ES 314 Advanced Programming, Modeling and Simulation              Fall 2010
Mid-term # 2, take-home test, Due: Nov 22, 3 PM
create a zip file containing your programs with names indicated in the problems and e-mail it to cs315fall10@gmail.com.
Your code should follow the syntax of Matlab exactly and should take the parameters as specified in the problem statement. Any additional comments can be included in a README file. For example, if your code works in some special cases, you can indicate such examples in this file.
1)  Write a program count that takes as input a string and computes the following: (a) length of the string, (b) the number of distinct letters, (c) the number of occurrences of each letter in the string, and (d) the number of occurrences of adjacent pairs of characters. 
Example: 
>> count('this_is_a_stringathis_is_astring');

Total number of letters = 32

Number of distinct letters = 9

count(t)=4

count(h)=2

count(i)=6

count(s)=6

count(_)=5

count(a)=3

count(r)=2

count(n)=2

count(g)=2

count(th)=2

count(hi)=2

count(is)=4

count(s_)=4

count(_i)=2

count(_a)=2

count(a_)=1

count(_s)=1

count(st)=2

count(tr)=2

count(ri)=2

count(in)=2

count(ng)=2

count(ga)=1

count(at)=1

count(as)=1

      Note: The text can contain any non-blank character. 
2) One way to define an ellipse with foci at points (p,q) and (r,s) is as the set of points (x,y) such that the distance between (p,q) and (x,y) plus the distance between (r,s) and (x,y) is less than or equal to a given constant R. The collection of all such points defines the interior of an ellipse. Use this definition to create a bitmap image containing an ellipse with specified parameters p, q, r, s, R and two more parameters h and w that define the height and the width of the image. As a final parameter, it should take a string, e.g. ‘x.bmp’ and write the output in the file x.bmp. An example is shown below. The parameters in this case are: p = 400, q = 450, r = 620, s = 680, h = 800, w = 800, R = 400. Hint: initialize a matrix with all pixels set to white. You can do this by setting uint8(255). Then, find those pixels that are in the interior of the ellipse and color them black.
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3) A Latin square is an n by n matrix (for some n) that has exactly one occurrence of every number from 1 to n in every row, and in every column. Shown below is an example of a Latin square:
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Two arrays A and B both of order n is said to form an orthogonal Latin Square pair if both A and B are Latin squares, and the pairs (a[i,j], b[i,j]) are all distinct. The following is an example of a 5 by 5 orthogonal Latin square pair:

1  2  3  4  5         1  2  3  4  5

2  3  4  5  1         3  4  5  1  2

3  4  5  1  2         5  1  2  3  4

4  5  1  2  3         2  3  4  5  1

5  1  2  3  4         4  5  1  2  3

Note that there are n2 pairs you can form but taking an element from A and the corresponding element (same row, same column element) from B. All such pairs must be distinct. 

Write a function in Matlab that takes two n by n arrays A and B as input and returns true (false) if the pair (A, B) forms an orthogonal Latin square pair. Your program should first check that the inputs are square matrices of the same order. 
4) Let C be a cell array whose members can be cell arrays or numbers. Example: {{2, {4, 5, 6}, {{7, 8}, 1, 11}, 12}, {15, {21, 1}}}. Note that cell arrays can be arbitrarily deep in containing other cell arrays. You are to write a program get_numbers that takes such a cell array C as input and returns a vector containing all the numbers in the cell array (in the same order). 

Example: 

>> get_numbers({{2, {4, 5, 6}, {{7, 8}, 1, 11}, 12}, {15, {21, 1}}})

ans =

    2     4     5     6     7     8     1    11    12    15    21     1

Hint: The best way to solve this problem is to use recursion. 
5) On a circle are n equally spaced points 1, 2, … , n. Thus, 1 and n are adjacent to each other. A particle of negligible size initially resides at 1, and starts moving according to the following rule; At each step, it chooses to move to the next point in the clockwise or counter-clockwise direction with equal probability. Thus for example, in the first step, it will move to 2 with prob = ½ and n with prob = ½. It repeats the process until it visits all the points at least once and then it stops. At this point, it would have traversed all except one of the n segments of the circular arc. You are to write a program in Matlab that simulates the movement of this particle and determine the probability that the omitted arc is (1, 2). Also estimate the probability that the omitted arc is (floor(n/2), floor(n/2 + 1)).  It should also estimate the number of moves performed by the particle. Your program should take as input  n and m = the number of trials and return three numbers: the prob, for omitting edge (1,2), omitting (floor(n/2), floor(n/2 + 1)) and the average number of moves performed.
