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Slgmold function

)= T ew(-v)

; o —exp(—v) _ EXP(_V)
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SGD vs. Minl Batch v.
pbatch

G0 Mini Batch Batch
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training tunction

function W = Deltasgd (W, X,D)
alpha=0.9;
N=4,

for k=1:N

2. =0 —> Z 1t
x=X(k,:)";

d=D(k);

v=W=Xx;
y=Sigmoid(v);

3. LAt =22 - &8Y
e=d-vy;

4. JIIEX =& (k loop CHUHIAT)
delta=y*(1-y)*e;
dW=alphax*delta*x;
W(1)=W(1)+dW(1);
W(2)=W(2)+dW(2);
W(3)=W(3)+dW(3):
end

end

\l

function W = Deltabatch(W,X,D)
alpha=0.9;
dWSum=zeros(3,1);

N=4;
for k=1:N

2. %!a"HIOIH -> &1}

4. =Xl &8

delta=yx(1-y)*e;
dW=alpha*delta*x;
dWSum=dWSum+dW;

end

OIEX 232 kDI &2H U3)

dWAvg=dWSum/N;

W(1)=W(1)+dWAvg(1);

W(2)=W(2)+dWAvg(2);

W(3)=W(3)+dWAvg(3);
end



Sigmold function:
Sigmold.m

function y=Sigmoid(x)
y=1./(1+exp(—x));

end



SGD, batch training

function W = Deltasgd (W, X,D)
% setting learning rate
alpha=0.9;
% applying delta method for each
observation
N=4,
for k=1:N
%% input and outputdata on kth
observation
x=X(k,:)";
d=D(k);
%% obtain weighted sum of input
v=W=Xx;
%% obtain output
y=Sigmoid(v);
%% obtain error
e=d-vy;
%% obtain delta =d of activation function *
error
delta=y*(1-y)*e;
%% obtain adjustment term
dW=alphax*delta*x;
%% update weight: add adjustment terms to
weight.
W(1)=W(1)+dW(1);
W(2)=W(2)+dW(2);
W(3)=W(3)+dW(3):
end

19

function....

% setting learning rate
alpha=0.9;
%set up a variable to save sum of weight adjustments
dWSum=zeros(3,1);
%applying delta method one time for all sample
N=4,
%% input and outputdata on kth observation
for k=1:N
x=X(Kk,:)";
d=D(k);
%% obtain weighted sum of input
v=W*x;
%% obtain output
y=Sigmoid(v);
%% obtain error
e=d-vy;
%% obtain delta =d of activation function * error
delta=yx(1-y)*e;
%% obtain weight adjustment term
dW=alpha*delta*x;
%% add up weight adjustment term
dWSum=dWSum+dW;
end
% take average of sum of weight adjustment
dWAvg=dWSum/N;
% weight adjustment
W(1)=W(1)+dWAvg(1);
W(2)=W(2)+dWAvg(2);
W(3)=W(3)+dWAvg(3);
end



TestDelat**.m (&)

| clear all

%Clearing memory X=[0,0,1;0,1,1;1,0,1;1, 1,
clear all 1:1;

%Declaring input and output data D=[0.,0,1.11;
X=[0,0,1,0,1,1;1,0,1;1,1, 1;1; rand('seed’.1);
D.=.[Q,Q,1 ,1];. W=2xrand(1,3)-1;
%initialize weight

oW=2.*rar1d(1 ,3)—1; for epoch=1:1000000
%irain modelo %W=Deltasgd(W,X,D);
for epoch=1:10000 | %W=Deltabatch(W,X,D);
W=Deltasgd(W,X,D); W=DeltabatchM(W,X,D);
%W=DeltasgdM(W,X,D); end

end

%ob.tam Qstlmat§ y=Sigmoid(X*W")
y=Sigmoid(X*W") %N=4;

%N=4; %for k=1:N

%for k=1:N %x=X(k,:)";

%x=X(k,:)"; %V=W*X;

Pv=Wrx; %y=Sigmoid(v)
%y=Sigmoid(v) %end

%end

20



A= 1. Matlab => R

. Sigmoid.m

. Deltasgd.m

. Deltabatch.m

. Testdeltabatch.m

. [estdeltasgd.m

- .m UA &S Sd IS => g list &d => R



AlZ= 2. Matlab => R

. SGD2} Batch gl

. SGDvsBatch.m => SGDvsBatch. R



SGDvsBatch.m

clear all for k =1 :N.
x=X(k,:)";
X=[00 1; d=D(k);
011,
101; v1=W1=*x;
111; y1=Sigmoid(v1);
1; esl=es1+(d-y1)"2;
D=[0 v2=W2x*x;
0 y2=Sigmoid(v2);
1 es2=es2+(d-y2)"2;
E end
E1=zeros(1000,1); Ei(epoch)=es1/N;
E2=zeros(1000,1); E2(epoch)=es2/N:;
W1i=2xrand(1,3)-1; end
W2=W1;
for epoch = 1:10000 %train plot(E1,'r')
W1=Deltasgd(W1, X, D); hold on -
W2=Deltabatch(W2, X, D); plot (E2|, b:') |
xlabel( 'Epoch’)
es1=0; ylabel('Ave Training Error')

es?2=0; legend('SGD','Batch")
N=4,
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training tunction:
function [W1 W2] = Bac kpro DXOR m

BackpropXOR(W1,W2, X,D) 4.t £3
alpha =0.9;
N=4: genrate weight adjustment
for k=1:N %% Layer 1
% Load data. Single obs. dW1 = alphaxdeltalx;
=X (K0 W1=W1+dW1;
d D(K); %% Layer 2
olad [{0|E => 2 dW2 = alphax*delta*y1’;
% generate outputt W2=W2+dW2;
%% Layer 1 end
vI=W1*x; End

y1=Sigmoid(v1);
%% Layer 2
v=W2*y1,;
y=Sigmoid(v);

3. Delta, error

% generate error and delta
%% Layer 2
e=d-vy,;
delta=y.*(1-y).*e
%% Layer 1
el=W2'xdelta;

deltal=y1.x(1-y1).xel; 30



TestbackpropXOR .m

1. =Xl =D\ 3t
W1=2*rand(4,3)-1;

W2=2*rand(1,4)—1;

b

2.

Jol
i

for epoch=1:1000000

[W1 W2]=BackpropXOR(W1,W2,X,D);
%W=DeltasgdM(W,X,D);

end

y1=Sigmoid(X*W1");
y=Sigmoid(y1*W2')

0

3. F
N=4;
for k

1:N

x=X(k,:)";
v1=W1x*x;
y1=Sigmoid(v1);
v=W2*y1;
y=Sigmoid(v)
end



AlS . Matlab => R

. [TestbackpropXOR.m

- BoxpropXOR.m

..M OIAl DY S THet => DY list X => R






- Momentum : BackPropMmt.m,

estBackPropMmt.m

. Cross Entropy Loss function: BackPropCE.m,

TestBackPropCE.m

- .m UHlA I8 Sd IS => g list &d => R
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AlS . Matlab => R

. [estbackpropMmt.m

- BaxpropMmt.m

..M OIAl DY S THet => DY list X => R

code



BackpropMmt.m

function [W1 W2] = BackpropMmt(W1,W2,

X,D)
alpha =0.9;
beta=0.9;

mmt1=zeros(size(W1));
mmt2=zeros(size(W?2));
N=4;
for k=1:N
% Load data. Single obs.
x=X(k,:)";
d=D(k);

% generate outputt

%% Layer 1

v1=W1=*x;

y1=Sigmoid(v1);

%% Layer 2

v=W2*y1,

y=Sigmoid(v);

% generate error and delta

%% Layer 2

e=d-vy,
delta=y.*(1-y).*e;

%% Layer 1
el1=W2'*delta;
deltal=y1.x(1-y1).*el;
% genrate weight adjustment
%% Layer 1

dW1 = alpha*deltal*x';
mmt1=dW1+beta*mmtl;
W1=W1+mmtl,;

%% Layer 2

dW?2 = alpha*delta*y1’;
mmt2=dW2+beta*mmt2;
W2=W2+mmt2;

end

end



TestbackpropMmt.m

clear all y=Sigmoid(v)
end

X=[0,0,1;0,1,1;1,0, 1; 1,1, 1;1;

D=[0,1,1,0];

W1=2*rand(4,3)-1;

W2=2*rand(1,4)-1;

%W1=0.0001*W1

%W2=0.0001*W2

for epoch=1:10000

%[W1 W2]=BackpropXOR(W1,W2,X,D);
[W1 W2]=BackpropMmt(W1,W2,X,D);
%W=DeltasgdM(W,X,D);

end

y1=Sigmoid(X*W1');
y=Sigmoid(y1*W2")

N=4;
for k=1:N

x=X(k,:)";
v1=W1=*x;
y1=Sigmoid(v1);
v=W2=*y1;



Cross entropy loss
function

E(d — y)2 SSE: Sum of Squared Residual

= —dlIn(y) = (1 —=d)In(1—y) CE:Cross Entropy

. Cross EntropyE AlE0olH =2 =9 delta AH=ES

A0 BHet

®
|

y—d e = y—d



oJ

ow;

—dIn(y) — (1 —d)In(1 - y)
- d —1 } Oy

= —(1-d
4 ( )1—_}/ awf'

dy

CE:Cross Entropy

- —d(l-y)+y(1- d)}
_ y(} —y)
- |L= a ga’(m)x,-

ow;

— y(1—y)x = —ex

- [yifl_—i)] 3:;



AlS . Matlab => R

. [TestbackpropCE.m

. BackpropCE.m

..M OIAl DY S THet => DY list X => R



Al 5. Matlab => R

- SSESF CE gl

. CEVSSEE.m => CEVSSEE. R



BackpropCE.m

function [W1 W2] = BackpropCE(W1,W2,

X,D)

alpha =0.9;
N=4,;

for k=1:N

% Load data. Single obs.
x=X(k,:)";
d=0D(k);

% generate outputt
%% Layer 1
v1=W1=*x;
y1=Sigmoid(v1);
%% Layer 2
v=W2*y1,
y=Sigmoid(v);

% generate error and delta
%% Layer 2
e=d-vy;

delta=e;

%% Layer 1
el1=W2'*xdelta;
deltal=y1.x(1-y1).*el;
% genrate weight adjustment
%% Layer 1

dW1 = alpha*deltal*x';
W1=W1+dW1;

%% Layer 2

dW?2 = alpha*delta*y1’;
W2=W2+dW2;

end

end



TestBackpropCE.m

clear all end

X=[0,0,1;0,1,1;1,0,1;1,1, 1;1;
D=[0,1,1,0

0, 1,
1;
W1=2*rand(4,3)-1;
W2=2*rand(1,4)-1;
for epoch=1:10000
% [W1 W2]=BackpropXOR(W1,W2,X,D);
[W1 W2]=BackpropCE(W1,W2,X,D);
%W=DeltasgdM(W,X,D);
end
%y=Sigmoid(X*W')
N=4;
for k=1:N
x=X(k,:)";
v1=W1*x;
y1=Sigmoid(v1);
v=W2=*y1,
y=Sigmoid(v)



Al 5. Matlab => R

- SSESF CE gl

. CEVSSEE.m => CEVSSEE. R



CEVSSEE.M

clear all for k =1:N
x=X(k,:)";
1; d=D(k);

v1i=W11=*x;

y1=Sigmoid(v1);

v=W12#*y1;

y=Sigmoid(v);

D=[0 esl=esi+(d-y)"2;

0
1 v1=W21*x;
11 y2=Sigmoid(v1);
v=W22*y2;

E1=zeros(1000,1); y=Sigmoid(v);

E2=zeros(1000,1); es?2=es2+(d-y)"2;
end

W11=2*rand(4,3)-1;%Cross Entropy

W12=2*rand(1,4)-1; E1(epoch)=es1/N;
E2(epoch)=es2/N;

W21=W11;%SSE

W22=W12; end
for epoch = 1:10000 %train plot(E1,'r")
[W11, Wi12]=BackpropCE(W11,W12,X, D); hold on
[W21, W22]=BackpropXOR(W21,W22, X, D); plot (E2,'b:")
xlabel( 'Epoch')
es1=0; ylabel('Ave Training Error')
es2=0; legend('Cross Entropy','SSE')

N=4;



