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Key Takeaways

é GPU Coder generates CUDA code from MATLAB & Simulink

7y Accelerate MATLAB & Simulink simulations

i[m): Deploy algorithms (signal/deep learning,...) to embedded GPUs



Types of GPUs

Desktop system

CPU GPU
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Desktop GPUs
(and Cloud GPUSs)

Embedded SoC system

ARM GPU

Embedded GPUs
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CUDA code generation

Generate optimized CUDA code from MATLAB and Simulink

for deep learning, embedded vision, and autonomous systems

= Generated CUDA is portable across NVIDIA desktop GPUs

= Prototype algorithms on modern GPUs including the A100/ V100 and
Jetson AGX Orin

= Accelerate computationally intensive portions of your MATLAB code and

Simulink models using generated CUDA code




Why Use CUDA code generation ?

Pains: Hand code

Cannot code in CUDA
Time consuming

Manual Coding Errors
Multiple implementations
Expensive
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Solution: GPU Coder

= Automatically convert to CUDA

-  Get to CUDA faster

= Eliminate manual coding errors

= Maintain Single “Truth”

= Stay within MATLAB/Simulink at a higher level

Algorithm Design and
Code Generation in
MATLAB
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Two Application examples today

1) Fog Rectification 2) Lidar point cloud segmentation
€ roosamm Pacn sy ¥ Y Figure 2: Point Cloud Player
" e Y W, ~ x le Edit View [nsert Tools Desktop Window Help
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Output Image: Fog is Removed
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Analyze CPU/GPU interaction for performance improvements 2

WaitForGPU (by GPU2CPUCopy) cp

]

Time
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CPU/GPU activities Overhead

Idle Time

CPU work

":kl k2: WaitForGPU ’:- :
[ CPU ] .........................

Idle Time

Kernel Time Copy Time

GPU _—
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Example 1: Fog rectification + GPU Performance Analyzer 2

<4\ MATLAB R2023a

= X
LIVE EDITOR INSERT = E L] { \2) Search Documentation p e ‘ Christoph ¥
= = D4 = —
2 = B E E = @ Z
Code Control Task Section Text Table of Code Image Hyperlink  Equation
v v Break Contents Example ¥ ¥
CODE SECTION TEXT IMAGE LINK EQUATION a
<P ﬂsiﬁ » C: » Users » cstockha » OneDrive - MathWorks » demos » conferences » MAC » 2023 » fog_rectification » forRecording » - P
E Live Editor - C:\Users\cstockha\OneDrive - MathWorks\demos\conferences\MAC\2023\fog_rectification\forRecording\GPUExecutionProfilingOfTheGeneratedCodeExample.mlix
GPUExecutionProfilingOfTheGeneratedCodeExample.mix | fog_rectification.m +
=
Analyze Performance of the Generated CUDA Code I
This example shows you how to analyze and optimize the performance of the generated CUDA® code by using the gpuPerformanceAnalyzer function.

The GPU Coder Performance Analyzer runs a software-in-the-loop (SIL) execution that collects metrics on CPU/GPU activities in the generated code and provides a chronological
timeline plot to visualize, identify, and mitigate performance bottlenecks in the generated CUDA code. This example generates the performance analysis report for the Fog
Rectification example from GPU Coder. For more information, see Fog Rectification.

Fog Rectification Algorithm
To improve the foggy input image, the algorithm performs fog removal and then contrast enhancement. The diagram shows the steps of both these operations.
Fog Removal
Foggy
input
image
Contrast Enhancement
Fog
Histogram Histogram Contrast rectified
REBIoG@Y > Coiculation | | nomalization | [ 0 Cicuaton—>| = uetehing | output
image v
< Zoom: 10... UTF-8 LF script
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Code Profiling using GPU Performance Analyzer

2023

£/
Profile and understand GPU and CPU activities, events, and performance
metrics in a chronological timeline plot T

eeeeee

Use the profiling info to analyze and optimize the = E
performance of the generated CUODA =& o

Visualize code metricsand = == e —

identify optimization and tuning == —] | PV e

opportunities

Functions feature_matching

feature_matching_loop_0

Type: K
PR P Name: feature _matching g_kernels
GPU Activities CPU Activities 13 14
CPU (ms): m-l
16 17
(ms). 0.058
Jverhead f.. f... feature e wawr:. feature_... feature.. feature_m... fe... matri.. fe... f.. f.. featu... WaitForGPU
idi Overhead
Activities feature ... feature matchin... feature_matching_kerneld feature_matc...  feature_matching... feature_ma...
Kernel Wait for GPU
GPU Utilization: 76% CPU QOverhead: 23%
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Bidirectional Traceability €A

Understand how GPU Coder maps the MATLAB algorithm to CUDA kernels

[ fog_rectification.m \'| |fog_rectification.cu [422] — fog_rectification.m [1]| v | |4, |"J H fog_rectification cu
1 function Jout] = fog rectification(input) %#codegen - 753 // changing the precision level of inpat image to d -
2 ) 754  cudaMemcpy(*gpu_input, input, 9216@0ULL, cudaMemcpyH
3 % Copyright 2017-2019 The Mathworks, Inc. 755  fog rectification kerneli<<<dim3(18eeu, 1u, 1U), dim
4 756 *gpu_input, *b_gpu_input, *gpu_restoreQut);

5 coder.gpu.kernelfun; 757 // Dark channel Estimation from input

6 . . 758 // diff _im is used as input and output variable for
7 % restoreOut is used to store the output of restoration 759  fog_rectification_kernel2<<<dim3(6@eu, 1U, 1U), dim3
2 restoreout = zeros(size(input), "double'); 760 *b_gpu_input, *gpu diff im, *gpu_darkChannel);

9 . o . ) 761 // 2D convolution mask for Anisotropic diffusion

10 % Changing the precision level of input image to double

762 // Refine dark channel using Anisotropic diffusion.

'_1
=

input = double(input)./255;

=
P

13 %% Dark channel Estimation from input

14 darkcChannel = min(input,[],3);

15

16 7% diff _im is used as input and output variable for anis

[
|

diff im = 0.9%*darkChannel;
num_iter = 3;

e
0

]
@

% 2D convolution mask for Anisotropic diffusion // Reduction with min

21 hM = [8.0625 ©.125@ ©.08625; ©.1250 ©8.2500 0.1250; ©.062 773 // Parallel element-wise math to compute
22 hn = double(hN); 774 // Restoration with inverse Koschmieder's law
23 ) _ _ o _ 775  fog rectification kernele<<<dim3(eeeu, 1U, 1U), dim3
24 %% Refine dark channel using Anisotropic diffusion. 776 *gpu_diff_im, *gpu_darkchannel);
777  fog_rectification_kernel7<<<dim3(6@0U, 1U, 1U), dim3
778 *b_gpu_input, *gpu_darkChannel, *gpu diff im, *g
779  fog_rectification_kernel8<<<dim3(18eeu, 1U, 1U), dim
28 ) ) ) 780 *gpu_restoreOut, *b _gpu restoreQut);
29 %% Reduction with min 781 /]
20 diff_im = min(darkChannel,diff im); 782 // stretching performs the histogram stretching of
3 o 783 // im is the input color image and p is cdf limit.
32 diff im = @.6%diff im ; 784 // out is the contrast stretched image and cdf is t
33 ) cerl ~ 785 // density function and T is the stretching fun€&fily ~
3 i . - . X iy i 11
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GPU Coder for Image Processing and Computer Vision £ /A
Fog removal Frangi filter
— ——
4x speedup 3x speedup
Distance
transform | Stereo disparity
8 d I
X speedup 50x speedup
*n, SUREF feature
™ : T extraction
Ray tracing ‘”‘ e ;;‘ | ——
) Ty AN N 700x speedup
18x speedup
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Optimizations for Generated CUDA Code €A

= Accelerated library support
— CUFFT, cuBLAS, cuSolver, Thrust, cuDNN, & TensorRT

= Data Transfer Minimization

— Analyzes data dependency between the CPU and GPU partitions to determine
minimum set of locations where data must be copied between CPU and GPU using
cudaMemcpy

13



Example 2: Lidar point cloud segmentation

4\

HOME PLOTS APPS LIVE EDITOR INSERT VIEW 2% font weight "3 font size % clean up 3 Zoomlt | [ =@ |‘7:'.-'c\'| Documentation I8l & Christoph ~
~ Byl b C: » Users » cstockha » OneDrive - MathWorks » demos » conferences » MAC » 2023 » LidarGroundPlaneSegmentation
Current Folder ¥ |=] Live Editor - C:\Users\cstockha\OneDrive - MathWorks\demos\conferences\MAC\2023\LidarGroundPlaneSegmentation\ObstacleDetectionDeploymentExa.. (¥) X = Workspace

Name ObstacleDetectionDeploymentExample.mlx Sr Name

gen = E ans

TGk liad el anonb i Ground Plane Segmentation and Obstacle
& segmentGroundAndObs.

B segmentGroundAndObs. Detection on NVIDIA Jetson Xavier™ NX
Embedded platform

This example shows ground plane segmentation of 3-D lidar data from a vehicle on
NVIDIA® embedded platforms to find nearby obstacles. The example uses ground plane
segmentation and obstacle detection application to illustrate:

= C++ and CUDA® code generation for the ground plane segmentation and obstacle
detection algorithm by using MATLAB® Coder™ and GPU Coder™.
= Verify behavior of the gerﬁrated code on the target platform by using processor-in-

the-loop (PIL) simulation.
= Compare of the performance of the application on the CPU (C++) and the GPU

(CUDA).

Third-Party Prerequisites

Target Board Requirements

= NVIDIA Jetson Xavier™ NX Embedded platform.

Command Window

ObstacleDetectionDeploymentExa.. ~  fx

A Zoom: 12...|UTF-8 LF script
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OK, but what about Simulink?



Tuning Parameters using External Mode
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SIMULATION DEBUG MODELING FORMAT HARDWARE

1 Open = L] = Stop Time -Inf o
= 18] ol 4 —- d & )
N &l sae ~ Library og Adc Signal ~ | [ Normal i Step Rian Data Logic Bird's-Eye
~ = Print - Browser : SuiE Table H@ Fast Restart Back = - Forward Inspector Analyzer Scope

FILE | LIBRARY | PREPARE | SIMULATE REVIEW RESULTS | r

g sobelEdgeModelExternalMode2 i év
& ] E|sobeIEdgeModeIF_xternaIMc:de?_ i _3
] =
5 (- 7
=« E_

EZ &

- NVIDIA

]

i Sobel Edge Detector |—e—»|G

0 .

Output
Threshold
Threshold:Vaue
I|||||||||I||||||||||||||I|||||||||||||||||||||||||||||||||||||||||||||||||I||||||||||||||||||||||||||||||||||||||||||||I||||||||| |||||||||||||||||||||||||||||||||||||||I|||||||||||||||||||I|||||||||||||||||||||||||||||||||||||||||||||||||I||||||I
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[T
« | =
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NVIDIA Peripheral Support — block library
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NVIDDItA X NVIDIA NVIDIA NVIDIA
ata Dat:
MODBUS TCP/IP J| MODBUS TCP/1P MODBUS TCP/ 1P | J MODBUS TCP/1P NVIDIA NVIDIA
Master Read Master Write Slave Read Slave Write
Status > ~ Status [
Read Coil Write Coil Read Coil Write Coil : I I I I
Modbus TCP/IP Master Read Modbus TCP/IP Master Write Modbus TCP/IP Slave Read Modbus TCP/IP Slave Write
NVIDIA N NVIDIA NVIDDaIg N NVIDIA
TCP/IP Server TCP/IP S
Port:25000 ) POrt:25000 —» > Q —-» GPIO 7 GPIO 7
Status [» Size
TCP/IP Receive TCP/IP Send UDP Receive UDP Send GPIO Read GPIO erte
NVIDIA NVIDIA NVIDIA A
Acceleration [y i
Magnetic Field [»
Y Message Status [ Message
Angular Rate [
_ , . opic
Magnetic Field [) Magnetic field status [» topic/level topic/level/ J P
BMI160 BMM150 ; >
MQTT Publish MQTT Subscribe
BMI160 BMM150 o — — — o, NVIDTR
« ! 72N
b guitartune.wav [ !b (‘ mage >
NVIDIA NVIDIA NVIDIA NVIDIA . Z 1 4 ‘)D 100z, mono P laal (; : [:sslg
Data > Device: hw:1,0 Device: hw:0,0 P
CAN Receive CAN Transmit ALSA Audio Capture  ALSA Audio Playback Audio File Read Camera Network video receive
Message ID: lg? t > > Message ID: 100 °Gmre > d A AR NVIDIA
S Port: /dev/ttyTHS1 Port: /dev/ttyTHS1 b
CAN Receive CAN Transmit Serial Read Serial Write x

SDL Video Display
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OK, but what about Al?
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Deploy Complete Deep Learning Application E
4 )
Pre- Post-
processing processing

Automatic Defect Deep Learning-based Visual

GPU Coder
detection at Airbus iInspection at Musashi

!
>

NVIDIA.

19


https://de.mathworks.com/discovery/visual-inspection.html
https://de.mathworks.com/company/user_stories/case-studies/airbus-uses-artificial-intelligence-and-deep-learning-for-automatic-defect-detection.html
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Sh|ppmg Examples https://www.mathworks.com/help/gpucoder/examples.html

‘MathWorks Produkte Losungen Forschungund Lehre Support Community Veranstaltungen

Help Center

— INHALTSVERZEICHNIS Documentation Examples Functions Apps Videos Answers

« Documentation Home

« Examples GPU Coder — Examples

« Code Generation

Get Started with GPU Coder

category Manchlbeot Set an GPRU Tap Flva Pradictians That Use Googlatios
FIASU-T UL UESIYLIE

GPU Coder
Get Started with GPU Coder 2
Kernel Creation 13

Performance 3

Deep Learning with GPU 26 ,. - Fo—T
Coder Pl

Deployment 20 GPU Code Generation: The Code Generation for Deep
HDL Coder Mandelbrot Set Learning Networks

HDL Verifier
Generate CUDA® code from a Get started with CUDA code

simple MATLAB® function by using generation for image classification
MATLAB Coder GPU Coder™. A Mandelbrot set networks such as MobileNet-v2,
implementation by using standard ResNet, and GoogleNet

|EC Certification Kit

Simulink Code Inspector

Simulink Coder

Simulink PLC Coder -
Kernel Creation

Type

® All 61

Irgut Image Lure Datectsd Dutput Image

O MATLAB 48

O simulink 13

Build a Map from Lidar Data

Feature Matching Lane Detection on the GPU Edge Detection with Sobel GPU Code Generation for

20
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Key Takeaways

é GPU Coder generates CUDA code from MATLAB & Simulink

7y Accelerate MATLAB & Simulink simulations

im): Deploy algorithms (signal/deep learning,...) to embedded GPUs

21
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Thank you
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e MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
e mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may
be trademarks or registered trademarks of their respective holders.
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