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Challenges of Deploying Deep Learning to FPGA Hardware: cmbedded

Convolution summit

96 filters of 11x11x3 of 32-bit parameters =140k bytes

Figure 1. lllustration of AlexNet.

Each stride is an 11x11x3 matrix multiply-accumulate

224 - 1.16M bytes of activations

96

filters o9

55

- 105M floating-point multiply operations!
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Challenges of Deploying Deep Learning to FPGA Hardware
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IR conv|conv|conv|conv | conv
P 1 | 2| 3| a | s
Parameters | - 1140k | 1.2M | 3.5M | 5.2M | 1.8M
(Bytes)
Activations | cag, |9 1\ [ 728K | 252K | 252K | 168K
(Bytes)
FLOPs nfa |105M|223M|149M|112M| 74M
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A Collaborative Al Workflow .~ ':;[gf n

Data Preparation Al Modeling System Design Deployment

Data cleansing and % Model design and Integration with Embedded devices
preparation tuning complex systems

Hardware

Human insight accelerated training

System simulation % Enterprise systems

Simulation- . System verification Edge, cloud,
generated data TEEelpeElaly and validation desktop
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Design and-Analyze Your Networks in MATLAB

= a o
J— e =
o R — ¢ foe =i
e = -
[ R ——. - - -
: £} e 2 TR
Al Modeling B~ - =-
B e
g YO ! 4 Classification Learner - Scatter Plot - o X
PR = B CoE T &
. D B e oz =l =) 11T 22 ¥
Model design and 0 e i g ma e a7 o be T S ntn coes =
tu nin g B e 5] 8 a Data Browser ® | | ScatterPlot 3¢ | Confusion Matrix 3¢ | ROC Curve ¢ | Parallel Coordinates Plot ¢ |
[ e —— Zd S Predictions: model 1.5 @ &) {7 Plot
B v = o 12 0 Tee Acouracy: 96.0% 45 Oosta
H i) | Lastchange: Medium Tree 44 features (@) Model predicions.
0 recmere a8 = b a 0 ::em::aecoﬂseﬂee Mn::l::::: 4 * ®  Comect &
H d . T i3 . 14 Linear Discriminant Accuracy: 98.0% X Incomect | 5]
-;'__ a.r Ware CimatearCuaped sy d (o Pt Lastchange: Linear Discriminant 44 teatures o
:T:'_= | t d t . . - 15 ' QuadralicDisciminant £ 35 . i<, EP——
. . . . Last change: Quadrafic Discriminant 444 teatures = g -
acceleratea training Deep Network Designer app to build, visualize, and | 5= worer | 3 : i
B . Last change: Linear SVM 414 features a2
edit deep learning networks 7 s sy sz | 00T T e O e
Last change: Quadratic SVM 44 fratures - |S.w| =
w Current Model 25 = =
. Wodel 1.5 Trained | =:mw
Interoperability - )
Accuracy 098.7% How to investigate features
Pradiction speed  ~B500 obs/sec 45 5 55 6 6.5 7 75 8
Training time 0.32228 sec SepalLength
| Data set: fishertable Observations: 150 Sizez 25 kB Predictors: 4 Response: Species Response Classes: 3 || Validation: 5-fold Cross-Validation

. 4\ MathWorks
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Classification Learner app to try different classifiers
and find the best fit for your data set
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MATLAB Interoperates with Other Al Frameworks Viel A
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1F TensorFlow i’ Caffe2 O PyTorCh

Al Modeling Keras
Model design and :
tuning Keras importer
Caffe importer .
22 Hardware . MATLAB
Taca accelerated training L )

) Caffe
* Interoperability
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Deploy from MATLAB to a Variety of Hardware Platforms \s./l,ll§n|m||:c‘

( ‘ ) Deployment
Application Embedded devices
logic
é % Enterprise systems
Edge, cloud,
- J desktop
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Get Started Prototyping on FPGA with Deep Learning HDL  &3bedded

Toolbox™ \sﬁﬁw'mrt‘

4 )

%% Create Target Object

2 o hTarget = dlhdl.Target ('Xilinx'", 'Interface’', 'Ethernet', 'IPARddress","10.10.10.15");
Application
|Og|C %% Create WorkFlow Object
hW = dlhdl.Workflow('network', smnet, 'Bitstream', 'zcull2 single', 'Target’', hTarget): Layel’ )
1 T Weights &
E-: Coﬁl le thf Lanenet series Network . COﬂtI‘O| ACtIV&tIOﬂS
= hW.compile; Instructions L

%% Program Bitstream onto FPGA and Download Network Weights

h . deploy: ﬁ
%% Bun prediction for one frame
K outputs = hW.predict (inputImg) ; J_____ .

Hardware support pack: ( Memory Access
Deep learning processo:

. 0 (7p) %))

external memory interfd = . I = Fully S

. i ision: | = onvolution | | =

EPGA Bitstream Int8 or single precI|S|on: g g Connected .g
«  Supported boards: k- Module = Module =

. Xilinx: ZCU102or ¢ | < < <

. Intel: Arrial0 SoC
. htto://mathworks.com/hari ( ]

‘ MathWorks: © 2090 MathWorks : Processor Control
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| Pre—irocessini: Extract |
| Inference: Predict |-@

Post-processing:

s |. A
Application
logic

bl
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Run Deep Learning on FPGA from MATLAB il?nlgalddpr(\1
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LIVE EDIT( IMSERT = ENiERS Search Documentation

Prerequisites

= Xilinx ZCU102 SoC development kit

» Deep Leamning HOL Toolbox™ Support Package for Xilink FPGA and SoC
» Deep Leamning Toolbox™

= Deep Learning HOL Toolbox™

Create Folder and Copy Relevant Files

al unzip( 'dnnfpga_defectdetection.zip');
2 [newDir, origDir] = cloneSetupDir( ' dnnfpga_defectdetection');
3 cd(newDir); -
-
B = Adh . . . i A RD_ 4. __ 0.
I 4 »
Command Window @
fx s &
< >

m-| |UTF-2 | script Ln 10 Col 31

‘ MathWOI'kS® © 2020 MathWorks . 14



Prototyping: Design Exploration and Customization
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%% Compile trainedBlemDetNet Series Network
hiW.compile

Application

logic

bl

hW.deploy

3classify detected nuts by using CHN
scores = zeros(2,4);
for i = l:num

end

Deep Learning Processor Profiler Performance Results

LastLayerLatency(cycles) LastLayerLatency(seconds)

\de epHetworkDesigner

Network 12213262 @.85551
conv_module 3292845 8.81496
convl 412728 2.00188
normil 173252 2.08879
pooll S5B636 2.88827
conv2 656582 2.88298
norm2 128169 @.88858
pool2 53269 @.00824
conv3 780456 @.8@355
convd 600858 2.88273
convs 488977 2.80186
poolS 20859 2.08829
fc_module 8921217 @.84855
fcb 1759888 2.88800

fc7 7830644 2.83196

fc8 138771 @.88859

* The clock frequency of the DL processor is: 228MHz

%% Program Bitstream onto FPGA and Download NHetwork Weights

[zcores(:,1), speed] = hW.predict (single (imgPacked2({:,:,1i)), 'Frofile','on'");

Layer Weights &
~ control Activations
instructions

Frames/s

FramesNum

1 12213382

Total Latency

© 2020 MathWorks

. 4\ MathWorks
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LIVE EDITOR W =l E Search Documentation
<P g E o v T F Users b jerickso * Documents ¥ MATLAB » DefectDetection ¥ dnnfpga_defectdetection.l v 2
[S] Live Editor - C:\Users\jerickso\Documents\MATLAB\DefectDetection\DefectDetectionExample.mlx ® x

E_J DefectDetectionExample.mbx %l + 1

Create Target Object 3 ) =
Deep Learning Processor Profiler Performance Results =
11 hT = dlhdl.Target('Xilinx', 'Interface’, 'Ethernet’, 'IPAddress’, '18.18.18.15") LastLayerlatency(cycles)  LastLayerLatency(seconds) =
Network 12213262 @.85551 A
= = conv_module 3292045 @.81496
Create Workflow Object for trainedDefNet Network o o= i
normi 173252 2.02879
12 hi = dlhdl.Workflow( Network',snet_defnet, 'Bitstream','zculB2_single’, 'Target',h pooll 58636 9.80027
convd B56582 3.02298
norm2 128159 a.036858
4 : 2 pool2 53269 a.8ae24
Compile trainedDefNet Series Network conv3 780456 8.80355
convd 680858 @.90273
13 hi. compile convs 428977 @.89186
pools 20059 2.02089
fc_module 8921217 a.84855
§ . fc6 1759802 9.09322
Program Bitstream onto FPGA and Download Network Weights fc7 7830644 9.83196
fc8 138771 a.e2e59
14 hii.deploy * The clock frequency of the DL processor is: 2208MHz

Run Prediction for One Image

15 unzip('testImages.zip")

16

17 filename=[pwd, "/testImages/ngl.png’];

18 img=imread(filename);

19 predictDefect(hW, img); I
4 » -

Command Window

llll‘|

‘ MathWOI'kS® © 2020 MathWorks 16



Optimizing Deep Learning Applications Requires Sbedded

Collaboration \S/drST!mTt‘
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@ input| M| SV (S| S|C% | fes | fe7 | fo LT
'\ Pa(r;;l:zgrs nfa | 35K | 0.4M (0.9M (1.3M [0.5M | 37M | 16M | 4M 58 M » Off-chip RAM ;
‘ 8 N X7V | & .O.
dh = | s%a
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HOME LIVE EDITOR INSERT

B Live Editor - C:\U rs\jerick ments TLAB\DefectDetection\DefectDetectionExample.mlix *
DefectDetectionExamplemix * 0 | 4+

cx Ul a = LA PTTWIIS TIO CTINYT RO SO WP PYT T I T O BXTTOE T O O T G LT STV T T

22 websave('trainedBlemDetMet.mat',url); s |
23 end
24 net2 = load('trainedBlemDetNet.mat'); o
25 snet_blemdetnet = net2.convnet ariPerformance’ Results =
26 analyzeNetwor‘k(Snet-blemdetnEt) LastLayerLatency(seconds) FramesNum Total Latency Frames/s A
% = 09.82222 1 4887512 45.e
Create Workflow Object for trainedBlemDetNet Network 0.00571
9.82212
27 hit = dlhdl.Workflow( 'Network',snet_blemdetnet, 'Bitstream’, 'zcul®2_single’, 'Targe g-zgg;
9.82181
Compile trainedBlemDetNet Series Network e
] 9.81643
28 hi.compile 9.00087
51 228MHz
Program Bitstream onto FPGA and Download Network Weights
29 hwW.deploy
Run Prediction for One Image
30 filename=[pwd, '/testImages/okl.png’ ];|
31 img=imread(filename);
32 predictDefect(hW, img);
_int8 Quantization 2
| » -
Command Window ®
fx 5> ¢
< >
- [UTF-8 [ script Ln 30 Col 38

‘ MathWOI'kS® © 2020 MathWorks
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Deep Learning HDL Toolbox

Iterate and Copverge on Deep Learning FPGA Deployment from MATLAB

/

Application
logic

gégg;)

\\‘>> deepNetworkQuantizer

\

% Create target object
hTarget = dlhdl.Target(..)

% Create workflow object, using the target
hW = dlhdl.Workflow(..);

% Compile the network
hW.compile;

% Program the bitstream and deploy the compiled network and weights
hW.deploy;

% Run prediction

2020
em
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Layer Weights &
~ control Activations
instructions

[score, speed] = hW.predict(img, ‘Profile’, ‘on’);

J

4\ MathWorks

Parameters Speed

140 MB 18 fps
84 MB 45 fps
68 MB 139 fps

Generate
© 2020 Math\\ark HDL
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Deep Learning HDL Toolbox

Prototype from MATLAB

Tune for system requirements

Configure and generate RTL

‘ MathWOI'kS@ © 2020 MathWorks
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Deep Learning Solutions in MATLAB

https://www.mathworks.com/solutions/deep-learning.html

Deep Learning HDL Toolbox

https://www.mathworks.com/products/deep-learning-hdl.html

Onramp: Deep Learning in MATLAB

https://www.mathworks.com/learn/tutorials/deep-learning-onramp.html

MathWorks FPGA Solutions Page

https://www.mathworks.com/solutions/fpga-asic-soc-development.html

‘ MﬂthWOl‘kS® © 2020 MathWorks 21
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