Z

MATLAB EXPO 2018

7



GPUFICUDA

MATLAB EXPO 2018

CUDA
Kernel

CUDA Kernel

CUDA

CUDA Kernel

CUDA Cores

GPU

GPU Memory
Space

SECURITY
ENGINES

DISPLAY
ENGINES

4K60 ‘60
VIDEO Vi 0
ENCODER DECODER

128-bit BOOT and
LPDDR4 PM PROC

‘C/ C++
ARM

Cortex

AUDIO
ENGINE

GigE
Ethernet
MAC

2D ENGINE

IMAGE
PROC (ISP)

4\ MathWorks



| 4\ MathWorks

CUDAZwIEXIGPURYHEAR

- H3SJCUDA%#2
- BEEHHSIZFTOPUHTHRIZMNIE HLH

- B CUDA kernels
— EESWEERRUESKUIHITAIERCUDA kernel

- DEATF
— FEZELIECPUMGPU memory spacefIAE 9 ELD

- RER/CPUMGPURIEE(EH
- ZERERL, FRREEENIE YIS TR ERNBIRES

MATLAB EXPO 2018 9



GPU CoderfBB){iRHREEEZTIGPU

MATLAB EXPO 2018

‘ MATLAB
!

GPU Coder

CUDA Kernel )3
SEERE

BRI R ML |

NVIDIA
.
CIC++

Library function mapping
Loop optimizations
Dependence analysis

Data locality analysis
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Scalarized MATLAB CUDA

cudaMalloc{agpu_z, S8388608UL):
cudaMalloc{agpu_x, 4194304UL);:

for i = 1l:1length(x) cudaMalloc(&gpq_Q; 4194304UL); . .
z(1) = a .* x(i) + y(i); cudaMemcpy{{void *lgpu_y, {(void *}y, 4194304UL, cudaMemcpyHostTaoDevice):
Sl — saxpy_kernell<<<dim3(2048U, 1U, 1U), dim3¢512U, 1U, 1U)>>>(gpu_y, gpu_x. a,
gpu_z): \\

GPU Coder St Al 4

cudaFree{gpu_z):

Vectorized MATLAB /\/

CUDA kernel for GPU parallelization

static __global__ __launch_bounds__{512, 1) joid saxpy_kernell[const real32_T *y,
const real32_T *x, real32_T a, real_T *z)

z=a.*x+y;

intade_Tis

i= Ant32_TH) ({{{{gridDim.x * gridDim.y * blockIdx.z + gridDim.x * blockIdx.y)
+ blockIdx.x} * {(blockDim.x * blockDim.y * blockDim,z) +
threadldx,.z * blockDim,x * blockDim,y) + threadldx,y *

?JEEZ;%‘[I%EBii"_ﬁgj:%éﬁi%iIJCUDA if (141 >= 1048?%‘2?;%"'"0 * SRRt

z[il = (real_T){(a * x[il + ylil):

kernels § 2
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z = z0;
for n = 0:maxIterations
zZ =2.%z + 20;

inside = abs( z )<=2;

count = count + inside; —
end
count = log( count ); GPU Coder

Mandelbrot space
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CUDA kernel for GPU parallelization

static __global__ __launch_bounds__(512, 1)]void kernel3]creal_T *z0, real_T
*count, creal_T *z)

real_T z_im:

real_T y[10000001;

int32_T threadIdX:

threadIdX = (int32_T)<{(blockDim.x * blockIdx.x + threadIldx.x):
if (! {threadldX >= 1000000} £

z_im = zlthreadIdXl,re * z[threadIdXl.im + z[threadIdXl.im * z[threadIdXl.re:

zlthreadIdXl.re = {(z[threadIdX]l.re * z[threadIldXl.re - z[threadIdX],im *
zCthreadIdX]l,.im) + zO[threadIdX].re:
zlthreadIdXl.im = z_im + zO[threadIdXl,im:
yLthreadIldX]l = hypot{zlthreadldX]l.re, zlthreadIdxXl,im):
countlthreadldX]l += (real_T) (ylthreadIdX]l <= 2,0):
3
3

CUDA

cudaMalloc{g&gpu_xGrid, B8000000U):
cudaMalloc{agpu_yGrid, S8000000U):

/7% mandelbrot computation */
cudaMemcpg(gpu yGrid, yGrid, 8000000U, cudaMemcpyHostToDevice):
cudaMemcpy{gpu_xGrid, xGrid, 8000000U, cudaMemcpyHostToDevice):

kernell(((d 3(1954U, 1U, 1U), dim3(512U, 1U, 1U)>>>(gpu_yGrid, gpu_xGrid,
TPU_count, gpu_z0);

For (n = 0: n < {(int32_T){maxIterations + 1,0}: n++) £
kernel 3<<<{dim3{1954U, 1U, 1U), dim3(512U, 1U, 1UX>>>(gpu_z0, gpu_count.,

3

kernel2<<<dim3(1954U, 1U, 1U}, dim3(512U, 1U, 1UX>>>(gpu_count):
ToareEmepg tcount, gpu_count, 8000000U, cudaMemcpyDeviceToHost):
cudaFree (gpu_yGrid?:
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Current Folder

[ |Name T |
#) test_alexnet_codegen.m
] synsetwords.txt

[ peppers_out.png

[#l] peppers.png

11 old_workspace.mat

) getAlexnet.m

#) cleanup.m

# alexnet_webcam.m

|=) alexnet_predict.prj I_

A

X

New to MATLAB? See resources for Getting Started.

fe >>

[»]

# alexnet_predict.m
) slovnet livie m

alexnet_predict.m (Function)
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Build type: "5;; Static Library E; P‘fj/\/ \aAF {
i x ———— I
Output file name: |alexnet_pred|ct | — 1 . ){%bu”d_typeﬁaiyglhbv
Language ®C D C++
[[] Generate code only - o
Hardware Board MATLAB Host Computer =] 2. ﬁi}-:':xy'ﬁ :FI"%E'
Device Generic MATLAB Host Computer
Device vendor Device type

Toolchain [Autematically locate an installed toolchain

Automatically locate an installed toolchain
MNVIDIA CUDA | gmake (64-bit Linux)

NVIDIA CUDA for Jetson Tegra K1 v6.5 | gmake (64-bit Linux)
NVIDIA CUDA for Jetson Tegra X1 v7.0 | gmake (54-bit Linux)
NVIDIA CUDA for Jetson Tegra X2 v8.0 | gmake (64-bit Linux)
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Deep Learning for Automated Driving
with MATLAB
Share: nﬂﬂﬂﬂm

n July 20, 2017 by Avinash Nehemiah and Arvind Jayaraman | 0

--------------

You've probably seen headlines about
innovation in automated driving now that
there are several cars available on the market

that have some level of self-driving capability.
| eften get questions from colleagues on how
automated driving systems perceive their

environment and make “human-like”

CNNBYE i R EEMIZE R, RIB: y=ax’2+bx+c

EEERY
g [RALTE 2B B 2 A E
BE —— 36042 B 2% S GRBI A i) — > HAEHAEFENEE

GPU CoderHEAN N BEFE i

MATLAB EXPO 2018 18




HEZEMEEZIF ({EMNeural Network Toolbox)

SeriesNetwork

|

Single-in
single-out

GPU Coder: R2017b

P& #F:  MNist
Alexnet
YOLO
VGG
Lane detection
Pedestrian detection

MATLAB EXPO 2018

DAGNetwork

|

'

!

GPU Coder: R2018a

4% 7 HF: GooglLeNet .
ool SELER]
SegNet

DeconvNet } X 57

4\ MathWorks

19



| 4\ MathWorks

FPS :'3.238

K
H"'Ij

L 1
It ;

FPS:0.012235

1
¥ LY

- o ‘%
P

% EGPU Coderf A

ZEMATLABHEST

MATLAB EXPO 2018 20



aREZICPU

GPU

EEE——
Coder

4\$_

L2 &

MATLAB EXPO 2018

4\ MathWorks

R2018a

. L, FHFIR
MKL-DNN
Library

NVIDIA
TensorRT &
cuDNN
Libraries

NVIDIA.

ARM
Compute
Library

21



| ‘\ MathWorks:

ah=zlICPU o 2018

= o

LN ‘ :

| NVIDIA
—— GPU — — TensorRT &
Coder nvipia, | S'PRN
* Libraries

L2 &

MATLAB EXPO 2018 ’s



S R ACEIRITERE

E1& AR E AL T fE

- AlexNet £ Titan XP_EHRE S S HEIE M RE

- VGG-16 fETitan XP_L B8R E 2 S HETR M BE

- AlexNet 7E£Jetson (Tegra) TX2 R

MATLAB EXPO 2018

REF STt BE

4\ MathWorks

23



| 4\ MathWorks

GPU CoderBFEGAIBFITENN T

FeE Frangi filter
E——
510 SfEMIR
Distance
transform Stereo disparity
_ﬁ . ) e ——
501 NiE
SUREF feature
extraction
Ray tracing L o s
—— ] ey 700{1_:11-7]”@ :
185 iR &

24



| 4\ MathWorks

. ~ R2018a
AlexNet fETitan XP_LASRES I
9000
5000 GPU Coder +
TensorRT 3.0.1,int8)
7000
6000 GPU Coder +
. 5000 TensorRT 3.0.1)
B GPU Coder +
cuDNN
3000
2000
1000 ‘/O-_4———'—_\.§. TensorElow (1.6.0)
0
1 2 4 8 16 32 64 128
HE
CPU Intel(R) Xeon(R) CPU E5-1650 v4 @ 3.60GHz
MR EES GPU Pascal Titan Xp

MATLAB EXPO 2018 cuDNN 7 25



VGG-16 fETitan XP LA REZ S

1200

1000

800

600

My

400

200

MATLAB EXPO 2018

Intel(R) Xeon(R) CPU E5-1650 v4 @ 3.60GHz
Pascal Titan Xp

4\ MathWorks
R2018a

GPU Coder +
TensorRT 3.0.1,int8)

GPU Coder +
TensorRT 3.0.1)

GPU Coder +
cuDNN

TensorFlow (1.6.0)

26



AlexNet fEJetson TX2 EHIRESZIJIEIE: inZ=1ERE
300
GPU Coder +
CuDNN (7.0)
250
GPU Coder +
1. 5x ' TensorRT (3.0.1)
200 o
E{ 150
100
50
0
1 16 32

#Ht=

MATLAB EXPO 2018

4\ MathWorks
R2018a

27



AlexNet fEJetson TX2 A REZ S

1800

1600

1400

1200

1000

800

IE{E A= (MB)

600

400

200

0

MATLAB EXPO 2018

- ATF4EE

- GPU Coder +

e
TensorRT 3.0.1)
GPU Coder +
e —* cuDNN (7.0)

16

#Ht=

32

4\ MathWorks

R2018a

28



4\ MathWorks'

FEMATLABHSZIHERBERILE, (EFIGPU Coder i

H1TERE

&t + %

= EEKXAEGE = FIAGPUMNE » {F#AHGPU CoderBaiEm{t
= EHILBEIGFRE = JREIHPCEH EZE|GPUFICPU:
= RGO FREEY » EkTensorFlow|R5(Z

=  LEMXNet{R2{Z

MATLAB EXPO 2018

29



