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Abstract

This project studies the methods to adapt leaming rate for online learning in kemel
method. The learning method can be applied for finding the relation between incoming and
oulgoing data in form of Elpproximation function. Generally, batch learning is used in learning
method bul il causes some computational problems because a whole data set is processed in one
time. The method of online learning can overcome this problem as the method uses only one data
pair in each iteration for updating their parameters thus this method can be applied with huge data
set. This project also presents three rules to adjust the learning rate in order lo track nonstationary
systems. The experiments show (hat the performance of adaptive leaming rales is better than the
constant one. The effects of parameters using in learning rules on the performance of leaming are

also given.
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) 1 1 o or I=) ah:; W o A W q A 9
dieawnnuuiuawamesvesdasimsFouimling 18 e ldmdasinsSouiiinis
= 1 =1
nlavlasnasanaing1es s
pan Tannas Usuaunuut sdrmnaanudanamsnaumsn (@.1) Taoses 1y
. »
AdazInsEouiTudumit 0.1 ansngan tsad 0,001 Anuduniidy 100 Uz

Ysvawnmn dieldnwmaspaufanaeiiafosiiga annsoudasladagili 4.4

MSE

Tterations

c; =1 p=] [] =y d'! ar ]
31 4.4 nsnfisuheuamanudanmaniosnnasliuaunin

B ] - i e 1 =1 (L = i
1Nl 4.4 ManwAanaai TAsinmsiUiumsnuun ssmunmanuiananh
] b4 1
Y=0.1 ﬁﬂ’l‘jﬂﬂﬁ\‘i"lﬂ’]ﬂﬂ’]ﬂ'nﬂﬂﬁwﬁ'lﬂﬁﬂ Tﬂﬂﬂluﬂf’Nlﬁﬂﬂxﬁﬂﬂ-&BUNﬂU'ﬂﬂuﬂ\ulﬂiﬂ‘Uﬂ 0-
b ¥ ) )
50 I.l.gl”)'l’i favIminIzaoy % ﬂﬂﬂQi]Hﬂ'lﬂ'J'l'llHﬁWﬁ'}ﬂuNuﬁﬂﬂmzﬂ\‘l'ﬁ mu'ﬁm Y =10,0.01

t = 4 Y v ] = r
uaz 0.001 ﬂ'lﬂ’ﬂllﬂﬂﬂﬂ‘lﬂﬁblﬂilz’ﬁﬂ’liﬂﬂllﬁ&‘ﬂ’liﬁﬂﬂ\ﬁ]ﬂﬂﬂ"Iﬂ’ﬂllﬂﬂﬂﬂ'lﬂvlllﬁ
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Sruseuluminaasy
n p P
50 100 199
0.1 0.01 100 0.0858 0.05 0.0288
0.125 0.01 100 0.0775 0.0438 0.0253
sumn 0.15 0.01 100 0.0708 0.0394 0.0234
0.175 0.01 100 0.0654 0.0361 0.0216
0.2 0.01 100 0.0610 0.0337 0.0206
0.10 0.1 100 0.09 0.0591 0.0441
0.10 0.2 100 0.0944 0.0659 0.0617
0.10 0.01 100 0.0858 0.05 0.0288
diuai o
0.10 0.02 100 0.0863 0.0509 0.03
0.10 0.001 100 0.0854 0.0492 0.0280
0.10 0.002 100 0.0854 0.0493 0.0280
0.10 0.001 50 0.0836 0.0508 0.0311
0.10 0.001 100 0.0854 0.0492 0.0280
0.10 0.001 200 0.0921 0.0537 0.0297
Wsust 5
0.10 0.001 300 0.0964 0.0575 0.0318
0.10 0.001 400 0.0991 0.0603 0.0336
0.10 0.00! 500 0.1010 0.0625 0.0351
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s1usevlunisnanes
1 4
50 100 199
0 0.0856 0.0498 0.0285
0.0025 0.0855 0.0495 0.0283
0.005 0.0853 0.0491 0.0281
0.0075 0.0852 0.0488 0.0279
0.0} 0.085 0.0486 0.0277
0.025 0.0842 0.0472 0.0271
msdsumeasims
. 0.05 0.0830 0.0457 0.0268
Be13I51 1

0.075 0.0819 0.0448 0.027
0.1 0.081 0.0443 0.0274
0.25 0.0771 0.0444 0.0315
0.5 0.0730 0.0482 0.0397
0.75 0.0701 0.0528 0.0473
1 0.0677 0.0577 0.0533
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Fimsevlumsnanea
Y
50 100 199
0 0.0852 0.0490 0.0277
0.0025 0.0852 0,0490 0.0276
0.005 0.0852 0.0489 0.0276
0.0075 0.0852 0.0489 0.0276
0.01 0.0852 0.0489 0.0276
0.025 0.0851 0.0487 0.0274
msdSuaionsims
n end 0.05 0.0849 0.0483 0.0272
(313350 2

0.075 0.0848 0.0480 0.0271
0.1 0.0846 0.0477 0.0269
0.25 0.0838 0.0463 0.0265
0.5 0.0827 (.0450 0.0271
0.75 0.0818 0.0448 0.0281
1 0.0812 0.0457 0.0319
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ihu’.l‘l-l‘iﬂ‘l.ﬂuﬂ]‘i‘l‘lﬂﬁﬂd
)4 u
50 100 199

0.01 0.01 0.0755 0.0417 0.0236
0.01 0.02 0.0778 0.0433 0.0245
0.01 0.03 0.0793 0.0443 0.0250
0.01 0.04 0.0802 0.0450 0.0254
0.01 0.05 0.0808 0.0455 0.0257
0.04 0.1 0.0827 0.0469 0.0265
0.01 0.2 0.0840 0.0478 0.0270
0.01 0.3 0.0846 0.0483 0.0272
0.01 0.4 0.0848 0.0485 0.0273
msUSumsasins 0.0l 0.5 0.0849 0.0485 0.0274
ﬁﬂ“?ﬁ%ﬁ 3 0.1 0.01 0.0887 0.0483 9.619
0.1 0.02 0.0670 0.0372 0.0275
0.1 0.03 0.0646 0.0361 0.0306
0.1 0.04 0.0647 0.0360 12.739
0.1 0.05 0.0655 0.0363 15.386
0.1 0.1 0.0700 0.0383 0.659
0.1 0.2 0.0761 0.0414 0.0260
0.1 0.3 0.0799 0.0437 0.0272
0.1 0.4 0.0820 0.0450 0.0275
0.1 0.5 0.0827 0.0453 0.0275
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1y Wsunsuililumsnanesiilsnsimsimuuasii
clear all; ¢le

rand(’seed',1032423);

randn{'seed’,42434123);

x_train = rand(200,1); %30y afilFaou ()
y_train = sinc({20*x_1rain-10)/pi);

y train=y_train + 0.2*randn(size(x_train }};

x_test =10.02:0.02:1]; %3 oyai1¥nanou (x)

9 =
y_idealiest = sinc((20%x_1est-10)/pi); "/ﬁ]ﬂiﬂﬁ'lﬂ%‘l’lﬂ do1{y)

no_data = size(x_train,1);
3 U =Y o
AT UARNTHITIUADS

beta =100; %AWUAT

leamrate =0.1; %Fi‘l?%lﬂﬂﬁﬁﬂﬂ%i

a

tho =0.001; %ANINNA I

for n=1;
[0 Zeinitiative %RTAUARIIUAY
e{n)=-y_train(n);
alpha=(-learnrate)*e(n);
tor i=1:50;
xlest = x_test{i);
yideahest=y_ideallest(i);
y_predici(i}=alpha*exp(-beta*(abs((x_train{n)-xies(}))."2),
fi=[y predicl(id};
error(i)=({ fT-yideaites1).”2);
end
MSE=sum(erver}length(y_idcaltest);
1_predict=alpha*exp(-bela*(abs(x_train(n)-x_train{n+1))).72),

end

for n=2:199

32



e(n)=[_predict-y_train(n};

alpha=[alpha*(1-leamrate*rho); -learnrate*e(n)l;

lor i=1:50
xtest = x_tesli);
yidealtest =y _idealtest(i);
for a=1:n
(f{a)=alphaa)*cxp(-beta*{abs(x_train{a)- x_test(i}))."2};
end

1= sum(;26[F(i, 1]+HFG,2);
crror()=({fi-y_idealtesi(i)).*2);

end
MSE(n)}=sum{crror)length{y idealtest);
for a= 1 %Values provided
f{a)=alpha{ay*exp(-beta*{(abs(x_train(n+1)-x_train{a)))."2) ;
end
[ predict=sum(iT);
cnd

hold on
plot(MSE) %N 3 1109 18 0HANDA

mean(MSE) %A RAIANUHANAIAN1A9804
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2) lilsunsnnlslumsnasesilidnsimsGouiuu 1
clear all; clc
rand("seed’,1032423);

randn('seed’,42434123);

X_{rain = rand(200,1); %%gaﬁﬁ’aﬂu (x)
y_train = sinc((20*x_train-10)/pi);

y_train =y train + 0.2*randn(size(x_train });

% test — [0.02:0.02:1]; %Aoyaiil¥nadou (x)

y_idealtest = sinc((20*x_test-10)/pi); %ﬂ’l’ﬂgaﬁl%’ﬂﬂﬁﬂﬂ {y)

no_data = size(x_train,1);
Y%ATHUAR N 11D

beta —100; %A NG

learnrate =0.1; %ﬂﬁﬁﬂﬂmﬁﬁﬂui
rho =0.001i: %fimnqm'lﬁw%'u

gramuma = 0.01; %A NI

for n=1;
£=[0]:%Initiative % THUARIGUAL
e(n)=-y_train{n);
alpha=(-learnrate(n))*e(n);
for i=1:50;
xtest = x_test{i);
yidealtest=y idealtesi(i);
y_predict(i}=alpha*exp(-beta*(abs((x_train(n)-xtest))).*2);
fi=ly predici(i)}’;
error(i)=(([f-yidealtest).”2);
cnd
MSE=sum(error)/length(y idealtest);

f predict=alpha*exp(-beta*(abs(x_train{n)-x_train(n+1))).2);

A = (f predict-y train{n+1))*e(n)*exp(-beta*(abs(x_(rain(n)-x_train(n+1)))."2);
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B = tho*({e(n)*alpha*exp(-beta*(abs(x_train(n))."2))});
C = (f predict-y train{n+1)}*alpha*exp(-beta*(abs(x_train(n+1))).~2);

end

for n=2:199
. e(n)=f predict-y train(n});
alpha=[alpha*(1-leamrate*rho); -learnrate*e(n)];
greg = A + B + C + ((rho”2)*alpha(n-1)*alpha(n)*(exp{-beta*(abs(x _train(n-1)-
x_train(n))).~2)));

learnrate = learnrate + gramma*greg;

for i=1:50
xtest = x_tesi(i);
yidealtest = y idealtest(i};
fora=l:n
fa)=alpha(a)*cxp(-beta*(abs(x_train(a)- x_test(i}))."2);
end

1= sum(M);%[FG, 1 +HF(,2)];
error(i)=((ff-y_idealtest(i)).~2);

end
MSE(n)=sum(error)/length(y _idealtest);
for a=1:n %Values provided
fi{a)=alpha(a)*cxp(-bela*(abs(x_train(nt 1)-x_train(a)))."2);
end
I predict=sum(fr); .
A ={f predict-y train(n))*e{n)*exp(-beta*(abs(x train{n+1)-x irain(a))).*2);
B = rho*((e(n)*alpha(n)*exp(-beta*(abs(x_train(a)))."2)});
C = (f_predict-y_train(n+1))*exp(-beta*(abs(x_train(a+1))).72),
greg = A + B + C + ((rho*2)*alpha(n-1,I)*alpha(n,1)*(exp(-beta*(abs(x_train(n-1)-
x_train(n))).*2)));



end
hold on
plot(MSE) %n317unasaiudavaIn

mean (MSE) %A URa0A NUHANAIANAI 004
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3) hilsuasuilflumsnaasanlidnnmaEouiuvy 2
clear all; clc
rand('seed',1032423):

randn('secd’,42434123);

X train = rand(200,1); %%ﬂuaﬁi%ﬂﬂu (x)
y_train = sinc((20*x_train-10)/pi);

y train=y train + 0.2¥randn{size(x train ));
x_test = [0.02:0.02:1]; ')/oé’fau“am%wﬂﬁau (x)

y_idealtest = sinc({(20¥x_test-10)/pi); %ﬁﬁﬂﬂuﬂﬁcﬁﬂﬂﬁ U (y)

no data = size(x_trainl});
%imuAA T ITADT

beta =100;%A1LUA

leamrate =0.1; %A10A310715458U3
tho =0.001; %fuanga lsemsu

gramma = 0.1; %’fhl.l.ﬂll‘ﬂ"l

for n=1;
=[0];%Initiative fHUARIS IR
¢{n)=-y_train{n);
alpha=(-lcamnratc(n))*e(n);
for i=1:50;
xlest=x_lest(i);
yidealtest=y idealtest(i);
y_predict(i)=alpha*exp(-beta*{abs({x_train(n)-xtest)))."2);
fi=ly_predict(i)I';
error(i)=({[f-yidealtest)."2);
end
MSE=sum(crror)/length(y idealtest);

[ predict=alpha*exp(-beta*(abs(x_train(n)}-x_train{n+1))).”2);

A = (f predict-y_train(n+1))*e(n)*exp(-beta*(abs(x_train(n)-x_train{n+1})).72) ;
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B = tho*({c(n)*alpha*cxp(-beta*(abs(x_train(i)}."2))));
C = (f predict-y_train(n+1))*alpha*cxp(-beta*(abs(x_train(n+1))).*2);

end

for n=2:199

e(n)=I[ predict-y_frain(n);

alpha=[alpha*(l-teamrate*rho); -learnrate*e(n)};

greg = A + B + C + ({rho"2)*alpha(n- i Y*alpha(n)*(exp(-beta*(abs(x_train(n-1)-
X _train(n))).~2)));

learnrate = leamrate*(1 + (pramma*greg));

for i=1:50
xtest = x_test{i);
yidealtest =y _idealtesi(i);
for a=1l:n
fila)=alpha(a)*exp(-beta*(abs(x_train(a)- x_test(i))).*2);
end

ff= sum(ff):2%[FG, DJHFG,2));

crror(i)=((ff-y_idealtest(i))."2);

end
MSE(n)=sum{error)/length(y idcaltest);
for a=1:n %Values provided
fi{a)=alpha(a)*exp(-beta*(abs(x_train(n+1)-x_train(a}))).*2) ;
end
[ predict=sum({t},
A = (f predict-y_train(n})*e(n)*exp(-beta*{abs(x_train(n+1)-x_train(a))).”2);
B = tho*({e{n)*alpha(n)*exp(-bela*(abs(x_train{a)))."2))),
C = ([ predict-y_train(n+1))*exp(-bela*{abs(x_train(a+1)))."2);
greg = A + B + C + ((rho*2)*alpha(n-1,} Y*alpha(n, 1) *{exp(-beta*(abs(x_train(n-1)-
x_train{n))).*2)));



end
hold on
plot(MSE) %n3THu8n 11uHANG 1A

mean(MSE) %ANR0ANUAANAIANA8 D4
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a) ilsunsamldlumsnanesilisnnimsSauium 3
clear all; clc
rand('seed',1032423);

randn{'seed’,42434123);

X_train = rand(200,1); %‘i’l’ﬂlql.aﬁ‘l‘fi’ﬁﬂu {x)

y train = sinc((20*x_train-10)/pi);

y_lrain =y train + 0.2*randn(size(x_train )},
x_test = [0.02:0.02:1]; %<ayaii ¥ nagon (x)

y_ideallest = sinc({20*x_test-10)/pi); %%ﬂyﬁﬁiﬂafﬂﬂﬂﬂﬂ )

no_data = size(x_train,1);
%ATMUAR IS 1IN DS

ocla =100, %A A

learnrate =0.1; %AORTINITGOUS
rho =0.01; %A usngarlserd
gramma = 0.01; % AN

mu = 0.0]; %A1

forn=1;
u={0];%Initiative %ﬁmuﬂfiu%"uﬁu
(=[0];%Initiative %MHUARIS LAY
e(n)=-y train(n);
Un{n)=1:
alpha=(-leamrate(n))*e(n);
for i=1:50;
xlest =x_tesl(i);
yideaitest=y idealtest(i);
y_predict{i)=alpha*exp(-beta*(abs((x_train(n)-xtest))).”2);
fi=[y predict(i)]";
error{i)=({{f-yidealtest).*2);
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end

MSE=sum(error)/lengih(y_idealtest);

f predict=alpha*exp(-beta*(abs(x_train(n)-x_train(n+1)))."2);

A = (f predict-y_train(n+1)¥*e(n)*exp(-beta*(abs(x_train(n}-x_train(u+1))}.%2) ;

B = rho*({e(n)*alpha*exp(-beta*(abs(x_train(n)).*2))));

C = (f predict-y_train(n+1))*alpha*exp(-beta*(abs(x_train(n+1)))."2);

AA = (exp(-beta*(abs(x_train{n+1)-x_train(n+1)}).*2)*((f_predict-y_train(n+1))"2);
BB =2¥f Jaredict—yilrain(nJr1))*rho*(alpha*exp(-bela*(abs((x_train(n+l))))."2));

end

for n=2:199
e(n)=f predict-y_train(n);
alpha=[atpha*(1-lcarnrate*rho); -learnrate*e(n)];
greg_2 = AA + BB + ((tho"2)*alpha(n)*alpha(n)*(exp(-beta*(abs(x_train(n)x_train{n))).*2}});
Un = {mu*Un)+{(I-mu)*greg_2);
greg = A + B + C + ((rho*2)*alpha(n-1)*alpha(n)*(exp(-beta*(abs(x_train(n-1)-
x_train(n))).”2)));
leamnrate = leamrate*{1 + (gramma/Un)*greg) ;
for i=1:50
xtest = x_fest(i);
yideallest = y_idealtesi(i);
for a=1:n
ff{a)=alpha(a)*exp(-beta*(abs(x_train{a)- x_tes(i))).2),
end
= sum{I6);%][ F(i, D]+HF(,2)];
error(i)=({ff-y_idealtest(i))."2),
end
MSE(n)=sum(error)/length(y_idealtest);
for a=1:n %Values provided
fila)=alpha(a)*exp(-beta*(abs(x_train(n+1)-x_train(a))).*2) ;
end

f predict=sum(ff);
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A = (f predict-y_train(n))*e(n)*exp(-beta*(abs(x train(n+1)-x train(a))).”2);

B = rho*((e(n)*alpha(n)*exp(-beta*(abs(x train(a))).*2)));

C = (f predict-y train{n+1})*exp(-beta*(abs(x_train(a+1)))."2);

AA = exp(-beta*(abs(x_train{n+1)-x_train(a+1))).72)*((f predict-y_train(n))*2);

BB = 2*({_predict-y_train(n))*rho*exp(-beta*(abs(x_train{a+1)})."2);

greg = A + B + C + ((tho"2)*alpha(n- I, I)*alpha(n, 1)*(exp(-beta*(abs(x train(n-1)-
x_train(n)))."2));

end
hold on
plot{MSE) %03 1HaUninnnuHanaia

mean (MSE) %ANBADANHANAIAMA 1684
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