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function [ theta ] = fitConsLeastSquares( X, y, R )
% find the solution with the smallest norm
theta = pinv(X) * y;
% if its feasible, end;
if (norm(theta, 2) <= R)
return;

n
% otherwise : using KKT conditions-
% theta*x = (X°T X + lambda I) " (-1)X"Ty
% and %||thetax(lambda)||_2 = R:
= e§e(size(theta, 1)) ;
XX = Lox ;
Xy = X.' *x y;
% find the lambda that solves the equation
KKT = @(Lambda) ...
norm ((XX + (2*xLambda * I)) \ Xy, 2) - R;
Lambda = fzero (KKT, 0);
% using lambda, return thetax
gheta = (XX + (2% Lambda * I)) \ Xy;
en
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sample = 100000;

m = 30; R 100; a = 2; simulations = 200;
train_error = zeros(29,simulations);
test_error = zeros(29,simulations);

fo¥os 3 l:gimulations
{ pick d-dimention thetas using N(0,10)
Theta_true = unifrnd(-5,5,d,1);
%generate data;
X_gen = unifrnd(0,1,sample,d);
_gen = X_gen*Theta_true + unifrnd(-a,a,sample,l);
% split data to train and test sets.
Xtrain = X_gen(l:m,:);ytrain = y_gen(l:m);
Xtest = X_gen(m + 1l:end,:);
ytest = y_gen(m + 1:end);
% fit the data & calculate errors
ftheta] = fitConsLeastSquares (Xtrain,ytrain,R);
train_error(d-1,s) = MSE(Xtrain,ytrain,theta);
test_error(d-1,s) = MSE(Xtest,ytest,theta);

nd
gn . . .
haveraging error across simulations
avg_train_error = mean(train_error,2);
avg_test_error = mean (test_error ,2);
L
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sample = 10000;
d = 20;R =100; simulations = 200;

max_m = 200;

train_error = zeros(max_m,simulations);
test_error = zeros(max_m,simulations);
for s = l:simulations

/» generate data

X_gen = unifrnd(0,1,sample,d);

Theta_true = unifrnd(-5,5,d4,1);

y_gen = X_gen*Theta_true + unifrnd(-2,2,sample,1);

for i = 1:max_m
Xtrain = X_gen(1:i,:);ytrain = y_gen(1:1);
Xtest = X_gen(i + 1l:end,:);
ytest = y_gen(i + 1l:end);
» fit the data using unconstrained LS
[theta]l] = fitConsLeastSquares (Xtrain,ytrain,R);
train_error(i,s) = MSE(Xtrain, ytrain, theta);
gest_error(i,s) = MSE(Xtest, ytest, theta);

n

n
iaveraglng error across simulations
avg_train_error = mean(train_error,2);
avg_test_error = mean(test_error,b2);

L
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sample = 10000;
m = 30; d = 20; simulations = 200;
R_vec = 11nspace(0 01,8,100) ';

train_error = zeros(length(R vec) ,simulations);
test_error = zeros(length(R_vec), 51mu1at10ns)
for s = l:simulatigns

Theta_true = unifrnd(-5,5,d,1);

% normalize theta to ||thetall = 5 for visulaization

Theta_true = 5 * Theta_true/norm(Theta_true,2);
X_gen = unifrnd(0,1,sample,d);
y_gen X gen*Theta true + unifrnd(- 2,2,sample,1);
Xtrain = X_gen(l:m,:); ytraln = y_ gen(l m);
Xtest X_gen(m + 1: end
ytest y_gen(m + 1: end)
for i 1:length(R_vec)
%fit using Constrained LS
[theta] =
fltConsLeastSquares(Xtraln ytrain, R_vec(i));
train_error(i,s) = MSE(Xtrain, ytrain, theta);
gest_error(i,s) = MSE(Xtest, ytest, theta);
n

%averaging error across simulations
avg_train_error = mean(train_error ,2);
avg_test_error = mean(test_error,b2);

L

FANWR WY M2V 737 DR IR TP 4

sample = 100000;

m 30;d = 20;R = 100; simulations = 200;

e = 11nspace(0 10,50):% errors will be U(-e(i),e(i))
% initialize error contalners

train_error = zeros(length(e),simulations);
test_error = zeros(length(e),simulations);
for s = 1 : simulations

Agenerate data
Theta_true = unifrnd(-5,5,d,1);

X_gen = unifrnd(0,1,sample,d);
y_gen = X_gen*Theta_true;
for i = 1:length(e)

% add noise
_gen = y_gen + unifrnd(-e(i),e(i),sample,1);
% split the data to training and testing
Xtrain = X_gen(l:m,:); ytraln = y_gen(l:m);
X_gen(m + 1: end
ytest y_gen(m + 1: end)
fit unconstralned LS & calculate errors
ftheta] = fitConsLeastSquares(Xtrain,ytrain,R);
train_error(i,s) = MSE(Xtrain,ytrain,theta);
gest_error(l s) = MSE (Xtest, ytest theta)
gn

haveraging the simulation errors
avg_train_error = mean(train_error,2);

avg_test_error = mean(test_error ,2);
L
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