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Logbook

eThe logbook structure will follow the same structure as Previously explained " ' "
 in the first semester

‘Oﬂlﬂ the part of the second semester topics should be sumbitted.




Notes

For each lecture) | have created a program folder containing all the relevant
' code. Please avoid cutting and Pasting clirectlg from the PowerPoint slides,

as this may result in errors (not alwags). lnsteacL ensure you copy the code

, clirectly from the program folder.
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Overview Semester B

NUMERICAL METHODS AND ALGORITHMS

 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)
. eLinear Algebra

. »>Product of scalar with vectors/matrix
' >Product of two matrix

C++ Coding

. +Open, read and write a file in C++

. +Dynamical arrays

- —— A



Solution of task 3.1

_Task 3.1: Matrix multiplication, File I/0O and matrix manipulation in
C++

1.Generate Matrix A and B:

o The user has to enter the dimensions for matrices A and B. e Use rand () and srand () for random number

o Automatically generate random integers (between 1 and 100) to fill both generation (or modern generator)

matrices e Utilize file handling with of stream (for writing) and

o Ensure that the number of columns in Matrix A equals the number of rows 1n ifstream (for reading).

Matrix B to allow the matrix multiplication e Ensure the matrices formatting is clear when displayed

2 Matrix multiplication both 1n the file and on the screen.

e Multiply matrices A and B to produce matrix C.
e Display all the three Matrices (A, B, C) in the console in a readable format
3. Save the Matrix to a File: ]:llezM N Glﬂ ﬂamiC.CPP

e Write the generated matrices to a file named
matrix multiplication.txt

e Format the output so each matrix is clearly labeled and readable.
4.Error handling:

e Ensure the program gracefully handles cases where matrix multiplication 1s
not possible (e.g., dimension mismatch).

s i e i oo e T r——— S o
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Multiplication of 2 Matrices
B

Mathematical formula (A X B); = 2 A - By
k=1
. i G11 @1 B— by by,
3 ayy Ayl b by,
Then

(a1 X by +ajp X byy) (ay X by + apy X by,)

A X B =
(ay X by + ay, X byy) (ay X by + ayy X byy)




#include
#include
#include
#include
#include

using na

int main
sran

int
cout
cin
cout
cin

cout
cin
cout
cin

if

// G
vect
vect

cout
for

by

cout
for

// M
vect
for

<iostream>

<vector>

<fstream>

<cstdlib> // For rand() and srand()
<ctime> // For time()

mespace std;

() {

d(time(0)); // Seed for random number generation

rowsA, colsA, rowsB, colsB;

<< "Enter the number of rows for Matrix A: ";

>> rowsA;

<< "Enter the number of columns for Matrix A: ";
>> colsA;

<< "Enter the number of rows for Matrix B: ";
>> rowsB;

<< "Enter the number of columns for Matrix B: ";
>> colsB;

colsA !'= rowsB) {
cerr << "Matrix multiplication not possible. Number of columns of A must equal number of rows of B." << endl;
return 1;

enerating matrices A and B
or<vector<int>> A(rowsA, vector<int>(colsA));
or<vector<int>> B(rowsB, vector<int>(colsB));

<< "Matrix A:\n";

(int 1 = 0; i < rowsA; ++i) {

for (int j = 0; j < colsA; ++j) {
A[il[j] = rand() % 100 + 1;
cout << A[i]l[j] << " ";

}

cout << endl;

<< "\nMatrix B:\n";

(int i = 0; 1 < rowsB; ++i) {

for (int j = 0; j < colsB; ++j) {
B[il[j] = rand() % 100 + 1;
cout << B[i][j] << " "

}

cout << endl;

ultiplying matrices A and B
or<vector<int>> C(rowsA, vector<int>(colsB, 0));
(int 1 = 0; 1 < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
for (int k = 0; k < colsA; ++k) {
C[il[j1 += A[il[k] % BIklI[jl;




#include <iostream>

#include <vector>

#include <fstream> T S T A O M S T S P O N S AN TSNS
#include <cstdlib> // For rand() and srand() F - .

#include <ctime> // For time() #lnC-LUde <10stream>

using namespace std; '#inC.LUde <vector>

int main() { §#include <fstream>
srand(time(0@)); // Seed for random number gene#include <CStdlib> // For rand() and Srand()
int rowsA, colsA, rowsB, colsB; f#inC-LUde <Ctime> // For tlme()

cout << "Enter the number of rows for Matrix A‘-
cin >> rowsA; ]
cout << "Enter the number of columns for Matrik

cin >> colsA; fUs1ng namespace std;

cout << "Enter the number of rows for Matrix Bg
cin >> rowsB; £ - .
cout << "Enter the number of columns for Matrif lnt Mma ln( ) {

cin >> colsB; srand(time(0)); // Seed for random number generation

if (colsA !'= rowsB) {
cerr << "Matrix multiplication not possiblg

return 1; ; int rowsA, colsA, rowsB, colsB;
cout << "Enter the number of rows for Matrix A: ";
cin >> rowsA;

by

// Generating matrices A and B

vector<vector<int>> A(rowsA, vector<int>(colsA‘ COUt << "Enter the number Of COlumnS fOr MatriX A: ";

vector<vector<int>> B(rowsB, vector<int>(colsB§ Cin >> CO.LSA'
’

cout << "Matrix A:\n";
for (int 1 = 0; 1 < rowsA; ++i) { . . I
for (int j = 0; j < colsA; ++j) { ; cout << "Enter the number of rows for Matrix B: ";
A[il[j] = rand() % 100 + 1; , ]
, cout << A[il[j] << " "; ] cln >> rowsB;

cout << endl; 1 cout << "Enter the number of columns for Matrix B: ":

' cin >> colsB;

cout << "\nMatrix B:\n";
for (int 1 = 0; i < rowsB; ++i) {

for (int j = 0; j < colsB; ++j) { i : | —
BLil[j] = rand() % 100 + 1; f if (colsA '= rowsB) {

, cout << B << ™ f cerr << "Matrix multiplication not possible. Number of columns of A must equal number of rows of B." << endl; ]

cout << endl; ' return 1;
¥ :

// Multiplying matrices A and B :
vector<vector<int>> C(rowsA, vector<int>(colsBg
for (int i = 0; 1 < rowsA; ++i) { Boriasmescions
for (int j = 0; j < colsB; ++j) {
for (int k = 0; k < colsA; ++k) {
CIil[j] += A[il[k] * BIKI[j1;




#include
#include
#include
#include
#include

using na

int main
sran

int
cout
cin
cout
cin
cout
cin
cout
cin

if

<iostream>

<vector>

<fstream>

<cstdlib> // For rand() and srand()
<ctime> // For time()

mespace std;

() {

d(time(0)); // Seed for random number generation

rowsA, colsA, rowsB, colsB;

<< "Enter the number of rows for Matrix A: ";

>> rowsA;

<< "Enter the number of columns for Matrix A: ";
>> colsA;

<< "Enter the number of rows for Matrix B: ";
>> rowsB;

<< "Enter the number of columns for Matrix B: ";
>> colsB;

colsA '= rowsB) {

cerr << "Matrix multiplication not possible. Number of columns of A must equal number of rows of B." << endl;
return 1;

‘// Geherating matrices A and B
vector<vector<int>> A(rowsA, vector<int>(colsA));

vector<vector<int>> B(rowsB, vector<int>(colsB));

cout
for

<< "Matrix A:\n";

(int 1 = 0; i < rowsA; ++i) {

for (int j = 0; j < colsA; ++j) {
A[il[j] = rand() % 100 + 1;
cout << A[i]l[j] << " ";

}

cout << endl;

by

cout
for

<< "\nMatrix B:\n";

(int i = 0; 1 < rowsB; ++i) {

for (int j = 0; j < colsB; ++j) {
B[il[j] = rand() % 100 + 1;
cout << B[i][j] << " "

}

cout << endl;

// M

ultiplying matrices A and B

vector<vector<int>> C(rowsA, vector<int>(colsB, 0));

for

(int 1 = 0; i < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
for (int k = 0; k < colsA; ++k) {

Clil[j1 += A[il[k] * BIkI[j];




#include <iostream>

#include <vector>

#include <fstream>

#include <cstdlib> // For rand() and srand()

Finclude <ctine> /7 For tine() ji // Generating matrices A and B
using namespace std; ,; vector<vector<int>> A(rowsA, vector<int>(colsA))
DR maltine(0)); /7 seed for randon number generatior ' vector<vector<int>> B(rowsB, vector<int>(colsB))

int rowsA, colsA, rowsB, colsB;
cout << "Enter the number of rows for Matrix A: ";

E(iJEt>Z<r9\I’EVr51/:<;er the number of columns for Matrix A: "; COUt <.< IIMat riX A.: \n" ; .
‘ﬁ for (int 1 = 0; 1 < rowsA; ++i) {

cin >> colsA;

cout << "Enter the number of rows for Matrix B: ";

] for (int j = 0; j < colsA; ++j)

cout << "Enter the number of columns for Matrix B: ";

cin >> colsB; A[l] [j] — rand() O/o 100 + 1;

if (colsA != rowsB) {

. . . 11 11
cerr << "Matrix multiplication not possible. Number of columns of A must equal number § Cout << A [l] [J ] << .

}

cout << endl;

4
return 1;

// Generating matrices A and B 1
vector<vector<int>> A(rowsA, vector<int>(colsA)); H }
vector<vector<int>> B(rowsB, vector<int>(colsB));

cout << "Matrix A:\n";

for (int 1 = 0; 1 < rowsA; ++i) {

for (int j = 0; j < colsA; ++j) { ', COUt << "\nMat riX B:\n";

A[il[j] = rand() % 100 + 1;

, cout << A[i]l[j] << " "; fo r ( lnt l — 0; l < rOWSB; ++l) {
} cout << endl; '\ fo I ( lnt J — 0; J < CO-LSB; ++J ) {
cout << "\nMatrix B:\n"; ' B [i] [J ] — rand ( ) o/O 1@0 + 1;

for (int 1 = 0; 1 < rowsB; ++i) { , . .
. X . . 4 11 ]|
for (int j = 0; j < colsB; ++j) { : n
BLil[j] = rand() % 100 + 1; cout << B [l] [J ] << ’
cout << B[il[j] << " ; . }
¥ %

cout << endl;

) | cout << endl;

// Multiplying matrices A and B
vector<vector<int>> C(rowsA, vector<int>(colsB, 0));
for (int 1 = 0; 1 < rowsA; ++i) A
for (int j = 0; j < colsB; ++j) {
for (int k = 0; k < colsA; ++k) {
, Clil[j]1 += A[il[k] * BILkI[jI1;




#include
#include
#include
#include
#include

using na

int main
sran

int
cout
cin
cout
cin

cout
cin
cout
cin

if

// G
vect
vect

cout
for

by

cout
for

// M
vect
for

<iostream>

<vector>

<fstream>

<cstdlib> // For rand() and srand()
<ctime> // For time()

mespace std;

() {

d(time(0)); // Seed for random number generation

rowsA, colsA, rowsB, colsB;

<< "Enter the number of rows for Matrix A: ";

>> rowsA;

<< "Enter the number of columns for Matrix A: ";
>> colsA;

<< "Enter the number of rows for Matrix B: ";
>> rowsB;

<< "Enter the number of columns for Matrix B: ";
>> colsB;

colsA !'= rowsB) {
cerr << "Matrix multiplication not possible. Number of columns of A must equal number of rows of B." << endl;
return 1;

enerating matrices A and B
or<vector<int>> A(rowsA, vector<int>(colsA));
or<vector<int>> B(rowsB, vector<int>(colsB));

<< "Matrix A:\n";

(int 1 = 0; i < rowsA; ++i) {

for (int j = 0; j < colsA; ++j) {
A[il[j] = rand() % 100 + 1;
cout << A[i]l[j] << " ";

}

cout << endl;

<< "\nMatrix B:\n";

(int i = 0; 1 < rowsB; ++i) {

for (int j = 0; j < colsB; ++j) {
B[il[j] = rand() % 100 + 1;
cout << B[i][j] << " "

}

cout << endl;

ultiplying matrices A and B
or<vector<int>> C(rowsA, vector<int>(colsB, 0));
(int 1 = 0; 1 < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
for (int k = 0; k < colsA; ++k) {
Clil[j] += A[il[k] * BILk][j];




#include <iostream>

#include <vector>

#include <fstream>

#include <cstdlib> // For rand() and srand()
#include <ctime> // For time()

using namespace std;

int main() {
srand(time(@)); // Seed for random number generation

int rowsA, colsA, rowsB, colsB;

cout << "Enter the number of rows for Matrix A: ";
cin >> rowsA;

cout << "Enter the number of columns for Matrix A: ";
cin >> colsA;

cout << "Enter the number of rows for Matrix B: ";
cin >> rowsB;
cout << "Enter the number of columns for Matrix B: ";

cin >> colsB; | // Multiplying matrices A and B

if (colsA != rowsB) {

cr:_(ee;l:r:<1';'Matrix multiplication not possible. Number of columf§ Vect O r<vec-t O r<int>> C ( rOWSA , Vec-t O r<in-t> ( CO -LS B , 0 ) ) ;
| for (int 1 = 0; i < rowsA; ++i) A
// Generating matrices A and B fo r ( int j 0 ; j < CO -LS B; ++j ) {

vector<vector<int>> A(rowsA, vector<int>(colsA));

vector<vector<int>> B(rowsB, vector<int>(colsB)); f O r ( i n t k — @ ; k < C O -L SA ; ++ k ) {

cout << "Matrix A:\n";

o i e g LT b g ' CLill3] += Alillkl = BIkI1j1;

A[il[j] = rand() % 100 + 1; ] }

’

cout << A[il[j] << " "

}

cout << endl;

by

cout << "\nMatrix B:\n";
for (int 1 = 0; 1 < rowsB; ++i) {
for (int j = 0; j < colsB; ++j) {
B[il[j] = rand() % 100 + 1;
cout << B[i][j] << " "

}

cout << endl;

// Multiplying matrices A and B
vector<vector<int>> C(rowsA, vector<int>(colsB, 0));
for (int 1 = 0; 1 < rowsA; ++i) A
for (int j = 0; j < colsB; ++j) {
for (int k = 0; k < colsA; ++k) {

Clil[j1 += A[il[k] * BIkI[j];




// Displaying the result matrix
cout << "\nResult of A % B:\n";
for (int i = 0; i < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
cout << C[i][j] << " ;
I

cout << endl;

// Writing matrices A, B, and C to a file
ofstream outFile("matrix_multiplication.txt");
if (outFile.is_open()) {

outFile << "Matrix A:\n";
for (int 1 = 0; 1 < rowsA; ++1i) {
for (int §j = 0; j < colsA; ++j) {
outFile << A[il[j] << " "
}

outFile << "\n";

}

outFile << "\nMatrix B:\n";

for (int i = 0; i < rowsB; ++i) {
for (int j = 0; j < colsB; ++j) {

outFile << BI[il[j] << " ";
}
outFile << "\n";

}

outFile << "\nResult of A *x B:\n";
for (int 1 = 0; 1 < rowsA; ++1i) {
for (int j = 0; j < colsB; ++j) {
outFile << C[i]l[j] << "™ '
}

outFile << "\n";
}
outFile.close();

} else {
cerr << "Unable to open file for writing." << endl;

return 1;

}

return 0;




// Displaying the result matrix
cout << "\nResult of A % B:\n";
for (int i = 0; 1 < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
cout << C[il[j] << ™ "

} — ‘ . ) A v ‘ » [ ] |

cout << endl; // Dlsp-l_aylng the resu-l.t mat rlX

// Writing matrices A, B anCtoafi: COUt << "\nResu-Lt Of A * B:\n";
ofstream outFile("matrix_multiplicatiof’ fo r ( int i — @ ; i < rOWSA; ++i ) '{

if (outFile.is_open()) {
outFile << "Matrix A:\n";

for (int i = 0; i < rowsA; ++i){: for (int j — 0; j < CO-LSB; ++j ) {

for (int j = 0; j < colsA; ++]j

, outFile << A[il[j] << " "; COUt << C [l] [J] << i1 II;

outFile << "\n";

} ' }

outFile << "\nMatrix B:\n";

¥

f (1 i = 03 i ; i) { &
o it 30 1< rousts o) 1] cout << endl;

outFile << BI[i][j] << " ";

}

outFile << "\n";

}

outFile << "\nResult of A *x B:\n";}
FOor (Aint 1 = 0; 1 < FroWSA; ++1) { e
for (int j = 0; j < colsB; ++j) {
outFile << C[i][j] << " "
¥
outFile << "\n'";
I
outFile.close();

} else {
cerr << "Unable to open file for writing."

return 1;

}

return 0;




// Displaying the result matrix
cout << "\nResult of A % B:\n";
for (int 1 = 0; i < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {

cout << C[il[j] << " "3

}

cout << endl;

// Writing matrices A, B, and C to a file
ofstream outFile("matrix_multiplication.txt");
if (outFile.is_open()) {

outFile << "Matrix A:\n";
for (int 1 = 0; i < rowsA; ++i) {
for (int §j = 0; j < colsA; ++j) {
outFile << A[i][j] << " ";
}

outFile << "\n";

}

outFile << "\nMatrix B:\n";
for (int 1 = 0; i < rowsB; ++i) {
for (int § = 0; j < colsB; ++j) {
outFile << BI[i][j] << " ";
}

outFile << "\n";

}

outFile << "\nResult of A % B:\n";
for (int 1 = 0; i < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
outFile << C[i][j] << " ";
}

outFile << "\n";
}
outFile.close();
} else {
cerr << "Unable to open file for writing." << endl;
return 1;

}

return 0;




// Displaying thé result matrix

cout << "\nResult of A % B:\n";

for (int i = 0; i < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
}

cout << C[il[j] << ;
cout << endl;

// Writing matrices A, B, and C to a file

ofstream outFile("matrix_multiplication.txt");1

if (outFile.is_open()) {
outFile << "Matrix A:\n";
for (int 1 = 0; 1 < rowsA; ++1i) {
for (int j = 0; j < colsA; ++j) {
outFile << A[il[j] << " ";
¥

outFile << "\n';

}

outFile << "\nMatrix B:\n";
for (int 1 = 0; 1 < rowsB; ++1i) {
for (int j = 0; j < colsB; ++j) {
outFile << B[il[j] << " ";
}

outFile << "\n';

}

outFile << "\nResult of A *x B:\n";
for (int 1 = 0; 1 < rowsA; ++1i) {
for (int j = 0; j < colsB; ++j) {
outFile << C[i]l[j] << "™ '
}

outFile << "\n';
}
outFile.close();
} else {

cerr << "Unable to open file for writing."ﬁ

return 1;

}

return 0;

// Writing matrices A, B, and C to a file
ofstream outFile("matrix multiplication.txt");
if (outFile.is_open()) {
outFile << "Matrix A:\n'";
for (int i = 0; i < rowsA; ++i) {
for (int j = 0; j < colsA; ++j) {
outFile << A[i][j] << " ";

}

outFile << "\n";

}

outFile << "\nMatrix B:\n'";
for (int i = 0; i < rowsB; ++i) {
for (int j = 0; j < colsB; ++j) {
outFile << B[i] [j] << " ";
¥

outFile << "\n";

}

outFile << "\nResult of A x B:\n'";
for (int i = 0; i < rowsA; ++i) {
for (int j = 0; j < colsB; ++j) {
outFile << C[i][j] << " ";
¥

outFile << "\n";

}

outFile.close();
} else {

cerr << "Unable to open file for writing." << endl;

return 1;

}

return 0;




Solution of task ..

Outputs

Enter the number rows for Matrix A: 3 Enter the number rows for Matrix A: 3
Enter the number columns for Matrix A: 3 Enter the number columns for Matrix A: 4
Enter the number rows for Matrix B: 3 Enter the number rows for Matrix B: 4
Enter the number columns for Matrix B: 3 Enter the number columns for Matrix B: 3
Matrix A: Matrix A:

69 98 4 31 56 72 18

100 20 61 55 55 48 46

85 13 64 14 70 37 46

Matrix B:
17 15 58
60 69 35
77 100 35
85 25 12

Matrix B:
90 19 54
30 37 57
/ 55 68

Result of A x B:
0178 5157 9584
10027 5995 10688
8488 5616 9683

Result of A x B:
10961 11979 6494
11841 10570 7347
11197 9890 5109

Enter the number of rows for Matrix A: 3
Enter the number of columns for Matrix A: 3
Enter the number of rows for Matrix B: 4

Enter the number of columns for Matrix B: 4
Matrix multiplication not possible. Number of columns of A must equal number of rows of B.

e o AT ——



Overview Semester B

NUMERICAL METHODS AND ALGORITHMS

* 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




£(x) = lim

h—0

Numerical ditferentiation

/@) /

S e

fx+h) — %) ' /') fx+h) - f(x)

SEE XP




Numerical ditferentiation

Forward ditference formula

J(x +h) — f(x)
h

J(x) =

his a small step size

e (F(x+h) -F&) represents the change in the

function over the interval h)
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Numerical ditferentiation

Forward ditference formula

The Taglor expansion of f(x+h) around x is

h* h>
S+ h) = fx) + A (x) + 7f () + ?f "(x) + O(h™)

then
h) — h h?
(h b Z 52 - ")+ O

bg truncat ng, after the first term:




INUITICTH ICar AUl i CrLitiagutiotrl

Forward ditference formula

The Ieacling error term is




Numerical ditterentiation

Backward ditference formula

I The Taglor expansion of £(x-h) around x is:

h? h>
flox = ) = flx) = R (6) + —f'(0) = —f"(0) + O*)
then

— —h h h?
o) = w ~ @)+ =00 + O(R)




Numerical ditterentiation

Backward ditference formula

Considering onlg the first term:
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Numerical ditterentiation

Central ditference formula

The Taglor expansion of f(x+h) around x is

h* h°
Jx + h) = f(x) + hf (x) + 7f "(x) + ?f "(x) + O(h™)

The Taglor expansion of F(x—-vh) around x is:

h? h>
fx —h) = f(x) = hf (x) + 3 ?f ") + 0
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Numerical ditterentiation
Central difference formula

h2 E
fex + h) = flx) + hf () +—- ) + e S O(h*)

' h? h°
fx —h) = f(x) — hf (x) + sl ?f "(x) + O(h™)

Substrating the second equation from the first:

3
fx +h) — fix — h) = 2hf(x) + %f "(x) + O(h™)

thcn

L fatn-fa-l b 4
Fx) = . =)+ OGi*)
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Numerical ditterentiation

Central ditference formula

The erroris

h2
Fror = = o F"(x) + O(h*)

The truncation error is of the order of O(h?), making this a second-order method.
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Numerical ditterentiation
Summarg

Forward ditference formula

Jx +h) — f(x)
h

J(x) =

Backward difference formula

fx) —fx = h)
h

Central ditference formula

Jx+h)—f(x—h)
2h

@) ~

@)~
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Numerical ditferentiation
for? points (X0» X + h, Xo + 2h)

h? h’
Jxog + 1) = f(xg) + hf'(xy) + 7][ "(xg) + ?f (&)

4h>
Jxg + 2h) = f(xy) + 2hf'(xy) + 2h*f "(xg) + Tf (&)

Af(xy) + Bf(x, + h) + Cf(x, + 2h)

h2

- Afx) 1B (f(xo) + hf () + 7f"<xo>> + C (o) + 2hf (x) + 20 (xp)
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Numerical ditterentiation

Central ditference formula

= (A + B+ O)f(xy) + (B + 2C)hf (xy) + (g + 2c) h*f"(xy) + O(h°)

A+B+C=0 (eliminate the constant term (X))
B+ =1 (ensure the coeHicient of f(xy) is correct)
g +2C =0 (eliminate the second derivative term £(x,))

3 1
A=——, B=2, (C=-——
2 2

—3f(xy) + 4f (g + ) — fxg + 25)
2h

f(x) &
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Exercise: Ditferentiate log s
.User in[:)uts

eThe value of X (the Point where the derivative is aPProssimate)

eThe 5tarting value of h
examplel.cpp

eThe number of iterations

Z.Output
-Displag iteration number, h, aPProximate derivative, exact,

derivative, and error on the screen.

Write onlg the aPProximation and iteration number to a file

(exercise results.txt).
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#include <iostream>

#include <fstream>

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

// Function to approximate ln(x) using the forward difference method
double forward_difference_ln(double x@, double h) {
return (log(x@ + h) - log(x@)) / h;

}

int main() {
double x0, h_start, dh;
int num_1iterations;

// User 1input 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("exercise results.txt");
if (loutfile.is_open()) {

std::cerr << "Error: Unable to open file for writing." << std::endl;

return 1;




std::cout <<}std::fixed << std::setprecision(6);
outfile << std::fixed << std::setprecision(6);

// Loop for the specified number of iterations

double h = h_start;

for (int i = 1; i <= num_iterations; i++) {
double approx_derivative = forward _difference_1n(x0, h);
double exact _derivative = 1 / x0;
double error = fabs(approx_derivative - exact_derivative);

// Display the results on the screen

std::cout << "Iteration: " << 1 << ", h: " << h
<< ", Approximate: " << approx_derivative
<< ", Exact: " << exact_derivative
<< ", Error: " << error << std::endl;

// Write only the approximation and iteration number to the file
outfile << approx_derivative << " " << 1 << "\n";

h —= dh; // Decrease h by dh for the next iteration
I3

outfile.close();
std::cout << "Results have been written to exercise results.txt" << std::endl;

return 0;
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Output

.000000,

. 990000,

. 980000,

.970000,

. 960000,

.950000,

. 940000,

.930000,

.920000,

.910000,
.900000,
. 890000,
. 880000,
.870000,
. 860000,
.850000,
. 840000,
.830000,
.820000,
.810000,
. 800000,
. 790000,
. 780000,
. 770000,
. 760000,
. 750000,
. 740000,
. 730000,
. 720000,
. 710000,
. 700000,
.690000,
.680000,
.670000,
.660000,
.650000,
.640000,
.630000,
.620000,
.610000,
.600000,
.590000,
.580000,
.570000,
.560000,

Approximate:
Approximate:
Approximate:
Approximate:
Approximate:

.441833,
.442682,
.443535,
.444392,
.445254,
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-446120,
.446991,
.447866,
.448745,
- 449629,
.450517,
.451410,
.452307,
.453209,
.454110,
.455027,
.455943,
.456864,
.457790,
.458720,
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.555550,
.555556,
.555550,
.555556,
.555550,
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.555556,

.555550,

.555556,

.555550,

.555556,
.555550,
.555556,
.555550,
.555556,
.555550,
.555556,
.555550,
.555556,
.555550,
.555556,
.555550,
.555556,
.555550,
.555556,
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.555556,
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.555556,
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.555556,
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Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:

Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:
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Error:
Error:
Error:
Error:
Error:
Error:
Error:
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Error:
Error:
Error:
Error:
Error:
Error:
Error:
Error:

.113723
.112874
.112021
.111163
.110301
.109435

(SO R O RS IO R S IO R S O

(SR O R oS IO B oS IO R oS RS I O B eSO B oS IO RN o B oS I O RS BT O BT oS B R O B oS IO RS BN B oS YOS B O RS IS B S BN RS RS I )

.108565

.107690

.106811

.105927
.105039
.104146
.103249
.102347
.101440
.100529
.099612
.098691
.097766
.096835
. 095900
.094959
.094014
.093063
.092107
.091147
.090181
.089209
.088233
.087251
.086264
.085271
.084273
.083270
.082261
.081246
.080225
.079199
.078167
.077129
.076085
.075036
.073980
.072918
.071850




Task 4.1: Ditterentiate log (x)

I.User inputs

eThe value of X =1.8 (tl’l@ point where the derivative is approssimato)

eThe 5tarting value of h

; , task4 1.c
eThe number of iterations by

2. O)utput
-DistTag each iteration with approximation from all three methods

e Their corresponding errors.

Write interation numbers and approximation to afle

(ditference exercise results.txt).
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o o S St

Task

Enter the value of x0: 1.8
Enter the starting value of h: 1
Enter the number of iterations: 500
Iteration: 1, h: 1.000000
Forward Approximate: 0.441833, Error:

Backward Approximate: 0.810930, Error:

Central Approximate: 0.626381, Error:
ITteration: 2, h: 0.998000
Forward Approximate: 0.442002, Error:

Backward Approximate: 0.810053, Error:

Central Approximate: 0.626028, Error:
Iteration: 3, h: 0.996000
Forward Approximate: 0.442172, Error:

Backward Approximate: 0.809179, Error:

Central Approximate: 0.625676, Error:
ITteration: 4, h: 0.994000
Forward Approximate: 0.442342, Error:

Backward Approximate: 0.808308, Error:

Central Approximate: 0.625325, Error:
Iteration: 5, h: 0.992000
Forward Approximate: 0.442512, Error:

Backward Approximate: 0.807439, Error:

Central Approximate: 0.624976, Error:
Iteration: 6, h: 0.990000
Forward Approximate: 0.442682, Error:

Backward Approximate: 0.806573, Error:

Central Approximate: 0.624628, Error:
Iteration: 7, h: 0.988000
Forward Approximate: 0.442852, Error:

Backward Approximate: 0.805710, Error:

Central Approximate: 0.624281, Error:
Iteration: 8, h: 0.986000
Forward Approximate: 0.443023, Error:

Backward Approximate: 0.804849, Error:

Central Approximate: 0.623936, Error:

4 1 Ditterentiate

0.113723
0.255375
0.0/0826

0.113553
0.254498
0.070472

0.113384
0.253624
0.070120

0.113214
0.252752
0.069769

0.113044
0.251884
0.069420

0.112874
0.251018
0.069072

0.112704
0.250155
0.068726

0.112533
0.249294
0.068380

Iog (x)

By

e A —



Task 4.2: Ditterentiate sin g

|.User mputs
«The value of x, (the point where the derivative is aPProximate)
eThe startiﬂg value of h
eThe number of iterations N=500 ’E85|<4._,Z~CPP
Z.Out*:)ut
-Disp ay each iteration with aPProximation from all three methods

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

Write interation numbers and aPProximation to a fle

Chice exerclse reéults.b(tj.
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Task 4.2: Ditterentiate sin g

Extra tasks-

. lclenthcﬂ which method Provicles the smallest error

eDetermine l’lOW t]"lC CITtor ClCCFCBSCS as h bccomes sma”er

Mocli?g h and N.

. h:O.ﬁ and N=500

eh=0.1 and N=2000
«Observe how the results ¢

Graphical rel:)resentation

-lmpor‘t the data from the f

e

le to Excel or using Matlabfython.

ber for the three ditferent methods.

Plot error vs iteration num
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