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Overview Semester B
NUMERICAL METHODS AND ALGORITHMS
e Random Numbers
e Sorting algorithm
Numerical Differentiation
*Root of a equations
»Bisection Method
»Newton Method
»Secant Method
*Numerical Integration
*Numerical integration of Ordinary Differential Equation (first order)
Linear Algebra
»Product of scalar with vectors/matrix
» Product of two matrix
C++ Coding
*Open, read and write a file in C++
*Dynamical arrays
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" Task 4.2: DiHterentiate sin (x)

l.tlser mputs

«The value of x, (the point where the derivative is aPProssimate)

eThe starting value of h

eThe number of iterations N=500 taSkAhZ’CPP
Z.Outrut

-Disp ay cach iteration with aPProximation from all three methods

e Their corresponding errors, value of h.
.Absolute and relative error

*Write interation numbers ancl aPPrOXImatlon toa ﬁle

”""(ﬁ‘ﬁerence exercise results. ©x=t). | T
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“Task 4.2: DiHterentiate sin (x)

Extra tasks-
o ldenthcg which method Provicles the smallest error

eDetermine l’]OW thC Crror CICCFCBSCS as l’! becomes sma”er

Moclhcg h and N.

. !’1=O.5 and N=500

*h=0.1 and N=2000

«Observe how the results change.

Graphica] representation

-lml:)ort the data from the file to Excel or using Matlab,Pgtlﬁon.

OPlot error vs iteration number 1Cor the three clhq:erent methocﬂs.
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#include <iostream>

#include <fstream>

#include <cmath> // For sin() function
#include <iomanip> // For setting precision

// Function to differentiate (changeable)
double function(double x) {
return sin(x); // You can change this to any differentiable function

}

// Exact derivative of the function (changeable)
double exact_derivative(double x) {

return cos(x); // Derivative of sin(x)
}

// Forward difference method

double forward_difference(double x@, double h) {
return (function(x@ + h) — function(x@)) / h;

¥

// Backward difference method

double backward_difference(double x@, double h) {
return (function(x@) - function(x@ - h)) / h;

}

// Central difference method
double central_difference(double x@, double h) {

return (function(x®@ + h) - function(x@® - h)) / (2 % h);
}

// Function to calculate relative error

double relative_error(double approx, double exact) {
return fabs((approx - exact) / exact);

¥




int main() {
double x@, h_start, dh;
int num_iterations;

// User input for x@, starting h, and number of iterations
std::cout << "Enter the value of x0: ";

std::cin >> x0;

std::cout << "Enter the starting value of h: ";
std::cin >> h_start;

std::cout << "Enter the number of iterations: ";
std::cin >> num_iterations;

dh = h_start / num_iterations;

// Open file to write results

std::ofstream outfile("difference_methods_task2_results.csv'");

if (loutfile.is_open()) {
std::cout << "Error: Unable to open file for writing." << std::endl;
return 1;

b

std::cout << std::fixed << std::setprecision(6);
outfile << "Iteration,h,Forward,Backward,Central,Error_Forward,Error_Backward,Error_Central,Rel_Error_Forward,Rel_Error_Backward,Rel_Error_Central\n";

double exact = exact_derivative(x0);
double min_error_forward = INFINITY, min_error_backward = INFINITY, min_error_central = INFINITY;

// Loop for the specified number of iterations
double h = h_start;




for (int i = 1; 1 <= num_iterations; i++) {
double forward_approx = forward_difference(x@, h);
double backward_approx = backward_difference(x@, h);
double central_approx = central_difference(x@, h);

double error_forward = fabs(forward_approx - exact);
double error_backward = fabs(backward_approx - exact);
double error_central = fabs(central_approx — exact);

double rel_error_forward = relative_error(forward_approx, exact);
double rel_error_backward = relative_error(backward_approx, exact);
double rel_error_central = relative_error(central_approx, exact);

// Track minimum errors

if (error_forward < min_error_forward) min_error_forward = error_forward;

if (error_backward < min_error_backward) min_error_backward = error_backward;
if (error_central < min_error_central) min_error_central = error_central;

// Display the results on the screen

std::cout << "Iteration: " << i << ", h: " << h << "\n"
<< " Forward Approximate: " << forward_approx << ", Error: " << error_forward << "\n"
<< " Backward Approximate: " << backward_approx << ", Error: " << error_backward << "\n"
<< " Central Approximate: " << central_approx << ", Error: " << error_central << "\n";

// Write the approximations and errors to the CSV file

outfile << i << "," << h << "," << forward_approx << "," << backward_approx << "," << central_approx
<< "," << error_forward << "," << error_backward << "," << error_central
<< "," << rel_error_forward << "," << rel_error_backward << "," << rel_error_central << "\n";

h —= dh; // Decrease h by dh for the next iteration
¥

outfile.close();

// Summary of minimum errors

std::cout << "\nSummary of Minimum Errors:" << std::endl;

std::cout << " Minimum Forward Error: " << min_error_forward << std::endl;

std::cout << " Minimum Backward Error: " << min_error_backward << std::endl;

std::cout << " Minimum Central Error: " << min_error_central << std::endl;

std::cout << "Results have been written to difference_methods_task2_results.csv" << std

return 0;







int main() {
double degrees, x0, h_start, dh;
int num_iterations;

// User input for angle in degrees
std::cout << "Enter the angle in degrees:
std::cin >> degrees;

// Convert degrees to radians
X0 = degrees x (M_PI / 180.0);




Errors

® Error_Foward
® Error_Backward

® Error_Central
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Tol:)ic for this session

NUMERICAL METHODS AND ALGORITHMS
 Random Numbers

e Sorting algorithm

. *Numerical Differentiation (higher-order)

. *Root of a equations

~ »Bisection Method

- »Newton Method

. »Secant Method

~ *Numerical Integration

- *Numerical integration of Ordinary Differential Equation (first order)
. «Linear Algebra

. »Product of scalar with vectors/matrix

- »Product of two matrix

- C++ Coding

- *Open, read and write a file in C++

- -Dynamical arrays
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Task i

Task 5.1: Deriving the Third-Order Finite Difference Formulas

eBackward difference formula - APProximate J"(xp) using function values
(x5 Ly Z2hoxy 3h)

Forward difference formula - APProximate J"(xp) using function values

Ly 1y F 1 g+ 20, x5+ Sh)

«Central difference formula - Approximate J"(xp) using function values at

L0 Lyttt 2h)




Task 4.2

Modify the numerical differentiation program to compute the first-order, second-order, and third-order
derivatives of the sin(x) function using finite difference methods. The program should allow the user to
define step size reduction dynamically.

Instructions:
l.User inPut
* An angle in clegree, which will be converted in radians
eThe starting steP h=1.
eThe number of iterations N, clctermining how h will be reduced
2 Numerical implementation

e 2nd order (central difference formula)
e 2nd order (backward difference formula)
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/6. Computation details
e The program will reduce h at each step bg a fraction determined bg the user.

e The program should store the aPProximation values of the 9, methods, and tl'we

corresponding error ;
4 Error analgsis |

J TI"IC Program should calculate the absolute error

J The Program should calculate the relative ertor
. Output

. The Prqcl)gram shoulcl displag the results on the screen and write these
N .csv nle

e The output should include: Iteration numbers, the step size h, approx for
the order methocls, absolute and relative errors.
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Task 43

Extend the Previous program and evaluate the derivative over an
interval [a,b] using h=0.001.
eInstead of entering a value for X0, the user should enter a range [a,b]

n clegrees. |

eThe program will coml:)ute the derivatives at every interation steP (3=

b) /N where N is the number of iteration or divisions.

| -Repeat writing and outl:)ut for all aPProximate methods.
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ewrite the errors (relative and abolute values) for each aPProximation







