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Softmax function

¢ : R"—>R"
exp(v;)
2 k=1 €xP(vi)

dp(v) _ exp(v) iy expl(ve) — exp(vi)exp(v:)
Ov; (2 k=1 exp(vi))?
_ exp(vi)  Xk—1 exp(vk) — exp(vi)
2 k=1 xP(vk) 2 k=1 P(Vk)
_ exp(vi) ,_ exp(v;) ]
> k=1 exp(V«) > k=1 exp(Vk)

= p(vi)(1 —p(vi))

14 =&4+= Sigmoid g2t 5



Softmax.m

function y = Softmax(x)

ex=exp(Xx);
y=(ex)/sum(ex);
end
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training function: Multiclass.m

function [W1, W2] = Multiclass(W1,W2,X,D)
1. Learning Rate
alpha=0.9;

4. Back Propagation
e=d-y;

delta=e; %(5*1)
el=W2'*delta; %(50*5)*(5*1)

2. Loop Setup.: SGD
deltal=y1.*(1-yl).*el; %(50*1)

N=5;
for k=1:N

5. Update
3. Input-Output

dW1l=alpha*deltal*x’; %(50*1)*(1*25)
x=reshape(X(;:k),25,1); %25*1

W1=W1+dW1;
d=D(k,)"; %5*1

dW2=alpha*delta*yl"; %(5*1)*(1*50)
vl=W1*x; %(50*1=50*25 x 25*1

W2=W2+dW2;

yl=Sigmoid(vl);

v=W2*y1l; %(5*1=5*50 x 50*1
End % end of SGD loop

y=Softmax(v); .
il end % end of function




TestMulticlass .m

clear all

rmg(3);

1. Data loading
X=zeros(5,5,5);
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2. 7k=%X| 7|3}
W1=2*rand(50,25)-1;
W2=2*rand(5,50)-1;
W10=W1;

W20=W2;

3. 714l =t
for epoch = 1:1000

(W1,
W2]=Multiclass(W1,W2,X,D);

x=reshape(X(;:k),25,1);
vli=W1*x;
yl=Sigmoid(vl),
v=W2*y1,
y=Softmax(v)

end



RealMulticlass .m : 1= 4| 0| H

clear all

rng(3);
X=zeros(5,5,5);

1. 7| Alet=
TestMultiClass;

2. Data loading
X=zeros(5,5,5);
X(1)=[0 0;

I/

011
0011
0101
0001
0111

OO0

I

~

x=reshape(X(;:k),25,1);
vli=W1*x;
y1=Sigmoid(vl);
v=W2*y1,
y=Softmax(v)

end



Al Matlab => R

« Softmax.m

* Multiclass.m

« TestMulticlass.m
* RealMulticlass.m

e.m A 0} EM mfet => 10t list 2FA => R code
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RelLU function
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ReLU.m

function y=RelLU(x)
y=max(0,x);

end
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training function: DeepRelLu.m

function[W1,W2,W3,W4]=DeepRelLU(W1,W2,W 4. Back Propagation

y=softmax(v);

3,W4,X,D) d=D(k,)’;
e=d-y;
1. Learning Rate delta=¢;
e3=W4'*delta;
alpha=0.01; delta3=(v3>0).*e3;
e2=W3'*delta3;
2. SGD delta2=(v2>0).*e2;
el=W2'*delta2;
N=5; deltal=(v1>0).*el;
for k=1:N 5. Update
x=reshape(X(;:k),25,1); dW4=alpha*delta*y3';
V1SWL% WA=W4+dW4;
y1:ReLiJ(v1); dW3=alpha*delta3*y2’,
v2=W2ryl, W3=W3+dW3;
yZ:ReLiJ(VZ); dW2=alpha*delta2*yl’,
v3=W3%y2 W2=W2+dW2:
y3:Re*LU(v3); dW1l=alpha*deltal*x’,
v=W4%ys3; WI1=W1+dW1;

End % end of SGD loop

end % end of function



TestDeepRelu .m

clear all

1. Data loading
X=zeros(5,5,5);
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X(::;4H=[00010;
00110;
01010;
11111
00010
1;

X:,5=[11111;
1000 O0;
11110
00001
11110
];

D=[1 000 O0;
01000;
00100;
00010;
00001

I;

2. 7k =X X738}
W1=2*rand(20,25)-1;
W2=2*rand(20,20)-1;
W3=2*rand(20, 20) 1
W4 =2*rand(5,20)-1

3. 714 et=
for epoch = 1:1000

(W1, W2,W3,W4]
=DeepRelLU(W1,W2,W3 W4 X,D);

x=reshape(X(;:k),25,1);
vi=W1*x;
yl=RelLU(v1),
v2=W2*y1,
y2=RelLU(v2);
v3=W3*y2;
y3=ReLU(v3);
v=W4*y3;
y=softmax(v)
end



RealRelu.m : Q2 H{|0|E Ald

clear all
rng(3); X(::,3)=[L1110; 3. &%
X=zeros(5,5,5); 00001 NZS;_
01110; for k=1:N
1. 7| A&t S 1000 1; x=reshape(X(:,:,k),25,1);
TestDeepRelLU; 11110 vl=W1*x:
1; y1=ReLU(v1);
2. Data loading
X=2eros(>,5,2) X(,;4)=[01110; v2=W2*y1;
. 2=RelLU(v2);
X(,;1)=[00110; 8 i 2 (i 8' y (v2)
00110; / 32W3HD:
01010: 00010 V3= yZ,
00010 01110 y3=RelLU(v3);
01110 I;
I v=W4*y3;
X(:5)=[01111; y=softmax(v)
X(:2) [(;lgololf 01000 end
4L
10001; '



Al Matlab => R

* Relu.m
* DeepRelLu.m
 TestdeepRelLu.m

e.m A 0} EM mfet => 10t list 2FA => R code
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* Dropout: st 0| O[O RA L2 EF SEE M 2| oHC}.

 Dropout 178
1. Random sampling® £ X|2|g nodeE 11 ELC} (Dropout. m)
1.0{| A I1I9|°F nOdeE i 0 R1=-> =25 APdS AL (y
2.0{A 22 y= 0|89 Omﬂf Wd= ALILE (delta, e)
2.3 A ¥ yof deltas 0|23 7[=X|E =L
1-4.5 H,_F%O._HZ}
* (2-5: DeepDropout m)
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Dropout.m

function ym=Dropout(yl,ratio)
[m,n]=size(yl);
ym=zeros(m,n);

num=round(m*n*(1-ratio));
idx=randperm(m*n,num);
ym(idx)=1/(1-ratio);

end



training function: DeepDropout.m

function[W1,W2,W3 W4]=DeepDropout(W1,W2

\W3,W4,X,D)

1. Learning Rate

alpha=0.01;

2. SGD

N=5;

for k=1:N

vl=W1*x;
yl=Sigmoid(vl);

yl=yl.*Dropout(yl,0.2);

v2=W2*y1,
y2=Sigmoid(v2);
y2=y2.*Dropout(y2,0.2);

v3=W3*y2,
y3=Sigmoid(v3);
y3=y3.*Dropout(y3,0.2);

v=W4*y3;
y=softmax(v);

4. Back Propagation
d=D(k,)"
e=d-y;
delta=e¢;
e3=W4'*delta;
delta3=y3.%(1-y3).7e3;
e2=W3'*delta3;
delta2=y2.*(1-y2).*e2;
el=W2'*delta2;
deltal=yl.*(1-y1).*el;

5. Update

dW4=alpha*delta*y3’;
W4=W4+dW4;
dW3=alpha*delta3*y2’
W3=W3+dWs3;
dW2=alpha*delta2*y1l’
W2=W2+dW?2;
dW1l=alpha*deltal*x’,
W1=W1+dW1;

end % end of SGD loop
end % end of function



TestDeepDropout .m

clear all

1. Data loading
X=zeros(5,5,5);
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X(::;4H=[00010;
00110
01010;
11111
00010
1;

X:,5=[11111;
10000;
11110
00001;
11110
];

D=[1 000 O0;
01000;
00100;
00010
00001

I;

2. 7I=K| X7|3}
W1=2*rand(20,25)-1;
W2=2*rand(20,20)-1;
W3=2*rand(20, 20) 1
W4=2*rand(5,20)-1

3. 714 &=
for epoch = 1:1000

W1, W2,W3,W4]
=DeepDropout(W1,W2,W3 W4 X,D);

x=reshape(X(;:k),25,1);
vli=W1*x;
yl=Sigmoid(vl),
v2=W2*y1,
y2=Sigmoid(v2);
v3=W3*y2;
y3=Sigmoid(v3);
v=W4*y3;
y=softmax(v)

end
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Realdropout.m : Q20| 0| AlH

clear all

rng(3);
X=zeros(5,5,5);

L 7|AetS

TestDeepDropout;

2. Data loading
X=zeros(5,5,5);

X(@,:,1)=[0

-I)i

ZW

=1:N
=reshape(X(;:k),25,1);

or

_lﬂ
XTM

vl=W1*x;
yl=Sigmoid(vl);

v2=W2*y1,
y2=Sigmoid(v2);

v3=W3*y2;
y3=Sigmoid(v3);

v=W4*y3;
y=softmax(v)
end



