C Programming – Week 1 – model solutions

Question 1:

#include <stdio.h>

int main(int argc, char **argv)

/* Code to calculate the factorial of n */

{

    int n= 10;  /*  We will find the factorial of n */

    int fact_n= 1;  /* This is the answer  */

    int i;

    for (i= 2; i <= n; i++) {

        fact_n= fact_n * i;

    }

    printf ("The factorial of %d is %d\n",n, fact_n);

    return 0;

}
1) The 4th factorial number is 24

2) The 10th factorial number is 3628800

Negative numbers will always give the answer 1.   Even moderate size numbers will overflow the integers.

Question 2 (the program given here checks the process for all numbers from n=2 to 100):

#include <stdio.h>

int main()

{

    int n;  /* Number to step through */

    int steps;  /* Steps taken */

    int currn;  /* Current value of no in iterative process */

    /* Check it out for all values of n from 2 to 100 */

    for (n= 2; n < 100; n++) {

        currn= n;  /* currn is used for the iterative

                     process */

        steps= 0;

                  /* Repeat the loop until we've returned

                    to 1 */

        while (currn != 1) {

             /* Check for evenness */

            if (2*(currn/2) == currn)

                 currn/=2;    /* Even nos divided by 2 */

            else

                 currn= currn*3+1;

            steps++;  /* Count the no of steps we take */

        }

        printf ("%d takes %d steps to return to 1\n",n,

           steps);

    }

    return 0;

}

 [Note: we could have said if (currn %2 == 0) instead of 

if (2*(currn/2) == currn ) which uses integer arithmetic to achieve the same thing – there's no advantage to doing it this way – it's just a stylistic choice.]

i) 7 returns in 16 iterations.  8 returns in 3.  9 returns in 19.

ii) Note that values which are powers of 2 return extremely quickly (1,2,4,8,16) for obvious reasons.  27, on the other hand, takes 111 steps to return to 1.

iii) No numbers were found which did not return to one using this process, however, as before, the program does have problems with large numbers.

[Note: Whether all numbers will return to 1 by this method remains unsolved as far as I am aware.]

Question 3)

This program also calculates an approximation to the expectation function as well.

// Program to calculate Poisson distribution probabilities

#include <stdio.h>

#include <math.h>

int main(int argc, char **argv) 

{


int i,j;


// Loop variables 


int fact;


// Used to calculate factorial


double mu= 3.0;

// Mean value for Poisson distribution


double prob;

// Probability of given value


double sum= 0;

// Sum of probabilities from 0


double expect= 0;
// Approximation of expectation value


for (i= 0; i < 10; i++) {



fact= 1;



for (j= 2; j <= i; j++) {




fact= fact*j;



}



prob= exp(-mu) * pow(mu,i)/ fact;



sum+= prob;



expect+= prob *i;



printf ("Prob (%d) = %f   F(%d) = %f    E(%d) = %f\n",




i, prob, i, sum, i, expect);


}


return 0;

}

The first column is the probability, the second column the sum and the third an approximation to the expectation – the expectation approaches three as n increases.

Prob (0) = 0.049787   F(0) = 0.049787    E(0) = 0.000000

Prob (1) = 0.149361   F(1) = 0.199148    E(1) = 0.149361

Prob (2) = 0.224042   F(2) = 0.423190    E(2) = 0.597445

Prob (3) = 0.224042   F(3) = 0.647232    E(3) = 1.269570

Prob (4) = 0.168031   F(4) = 0.815263    E(4) = 1.941696

Prob (5) = 0.100819   F(5) = 0.916082    E(5) = 2.445790

Prob (6) = 0.050409   F(6) = 0.966491    E(6) = 2.748246

Prob (7) = 0.021604   F(7) = 0.988095    E(7) = 2.899474

Prob (8) = 0.008102   F(8) = 0.996197    E(8) = 2.964286

Prob (9) = 0.002701   F(9) = 0.998898    E(9) = 2.988591

