CA146
Introduction to Programming in C++


CA146 Tutorial 8

Reminder: Notes for CA146 are at http://www.computing.dcu.ie/~ltuohey/index.htm.

Note: As usual, when you have finished the tasks, or at least as many as you were able to do, ask a tutor to sign off to confirm this.

(1) Programs with functions involving simple arguments (i.e. not with arrays as arguments)

(1.i) Type in & compile the following program. Then, run it for various inputs
.
#include <iostream.h>

float f(float);

float df(float);

int main()

{


float a,b,x,h;


int i,n;


cout<<"Program to print out the value of f(x) and its first derivative"<<endl;


cout<<"at n points in [a, b]"<<endl;


cout<<endl;


cout<<"Specify start (a) and end (b) of [a, b]:"<<endl;


cin>>a>>b;


cout<<"Specify number of points n (at least 2):"<<endl;


cin>>n;

//


h=(b-a)/(n-1);


for(i=0;i<n;i++)


{



x=a+h*i;



cout<<i+1<<" "<<x<<" "<<f(x)<<" "<<df(x)<<endl;


}


return 0;

}

float f(float u)

{


return u*u;

}

float df(float u)

{


return 2.0*u;

}

(1.ii) Modify the program of part 1 so that the function (and corresponding derivative) that it calculates instead of x2 is

(a) 4x2 + 3x3 + 2 (Remember its derivative is 8x + 9x2)

(b) sin(2x) (Remember its derivative is 2cos(x); also you will need to put in “#include <math.h>”)


(2) Trapezoidal rule for calculating 
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(2.i) This rule works as follows:
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 (answer = 0.956)

	n = 0, h = (b-a)/(n+1) = (b-a)

I0 = h(g(a)/2 + g(b)/2)
	h = (2 - 1) = 1

I0 = (Sin(1)/2 + Sin(2)/2) =0.875

	n = 1, h = (b-a)/(n+1) = (b-a)/2

I1 = h(g(a)/2 + g(a + h) + g(b)/2)
	h = (2 –1)/2 = 0.5

I1 = 0.5(Sin(1)/2 + Sin(1.5) + Sin(2)/2)

 = 0.936

	n = 2, h = (b-a)/(n+1) = (b-a)/3

I2 = h(g(a)/2+g(a+h)+g(a+2h)+g(b)/2)
	h = (2 –1)/3 = 0.3333…

I2 = 0.3333(Sin(1)/2 + Sin(4/3) + Sin(5/3) + Sin(2)/2) = 0.948

	etc for larger values of n.
	


In general, the rule is In = h(g(a)/2 + g(a+h) + g(a+2h) + … + g(a+nh) + g(b)/2) where h = (b-a)/(n+1) and n is the number of “internal” points.

Type in & compile the following program which calculates the trapezoidal rule approximation for each of n = 0, 1, 2 and 3 in the case of g(x) = Sin(x) between a and b.

Check your work by comparing with the above example for a = 1, b = 2.
#include <iostream.h>

#include <math.h>

float g(float);

int main()

{


float a,b,h,In;


int n;


cout<<"Program to estimate the integral of g(x) from a to b"<<endl;


cout<<endl;


cout<<"Specify start (a) and end (b) of [a, b]:"<<endl;


cin>>a>>b;

//


n=0; // Case of no internal points:


h=(b-a)/(n+1);


In=h*(g(a)/2.0 + g(b)/2.0);


cout<<"Approximation for n = "<<n<<" is "<<In<<endl;

//


n=1; // Case of 1 internal point:


h=(b-a)/(n+1);


In=h*(g(a)/2.0 + g(a+h) + g(b)/2.0);


cout<<"Approximation for n = "<<n<<" is "<<In<<endl;

//


n=2; // Case of 2 internal points:


h=(b-a)/(n+1);


In=h*(g(a)/2.0 + g(a+h) + g(a+2.0*h) + g(b)/2.0);


cout<<"Approximation for n = "<<n<<" is "<<In<<endl;

//


n=3; // Case of 3 internal points:


h=(b-a)/(n+1);


In=h*(g(a)/2.0 + g(a+h) + g(a+2.0*h) + g(a+3.0*h) + g(b)/2.0);


cout<<"Approximation for n = "<<n<<" is "<<In<<endl;


return 0;

}

float g(float y)

{


return sin(y);

}

(2.ii) Extend the program of part (2.i) so that it also calculates the trapezoidal approximation corresponding to n = 4.

**(2.iii) The programs for (2.i) and (2.ii) essentially repeat the same set of statements for n =0, n = 1, etc. Instead of this, modify the program so that it

a) reads the required value of n

b) calculates “In” corresponding to that n.

Hint: For b), you calculate “In = h(g(a)/2 + g(a+h) + g(a+2h) + … + g(a+nh) + g(b)/2)”. One way to do this is


- Initially set “In = g(a)/2 + g(b)/2”


- Use a “for” loop to increment “In” i.e. “In = In + g(a + ih)” for i = 1 to n.


- Finally, multiply by h i.e. “In = In*h”

(2.iv) Modify the program of (2.iii) so that it integrates some other function, say g(x) = 4x2Cos(x) and see what answer you get for n = 10, n= 100 and n = 1000 when [a, b] = [-1, 2].

(3) Programs with functions involving 2-dimensional arrays as arguments

(3.i) input, compile and run the following program which is very similar to that of (2.i) of Tutorial Sheet 7 (with “memory dump” stuff left out) except that it uses a function “readm” to read 2-dimensional arrays and a function “printm” to write them out. It also uses a function “addm” to add two square matrices and a function “multiplym” to multiply two square matrices.

#include <iostream.h>

const int SIZE_MAX=5;

int readm(float [SIZE_MAX][SIZE_MAX], int);

int printm(float [SIZE_MAX][SIZE_MAX], int);

int addm(float [SIZE_MAX][SIZE_MAX],float [SIZE_MAX][SIZE_MAX],float [SIZE_MAX][SIZE_MAX], int);

int multiplym(float [SIZE_MAX][SIZE_MAX],float [SIZE_MAX][SIZE_MAX],float [SIZE_MAX][SIZE_MAX], int);

int main(void)

{


int n;


float A[SIZE_MAX][SIZE_MAX],B[SIZE_MAX][SIZE_MAX],C[SIZE_MAX][SIZE_MAX],D[SIZE_MAX][SIZE_MAX];

//
a) Read (from screen) the no. of rows of square matrices A and B (up to maximum):


cout<<"Enter no. of rows in square A and B - not more than "<<SIZE_MAX<<endl;


cin>>n;

//  b) Read values for the elements of A (row by row):


cout<<"Supply elements of A (row by row):"<<endl;


readm(A,n);

//  c) Output values for the elements of A (row by row):


cout<<"Write out elements of A (row by row):"<<endl;


printm(A,n);

//  d) Read values for the elements of B (row by row):


cout<<"Supply elements of B (row by row):"<<endl;


readm(B,n);

//  e) Output values for the elements of B (row by row):


cout<<"Write out elements of B (row by row):"<<endl;


printm(B,n);

//  f) Calculate and output values for the elements of C (row by row):


addm(A,B,C,n);


cout<<"Write out elements of C = A + B (row by row):"<<endl;


printm(C,n);

//  g) Calculate and output values for the elements of D =AB(row by row):


multiplym(A,B,D,n);


cout<<"Write out elements of D = AB (row by row):"<<endl;


printm(D,n);


return 0;

}

int readm(float M[SIZE_MAX][SIZE_MAX], int n)

{


int i,j;


for(i=0;i<n;i++)


{



cout<<"Row "<<i<<endl;



cout<<"Enter "<<n<<" decimal values, separated by blanks"<<endl;



for(j=0;j<n;j++)cin>>M[i][j];


}


return 0;

}

int printm(float M[SIZE_MAX][SIZE_MAX], int n)

{


int i,j;


for(i=0;i<n;i++)


{



cout<<"Row "<<i<<": ";



for(j=0;j<n;j++)cout<<M[i][j]<<" ";



cout<<endl;


}


return 0;

}

int addm(float U[SIZE_MAX][SIZE_MAX],float V[SIZE_MAX][SIZE_MAX],float W[SIZE_MAX][SIZE_MAX], int n)

{


int i,j;


for(i=0;i<n;i++)


{



for(j=0;j<n;j++)



{




W[i][j]=U[i][j]+V[i][j];



}


}


return 0;

}

int multiplym(float U[SIZE_MAX][SIZE_MAX],float V[SIZE_MAX][SIZE_MAX],float W[SIZE_MAX][SIZE_MAX], int n)

{


int i,j,k;


for(i=0;i<n;i++)


{



for(j=0;j<n;j++)



{




W[i][j]=0;




for(k=0;k<n;k++)W[i][j]=W[i][j]+U[i][k]*V[k][j];



}


}


return 0;

}

(3.ii) Modify the program of (3.i) so that it also calculates and prints out matrices E = A – B and F = B – A. create a function subtractm() to subtract the matrices.

� You should find that, for f(x) = x2, it prints out f(x) and its first derivative df(x)/dx at equidistant points. For example, if the inputs are a = 0, b = 1 and n =3 you should get


1 0 0 0 then 2 0.5 0.25 1 and finally 3 1 1 2
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