C Programming Course – COURSEWORK Three

Introduction

As usual, questions one and two should be attempted by all students.  Question three is more difficult and is a more difficult optional question for students who wish to earn extra credit.

Question One

stats.dat in the week 3 directory contains 100 float s each on a separate line.  Write code for the following:

i) Read in 100 numbers from the file into an array– checking that it can get the file open and also that it doesn't run out of file before it has read 100 numbers

Hint: fgets returns NULL if it cannot continue reading.

Hint 2: Remember to make the string you are reading into with fgets long enough to hold all of the string – including the trailing '\n'

Hint 3: Check that you're reading in the right numbers and make sure your program will deal correctly with files which are shorter or longer than 100 numbers

Hint 4: You can use atof to convert a string to a floating point number – see below:

#include <stdlib.h>

#include <stdio.h>

int main()

{

float number;

char string[100];

fgets (string, 100, stdin);  /* Read from keyboard */

number= atof (string);

printf ("The number read was %f\n",number);

return 0;

}

ii) What are the mean, variance and standard deviation of the series?

iii) Adapt your program to efficiently calculate the mean, variance and standard deviation of the series as it is read in. i.e. After it reads each number it prints the mean, variance and standard deviation of the series so far.  What are the mean, variance and standard deviation after you've read 50 numbers?  Print out the “running” mean, variance and standard deviation.

Question Two

Write a program which will write files for two dimensional graphs in Maple.  To plot graphs in two dimensions in Maple your output file should look as follows:




p:=[ 

[0,1.5], 

[1,1.7], 

[2,1.9], 

[7,1.9]

];
Note that avoiding printing the last “,” can be tricky! 

If possible, make your program very general by writing a function which takes four arguments.  A file name, two arrays of floats (the x and y co-ordinates) and an int which is the length of the array.  The function header might look like this:

void write_2d_array (char filename[], int array_len, float x[], 

    float y[])

/* Take the arrays in x and y both of length array_len and write

a file in maple output format to the file named filename */

{

    /* Write your function here */

}

This file can be plotted in Maple with the following command (if it is in the file myplot.out)

> read "myplot.out";

> plot(p, style=point);
Possibly you will have to include information on which drive your file is on:


> read "H:\myplot.out";

Note also that using : not ; suppresses printing of numbers in the output

Use your graph plotting program to plot:

i) A complete cycle of a sin wave (versus angle)

ii) A cycle of a sin wave plotted against a cos wave (i.e. the x axis is sin the y axis is cos)

iii) Several cycles of a sin wave against a sin wave which has 1.5 times the frequency of the original and is offset by 30 degrees.

Please hand in printout of these figures along with your code.

Question Three

The map 
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 is a classical example of chaotic behaviour in one dimension. Consider the long term behaviour of the iterates 
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 (ie the function composed with itself n times).

i. For which values of lambda does f(x) form a map from the interval [0,1] to itself? Prove your answer.

ii. Plot a graph of the final behaviour of 
[image: image3.wmf])

(

x

f

n

 as follows:

a: For each value 
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 (say 0.3456) and calculate 
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b: For the next 100 iterations, we will construct co-ordinates for plotting in Maple. We need a list of points of the form 
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 etc. This is made a little tricky by the need to avoid duplicates so as to let Maple plot the graph in a reasonable amount of time – that is to say, if fn(x) is always 0 then we don’t want to plot this point hundreds of times.  One way of doing this is as follows:

· Create two very large one dimensional arrays (xcoord and ycoord) to store the x and y co-ordinates of the points to plot .  Create at the same time, an integer which will say where you are “up to” in this array” – this is referred to as an “array index” – remember to set it to zero.

· Create another one dimensional array, z, that will represent the unit interval split into (say) 100 “boxes”.

· Iterate f(x) for the first 50 times without storing anything – for the next 100 iterations of f(x), put a 1 in the appropriate member of array z.

· Having done this, loop over the array z.  If there is a “1” in that part of the array then we wish to plot a point at this value of 
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and x.  Therefore, store the current value of 
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in xcoord and the place in the unit interval (which is a mapped to z) in ycoord using the “array index”.  Remember to check if we’ve run out of space in the array and also to increment the array index.

c: move on to the next value of 
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d: print your xcoord and ycoord arrays using the 2d_print routine above (remember that the number of points you have found is the array index.

iii. Plot this graph in Maple.  What does this graph (referred to as a bifurcation diagram) tell you about the long term behaviour of 
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?  Comment on the graph.
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