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ELM U e claasls .

n_input = 4; Jnumber of input neurons
n_op = 3; /Jnumber of output neurons
n_hid = 4; Anumber of hidden mneurons
w_ih = rand(n_hid,n_input);

w_ho = rand(n_hid,n_op);

et
k

1;

n o

1;
load fisheriris
Zdefine training set
in=[1;

for i = 1:40

temp = [meas(i,:);meas(50+i,:);meas (100+i,:)];
in = [in; temp];

end

SN

coding (+1/-1) of 3 classes
= [0.1 0.1 0.9];
[0.1 0.9 0.1];
[0.9 0.1 0.1];

o o p
|

/% define targets
temp = [repmat(a,1,1); repmat(b,1,1); repmat(c,1,1)];
desired_out = repmat (temp, [40 1]);

iteration = 10;
error = zeros(iteration,n_op);
for iter = l1l:iteration

av




for j = 1:size(in,1)

Zestimated output
op_w = w_ih * in(j,:)"';
op_sig =1 ./ (1 + exp(-(op_w)));
out = 1 ./ (1 + exp(-(op_sig' * w_ho)));
e = desired_out(j,:) - out;

Z0utput weights updation
delta = (out .* (1 - out)) .* e;
w_ho = w_ho + eta * op_sig * delta;

AInput weights updation
delta_hid = op_sig' .* (1 - op_sig) '.* (delta * w_ho');
w_ih = w_ih + eta * (in(j,:)' * delta_hid);

end

error (iter,:) = e;

iter;
end
sse = sum((error(l:iter,:) .~ 2),2)
plot(sse);

title('error square plot for Iris Flowers training set');
xlabel('no of iterations');
ylabel('error. 2');

ATesting
inl = [meas(41:50,:) ;meas(91:100,:) ;meas(141:150,:)1;
out = [];
for i = 1:size(inl1,1)
op_w = w_ih * in1(i,:)';
op_sig =1 ./ (1 + exp(-(op_w)));
out(i,:) =1 ./ (1 + exp(-(op_sig' * w_ho)));
end
out;

(ELM) olg ;S50 cpdle Clio asls  :Y-T asls

function [TrainingTime,TrainingAccuracy,TestingTime,TestingAccuracy]=
ELM(TrainingData_File,TestingData_File,Elm_Type,
NumberofHiddenNeurons ,ActivationFunction)

% Input:

% TrainingData_File - Filename of training data set

% TestingData_File - Filename of testing data set

% Elm_Type - 0 for regression; 1 for(binary and

aA
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BN

MultiClasses) classification
NumberofHiddenNeurons - Number of hidden neurons assigned to the ELM
ActivationFunction - Type of activation function:
'sig' for Sigmotidal function
'sin' for Sine function
"hardlim' for Hardlim function

"tribas ' for Triangular bastis function
'"radbas ' for Radial basis function
Output:
TrainingTime - Time (seconds) spent on training ELM
TestingTime - Time (seconds) spent on predicting ALL
testing data
TrainingAccuracy - Training accuracy:

RMSE for regresstion or correct classification
rate for classification
TestingAccuracy - Testing accuracy:
RMSE for regresstion or correct
classification rate for classification

MULTI-CLASSE CLASSIFICATION: NUMBER OF OUTPUT NEURONS WILL BE
AUTOMATICALLY SET EQUAL TO NUMBER OF CLASSES

FOR EXAMPLE, if there are 7 classes in all, there will have 7 output

neurons; neuron 5 has the highest output means input belongs to 5-th
class

regresstion:ELM(' fisheriris_train', 'fisheriris_test',0,10, 'stig')
classification:ELM('fisheriris_train', 'fisheriris_test',1,10, 'sig')

REGRESSION = O0;

CLASSIFIER

1;

AARARAA%%%% Load training dataset
train_data = load(TrainingData_File);

T
X

= train_data(:,1);
= train_data(:,2:size(train_data,2));

clear train_data;

AARAAAAA%%% Load testing dataset
test_data = load(TestingData_File);

TV.T = test_data(:,1);

TV.X = test_data(:,2:size(test_data,b2));
clear test_data;

NumberofTrainingData = size(X,1);
NumberofTestingData = size(TV.X,1);
NumberofInputNeurons = size(X,2);

if Elm_Type~=REGRESSION

AAARRRBAALRRYL Preprocessing the data of classification
label = unique(T);

number_class = numel (label);

NumberofOutputNeurons = number_class;

AAARRRKAAL Processing the targets of training
temp_T = zeros(NumberofTrainingData ,NumberofOutputNeurons) ;
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for i = 1:NumberofTrainingData

for j = 1:number_class
if label(j,1) == T(i,1)
break;
end
end
temp_T(i,j) = 1;

end
T = temp_T * 2 - 1;

AAARKRUAAL Processing the targets of testing
temp_TV_T = zeros(NumberofTestingData,NumberofOutputNeurons) ;
for i = 1:NumberofTestingData
for j = l:number_class
if label(j,1) == TV.T(i,1)
break;
end
end
temp_TV_T(i,j) = 1;
end
TV.T = temp_TV_T * 2 - 1;

end

ARBRBIRALLS Random generate input weight and bias of hidden neurons
start_time_train=cputime;

W rand (NumberofHiddenNeurons ,NumberofInputNeurons) * 2 - 1;
b rand (NumberofHiddenNeurons ,1) ;

tempH = W * X';

clear X;

ind = ones(1,NumberofTrainingData);

B = b(:,ind);

tempH = tempH + B;

ARRAAAAAA%% Calculate hidden layer output matriz H
switch lower (ActivationFunction)
case {'sig','sigmoid'}
AXXXLELY Sigmoid
H=1 ./ (1 + exp(-tempH));
case {'sin', 'sine'}
AXXRRKLYL Sine
H = sin(tempH);
case {'hardlim'}
AAXXXAAY Hard Limit
H = double(hardlim(tempH));
case {'tribas'}
AARBARRYL Triangular basis function
H = tribas(tempH);
case {'radbas'}
AAXRAALY Radial basis function
H = radbas(tempH) ;
end
clear tempH;
H=H';
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ARBRRARLALAL Calculate output weights
OutputWeight = pinv(H) * T;

end_time_train = cputime;
TrainingTime = end_time_train - start_time_train

AARAARAAA%%% Calculate the ELM Network output
Y = H *x OutputWeight;

ARRAAARAAAAL Calculate the training accuracy

if Elm_Type == REGRESSION
TrainingAccuracy = sqrt(mse(T - Y))

end

clear H;

ARRRRAAALA% Calculate the output of testing input
start_time_test = cputime;

tempH_test = W *x TV.X';

clear TV.X;

ind = ones(1,NumberofTestingData);

B = b(:,ind);

tempH_test = tempH_test + B;

switch lower (ActivationFunction)

case {'sig','sigmoid'}

H_test 1 ./ (1 + exp(-tempH_test));
case {'sin', 'sine'}

H_test = sin(tempH_test);
case {'hardlim'}

H_test = hardlim(tempH_test);
case {'tribas'}

H_test = tribas(tempH_test);
case {'radbas'}

H_test = radbas(tempH_test);

end
H_ test = H_test';

RAAXRKALAARTY : the actual output of the testing data
TY = H_test * OutputWeight;

end_time_test=cputime;
TestingTime = end_time_test - start_time_test

AARAARAAA%%% Calculate the testing accuracy

if Elm_Type == REGRESSION
TestingAccuracy = sqrt(mse(TV.T - TY))

end

if Elm_Type == CLASSIFIER

ARKRBIRALYL Calculate training and testing classification accuracy
MissClassificationNumber_Training = O;
MissClassificationNumber_Testing = O;

for i =1 : size(T,1)
[~, label_index_expected] = max(T(i,:));
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[~, label_index_actual] = max(Y(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Training =
MissClassificationNumber_Training + 1;

end
end
MissClassificationRate_Training = MissClassificationNumber_Training
/ size(T,1);
TrainingAccuracy = 1 - MissClassificationRate_Training;
TrainingError = 1 - TrainingAccuracy;

for i =1 : size(TV.T,1)
[~, label_index_expected] = max(TV.T(i,:));
[~, label_index_actuall]l = max(TY(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Testing =
MissClassificationNumber_Testing + 1;

end

end

MissClassificationRate_Testing = MissClassificationNumber_Testing /
size(TV.T,1);

TestingAccuracy = 1 - MissClassificationRate_Testing;

TestingError = 1 - TestingAccuracy;

end
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function [TrainingTime,TestingTime,TrainingAccuracy,TestingAccuracy,
TestingError] = QRI_ELM(TrainingData_File,TestingData_File,Elm_Type
,ActivationFunction,epsilon,Mmax)

/4 regression:Q@RI_ELM('fisheriris_train', 'fisheriris_test',0, 'stg',.2,5)
/# classtification:QRI_ELM('fisheriris_train', 'fisheriris_test',1, 'stg

',.2,5)

REGRESSION=0;
CLASSIFIER=1;

AARBARAARRY Load training dataset

train_data = load(TrainingData_File);
T = train_data(:,1);
X = train_data(:,2:size(train_data,2));

AARBIRLARRL Load testing dataset
test_data = load(TestingData_File);

TY.T = test_data(:,1);

TV.X test_data(:,2:size(test_data,2));

NumberofTrainingData = size(X,1);
NumberofInputNeurons size(X,2);
NumberofTestingData = size(TV.X,1);

if Elm_Type~=REGRESSION
AAXRRABAALRRS Preprocessing the data of classification
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label = unique(T);
number_class = numel (label);
NumberofOutputNeurons = number_class;

AARBARAAARL Processing the targets of training
temp_T = zeros(NumberofTrainingData ,NumberofOutputNeurons) ;
for i = 1:NumberofTrainingData
for j = l:number_class
if label(j,1) == T(i,1)
break;
end
end
temp_T(i,j) = 1;
end
T = temp_T * 2 - 1;

RAAXKRIBAARL Processing the targets of testing
temp_TV_T = zeros(NumberofTestingData,NumberofOutputNeurons) ;
for i = 1:NumberofTestingData

for j = l:number_class
if label(j,1) == TV.T(i,1)
break;
end
end
temp_TV_T(i,j) = 1;

end
TV.T = temp_TV_T * 2 - 1;

end

start_time_train = cputime;

= rand (1,NumberofInputNeurons) * 2 - 1;
rand(1,1);

b(:,ones(1,NumberofTrainingData));
empH = W *x X' + Bj;

W
b
B
t

#Calculate the hidden-layer output matriz with single hidden node
switch lower (ActivationFunction)

case {'sig','sigmoid'}
H=1 ./ (1 + exp(-tempH));
case {'sin', 'sine'}

H = sin(tempH);
case {'hardlim'}
H = double(hardlim(tempH));
case {'tribas'}
H = tribas(tempH) ;
case {'radbas'}
H = radbas(tempH);
end

H=H';

AAX5%%%%%%Calculate the inverse of R
p = (H'sH)"(-1/2);
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KAXXZLLLE Sk Calculate @
Q =H * p;

AX%%%Calculate the output weights between hidden layer and output
OQutputWeight = p * Q' * T;

M= 1;
WeightInputs = [WeightInputs ; W];
BiasHidden = [BiasHidden ; b]l;

while norm(T - H*OutputWeight,2) > epsilon && M <= Mmax

W_Mplusl = rand(l,NumberofInputNeurons) * 2 - 1;
b_Mplusi rand(1,1);

B_Mplus1 b_Mplusi(:,ones (1, NumberofTrainingData));
tempH_Mplusl = W_Mplusl * X '+ B_Mplusil;

WeightInputs = [WeightInputs ; W_Mplusi];
BiasHidden = [BiasHidden ; b_Mplusl];

switch lower (ActivationFunction)

case {'sig','sigmoid'}
H_Mplusl =1 ./ (1 + exp(-tempH_Mplusl));
case {'sin','sine'}

H_Mplusl = sin(tempH_Mplusl);
case {'hardlim'}
H_Mplusl = double(hardlim(tempH_Mplusl));
case {'tribas'}
H_Mplusl = tribas(tempH_Mplusl);
case {'radbas'}
H_Mplusl = radbas(tempH_Mplusl);
end

H_Mplusl = H_Mplusl';

Ah%%kCalculate [Q R] of H Matriz after adding A New Hidden Node
deltaR_MPlusl = Q'*H_Mplusi;

deltah_MPlusl = H_Mplusl-Q*deltaR_MPlusli;

p(M+1,M+1) = 1 / sqrt(deltah_MPlusl' * deltah_MPlusl);
q_Mplusl = deltah_MPlusl * p(M+1,M+1);

OutputWeight_ Mplusl = p(M+1,M+1) * q_Mplusl' * T;
OutputWeight = [OutputWeight - p(1:M,1:M) * deltaR_MPlusl x*

OutputWeight _Mplus1l;
OQutputWeight_Mplusi];

p= [p(1:M,1:M) -p(1:M,1:M) * deltaR_MPlusl * p(M+1,M+1)
zeros (1,M) p(M+1,M+1)1;

Q = [Q q_Mplusil;

H = [H H_Mplusi];
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M = M+1;

end
end_time_train = cputime;
TrainingTime = end_time_train - start_time_train;

Y_gqr = H * OutputWeight;

if Elm_Type == REGRESSION
TrainingAccuracy = sqrt(mse(T - Y_qr))
end

AARBARA LR Calculate the output of testing input
start_time_test = cputime;

B = BiasHidden(:,ones(1,NumberofTestingData));
tempH_test = WeightInputs * TV.X' + B;

switch lower (ActivationFunction)

case {'sig','sigmoid'}

H_test 1 ./ (1 + exp(-tempH_test));
case {'sin', 'sine'}

H_test = sin(tempH_test);
case {'hardlim'}

H_test = hardlim(tempH_test);
case {'tribas'}

H_test = tribas(tempH_test);
case {'radbas'}

H_test = radbas(tempH_test);

end
H_test = H_test';

AARBARAAZRTY : the actual output of the testing data
TY = H_test * OutputWeight;

end_time_test = cputime;
TestingTime = end_time_test - start_time_test;
if Elm_Type == REGRESSION
TestingAccuracy = sqrt(mse(TV.T - TY))
end
if Elm_Type == CLASSIFIER
ARKRRIR AR Calculate training and testing classification accuracy
MissClassificationNumber_Training = O;
MissClassificationNumber_Testing = O;

for i = 1 : size(T,1)
[~, label_index_expected] = max(T(i,:));
[~, label_index_actuall] = max(Y_qr(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Training =
MissClassificationNumber_Training + 1;
end
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end

MissClassificationRate_Training = MissClassificationNumber_Training
/ size(T,1);

TrainingAccuracy = 1 - MissClassificationRate_Training;

TrainingError = 1 - TrainingAccuracy;

for i = 1 : size(TV.T,1)
[~, label_index_expected] = max(TV.T(i,:));
[~, label_index_actuall] = max(TY(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Testing =
MissClassificationNumber_Testing + 1;

end
end
MissClassificationRate_Testing = MissClassificationNumber_Testing /
size(TV.T,1);
TestingAccuracy = 1 - MissClassificationRate_Testing;
TestingError = 1 - TestingAccuracy;
end

function [TrainingTime,TrainingAccuracy,TestingTime,TestingAccuracyl=
DFELM(TrainingData_File,TestingData_File, Elm_Type,
NumberofHiddenNeurons, ActivationFunction)

/4 regression:DFELM('fisheriris_train', 'fisheriris_test', 0, 10, 'sig')

% classification:DFELM('fisheriris_train', 'fisheriris_test', 1, 10, '
sig ')

JM1=M2=M/2

REGRESSION = 0;
CLASSIFIER = 1;

AAXRAAA A %X Load training dataset

train_data = load(TrainingData_File);
T = train_data(:,1);
X = train_data(:,2:size(train_data,b2));

clear train_data;

AAXRAAS A %K Load testing dataset

test_data = load(TestingData_File);

TV.T = test_data(:,1);

TV.X = test_data(:,2:size(test_data,2));
clear test_data;

NumberofTrainingData = size(X,1);
NumberofTestingData = size(TV.X,1);
NumberofInputNeurons = size(X,2);
if Elm_Type ~= REGRESSION

AARBARR LXK Preprocessing the data of classification
label = unique(T);
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number_class = numel (label);
NumberofOutputNeurons = number_class;

ARRRARAASSProcessing the targets of training
temp_T = zeros(NumberofTrainingData,NumberofOutputNeurons) ;
for i = 1:NumberofTrainingData
for j = l:number_class
if label(j,1) == T(i,1)
break;
end
end
temp_T(i,j) = 1;
end
T = temp_T * 2 - 1;

AARKARR LR Processing the targets of testing
temp_TV_T = zeros(NumberofTestingData,NumberofOutputNeurons) ;
for i = 1:NumberofTestingData
for j = l:number_class
if label(j,1) == TV.T(i,1)
break;
end
end
temp _TV_T(i,j) = 1;
end
TV.T = temp_TV_T * 2 - 1;

end
start_time_train = cputime;

Ak%LkRandom generate input weights and biases of hidden neurons
W = rand(NumberofHiddenNeurons , NumberofInputNeurons) ;

b rand (NumberofHiddenNeurons ,1) ;

B = b(:,ones(1,NumberofTrainingData)) ;

tempH = W *x X'+ B;

AXXA5%%%%%%Calculate hidden meuron output matriz H
switch lower (ActivationFunction)

case {'sig','sigmoid'}
H=1 ./ (1 + exp(-tempH));
case {'sin', 'sine'}

H = sin(tempH);
case {'hardlim'}
H = double(hardlim(tempH));
case {'tribas'}
H = tribas(tempH) ;
case {'radbas'}
H = radbas(tempH);
end

H o= H'
AAAARAALRS % Calculate output weights

M1 = NumberofHiddenNeurons / 2;
M2 = NumberofHiddenNeurons / 2;
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H1 = H(:,1:M1);

H2 = H(:,M1+1:end);

E = H2' * H2;

F = pinv(E) * H2' * T;

G = eye(NumberofTrainingData ,NumberofTrainingData) - H2 * pinv(E)*H2';
V =H1'" * G * Hi;

OutputWeightl = pinv(V) * H1' x (T - H2 % F);
OQutputWeight2 = F - pinv(E) * H2' x H1 * QOutputWeightl;
OutputWeight = [OutputWeightl;OutputWeight2];

end_time_train = cputime;
TrainingTime = end_time_train - start_time_train

RAARKRABAALY : the actual output of the training data
Y = H * OutputWeight;

ARRAAA% A%k Calculate the training accuracy

if Elm_Type == REGRESSION
TrainingAccuracy = sqrt(mse(T - Y))

end

clear H;

ARRRAAAA %S Calculate the output of testing input
start_time_test = cputime;

tempH_test = W *x TV.X';
B = b(:,ones(1,NumberofTestingData));
tempH_test = tempH_test + B;

switch lower (ActivationFunction)

case {'sig','sigmoid'}

H_test 1 ./ (1 + exp(-tempH_test));
case {'sin', 'sine'}

H_test = sin(tempH_test);
case {'hardlim'}

H_test = hardlim(tempH_test);
case {'tribas'}

H_test = tribas(tempH_test);
case {'radbas'}

H_test = radbas(tempH_test);

end
H_test = H_test';

ARBRRIRLELTY : the actual output of the testing data
TY = H_test * OutputWeight;

end_time_test = cputime;
TestingTime = end_time_test - start_time_test

AARARRL % %% Calculate testing accuracy (RMSE) for regression case

if Elm_Type == REGRESSION
TestingAccuracy = sqrt(mse(TV.T - TY))
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end

if Elm_Type == CLASSIFIER

AAXKRAS ALK Calculate training and testing classification accuracy
MissClassificationNumber_Training = O;
MissClassificationNumber_Testing = O;

for i =1 : size(T, 1)
[~, label_index_expected] = max(T(i,:));
[~, label_index_actual] = max(Y(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Training =
MissClassificationNumber_Training + 1;

end
end
MissClassificationRate_Training = MissClassificationNumber_Training
/ size(T,1);
TrainingAccuracy = 1 - MissClassificationRate_Training;
TrainingError = 1 - TrainingAccuracy;

for i = 1 : size(TV.T, 1)
[~, label_index_expected] = max(TV.T(i,:));
[~, label_index_actuall]l = max(TY(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Testing =
MissClassificationNumber_Testing + 1;

end

end

MissClassificationRate_Testing = MissClassificationNumber_Testing /
size(TV.T,1);

TestingAccuracy = 1 - MissClassificationRate_Testing;

TestingError = 1 - TestingAccuracy;

end
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function [TrainingTime,TrainingAccuracy,TestingTime,TestingAccuracy]=
TELM(TrainingData_File,TestingData_File,Elm_Type,
NumberofHiddenNeurons ,ActivationFunction)

% regression:TELM('fisheriris_train', 'fisheriris_test',0,10, 'stg')
/4 classtification:TELM(' fisheriris_train','fisheriris_test',1,10, 'sig’')

REGRESSION = O0;
CLASSIFIER 1;

AARKRAUAAY Load training dataset
train_data = load(TrainingData_File);

T = train_data(:,1);

X = train_data(:,2:size(train_data,2));
clear train_data;
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AARRAAA%4% Load testing dataset
test_data = load(TestingData_File);

TV.T = test_data(:,1);

TV.X = test_data(:,2:size(test_data,2));
clear test_data;

NumberofTrainingData = size(X,1);
NumberofTestingData = size(TV.X,1);
NumberofInputNeurons = size(X,2);
if Elm_Type ~= REGRESSION

AAARRRUAAL Preprocessing the data of classification
label = unique(T);

number_class = numel (label);

NumberofOutputNeurons = number_class;

AAARRRAAAL Processing the targets of training
temp_T = zeros(NumberofTrainingData, NumberofOutputNeurons) ;
for i = 1:NumberofTrainingData
for j = l:number_class
if label(j,1) == T(i,1)
break;
end
end
temp_T(i,j) = 1;
end
T = temp_T * 2 - 1;

AARBARR SR Processing the targets of testing
temp_TV_T = zeros(NumberofTestingData ,NumberofOutputNeurons) ;
for i = 1:NumberofTestingData
for j = l:number_class
if label(j,1) == TV.T(i,1)
break;
end
end
temp _TV_T(i,j) = 1;
end
TV.T = temp_TV_T * 2 - 1;

end

start_time_train = cputime;

AX%A%Random generate the connection weight matriz between the input
layer and the first hidden layer

W = rand(NumberofHiddenNeurons/2,NumberofInputNeurons) * 2 - 1;

AAXRRALALEThe bias matriz of the first hidden layer
B = rand (NumberofHiddenNeurons/2,1);

X_E = [ones(NumberofTrainingData,1) X]';
W_IE = [B W]l;

RAAXRRALALL Calculate first hidden layer output matriz H
switch lower (ActivationFunction)
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case {'sig','sigmoid'}
H=1 ./ (1 + exp(-tempH));
case {'hypertan'}
H = (1-exp(-tempH))./(1l+exp(-tempH));
end
clear tempH;

H=H';

AX%k%%Calculate weights matriz between second hidden layer and output
layer
Beta = pinv(H) * T;

AARBARAA S Ezpected output of the second hidden layer
H1 = T x pinv(Beta);

RAAXRRABAAKg =1 (z) : The inverse of the activation function g(z).
switch lower (ActivationFunction)
case {'sig', 'sigmoid'}
inv_func_H1 =-log((1-H1)./H1);
case {'hypertan'}
inv_func_H1 =-log((1-H1)./(1+H1));

end
inv_func_H1 = real(inv_func_H1);
JH E=[1 H]

H_E = [ones(NumberofTrainingData,1) HJ];

AARBARAL R Augmented matriz W_HE=[B_1 W_H]
W_HE = (inv_func_H1)' * pinv(H_E');

RAAXKRALALXRB_1 Bias of the second hidden layer.
B_1 = W_HE(:,1:NumberofTrainingData);

ARRAAW_H weight matriz between the first hidden layer and the second
hidden layer
W_H = W_HE(:,NumberofTrainingData+1l:end);

HH = W_HE * H_E';

AARRRUAAA RS The actual output of the second hidden layer
switch lower (ActivationFunction)
case {'sig','sigmoid'}
H2 = 1 ./ (1 + exp(-HH));
case {'hypertan'}
H2 = (1-exp(-HH))./(1+exp(-HH));
end

H2 = (H2)';
/ZRecalculate the weight matriz new between the second hidden layer and
the output layer

Beta_new = pinv(H2) * T;

end_time_train = cputime;
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TrainingTime = end_time_train - start_time_train;

AARBARAAZRY : The actual output of the training data
Y = H2 * Beta_new;

AARBARLLARYE Calculate the training accuracy

if Elm_Type == REGRESSION
TrainingAccuracy = sqrt(mse(T - Y))

end

clear H;

AAARRALLLS Calculate the output of testing input
start_time_test = cputime;

B_testLayerl = B(:,ones(1,NumberofTestingData));

switch lower (ActivationFunction)
case {'sig','sigmoid'}
H_testlLayerl =1 ./ (1 + exp(-(WxTV.X' + B_testLayerl)));
case {'hypertan'}
H_testLayerl = (l1-exp(-(WxTV.X' + B_testLayer1)))./(1+exp(-(Wx
TV.X' + B_testLayerl)));
end

H_testLayerl = H_testlayerl';

B_testLayer?2 B_1(:,ones(1,NumberofTestingData));

switch lower (ActivationFunction)

case {'sig','sigmoid'}
H_testLayer2 =1 ./ (1 + exp(-(W_H*H_testLayerl' + B_testLayer2
)));

case {'hypertan'}
H_testlLayer2 = (l-exp(-(W_H*H_testLayerl' + B_testLayer2)))
./(1+exp(-(W_H*H_testLayerl' + B_testlLayer2)));
end

H_testLayer2=H_testLayer2';
Y_test = H_testLayer2*Beta_new;

end_time_test=cputime;
TestingTime=end_time_test-start_time_test;

if Elm_Type == REGRESSION
TestingAccuracy=sqrt (mse(TV.T - Y_test))

end

if Elm_Type == CLASSIFIER

ACalculate training & testing classification accuracy

MissClassificationNumber_Training = O;
MissClassificationNumber_Testing = O0;

for i =1 : size(T, 1)
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[~, label_index_expected] = max(T(i,:));
[~, label_index_actual] = max(Y(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Training =
MissClassificationNumber_Training + 1;
end
end

MissClassificationRate_Training = MissClassificationNumber_Training
/NumberofTrainingData;

TrainingAccuracy = 1 - MissClassificationRate_Training;

TrainingError = 1 - TrainingAccuracy;

for i =1 : size(TV.T, 1)
[~, label_index_expected] = max(TV.T(i,:));
[~, label_index_actual]l = max(Y_test(i,:));
if label_index_actual ~= label_index_expected
MissClassificationNumber_Testing =
MissClassificationNumber_Testing + 1;
end
end
MissClassificationRate_Testing =
MissClassificationNumber_Testing/NumberofTestingData;
TestingAccuracy = 1 - MissClassificationRate_Testing;
TestingError = 1 - TestingAccuracy;
end
end
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format compact;
addpath (genpath('functions'))

AXAXXXLXLL LS Load data
trial=1;
load gb0c;

BARARAL AN Create labeled data set
l=size(idxLabs,2);
u=ceil(size(y,1)*3/4) -2%1;
X1=X(idxLabs (trial,:),:);
Yl=y(idxLabs (trial,:),:);

BAXRAARLA R Creat validation data set
labels=unique (y) ;
idx_V=[];
for i=1:size(labels)
idx_V=[idx_V;find (y(idxUnls(trial,:))==1labels(i),1l/length(labels),’
first')];
end
Xv=X(idxUnls (trial,idx_V),:);
Yv=y(idxUnls (trial,idx_V));

AARBARAL R Create unlabeled and testing data set
idxSet=1:size(idxUnls,2) ;
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idx_UT=setdiff (idxSet,idx_V);
idx_rand=randperm(size (idx_UT,2));

Xu=X(idxUnls (trial,idx_UT(idx_rand(1:u))),:);
Yu=y(idxUnls (trial,idx_UT(idx_rand(l:u))),:);
Xt=X(idxUnls (trial,idx _UT(idx_rand(u+l:end))),:);
Yt=y(idxUnls (trial,idx_UT(idx_rand(u+1l:end))),:);

AARBARAL R Compute graph Laplacian
options.NN=50;
options.GraphWeights='binary';
options.GraphDistanceFunction='euclidean';
options.LaplacianNormalize=1;
options.LaplacianDegree=5;
L=laplacian(options, [X1;Xul);

paras.NumHiddenNeuron=2000;
paras.NoDisplay=1;
paras.ActivationFunction='sigmoid';

AARKRAAAAY model selection using the walidation set
acc_v=zeros(10,10);
acc_test=zeros (10,10);
acc_max=0;
for i=1:10
paras.C=10"(i-5);
for j=1:10
paras.lambda=10"(7-j);
elmModel=sselm(X1,Y1l,Xu,L,paras);
[acc_v(i,j),MSE(i,j)]=sselm_predict(Xv,Yv,elmModel) ;
[acc_test(i,j),~]=sselm_predict (Xt,Yt,elmModel) ;
if acc_v(i,j)>acc_max
acc_max=acc_v (i, j);
elmModel_best=elmModel;
end
end
end

[acc_tmp,~]=sselm_predict (Xu,Yu,elmModel_best) ;
err_u(trial)=100-acc_tmp;

[acc_tmp,~,~]=sselm_predict(Xv,Yv,elmModel_best);
err_v(trial)=100-acc_tmp;

[acc_tmp,~,~]=sselm_predict(Xt,Yt,elmModel_best);
err_t(trial)=100-acc_tmp;

RN R R R R R TR RN E RN ER I RER BRI IRERIIRRRER DK D
function [L,options] = laplacian(options,X)

Zcomputes the graph Laplacian.

Zoptions:a structure with the following fields

options.NN: number of mnearest neighbors to use
options.GraphDistanceFunction: 'euclidean' | 'cosine' |/
"hamming_distance '

options.GraphWeights: 'distance' [ 'binary' | 'heat'
options.GraphWeightParam: width for 'heat' kernel

(if set to 0, it uses the mean edge length distance
among mneighbors)
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WY




options.LaplacianNormalize: 0 | 1
options.LaplacianDegree: degree of the iterated
Laplacian
X:N-by-D data matriz (N examples, D dimensions)
L: sparse symmetric N-by-N Laplacian matric
options:updated options structure with estimated heat kernel
width (only when you select to use 'heat' in the GraphWeights
option and 'default' as GraphWeightParam)
= adjacency (options,X);
sum(W,2) ;

O = 52 32 32 32 3¢ 3w

if options.LaplacianNormalize ==

L = spdiags(D,0,speye(size(W,1)))-W; % L = D-W
else

D(D~=0)=sqrt (1./D(D~=0));

D=spdiags(D,0,speye(size(W,1)));

W=D*Wx*D;

L=speye(size(W,1))-W; J L = I-D"-1/2*W*xD"-1/2
end

if options.LaplacianDegree>1
L=mpower (L,options.LaplacianDegree) ;
end
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function A = adjacency(options,X)
Zcomputes the graph adjacency matric
%A:sparse symmetric N-by-N adjacency matriz
n=size(X,1);
p=2:(options.NN+1);

if n<500
step=n;
else
step=500;
end

idy=zeros(n*options.NN,1);
DI=zeros(n*options.NN,1);
t=0;

s=1;

for il=1:step:n
t=t+1;
i2=il+step-1;
if (i2>n)
i2=n;
end

Xblock=X(il1:i2,:);

dt=feval (options.GraphDistanceFunction,Xblock,X);
[Z,I]=sort(dt,2);

Z=Z(:,p)";

I=I(C:,p)"';

[gl,g2]=size(I);

idy(s:s+gl*xg2-1)=I(:);

DI(s:s+gl*xg2-1)=Z(:);
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s=s+gl*xg2;
end

I=repmat ((1:n),[options.NN 1]);
I=I(:);

if strcmp(options.GraphDistanceFunction, 'cosine')
DI=DI.*(DI<1);
end

switch options.GraphWeights

case 'distance'
A=sparse(I,idy,DI,n,n);

case 'binary'
A=sparse(I,idy,1,n,n);

case 'heat'
if options.GraphWeightParam==

t=mean (DI(DI~=0));

else
t=options.GraphWeightParam;
end
A=sparse(I,idy,exp(-DI."2/(2*t*t)) ,n,n);
otherwise

error ('Unknown weight type');
end

A=A+((A~=A") .xA'); Jsymmetrize
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function D = euclidean(A,B)

/4 computes the Euclidean distance.

4 A: M-by-P , B: N-by-P

4 D: M-by-N distance matriz

if (size(A,2) ~= size(B,2))

error('A and B must be of same dimensionality.');
end
if (size(A,2) == 1)

A = [A, zeros(size(A,1),1)];
B = [B, zeros(size(B,1),1)];
end

aa=sum(A.*A,2);
bb=sum (B.*B,2) ;

ab=A*B';
D = real(sqrt(repmat(aa,[l size(bb,1)]) + repmat(bb',[size(aa,l) 1])
-2%ab));
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function elmModel=sselm(X1l,Y1l,Xu,L,paras)
[1,elmModel.InputDim]=size(X1);

u=size (Xu,1);

N=1+u;

/#Decide whether 4t is a binary or multi-class problem
elmModel.labs=unique (Y1) ;
if length(elmModel.labs)==

elmModel.MultiOutput=0;
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elmModel.OutputDim=1;
else
elmModel.MultiOutput=1;
elmModel.OutputDim=1length(elmModel.labs) ;
end

/#Random generate input weights

elmModel .W=rand (paras.NumHiddenNeuron,elmModel.InputDim)*2-1;
elmModel .b=rand (paras.NumHiddenNeuron,b1) ;

elmModel .B=elmModel .b(:,ones(1,N));

/#Calculate hidden layer output matric
elmModel.ActivationFunction=paras.ActivationFunction;
switch paras.ActivationFunction
case 'sigmoid'
H=1 ./ (1 + exp(-(elmModel.W*[X1;Xu]')+elmModel.B));
case 'rbf'
H=calckernel (elmModel , elmModel .W,X');
end

H=H';
H1=H(1:1,:);
clear X1 Xu

ZCalculate output weights

if elmModel.MultiOutput== /Binary classtification
Y=[Y1l;zeros(u,1)];
Cl_diag=1/2*((Yl==max(Y1l))/sum(Yl==max(Y1l))+(Yl==min(Y1l))/sum(Yl==

min(Y1)));
else ZMulti-class classification

Y=zeros (N,elmModel.OutputDim) ;

Y(1:1,:)=-1;

Cl_diag=zeros(l,1);

for i=1:elmModel.OutputDim
Y(Yl==elmModel.labs (i) ,i)=1;
Cl_diag=Cl_diag+(Yl==elmModel.labs(i))/(sum(Yl==elmModel.labs (i

))*elmModel.OutputDim/1) ;
end
end

Cl=diag(paras.C*Cl_diag);

if (paras.NumHiddenNeuron>N)

#Comput C only the training instances is less than hidden nodes
C=diag([paras.C*Cl_diag;zeros(u,1)]);

end

t_elm_start=tic;
if (paras.NumHiddenNeuron<N)
elmModel.OutputWeight=(eye (paras.NumHiddenNeuron)+H1l'*ClxHl+paras.
lambda*H'*L*H)\ (H1'*Cl* Y(1:1,:));

else
A=eye (N)+(C+paras.lambda*L)*(H*H');
B=CxY;
D=A\B;
elmModel.OutputWeight=H'*D; /% (Beta)
end
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elmModel .TrainTime=toc(t_elm_start) ;

ZCalculate training accuracy

if elmModel.MultiOutput== /% Binary classification
TrainAccuracy=100*mean(sign(Hl*elmModel.OutputWeight)==Y1);
disp([' Traning time is=',num2str(elmModel.TrainTime)])
disp([' TrainAccuracy=',num2str(TrainAccuracy)])
disp (' kkskkokokokokskokskokokokok kR kR kR kR ok )

else ZAMulti-class classification
[~,idx]=max ((Hl*elmModel.OutputWeight) ');
TrainAccuracy=100*mean (elmModel.labs (idx)==Y1);

disp([' Traning time is=',num2str(elmModel.TrainTime)])
disp([' TrainAccuracy=',num2str (TrainAccuracy)])
disp (' kskskokokokskokskokskokok ok ok kR kR kR kR ok )

end

end
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function [acc,MSE,auc,predict]=sselm_predict(X,Y,elmModel)
/#Calculate hidden neuron output matric
switch elmModel.ActivationFunction
case 'sigmoid'
H=1 ./ (1 + exp(-elmModel.W*X'));
case 'rbf'
H=calckernel (elmModel , elmModel .W,X');
end

#Calculate training accuracy
if elmModel.MultiOutput== /% Binary classification
out=H*xelmModel.OutputWeight;
acc=100*mean (sign(H*elmModel.OutputWeight)==Y);
[~,~,~,auc] = perfcurve(Y,out,1);
predict=sign(out);
MSE=mse (Y-out) ;
else AMulti-class classification
y=-ones (length(Y) ,elmModel.OutputDim) ;
for i=1:elmModel.OutputDim
y(Y==elmModel.labs (i) ,i)=1;
end
out=H*elmModel.OutputWeight;
[~,idx]=max (out') ;
predict=elmModel.labs (idx);
acc=100*mean (predict==Y) ;
auc=Nal;
MSE=mse (y-out) ;
end

(US-ELM) LG ;s ol ,Sob cpdle Clto sl :V-T aals

AUnsupervised ELM for embedding and clustering.
format compact;
addpath(genpath('functions'))

Jload data

data=load ('iris.txt');
X=data(:,1:end-1);
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y=data(:,end) ;
NC=length(unique(y)); /specify number of clusters

Zhyper-parameter settings for graph
options.GraphWeights='binary';
options.GraphDistanceFunction='euclidean';
options.LaplacianNormalize=0;
options.LaplacianDegree=1;

options.NN=5;

#Step 1: construct graph Laplacian
L=laplacian(options,X);

#Step 2: Run US-ELM for embedding
Zhyper-parameter settings for us-elm
paras.NE=3; ] specify dimensions of embedding
paras.NumHiddenNeuron=2000;
paras.NormalizeInput=0;
paras.NormalizeOutput=0;
paras.ActivationFunction="'sigmoid';
paras.lambda=0.1;

elmModel=uselm(X,L,paras);

#Step 3: Run k-means for clustering
acc_kmeans=[];acc_le=[];acc_uselm=[];
for i=1:100
[label_kmeans, center] = litekmeans(X,NC,'MaxIter', 200);
[label_uselm, center] = litekmeans(elmModel.Embed, NC, 'MaxIter'
200) ;
end

43-D plot of the results

figure (1)

E=X;

hold on

title('The original IRIS data')

view(3)

plot3(E(y==1,1) ,E(y==1,2) ,E(y==1,3),'gx', 'MarkerSize',8, " 'LineWidth’
,1.5)

plot3(E(y==2,1) ,E(y==2,2) ,E(y==2,3),'c+','MarkerSize',6,'LineWidth’
,1.5)

plot3(E(y==3,1) ,E(y==3,2) ,E(y==3,3),'b."','MarkerSize',10, 'LineWidth'
,1.5)

grid on

axis square

figure (2)

E=elmModel .Embed;

hold on

title('The embedded IRIS data')

view (3)

plot3(E(y==1,1) ,E(y==1,2) ,E(y==1,3),'gx"', 'MarkerSize',8, " 'LineWidth’
,1.5)

plot3(E(y==2,1) ,E(y==2,2) ,E(y==2,3),'c+','MarkerSize',6,'LineWidth’
,1.5)

plot3(E(y==3,1) ,E(y==3,2) ,E(y==3,3),'b."', 'MarkerSize',10, 'LineWidth'
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,1.5)
grid on
axis square
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function elmModel=use1m(X,L,paras)
[N,elmModel.InputDim]=size (X);

ANormalize the input
elmModel.NormalizeInput=paras.NormalizelInput;
if paras.Normalizelnput

[X,elmModel.PreProcess]=mapminmax(X,-1,1);
end

/Random generate input weights
elmModel .W=rand (paras.NumHiddenNeuron,elmModel.InputDim)*2-1;

#Calculate hidden neuron output matric
elmModel.ActivationFunction=paras.ActivationFunction;
switch paras.ActivationFunction
case 'sigmoid'
H=1 ./ (1 + exp(-elmModel.W*X'));
case 'rbf'
H=calckernel (elmModel , elmModel .W,X');
end

H=H';
/#Calculate output weights
opts.tol = 1e-9;
opts.issym=1;
opts.disp = O0;
if (paras.NumHiddenNeuron<N)
A=eye (paras.NumHiddenNeuron)+paras.lambda*H'*Lx*H;
B=H'*H;
[E,V] = eigs(A,B,paras.NE+1, 'sm',opts);
[~,idx]=sort (diag(V));
elmModel.OutputWeight=E(:,idx(2:end));
norm_term=H*E(:,idx(2:end));
elmModel.OutputWeight=bsxfun(@times ,E(:,idx(2:end)) ,sqrt (1./sum(
norm_term.*norm_term))) ;
else
B=H*H';
A=eye (N)+paras.lambda*L*B;
[E,V] = eigs(A,B,paras.NE+1, 'sm',opts);
[~,idx]=sort (diag(V));
norm_term=B*E(:,idx(2:end));
elmModel.OutputWeight=bsxfun(@times ,H'*E(:,idx(2:end)) ,sqrt(1l./sum(
norm_term.*norm_term))) ;
end

Embed=H*elmModel.OutputWeight;
if ~paras.NormalizeOutput
elmModel . Embed=Embed ;

else
elmModel .Embed=bsxfun(@times ,Embed,1./sqrt (sum(Embed.*Embed,2))) ;
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end

BT R R Rt R R R R R R RN TR ERIRERIRERIRERRER LT D
function [label, center, bCon, sumD, Dist] = litekmeans(X, k, varargin)
/4 label = LITEKMEANS (X, K) partitions the points in the N-by-D data
matriz X into K clusters.This partition minimizes the
sum,over all clusters, of the within-cluster sums of
point-to- cluster—-centroid distances. Rows of X
correspond to points, columns correspond to variables.
KMEANS returns an N-by-1 wector label containing the
cluster indices of each point.

[label, center] = LITEKMEANS (X, K) returns the K cluster centroid
locations in the K-by-D matrixz center.

[label, center, bCon] = LITEKMEANS (X, K) returns the bool wvalue bCon
to indicate whether the i1teration s
converged.

[label, center, bCon, SUMD] = LITEKMEANS (X, K) returns the
within-cluster sums of point-to-
centrotd distances in the 1-by-K
vector sumD.

[label,center,bCon,SUMD,Dist]=LITEKMEANS (X,K) returns distances
from each point to every centroid
in the N-by-K matrixz Dist.

[ ... ] = LITEKMEANS (..., 'PARAM1',vall, 'PARAM2',val2, ...)
specifies optional parameter name/value pairs to control
the iterative algorithm wused by KMEANS. Parameters are:

'Distance’' - Distance measure, in D-dimenstional space, that KMEANS
should minimize with respect to. Choices are:
{'sqEuclidean '} - Squared Euclidean distance (the

default)
"cosine’ - One minus the costine of the included

angle between points (treated as
vectors). Each row of X SHOULD be
normalized to untt. If the intial
center matriz ts provided, it SHOULD
also be normalized.

'Start' - Method used to choose inttial cluster centroid positions,
sometimes known as "seeds'". Choices are:
{'sample '} - Select K observations from X at random (the
default)
'cluster' - Perform preliminary clustering phase on random
107 subsample of X. This preliminary phase
is 1tself initialized using 'sample’'. An

additional parameter clusterMaxzIter can be
used to control the mazimum number of
iterations in each preliminary clustering
problem.
matriz - A4 K-by-D matriz of starting locations; or a
K-by-1 indicate wvector tindicating which K
points in X should be used as the initial
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center. In this case,you can pass in []
for K, and KMEANS infers K from the
first dimension of the matric.

'MazIter' - Mazimum number of iterations allowed. Default is 100.

'Replicates' - Number of times to repeat the clustering, each with a
new set of intitial centroids. Default 2s 1. If the
initial centroids are provided, the replicate will bde
automatically set to be 1.

'clusterMazIter' - Only useful when 'Start' is 'cluster'. Mazimum
number of iterations of the preliminary
clustering phase. Default is 10.
Ezamples:
fea = rand (500,10) ;
[label, center] = litekmeans(fea, 5, 'MazIter', 50);

[label,center]= litekmeans (fea,5, 'MaxzIter',50, 'Replicates',10);

[label,center,bCon,sumD,Dist] = litekmeans (fea,5, 'MaxzIter',50);
TSD = sum(sumD) ;

initcenter = rand(5,10);
[label,center]= litekmeans (fea,5, 'MaxzIter',50, 'Start',initcenter)

idz=randperm (500) ;
[label, center] = litekmeans (fea,5, 'MazIter',50, 'Start’',idz(1:5));

BN N I R N R R I I I I I R NI R I NI N RN

if nargin < 2
error ('litekmeans:TooFewInputs','At least two input arguments
required.');

end

[N, D] = size(X);

pnames = {'distance' 'start' 'maxiter' 'replicates' 'onlinephase' '
clustermaxiter'};

dflts = {'sqeuclidean' 'sample' ] ] 'off! 1 3;

[eid,errmsg,distance,start ,maxit,reps,online,clustermaxit] = getargs(

pnames, dflts, varargin{:});
if ~isempty(eid)
error (sprintf ('litekmeans:¥s"',eid) ,errmsg) ;

end

if ischar(distance)

distNames = {'sqeuclidean', 'cosine'};
j = strcmpi(distance, distNames);
j = £find (j);

if length(j) > 1
error('litekmeans:AmbiguousDistance',
'"Ambiguous ''Distance'' parameter value: Y%s.', distance);
elseif isempty(j)

error ('litekmeans:UnknownDistance',

'Unknown ''Distance parameter value: %s.', distance);

\YY




end
distance = distNames{j};
else
error('litekmeans:InvalidDistance',
'The ''Distance'' parameter value must be a string.');
end

center = [];

if ischar(start)
startNames = {'sample','cluster'};
j = find(strncmpi(start,startNames,length(start)));
if length(j) > 1

error (message ('litekmeans:AmbiguousStart', start));
elseif isempty(j)
error (message ('litekmeans:UnknownStart', start));

elseif isempty (k)
error ('litekmeans:MissingK',
'You must specify the number of clusters, K.');

end
if j == 2
if floor (.1%mn) < 5xk
jo= 1
end
end

start = startNames{j};
elseif isnumeric(start)

if size(start,2) == p
center = start;
elseif (size(start,2) == 1 || size(start,1) == 1)
center = X(start,:);
else
error('litekmeans:MisshapedStart',
'The ''Start'' matrix must have the same number of columns
as X.');
end
if isempty (k)
k = size(center,1);
elseif (k ~= size(center,1))
error ('litekmeans:MisshapedStart',
'"The ''Start'' matrix must have K rows.');
end
start = 'numeric';
else
error ('litekmeans:InvalidStart',
'The ''Start'' parameter value must be a string or a numeric
matrix or array.');
end

/% The mazimum iteration number is default 100
if isempty(maxit)

maxit = 100;
end

%The mazimum titeration number for preliminary clustering phase on

% random,10) subsamples is default 10
if isempty(clustermaxit)
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clustermaxit = 10;
end

/% Assume omne replicate

if isempty(reps) || ~isempty(center)
reps = 1;

end

if ~(isscalar(k) && isnumeric(k) && isreal(k) && k > 0 && (round(k)==k)
)
error('litekmeans:InvalidK',
'X must be a positive integer value.');
elseif n < k
error ('litekmeans:TooManyClusters',
'X must have more rows than the number of clusters.');
end

bestlabel = [];
sumD = zeros(1l,k);
bCon = false;

for t=1:reps
switch start
case 'sample'
center = X(randsample(n,k),:);
case 'cluster'
Xsubset = X(randsample(n,floor(.1*n)),:);

[dump, center] = litekmeans(Xsubset, k, varargin{:}, 'start
', 'sample', 'replicates',l ,'MaxIter',clustermaxit);
case 'numeric'

end

last = 0;label=1;
it=0;

switch distance
case 'sqeuclidean'
while any(label ~
last = label;

last) && it<maxit

bb full (sum(center.*center,2) ');
ab full (X*center');
D = bb(ones(1,n),:) - 2x*ab;

[val,label] = min(D,[],2); Zassign samples to the
nearest centers
11 = unique(label);
if length(1ll) < k
Adisp ([num2str(k-length(11)),' clusters dropped at
iter ',num2str(it)]);

missCluster = 1:k;
missCluster(11) = [];
missNum = length(missCluster) ;

aa = sum(X.x*X,2);
val = aa + val;
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[dump,idx] = sort(val,l, 'descend');
label (idx(1:missNum)) = missCluster;
end
E = sparse(l:n,label,l,n,k,n); Jtransform label into
indicator matriz
center = full((E*spdiags(1l./sum(E,1)"',0,k,k)) "*X);
Zcompute center of each cluster
it=it+1;
end
if it<maxit
bCon = true;
end
if isempty(bestlabel)
bestlabel = label;
bestcenter = center;
if reps>1
if it>=maxit
aa = full(sum(X.*X,2));
bb full (sum(center.*center,2));
ab = full (X*xcenter');
D = bsxfun(@plus,aa,bb') - 2x*ab;
D(D<0) = 0;

else
aa = full(sum(X.*X,2));
D = aa(:,ones(1,k)) + D;
D(D<0) = 0;
end
D = sqrt(D);
for j = 1:k
sumD(j) = sum(D(label==j,j));
end
bestsumD = sumD;
bestD = D;
end
else
if it>=maxit
aa = full(sum(X.*xX,2));

bb = full(sum(center.*center,2));
ab = full (X*xcenter');
D = bsxfun(@plus,aa,bb') - 2*ab;
D(D<0) = 0;

else

aa = full(sum(X.*X,2));
D = aa(:,ones(1,k)) + D;
D(D<0) = 0;
end
D = sqrt(D);
for j = 1:k
sumD(j) = sum(D(label==j,j));
end
if sum(sumD) < sum(bestsumD)
bestlabel = label;

bestcenter = center;
bestsumD = sumD;
bestD = D;

end
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end
case 'cosine'

while any(label ~= last) && it<maxit
last = label;
W=full (X*center ') ;
[val,label]l = max(W,[],2);
Zassign samples to the nearest centers
11 = unique(label);
if length(ll) < k

missCluster = 1:k;

missCluster(11) = [];

missNum = length(missCluster) ;
[dump,idx] = sort(val);
label(idx(1:missNum)) = missCluster;

end

E = sparse(l:n,label,l,n,k,n);
Atransform label 4nto indicator matriz

center = full ((Exspdiags(1l./sum(E,1)',0,k,k)) '*X);
Zcompute center of each cluster

centernorm = sqrt(sum(center.”2, 2));
center = center ./ centernorm(:,ones(1,p));
it=it+1;

end
if it<maxit
bCon = true;
end
if isempty(bestlabel)
bestlabel = label;
bestcenter = center;
if reps>1
if any(label ~= last)
W=full (X*center ') ;

= sum(D(label==3j,3));
end
bestsumD = sumD;
bestD = D;
end
else
if any(label ~= last)
W=full (X*center');
end

D = 1-W;
for j
s

=

1:k
umD(j) = sum(D(label==j,j));
end
if sum(sumD) < sum(bestsumD)
bestlabel = label;

bestcenter = center;
bestsumD = sumD;
bestD = D;

end
end
end
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end

lab
cen
if

els

end

el = bestlabel;
ter = bestcenter;
reps>1

sumD = bestsumD;

D = bestD;
eif mnargout > 3

switch distance

case 'sqeuclidean'
if it>=maxit
aa = full(sum(X.*X,2));

bb = full(sum(center.*center,?2));
ab = full (X*xcenter');
D = bsxfun(@plus,aa,bb') - 2x*ab;
D(D<0) = 0;

else

aa = full(sum(X.*X,2));
D = aa(:,ones(1,k)) + D;
D(D<0) = 0;

end

D = sqrt(D);

case 'cosine'

if it>=maxit

W=full (X*center ') ;

end
for j = 1:k

sumD (j) = sum(D(label==j,j));
end
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fun

ction [eid,emsg,varargout]=getargs (pnames,dflts,varargin)

AGETARGS Process parameter name/value pairs

%

4

BN

BN

[EID,EMSG,A,B,...]=GETARGS (PNAMES ,DFLTS, 'NAME1',VAL1, 'NAME2 ', VAL2
yees)
accepts a cell array PNAMES of wvalid parameter names, a cell array
DFLTS of default wvalues for the parameters named in PNAMES, and
additional parameter name/value pairs. Returns parameter wvalues 4,
B,... in the same order as the names in PNAMES. Outputs
corresponding to entries in PNAMES that are not specified in the
name/value pairs are set to the corresponding value from DFLTS.If
nargout ts equal to length (PNAMES)+1,then unrecognized name/value
pairs are an error.If margout ts equal to length (PNAMES)+2,then all

unrecognized name/value patirs are returned in a single cell array
following any other outputs.

EID and EMSG are empty if the arguments are walid. If an error
occurs, EMSG is the text of an error message and EID ts the final
component of an error message id. GETARGS does mnot actually
throwany errors, but rather returns EID and EMSG so that the
caller may throw the error. Outputs will be partially processed
after an error occurs.

Ezample:
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pnames = {'color' 'linestyle', 'linewidth'}
dfits ={ ‘v ' 11}
varargin = {{'linew’' 2 'monesuch' [1 2 3] 'linestyle' ':'}

[eid,emsg,c,ls, lw]=statgetargs (pnames,dflts,varargin{:}) Jerror
[eid,emsg,c,ls,lw,ur]=statgetargs (pnames,dflts,varargin{:}) Jok

BN

/ Initialize some wariables

emsg = '';

eid = '';

nparams = length(pnames);
varargout = dflts;
unrecog = {};

nargs = length(varargin);

4 Must have name/value pairs
if mod(nargs,2)~=0

eid = 'WrongNumberArgs';

emsg = 'Wrong number of arguments.';
else

/4 Process mname/value pairs

for j=1:2:nargs

pname = varargin{j};

if ~ischar (pname)
eid = 'BadParamName';
emsg = 'Parameter name must be text.';
break;

end

i = strcmpi(pname,pnames) ;

i = find(4i);
if isempty (i)
4 if they've asked to get back unrecognized names/values,
add this
% one to the list
if nargout > nparams+2
unrecog ((end+1) : (end+2)) = {varargin{j} varargin{j+1}};
/A otherwise, it's an error
else
eid = 'BadParamName';
emsg = sprintf('Invalid parameter name: %s.',pname);
break;
end
elseif length(i)>1
eid = 'BadParamName';
emsg = sprintf ('Ambiguous parameter name: ¥%s.',pname);
break;
else
varargout{i} = varargin{j+1};
end
end
end

varargout{nparams+1} = unrecog;
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Abstract: The slow speed of feedforward neural networks learning and repeatedly adjust the
parameters has been a major bottleneck in their applications for past decades. The extreme learn-
ing machine, that is proposed by Huang, is designed based on “generalized* single-hidden layer
feedforward neural networks , which randomly choose the parameters of hidden nodes as well as
the output weights gotten analytically. However, the learning time of extreme learning machine
is mainly spent on calculating the Moore-Penrose generalized inverse matrices of the hidden layer
output matrix. Extreme learning machines is efficient and effective learning paradigm for pattern
classification and regression. Extreme learning machines has become a hot area of research over
the past years, which is attributed to the growing research activities researchers around the world
.Theory and experiments prove that the extreme learning machine has simple structure as well as
powerful approximation capability. The aim of this thesis, introducing this new method, capabili-
ties, features and its training methods and review ELMs for both semi-supervised and unsupervised
tasks based on the manifold regularization. Moreover, it is shown that all the supervised, semi-

supervised and unsupervised ELMs can actually be put into a unified framework.
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