Deep Learning and
Labeled Patterns



>> A=

FRI&
reshape(1:9,3,3)

1 4 7
2 5 8
3 6 9

= reshape(1:16,4,4)

1 5 9 13
2 6 10 14
3 / 11 15
4 8 12 16

>> conv2(B,A,'valid')

dans =

192
237

372
417



>> AA=A([3 2 1],3)

AA = >> sum(sum(B(1:3,1:3).*BB)) >> sum(sum(B(1:3,2:4).*BB))
3 6 9 ans = dans =
2 5 8

1 4 7 192 372

>> BB = AA(;,[3 2 1]); >>
>> BB
BB =
>> sum(sum(B(2:4,1:3).*BB)) >> sum(sum(B(2:4,2:4).*BB))

9 6 3
8 5 2 ans = ans =
7 4 1

237 417
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Command Window

>> A = reshape(1:1:9,3,3);
>> B = reshape(1:16,4,4);
>> my_valid_conv2_matlab(B,A)
ans =
192 372 _
237 417 my_valid_conv2_matlab
. and
>> conv2(B,A, 'valid')
conv2 produce the
ans =
same result
my_valid_conv2.m (Function) v 192 372
€ my_valid_conv2(x, K) 237 417
fx>> |




Exercise |

Try to write a Matlab function that
IS equivalent to conv2 for valid
convolution.
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A deep neural network

Signal forward propagation

Gradient backpropagation
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hi = B(z — u;)
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A Deep Neural Network with two hidden layers

Feedforward propagating
S
h, X h, X,
= B3 B

382
x; = f(h)) X, = f(h,)

—




Gradients back-propagation

h, X2

h, = wx, h, = w,x,

x; = f(h)) X, = f(h,)

single output

—

1 T
y = h3 = W3X,

e hy(j) = ) x,(w(k, j)

k




U, Vi u, single output

_» hy(j) = ) x(kyws(k, j)

k




single output

—

u, \% 1 u, single output

P h,(j) = Z X, (K)wy(k, /)

Exercise |l.A




Exercise |1.B

dy dy

: — )

Let Vz(j) —

Lete = (1 — y)z, where ¢ denotes the desired target

de

— =7
dw,(i, ])




Exercise 11.C Show convergence of ¢ for
gradient descent learning.

Gradient descent learning

de

dw,(1, )
where 77 Is a small positive value

AW,(1,]) = — 71



Nonlinear separation for Classification

Multilayer Potts Perceptrons With
Levenberg—Marquardt Learning
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https://ieeexplore.ieee.org/document/4685623?tp=&arnumber=4685623&queryText=Multilayer%20Potts%20perceptrons%20with%20Levenberg-Marquardt%20learning=

Each point has a label. Its color is
either red or blue.

Predictors or stimuli: X = {X[t] & Rz}]t\il

Responses: YV = {y[t] &€ {0’1}}5‘\;1



The training data are composed of
labeled patterns.

S = {(x[7], y[1]) | x[1] € R%,y[1] € {0,1}}Y



The data space has been well
partitioned to two exclusive
regions, in each of which training
data are with the same label
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What is the learning
error or training error?



Handwritten digit

Classification
F(x]

6 ) Training data set:
random labeled digits

Traln a classifier

¥ Fx|0,,)
Test F(x|0,,)

Real application of (x] Hopt)
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Classifier Learner App
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Classier Learner
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Classification Learner - Scatter Plot
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Exercise I

Select a learner.
Train a classifier subject to JimData

and export the TrainedModel.



Exercise |V
Write a Matlab function to evaluate
the accuracy of the TrainedModel.

function accuracy = my fit(JimData,trainedModel)

yfit = trainedModel.predictFcn(X);



Exercise V
Draw the partitioned exclusive regions

of the TRainedModel
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n=200; x Oo Il 8 S0 Oo

4 oG O
x1=linspace(0,Net.max_x,n); % revise codes ; | .

i o}

x2=x1; N i i
xx=[repmat(x1',n,1) reshape(repmat(x2,n,1),n*n,1)]; * . W L
CC= % write codes 10 D L
figure O0 1’0 2‘0 SOX x40 XXSSO - 6’; ’ 70

ind=find(CC>0.5);

plot(xx(ind,1),xx(ind,2),'g.');hold on

ind=find(CC<0.5);

plot(xx(ind,1),xx(ind,2),’c.'); pc = JimData(:,3);x_train=JimData(:,1:2)
plot(x_train(find(pc==0),1),x_train(find(pc==0),2),'oB');
plot(x_train(find(pc==1),1),x_train(find(pc==1),2),'xR’);

|
90



n=200;

xl=linspace(0,max(max(X)),n);

xX2=x1;

% revise codes

xx=[repmat(xl',n,l) reshape(repmat(x2,n,1l),n*n,1)];

CC= trainedModel.predictFcn(xx);% write codes

figure

ind=find(CC>0.5);

plot(xx(ind,1l),xx(ind,2), 'g. ' ');hold on

ind=find(CC<0.5);

plot(xx(ind,1l),xx(ind,2), 'c.");

pc = JimData(:,3);

X _train=JimData(:,1:2);

plot(x train(find(pc==0),1),x train(find(pc==0),2), oB");
plot(x train(find(pc==1),1),x train(find(pc==1),2), xR");
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