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Abstract

This project studies online learning with kemel method using GUI (Graphical User
Interface). Approximation function can be investigated with online kemel method through
training data. The performance of leaming is measured with MSE (Mean Square Error) of
validation data. Using GUI in the experiments, types of training data and keme! function can be
selected easier than previous. Moreover, the experiments also show the affects of parameters

such as leaming rate, regularization parameter and kemel width to MSE.
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function varargoul = project final lupdale{varargin)

% PROJECT FINALIUPDATE M-file [or project_final lupdale. fig

% PROJECT_FINALIUPDATE, by itsell, creates a new PROJECT FINALIUPDATE or raises the
existing

%  singleton*.

%

% H = PROJECT_FINALIUPDATE returns the handle to a new PROJECT FINALIUPDATE or the
handle 10

%  lhe exisling singleton®,

%

%  PROJECT_FINALIUPDATE('CALLBACK' hObject,eventDaia,handles,...) calls the local

% lunction named CALLBACK in PROJECT FINALIUPDATE.M with the given input arguments.

%

% PROJECT_FINALIUPDATE(Property','Valug',...) creates a new PROJECT FINALIUPDATE or
raises lhe

%  existing singleton®. Starting from the lefl, property value pairs are

%  applied 1o the GUT before project_final lupdate OpeningFen gets called. An

%  unrecognized property name or invalid value makes property application

%  slop. All inputs are passed to project_finallupdate_OpeningFen via varargin.

%

%  *See GUI Oplions on GUIDE's Tools menu. Choose "GUT allows only one

%  instance to mun {singlelon)”.

%

% See also: GUIDE, GUIDATA, GUIHANDLES

% Edil the above lext lo modify the response to help project_final lupdate

% Last Modified by GUIDE v2.5 06-May-2011 00:46:21|

% Begin initialization code - DO NOT EDIT

gui_Singleton=1;

gui_Slale = struct('gui Name',  mifilename, ...

‘gui_Singleton', gui Singleton, ...
'gui_OpeningFen', @project_finallupdate OpeningFen, ...
‘gui_OuwtputFen', @project_finallupdate OwtputFen, ...

'gui LayoutFen', ], ...
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‘gui_Caliback’, []);
i nargin && ischar(varargin{1})
gui_Slale.gui_Callback = str2[unc(varargin{1});

end

if nargout

[varargout{I:nargout}] = gui_mainfenfgui_Siate, varargin{:});
else

gui_mainfcn(gui State, varargin{:}),
end

% End initialization code - DO NOT EDIT

% --- Executes just before project_linal lupdate is made visible.

function project_finallupdate_OpeningFen{hObject, eventdata, handlcs, varargin)
% This function has no output args, see OutpuiFen.

% hObject  handle 1o ligure

% eventdala reserved - lo be defined in a future version of MATLAB

% handles  slracture with handles and user data {see GUIDATA)

% varargin  command line arguments to project_final lupdate (sec VARARGIN)

% Choose defaull command line output for projeet_final tupdate

handles.oulput = hObject;

% Update handles struclure

guidata(hObjeci, handles});

% UIWAIT makes project_finallupdate wait for user response (sec UIRESUME)

% uiwail(handles.figurel);

% --- Qulputs from this {unction are returned (o the command line.

function varargout = project_finallupdate OutputFen(hObject, eventdata, handles)
% varargout cell array for returning oulpul args {sce VARARGOUT);

% hObject  handle to figure

% evenldala reserved - 1o be defined in a fulure version of MATLAB
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% handles structure with handles and user dama (see GUIDATA)
% Get defaull command line output from handles siructure

varargout{ !} = handles.output;

% --- Executes on button press in pushbuttonl.

function pushbuttonl_Callback{hObject, eventdata, handles)
% hObject  handle to pushbutton| {see GCBO)

% eventdata reserved - to be deflined in a Tulure version ol MATLAB
% handles  structure with handles and user data (see GUIDATA)
showm(handlcs.radiobution3)

showm(handles.radiobuliond)

showm(handles.radiobuitons)

showm(handles.radiobutlon6)

showm(handles.radiobutton?)

hidem(handles.radiobutteni)

hidem(handles.radiobutton2)

showmi{handles.text1)

hidem(handles.lext2)

hidem(handles.lext3)

hidem(handles.lexi4)

hidem(hand!es.iex(5)

hidem(handles.text6)

hidem(handles.tex(7}

hidem{handles.lext8)

hidem(handles.lex19)

hidem(handles.text 10}

hidem(handles.text11)

hidem(handles.text12)

hidem(handles.beta)

hidem{handles.ela)

hidem(handles.rho)

hidem(handles.slari)

hidem(handles.pushbutton6)

cla(handles.axes|,'reset’)

sei(handles.axes1, visible','off")



lunction beta_Caltback(hObject, eventdata, handles)

% hObject handle to bela {see GCBO)

% eventdala rescrved - 10 be defined in a luture version of MATLAB
% handles - structure wilh handles and user dala (sec GUIDATA)

% Hints: get{hObjcct,'String’} returns contenls of bela as texi

% sir2double{get(hObject,'String’}) returns conlents of bela as a double

d 1= str2double{get(hObject, 'Siring"));
if or{isnan{d!),d1<0)
sel(hObject, String, 0);
errordig{’Input must be a number >= 0','Error’);

end

% Save the new density value
handles. melricdata.dt = dI;

guidala(hObject, handles)

% --- Execules during objecl creation, afler seiling all properties.
function bela_CrealeFen(hObject, evenidala, handles)

% hObject  handle to beta (see GCBO)

% evenldala reserved - Lo be defined in a future version of MATLAB

% handles  emply - handles not created until afler all CreateFens called

% Hint: edit conirols usually have a while background on Windows.

%  See ISPC and COMPUTER.

il ispc && isequal(get(hObiject,'BackgroundColor'), get(0,'defautiUicontrolBackgroundCotor”))
set{hObject,'BackgroundColor’,'while');

end

% --- Executes on butlon press in pushbutton2.

function pushbutton2_Callback(hObject, eventdata, handles)

% hObject  handle 1o pushbution2 (see GCBO)

% evenldala reserved - to be defined in a future version of MATLAB

% handles  structure with handles and user data (see GUIDATA)
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showm{handles.radiobutton1)
showim(handles.radiobutton2)
hidem{handles.radiobution3)
hidem(handles.radiobulton4}
hidem(handles.radiobuitons)
hidem(handles.radiobutioné)
hidem(handles.radiobutlon7)
showm(handles.beta)

showm{handles.texi2)

showm(handles.text10)

hidem(handies.ext1}

hidem(handles.texi3)

hidem(handles.text4)

hidem(handles.1ext5)

hidem(handles.iext6)

hidem(handles.iex17)

hidem(handles.texi&)

hidem(handles.text9)

hidem{handles.lext11)

hidem(handles.text12}

hidem(handles. siart)
hidem(handles.pushbutlion6)
hidem(handles.cta)

hidem(handles.rho)

hidem(handles.axes1)
cla{handles.axes1,'reset’)

set(handles axesl,'visible''of")

% --- Executes on butlon press in pushbutton3.
function pushbutton3_Callback(hObject, eventdata, handles)
% hObjeet  handle 10 pushbutton3 (see GCBO)
% eventdata reserved - Lo be defined in a future version of MATLAB

% handles  structure with handles and user data {see GUIDATA)

showm(handles.eta)
showmthandles.cho)

showm{handles.text3)



showm(handles.tex14)
showm(handles.lext5)
showm(handles.text11)
showm(handles.lext]2)
hidem{handles.radiobution1)
hidem(handles.radiobutlon2)
hidem{handles_radiobution3)
hidem(handies.radiobulton4)
hidem(handles.radiobuuons)
hidem(hand!es.radiobulton6)
hidem(handles.radiobutton7)
hidem{handles.lext1)
hidem(handles.1ex12)
hidern{handles.text6)
hidem(handles.text7}
hidem(handles.texi8)
hidern(handles.tex19)
hidem(handles.text10)
hidem(handtes.start)
hidem(handles.pushbutton6)
hidem(handles.beia)
hidem(handles.axes|)
cla(handles.axesl, 'resel’)

sel(handles.axes],'visible','olT)

% --- Executes on button press in radiobulionl.

function radiohuttoni_CaIIback(hObject, eventdata, handles)

% hObject  handle to radiobuttonl (see GCBO)

%a evenldata reserved - to be defined in a future version of MATLAB
% handles  struciure with handles and user data (see GUIDATA)

% Hint: gel(hObject,'Value'} relurns toggle state of radiobutton!
sel(handles.radiobutton2,'value',0}

% --- Executes on bullon press in radiobutton2.

function radiobutton2_Callback(hObject, eventdata, handles)
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% hObject  handle Lo radiobutton2 {see GCBO)
% evenidala reserved - (o be defined in a [uture version of MATLAB
% handles  siructure with bandles and user data (sec GUIDATA)

% Hint: get(hObject,'Value') returns 10ggle state of radiobulton?

set{handles.radiobutton | 'value',0)

function eta_Callback(hObject, eventdata, handles)

% hObject  handle Lo eta {sce GCBO)

% evenldata reserved - o be defined in a future version of MATLAB
% handles  structure with handles and vser data {see GUIDATA)

% Hints: getthObjeel,'String’) returns contents of ela as text

% str2double{gel{hObject,'String”)} retumns contents of eta as a double

di= str2double(get(hObjecl, 'String"));
if or{isnan(d1),d1<0)
sel(hObject, 'String’, 0);
errordlg{‘Input must be a number >= 0''Error");

end

% Save the new density value
handles.metricdata.d] = di;

guidata(hObject,handles)

% --- Execules during object creation, after selting all properties.
{unctlion eta_CreateFen(hObjecl, eventdata, handles)

% hQObject  handle to eta (see GCBO)

% eventdata reserved - to be defined in a Future version of MATLAB

% handles empty - handles not created until afler all CreateFens called

% Hint: edit controls usually have a white background on Windows.

% See [SPC and COMPUTER.

if ispe && iscqual(gel(hObject,'BackgroundColor’), get(0,'defauliUicontrolBackgroundColor'))
sel(hObjecl,'BackgroundColor','while');

end
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function rho_Callback(hObject, cventdata, handles)
% hObject  handle Lo tho {see GCBQ}
% eventdala reserved - lo be defined in a future version ol MATLAB
% handles structurc with handles and user data (see GUIDATA)
% Hinls: get(hObject,'String’) returns conlents of rho as lext
% str2double(get(hObject,'String")) returns contents of rho as a double
d 1= sir2double(get{hObject, 'Siring);
if or{isnan{d1),d1<0)
sel{hObject, 'String', 0);
errordlg('Tnpul must be a number >= 0','Exror’);

end

% Save the new density value
handles.metricdala.dl = dl;

guidata(hObject,handles)

% --- Execules during object creation, afler selling all properties.
function rho_CreateFen{hObjecl, eventdala, handles)

% hObject handle to rho {(see GCBO}

% eventdala reserved - (o be defined in a future version of MATLAB

% handles emply - handles not crealed uniil afier all CrealeFens called

% Hinl: edil controls usually have a white background on Windows.

%  SeeISPC and COMPUTER.

if ispe && isequal{get(hObject,'BackgroundColor’), get(0,'defauliUicontrolBackgroundColor’))

set(hObjecl,'BackgroundColor',"white');

end

% --- Executes on bulton press in slart,

function start_Callback(hObject, eventdata, handles)

% hObject handle 1o slart (see GCBO)

% eventdala reserved - to be delined in a fulure version of MATLAB

% handles structure with handles and user dala (see GUIDATA)

beta=sir2znum(get(handles.beta,'string");

eta=str2num(gel{handles.cla,'string")};
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tho=stir2num(get(handles.rho,'siring"));

% clear all; clc

rand(’seed',1032423);
randn(’seed’,42434123);
ccl=gel(handles.radiobution3,'value');
cc2=gel(handles.radiobutiond,'value');
cc3=gel(handles.radiobullon5, value’);
ced=gel(handles.radiobullon6,'valuc');

cc5=get(handles.radiobulton?,' value');

ifecl==1
ccase=1;
elseil cc2—1
cecase=2;
elseil cc3==
ccase—3;
clseif ced==
ccasc=4;
clseif cc5==1
ccase=5,
end
cc6=gel(handles.radiobulion] 'value');
cc7=get(handles.radiobuiton2,'vatuc’),
ifeco—1
ccasel=1;
elseil cc7==
ccasel=2;

end

if cease—=1
x_lrain = rand(200,1); %iﬁ'ayaﬁ‘l‘%’ﬂeu X
y train = sinc({(20*x_1rain-10)/pi);
y_train =y _train +0.2*randn(size(x_ftrain )); %‘i’l’ﬂgﬁﬁ‘h’i’ﬁ [AERY

=
x_test = [0:0.02:1]';%4‘;'@:1111%’11%911 X
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y_idealtest = sinc({20*x_lest-10)/pi); %4’1'013@3‘31%’11%\':1611 y

nodata={1:50);

elseil ccase==
. ’ Hq ¥
x_lrain = rand(200,1}); %ﬁagaw‘lﬂmau X
y_lrain = exp((20*x_\rain-10)/pi};
y Irain=y_train + 0.2%randn{size(x_frain )); %%gam%’ﬁﬂu y
x_test = [0:0.02:11; %Yoy ldmadeu x
y_idealtest = exp({20*x_test-10)pi); %i’]’ayaﬁ‘h’s’maau y

nodata={1:50);

elseif ccase—3
x_lrain = rand{(200,1); %ﬁayaﬁiﬂ’fﬁau X
a=((40*x_train-10}/pi);
y_lrain = exp(0.1%a).*sin(a};
¥ train=y irain + 0.2*randn(size(x_lrain }); %ﬁ’l’ﬂyﬂﬁh’fﬁﬂu y
x_test = [0:0.02:11;% %oy 14mazon x
y_idealtest = exp{0.1*(40*x_test-10)/pi). *(sin{(40*x_test-10)/pi)); %%ﬂigﬂﬁﬂl%ﬂﬁﬁﬂﬂ y
nodata={1:50);

clseif ccase—4
x_train = rand(200,1); %4ayaitldou x
xx(1:000) = x_train(1:100)*{-10),
xx(101:200) = x_train(101:200)*(10);
X_train=xx";
p=1[03-1.60.820.09];
y_lrain = polyval{p,x_train);
y_lrain =y_train + 0.2*randn(size(x_train)); %‘i’fayaﬁ'l%'a My
x_test ~[0:0.02:1 F;%Souaftlénano x
y_idealtest=[0.3 -1.6 0.8 2 0.9];
X_tesl=20*x_test-10;
y_idealtest = polyval(y idealiesL,(x_lesi));
% y_idealtest = polyval(y idealtest,(20*x_test-10)/pi),
nodata=(1:50);
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clseil ccase—
load 1raindatal
x_lmin;
y_lrain;
X_lesl;
y_idealles(;
nodata=(1:100);

end

no_data = size(x_(rain,1);
w%imusA ozl TumvesmsHines
for n=|
E-{0];%f MuRA U uAY
e(n)=-y_train(n);
alpha=(-eta)*e(n);
if cci==
for i=1:100
x_test{i);
yidealtest = y idealtest(i);
[i)=alpha*ker!(x train{n),x test{i),beta,ccasel);
(=T
error(i}=({Fyidealtest).~2);
end
MSE=sum(error)length(y_idealtest);

f_predict=alpha*ker](x_train{n),x_train{n+1),beta,ccasc});

else

for i=1:50
x_test(i);
yidealtest = y_ideallest(i};
fli)=alpha*ker| (x_traih(n),xﬁles((i),bcta,ccasel);
(=[G
emror(i}=({f-yidealtest).»2);

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

f_predict=alpha*ker1(x_(rain{n),x_train{n+1),beta,ccasel);
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end
end
h=waitbar(0,' Please wail...");
for n=2:199
e(n)=f predict-y train(n);

aipha=[alpha*( | -eta*rho); -eta*e(n)];

if ce5=1
for i=1:100
X lest(i);
yidealtest =y idealiest(i);
{or j=ln
[Mj)=alpha(j)*ker1(x_train{j),x test{i),bela,ccasel);
end

y predicl(i)= sum{fT);
emror(i}=({y_predict{i)-y_idealtest{i)).*2);

end
MSE(n)=sum(error)/tength(y idealtest);
else
for i=1:50
x_lesl(i);
yidealiest = y_idealtest(i);
for j=1:n
fIl{j}=alpha(jy*ker 1{x_train(j),x_test{i),beta,ccasel);
end

y_predici(i)= sum(fT);
emmor(i)=((y_predict(i)-y_idealtest{i}>."2);

end
MSE(n)=sum{error)/length(y_ideallest);

end

for j=I:n

fi{j)=alpha(j}*ker1{x_train{n#1),x_train{j),beta,ccasel);
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end
{ predict=sum(IT);
waitbar{n/200,h)
cnd

close(h)

MSE; %A R funAnwanisames

figure(2)

plot MSE,'b, LineWidih',1.5) %n3Mva3nnnuEavan
xlabel("llerations'};

ylabel('"MSE")

figure(1)
plol(x_lrainy_train,'r*,x_test,y_idealtest,'b’,x_testi{nodata),y predict,'g’, LineWidih',1.2)
legend('train’,'test’, funclion®)
handles.x_train=x_(rain;
handles.y _Irain=y_train;
guidata(hObject, handles);
showm(handles.texi8)
showm(handles.tex(9)
function kernel=ker1(x_train,x_test,beta,m)
ifm==1
kermel=exp(-beta*{abs((x_train-x_tes)}).»2);
elseif m—2
r=norm(x_train-x_iest);
if =0
kernel=bela/pi;
else
kemel=sin(beta*r)/(pi*r);

end
end
% --- Execuies on bulion press in pushbuttond.

function pushbutten5_Callback(hObject, eventdata, handles)

% hObject  handle Lo pushbuttond (see GCBO)
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% evenldala reserved - to be defined in a future version of MATLAB
% handles  struclure with handles and user data {see GUIDATA)
showm(handles.pushbulton6)
showrm(handles.lex17)
hidem(handles.radiobﬁllonl)
hidem{handles.radiobuiton2}
hidem(handles.radiobutton3)
hidem(handles.radiobuliond)
hidem(hand!es.radiobuttons)
hidem{handles.radicbutlon6)
hidem(handles.radiobulion7}
hidem(handles.tex(1)
hidem(handles.tex12}
hidem(handles.text3)
hidem(hand!les.tex14)
hidem{handles.1exi5)
hidemihandles.iex(6)
hidem(handles.iex(8)
hidem(handles.(ex19}
hidemn(handles.text10}
hidem{handles.texi11)
hidem(handles.iexil2)
hidem(handles start)
hidem(handles.beta)
hidem(handles.eia)
hidem(handles.rho)
cla(handles.axes], reset')

set(handles,.axes) 'visible','ofT")

% --- Executes on button press in radiobulton3.

function radiobutton3_Callback(hObject, eventdata, handles)

% hObject handle 10 radiobutton3 (see GCBO)

Yo eventdala reserved - to be defined in a future version of MATLAB

% handles  structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of radicbution3
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sci(handles.radicbullond,'value',0)
set(handles.radiobutions, value',0}
sci{handles. radiobutton6," value', ()
sel(handles.radiobulton7, value',0)
rand(’seed’,1032423);
randn('secd',42434123),

%_Irain = rand(200,1); %%Byﬁ?‘llf!”ﬂ’ﬁﬂu X
y_train = sinc((20*x_Lrain-10)/pi);

y_lrain = y_(rain + 0.2*randn(size(x_train ));
axes(handles.axes])

ploi(x_trainy train,'r*')

% --- Executes on bulton press in radiobuttond.

function radiobuttond_Callback(hObject, eventdaia, handles)

% hObject  handle lo radiobuttond (see GCBQ)

% eventdala reserved - to be defined in a future version of MATLAB
% handles  structure with handles and user data (see GUIDATA)

% Hint: gei(hObject,'Value') returns toggle state of radiobuiton4

sel{handles.radiobullon3, value',0}
sei(handlcs.radiobutton5, value',0)
set(handles.radiobullong,'value',0)
sel(handles.radiobutton?,'value',0)
rand{’sced’, 1032423},
randn('seed',42434123);

x_Lrain = rand{200,1);

y_train = exp{{20*x_lrain-10)/pi},
y_train=y_train + 0.2*randn(size(x_lrain ));
axes(handles.axes)

ploi{x_train,y train,'t*')

% --- Execules on bullon press in radiobulton3.
function radiobutton5_Callback(hObject, eventdata, handles)
% hObject  handle to radiobulton3 (see GCBQ)

% eventdala reserved - to be defined in a future version of MATLAB
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% handies  structure with handles and user dala (see GUIDATA)

% Hint: get(hObject,'Value') retums toggle siate ol radiobutton3

scl(handles_radiobutton3,'value',0) -
set(handles.mdiobution4,'value',0)
sel{handles.radiobution6,'value',0)
sel(handles.radiobutton?,'vaiue’,0)
rand(‘seed’,1032423);
randn('sced’,42434123);
X_train = rand(200,1);
a=((40*x_irain-10)/pi);
y_train = exp(0.1*a).*sin(a);
y_lrain=y_train + 0.2*randn(size(x_train ));
axes(handles.axes1)

plot(x train,y train %)

% --- Execules on button press in radiobutton6.
funetion radiobutton6_Callback(hObject, eventdata, handles)

% hObjecl  handic to radiabuttoné (see GCBO)

% eventdala reserved - 1o be delined in a future version of MATLAB

% handles  structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle stale of radiobutton6

set(handles.radiobulton3, value',0)
sel(handles.radiobuttond,'value',0)
sel{handles.radiobuttons, 'value’,0)
set(handles.radiobutton?,'value',0)
rand{'seed',1032423);
randn{’seed', 42434 123);

x_lrain = rand(100,1);

xx(1:50) = x_Irain(1:50)*(-10);

xx(51:100) = x_train(51:100)*(10);

X_lrain=xx';

p=[0.3-1.60.820.9];

y_train = polyval(p,x_train),

y_lrain =y train+ 0.2*randn{size(x_Irain)); %‘i’fﬂ}gﬂ‘m‘gﬁﬂu y

58



59

axes(handles.axes!)

plot(x_lrain,y_train, r*")

% --- Execules on button press in radiobutton?,

function radiobutton7_Callback(hObject, eventdata, handles)
% hObject handle to radiobutton7 (see GCBO)

% cvenidata reserved - to be defined in a finture version of MATLAB
% handles  siructure with handles and user data {see GUIDATA)
% Hint: gel(hObject,'Value') returns loggle state of radiobullon?7
set(handles.radiobution3,'value’,0)
sel{handles.radiobuttond,'value',0)
sei(handles.radiobuilon$,'value',0)
sel(handles.radiobuttond, value',0)

load traindatal

x_lrain;

y_lrain;

axes(handles.axes1)

plot{x_train,y_train,'r*')

% —— Execules on bulten press in pushbutiond,

function pushbuttond_Callback(hQObject, eventdata, handles)
% hObject  handle to pushbultlond (see GCBO)

% eventdata reserved - 10 be defined in a future version of MATLAB
% handles  structure with handles and user data (see GUIDATA)
showm(handles.slart)

showm(handles.tex(6)

hidem(handles.radiobutton1)

hidem{handles.radicbutton?2)

hidem(handles.radiobutton3)

hidem(handles.radiobulton4)

hidem(handles.radiobuttons)

hidem(handles.radiobutton6)

hidem(handles.radiobutton?)

hidem(handles.textt)

hidem(handles.text2}

hidem(handles.text3)



hidem{handles.lext4)
hidem(handles.lex(5)
hidem(handles.lex(7)
hidem(handles.1ex18)
hidem(handles.text9)
hidem(handles.text10)
hidem{handles.lext11)
hidem(handles.iext12)
hidem(handles.pushbulion6)
hidem(handles.beta)
hidem(handles eta)
hidem{handles.rho)
cla(handles.axes |, 'resel’)

sel(handles.axes|, 'visible','ofT")

% --- Execules on button press in pushbutton6.

funclion pushbutton6_Callback(hObject, eventdala, handles)
% hObject  handle 10 pushbutton6 (see GCBO)
Yo eventdata reserved - Lo be defined in a fulure version of MATLAB
% handles  struclure with handles and user data (see GUIDATA)
% --- Executes on bution press in pushbulton6.
x_train=handles.x_lrain;
y_train=handles.y Irain;

[filename, pathname] = uipulfile(...

{*.mal’;"* *'} .

‘Save as");
dirl=cd;
cd(palhname}
save{filename)

cd(dirl)
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