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ARTIFICIAL INTELLIGENCE

Any technique that enables machines to mimic
human intelligence
MACHINE LEARNING
Statistical methods that enable machines to
“‘learn” tasks from data without explicitly
programming DEEP LEARNING
Neural networks with many layers that learn
representations and tasks “directly” from data
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(Sub)system
requirements & design

Requirements allocated to ML
component management

Data
management

Learning process
management

\

Model
training

(Sub)system
requirements verification
ML requirements
verification
Independent data
Learning process and learning verification
verification

Inference model
verification & integration

Model
implementation
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trainingDataFolder = “trafficsign\Train";

imdsTrain = imageDatastore(trainingDataFolder,IncludeSubfolders=true,LabelSource="foldernames");
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ta | Traning © |+ Properties
~ imageinput || [ convolution2dLayer @
M imagelnputLayer
Name v(.a\v ‘
FitterSize 177 ]
NumFiters [ea ]
Y
Stide [t |
[T conv :
‘”‘i convolution2dL Dioathdiar 12 . }
Padding [0.000 vl
PaddingValue lo [~
Weights 4]
y Bias ¢]
batchnorm N WieightteamRateFactor | 1
batchNormaliza WeightL2Fackor I
BiasLeamRateF actor '
BlasL2Factor [0
v Weightsinttiaiizer |glorot ‘ -
relu Biasintiaizer zer0s ] B8
reluLayer

numClasses = numel(classNames);

layers = [ . - . @ @
options = trainingOptions(“adam",
imageInputLayer(imageSize,Normalization="none" X X

ExecutionEnvironment="auto",

.001,

convolution2dLayer(7,64,Padding=0) .
InitialLearnRate=

batchNormalizationLayer() -
axEpochs=50,

reluLayer() L. .
MiniBatchSize=256,

dropoutLayer(e.5) Shuffle="every-epoc

averagePooling2dLayer(2,Stride=2) LearnRateschedule="p\ecewise"
- B

convolution2dLayer(7,128,Padding=0) 1 e
earnRateDropPeriod=

batchNormalizationLayer() LearnRateDropFactor=e.1
=0.1)

reluLayer
yer() Plots="training-progress",

dropoutLayer(0.5
# yer( ) ValidationData={XVal,TVal},

averagePooling2dLayer(2,Stride=2) X X .

ValidationPatience=10,
fullyConnectedLayer(numClasses)
softmaxLayer

classificationLayer(Classes=classNames,ClassWeights=classWeights)];

OutputNetwork="best-validation-loss");
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Experiment Manager A - O X
MANAGER
E Mode [Saquenl\ai - | @ ﬁ \? Q W
Layout | St Tralning Vﬁ%ﬁoﬂ Training |7 || Fiter  Annotations | Export
- - Pool Size Plot Data Data = -

FILE ENVIROMMENT EXECUTION RUN REVIEW RESULTS FILTER | ANNOTATIONS | EXPORT =
Experiment Browser ) Experiment_pneumonia_CNN Experiment_pneumonia_CNN | Resultl = 4
- E| verification-medical-neural-network %

~ Exhaustive Sweep Result
= @ Experiment_pneumonia_CNN
= Resultl Experiment_pneumonia_CNN Start: 3/17/2023, 5:50:38 AM 16/16 Trials
Wiew Experiment Source)
Image Classification by Parameter Sweeping of Hyperparameters @ Complete 16 A Stopped a ® Eror ]
© Running 0 Queued 0 X Canceled 0
Il Discarded 0
| Progress Elapsed Time solver filterSize numFilters1 numFilters2 dropoutProba... initialLearnRate miniBatchSize Training Accu... Training Loss Validation Acc... Validation Loss
|_ 100.0%| 0 hrO min 25 sec| adam 5.0000 16.0000 32.0000 0.5000 0.0010 256.0000 95,7031 80.3711 96.5649 71.7652
|_ 100.0%| 0 hr0 min 26 sec| adam 7.0080 160000 32.0000 0.5000 0.0010 2560000 95.7031 1042054 93.8031 B6.6424
|_ 100.0%| 0 hrO min 27 sec|adam 5.0000 32.0000 32.0000 0.5080 0.0010 256.0000 96. 4844 87.8018 95,9924 77.1358
|_ 100.0%| 0 hrO min 26 sec|adam 7.0000 32.0000 32.0000 0.5000 0.0010 256.0000 95,7031 96.4919 96.3740 80.0187
|_ 100.0% 0 hr 0 min 27 sec | adam 5.0000 16.0000 64.0000 0.5000 0.0010 256.0000 95.7831 76.1400 96.1832 73.7988
|_ 100.0%| 0 hrO min 25 sec| adam 7.0000 16.0000 64.0000 0.5000 0.0010 256.0000 94,5313 86.4628 95.8015 76.8764
|_ 100.0%| 0 hrO min 29 sec| adam 5.0000 32.0000 64.0000 0.5080 0.0018 256.0000 94,9219 105.4229 96.3740 67.1370
|_ 100.0%| 0 hrO min 25 sec|adam 7.0080 32.0000 64.0000 0.5000 0.0010 256.0000 96. 4844 56.4471 95.4198 78.08972
|_ 100.0%| 0 hrO min 25 sec| adam 5.0000 16.0000 32.0000 0.5000 0.0180 256.0000 95,7031 68.6924 94,4656 79.5324
|_ 100.0% 0 hr 0 min 24 sec |adam 7.0000 16.0000 32.0000 0.5080 0.0100 256.0000 94.9219 114.2560 93.8931 92.0040
|_ 100.0%| 0 hrO min 25 sec| adam 5.0000 32.0000 32.0000 0.5000 0.0180 256.0000 95,7031 113.6935 95,2290 87.8737
|_ 100.0%| 0 hrO min 28 sec| adam 7.0000 32.0000 32.0000 0.5080 0.0188 256.0000 94,9219 108.4328 94,8473 92.4369
|_ 100.0%| 0 hromin 25 sec|adam 5.0000 16.0000 64.0000 0.5000 0.0180 256.0000 94,1406 90,0234 95,9924 75.7485
|_ 100.0%| 0 hrO min 28 sec|adam 7.0000 16.0000 64.0000 0.5000 0.0100 256.0000 92.1875 125.3804 94.6565 93,3567
|_ 100.0% 0 hr 0 min 24 sec |adam 5.0000 32.0000 64.0000 0.5000 0.0100 256.0000 94.1406 122.7316 95.4198 80.0752
|_ 100.0%| 0 hrO min 24 sec| adam 7.0080 32.0000 64.0000 0.5000 0.0180 256.0000 97.2656 70.4008 94.8473 86.6711
4 >
Visualizations o
Confusion Matrix for Validation Data (Trial 1, Resultl, Experiment_pneumonia_CNN)
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and learning verification
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Deep Learning Toolbox Verification Library
by MathWorks Deep Learning Toolbox Team

Verify and test robustness of deep learning networks

700 ' ' ' perturbation = 0.01;
I Original Network .
500! | I Data Augmented Model XLower = XTest - perturbation;
[ Robust Network XUpper = XTest + perturbation;
500 XLower = dlarray(XLower,"SSCB");
XUpper = dlarray(XUpper,"SSCB");
400 )
result = verifyNetworkRobustness(net,...
300 XLower,XUpper,TTest);
200 summary(result)
100 verified 402
ViO 1 at ed 1 3 Machine Learning Engineerj
0 S sS e
verified violated unproven unproven 209 e
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analyzeNetworkForCodegen(net)

Supported
none "Yes"
arm-compute "Yes"
mkldnn "Yes"
cudnn "Yes"

tensorrt "Yes"
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