Sorting algorithms

Different kinds of sorts

· For an internal sort all the data fits into RAM at once

· For an external sort, all the data will not fit into RAM at one time, and so must be stored on a disk

· If objects are being sorted, the field by which they are sorted is called the key field
· The algorithms we will consider in this chapter assume that the data is stored in an array in main memory, sorted by key field by the compareTo method

Mergesort  -- a Divide and Conquer algorithm

· How it works 

· Cut the list in half recursively

· Sort the left half

· Sort the right half

· Merge the two halves into one sorted list

· Example on overhead

Merging

· Merging is used when you have two arrays of data that are in order, and 

· you want to put them together into one array in order

· They must be of the same data types, and be comparable with compareTo

· You look at the first item (index 0) in each array, and copy the smallest item into the single array

· Then increment the index of the copied item

· Compare, and copy the smallest, incrementing the index.
Merge algorithm
private static < T      extends Comparable < T >> 
         void merge(T[ ] outputA, T[ ] leftA,   T[ ] rightA)

 {      int i = 0; // Index into the left input array.
    int j = 0; // Index into the right input array.
    int k = 0; // Index into the output array.

   


// While there is data in both input arrays
    while (i < leftA.length && j < rightA.length) {
         if (leftA[i].compareTo(rightA[j]) < 0) 
              outputA[k++] = leftA[i++];   
         else 
             outputA[k++] = rightA[j++]; 
     }   // end while


   while (i < leftA.length) 
          outputA[k++] = leftA[i++];

    while (j < rightA.length) 
           outputA[k++] = rightA[j++];
  
  }

Two main procedures of Merge sort algorithm

· mergeSort  --every call to mergeSort makes two recursive calls, then calls merge( )

   If the array.length > 1

        Find the midpoint of the array, 

        Call mergeSort on the first half 

        Call mergeSort on the second half 

        Call merge

· merge

· Treats the array as two arrays

· merges list(first, mid) and list(mid+1, last) into a temp array

· Copies the temp array back to the original array
Mergesort algorithm (from your text)

·  public static < T extends Comparable < T >> 
                                            void M-sort(T[ ] table) {

    if (table.length > 1) {
      int center = table.length / 2;


// create two new arrays, and copy half the array into each
      M-sort(leftTable);
      M-sort(rightTable);
      merge(table, leftTable, rightTable);

Recursion with Merge sort

 SEQ CHAPTER \h \r 1 M-sort(T[ ] table) 
if (table.length > 1)   

        int center = table.length / 2;

        //create two new arrays and copy half the array into each

        M-sort(leftTable);


   
if (table.length > 1)   

         
   int center = table.length / 2;

        
   // create two new arrays and copy half the array into each

        
   M-sort(leftTable);  

        if (table.length > 1)   

        
int center = table.length / 2;

        
M-sort(leftTable);


M-sort(rightTable


merge(table, leftTable, rightTable);

       
   M-sort(rightTable);

        if (table.length > 1)   

        
int center = table.length / 2;

        
M-sort(leftTable);



 M-sort(rightTable);

        

 merge(table, leftTable, rightTable);
        
   merge(table, leftTable, rightTable);
        M-sort(rightTable);

    
if (table.length > 1)   

        
    int center = table.length / 2;


    // create two new arrays and copy half the array into each

               M-sort(leftTable);

        if (table.length > 1)   

        
int center = table.length / 2;

        
M-sort(leftTable);



         
M-sort(rightTable);

        


merge(table, leftTable, rightTable);


    M-sort(rightTable);

        if (table.length > 1)   

        
int center = table.length / 2;

        
M-sort(leftTable);




         M-sort(rightTable);
        


merge(table, leftTable, rightTable);
        

merge(table, leftTable, rightTable);
        merge(table, leftTable, rightTable);

Analysis of Mergesort 

· Best case runs in O(n log n) time

· Worst case runs in O(n log n) time

· Advantages--same performance for all cases

· Disadvantages

· takes extra space for the temporary array

· the copying from one array to another takes time

· Bottom line--this algorithm is rarely used for files small enough to fit the entire file in RAM

· In practice, Quicksort runs faster even tho it also is O(n log n)
Using a recurrence relation to analyze Mergesort

· Since we keep splitting the list in half recursively, this is a recursive algorithm

· Total running time = ( Mergesort half the list) + 
                  (Mergesort half the list) + time to merge (linear)

· Putting this more concisely, where running time is T(n)

· T(n) = T(n/2) + T(n/2) + n;  or

· T(n) = 2T(n/2) + n

· A recursive algorithm has two parts

· A beginning condition
T(1) = 1

· A rule to find the next element given some element
T(n) = 2T(n/2) + n

Analysis of Mergesort (cont)

· Looking for the Big O notation

· If we find T(1), T(2), T(4), T(8), T(16) etc.perhaps we can determine the running time by finding a pattern.

· T(2) depends on T(1)

    T(n) = 2 T(n/2) + n


 T(2) = 2 T(2/2) + 2   =>   T(2) = 2T(1) + 2

· T(4) depends on T(2) etc.

