
Problem 1

=======

First let us check for the principle for optimality. Certainly it must hold. In other words it is obvious that the maximum string within any two subparts of the two strings will have a common substring that is a part of the largest common substring of the original array. Thus, we can consider the following formula that would represent our above-stated relationship: 


c[i, j] = c[i–1, j–1] + 1 if x[i] = y[j], OR max{c[i–1, j], c[i, j–1]} otherwise.

Case x[i] = y[j] (when the two elements of the substrings are equal)

Let z[1 . . k]=LCS(x[1 . . I], y[1 . . j]), where c[I, j] = k.  Then, z[k] = x[i], or else z could be extended.   Thus, z[1 . . k–1]is common substring of x[1 . . i–1]and y[1 . . j–1]. 

Proof that the principle of optimality holds: z[1 . . k–1] = LCS(x[1 . . i–1], y[1 . . j–1]).   Suppose wis a longer common string of x[1 . . i–1] and y[1 . . j–1], that is, |w| > k–1.  Then, w concatenated with z[k] is a  common subsequence of x[1 . . i] and y[1 . . j] with |w concatenated with  z[k]|> k. This contradicts our claim thus completing the proof. Thus, c[i–1, j–1] = k–1, which implies that c[i, j]  =c[i–1, j–1] + 1. Similarly for the other case…

Now that we know that the principle of optimality holds we can write the pseudo code which computes the results and stores them in a table. The time complexity of this algorithm is then theta(nm) where m and n are the sizes of the input strings
.
 
The following calls to the function will check for redundancy and will not re-do any of the table entries. We compute the table bottom up as it is suggested for Dynamic Programming.
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Problem2

=======


We can start off always with the smallest pair of files and merge them. Thus as was hinted in class this will minimize the total number of record moves.

Input: list of file descriptors of array of characters that contain file names.

Output: single file that is the result after the merging.

Merge(*file) //take as parameter a file descriptors array, or list of file names variable

{


merge_sort(files by size or number of records);


index I=1;


while(!|list|==1)



//now that we know the records are sorted we can start picking pairs with 



//shortest length



temp_list<-merge(list[I], list[I+1]); //I is initially 1 thus this will merge the








//smallest two files



remove(list[I]); 

remove(list[I+1]);



Insert(temp_list into list while preserving order)


Return(list[1])

}

The merging the list can be done using the merge function from merge sort thus the resulting list will be of size equal to the combined sizes of the two input lists. The remove function can be implemented by either adjusting orverwriting their current memory locations and adjusting the list appropriately or one can possibly only adjust the beginning point of the array. Also if using linked list then this is just a matter of adjusting the previous pointer to the adjacent greater element to be NULL. The insert function can be written as first searching for the first file with greater size than the input and then inserting the new one just before it. Also in order to reduce the number of operations in regards to inserting one could make the array a linked list. Then insertion will only be a matter of adjusting the previous and next pointers for the particular element and the 2 elements on the right and on the left of it. We still have to search for where to insert it and since the list is sorted we can use binary search which is theta(lgm). Thus in the latter case we will need a variable to keep track of the size of the list in order to come to a stop at list with one element. Let m be the number of files and n be the number of entries in the files. The time complexity of merge sort is theta(mlgm) and will be performed once. Merging two lists is linear O(n). Removing is a single operation and will be done O(m) times since every time we remove two elements but we insert one and we do this m times. Insertion, depending on the implementation, can be done in case of linked list in O(m). Thus,

T(n) = theta(mlgm) + m*[O(n) )+thata(lgm)]  +O(m)+O(m)= theta(mlgm)+m*[O(n)+thata(lgm)] +2O(m)



Problem 3

=======

The two algorithms are written in C. The algorithms could have been implemented

in any other language with the same or at least similar results. To my understanding C++ might only take a bit longer to load but down to the basic operation it should not make that big of a difference in the execution time. I have coded the algorithms as requested by looking at the textbook and translating in to high level programming language. The programs were compiled and run on 1.00Ghz G4 Power PC processor under Mac OS X 10.3 while in X on Pwer Book G4 with 256MB RAM and 512KB Level 2 cache. No major services were running at the time of the experiment. 

I measured the time using the gettimeofday () function, which was inserted appropriately for each of the problems.

The input graph was first initialized by setting up an N by 3 dimensional array which had for a[0] any first vertex a[1] any second vertex and a[3] the distance between them when applicable. This was only done for clarity. This matrix then was converted to adjacency matrix as suggested in the text. 

Prim’s algorithm was implemented as a function that takes as parameters 2 adjacency matrices (2 dimensional arrays), which represented the graph and an empty tree structure to store the resulting Min ST, which has identical size and all elements are initially 0. I initialized the array initially to 1000(for infinity, since 1000 is larger and not within the values given)
for any two given vertices and 0 if it is the same vertex. Then I browsed the matrix one more time and filled in the appropriate values using the vertex array. The pseudo code follows:


Global SIZE;

Void prim(const W[][], T[][])

{



index I, vnear;



number min;



edge e;



index nearest[2..SIZE];



number distance[2..SIZE];



F=Empty Set;



For(I=2; I<=SIZE; I++)




nearest[I]=1;




distance[I]=W[1][I];



repeat(n-1 times)




min=infinity;




for(I=2; I<=SIZE; I++)





if(0<=distance[I]<min)






min=distance[I];






vnear=I;




e=edge connecting vertices vnear and nearest[vnear]

add e to F // F is another adjacency matrix – it is trivial to obtain the solution from it.




distance[vnear]=-1;




for(I=2; I<=SIZE; I++)





if(W[I][vnear]<distance[I])






distance[I]=W[I][vnear];






nearest[I]=vnear;

}

Kruskal’s algorithm was also developed as in the text. For this particular algorithm I also used the N by 3 two dimensional array to represent all the edges. The edges were then sorted by using mergesort. Then disjoint sets were created for each vertex containing only the particular vertex. The result is stored in a  M by 3 two-dimensional matrix. The pseudo code for the main function follows:


Set_of_edges E;


Set_of_edges_F;


Index I,j;


Set_pointer p,q;


Edge e;


Sort the m edges in E by weight in non-decreasing order.


F=NULL;


Initial(N);


While(number of edges in F is < N-1)



E=edge with least weight not yet considered



I,j indeces of vertices connected by e



P=find(i);



Q=find(j);



If(!equal(p,q)




Merge(p,q);




Add e to F;

The set data type and the functions associated with it were also developed according to the instructions given in Appendix C. Functions: initial(), find(), merge(), and equal(). They were implemented by the method which takes under consideration the depth of the resulting subtrees as in Disjoint Set Data Structure II.

The time Prime run for 10 vertices and 13 edges as given in the graph was: 0.00001

Kruskal completed in 0.000014. According to the time complexity determined in class:


Prim: is 2(n-1)^2 = 2(9)^2 = 162 or theta(100)


Kruskal is theta(nlogn) since number of edges is close to the lower bound :



n-1<=m<=n*(n-1)/2 where m is the number of edges and n is the number of vertices, as was indicated in the textbook. 


Thus Kruskal should be faster for this particular input size. However as I have shown, Kruskal completed a bit slower than Prime. This could be due to the implementation of the programming language itself or to the particular computer architecture. Kruskal should have completed faster for the given input graph.


